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Geoenvironmental analysis of the small river catchment areas

On the example of the River Karkaralinka

The article is devoted to questions of ecological state of water resources in Central Kazakhstan. The geo-
ecological state of the small rivers catchment on the example of the River Karkaralinka is considering. It de-
scribes the physical and geographical features of the river catchment. The study identified natural andyanthro-
pogenic factors affecting the river basin, also held geoecological analysis of the contaminated area.
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The provision of natural systems in areas of small rivers is the mainfindicatof of the condition of the
whole system. Different changes affect the hydrological regime and also entail a ¢haifi of changes on large
rivers. Any river system is an independent azonic territorial unit and its size‘i§%characterized by a specific set
of geosystems. The combination of these characteristics presenting hydrological and hydrochemical
indicators of the river system which determined by hydrological indicators in"each part of the river. Small
and medium-sized river basins always remain out of sight of rescarchers, regardless of whether the main
indicator of ecological situations in the region. The state ofismall \trivers the main source of livelihood of
locals, so we examined this on the example of Karkaraly rivet whichiflows through the land of Karkaralinsk.

The river starts from the Karkaralinsk mountains, flows through Karkaralinsk town and through the low
mountains territory flows into the plain near Karasoy®The length of the river from source to sea Karasor 85
km, the catchment area of 640 km”.

The upper current of the basin Karkaralinskesivetyflews through the eponymous mountain, the average
current through the valley foothills and the lower current,across the plain near the river [1]. Therefore, the
basin is located on the branches of the 3¢climatic zones. Here, of course, the Karkaralinsk meteorological
station (MS) well describes the mountdinizone. Also since it is located on the northern slope of the moun-
tains it can be considered as the foothills atea. The third zone is near the Besoba meteorological station
which is located at the distance of 110 km south-east from Karkaralinsk by height and climate of the meteor-
ological station. As the result,characterizing the climate of the basin was selected Karkaralinsk meteorologi-
cal station (height above sea’levels810im) which is stable since 1935 with a break 1894—1930.

The number of dayszef clear weather on the territory by the total degree of cloud cover on average 80
days. Cloudless clearfdays‘is 45 % in summer. The total flow of solar radiation during the year is 110
kcal/cmz, the albedo mythe warm period is 28 %, in the period of snow cover is 70 %. The total radiation
balance is 42 kedl/cni’, THE highest temperature usually in July. The coldest month is January. An absolute
minimum of frost — 45e¢C was recorded in 1919. The maximum daily amplitude of air was recorded in
Novemberfis 27.9%C, the minimum fluctuation within one day in October is 0.9 €C. The first frost is
obsenved \ondth September, sometimes in the middle of August (1944 year). The average frost-free period is
95 days. Average monthly absolute humidity varies during the year in January and February from 1.8 hPa
@MByfto 11.5 GPa in July. Relative humidity for several months, fluctuate from 75 % in December to 56 %
inJune. Dry days is an average is 77 days per year.

Precipitation mostly very little in the form of rain (less than 0.1 mm) or snow. The number of days when
layer of precipitation not more than 0.1 mm — 11 days in average, not more than 1 mm — 62 days, not more
than 10 mm — 6 days, not more than 30 mm — 0.3 days. On average, a day of falling snow cover — October
16, rstable cover is formed about November 17. Sometimes the formation of snow cover occurs in the third
decade of October or can last until the end of December. In the spring the snow begins to melt in mid-April
and sometimes lasts sometimes until the end of may, if the spring is warm ends in late March. According to
the resultg of field studies of snow height of about — 18 mm, the highest — 32 cm. Density of snow cover is
215 kg/m’.
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Most often in Karkaralinsk in the winter often blows South winds. In summer the winds blowing
straight to the North, West and South directions. In general, it was recorded that in an average year the
predominant are South and southwest winds The most windy months are October and November, the
average monthly wind speed of 4.2 m/s.

Detailed information about the weather of the study area is shown in Table, compiled on the basis of
data of Karkaralinsk meteorological station [2].

Table
Meteorological characteristics of the area Karkaraly river
(according to the data of Karkaralinsk meteorological station)
No Characteristic Months Year
1 11 11 v \% VI VI |VIIT |IX X XI | XII
1 | The average air -13,7 | -13,5| -7,7 | 32 | 10,8 | 16,1 | 18,1 | 15,7 | 10,1 | 24 |-66|-11,9 | 19

temperature, deg. C
2 The absolute deg.C | -45 | -44 | -37 | 26 | -14 -5 0 -4 -10 | 226 | -44 | =45 | -45

minimum air | year 1919 | 1951 | 1971 | 1954 | 1952 | 1949 | 1919 | 1971 | 1956 | 1987 | 1987| 1938 | 1919
temperature,
3 |The absolute deg.C 6 7 20 29 35 36 37 36 34 2%, |17 | 11 37

maximum air | year 1982 | 1946 | 1989 | 1972 | 1974 | 1941 | 1974, 1939 | 1966.| 1970 |1938| 1955 | 1974
temperature,
4 The average ground -16 | -15 -7 6 17 23 25 21 14 3 -6 | -12 4
temperature, deg. C
5 | The average relative air | 78 77 80 66 53 51 54 54 56 69 | 78 | 79 66
humidity, %
6 The average amount of 13 12 15 24 43 47 55 42 28 28 | 20| 13 340
the precipitation, mm

7 The average wind 4,5 43 4.4 4.4 4,3 39 3,5 34 4,6 46 (4,6 44 | 4.2
speed, m/s

8 The average number of - - - 0,025 0,3 0,3 0,2 | 0,04 | 0,1 0,1 - - 1,1
days with dust storm

9 The average number of | 2,9 3,3 7,6 1 - - - - - 03 |25] 53 | 228

days of ice cover

Relief. The upper current of the, rivers, located within the Karkaraly mountain massif with a height of
1050—-1150 m. Then the river flows|past mountains of Karamurza (1064 m), Karazhal (872 m), Siirly (833
m). Down from the mountain Siirly ogcuribumpy hills with a height of 700-720 m. the Lower current passes
through the plain with a height'of 675625 m. In general, the surface of the basin tilted to the North [3].

The basin geological struéturg) belongs to the zone Tekturmas hill Djungar-Balkhash system. In rocks
dominated: effusive-sgdimentasysfcomplexes of the Proterozoic and granitic complexes of the Paleozoic,
alluvial complexes of the Cenozoic. Hydrogeological zoning of the territory belongs to Tekturmas zone (split
water area of thefTekturimas hill). Zone of Tekturmas covers the northern part of the geosyncline Djungar-
Balkhash whichjis more,elevated in contrast synclinorium Karaganda which surrounds the north and Uspen
synclinoriummin the, south: in the west the zone borders with the Central Kazakhstan fault, which divides
Djungarian-Balkhash geosynclinal from the Chingiz geosyncline zone, then the area follows to the northern
slope of the Balkhash-Tengiz watershed (Fig. 1).

Wpper quaternary alluvial-deluvial, saline and lake sediments are common in the narrow openings
which lie along the riverbeds Karkaraly river. Dominated chloride-sulphate sodium water with
minetalization of 5-24 g/l. Chloride-hydrocarbonate calcium waters with mineralization of 0.3—1.2 g/l are
common in the upper part of the valley in well drying places. Unstable regime and the random distribution of
groundwater limits the practical significance of alluvial-proluvial-deluvial sediments. Groundwater of the
lake rocks follow to the terraces, that surround Karasor lake by a narrow strip (width up to 1 km).
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Figure 1. Hydrogeological scheme of Karkaraly river'ba
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steppe zone, to thepo @ pderately dry steppe dark pink soil. Widely distributed imperfect dark pink soil
sefinclude various dry prairie grass, fescue and feather grass vegetation. Fescue and
are spread in usual dark pink soils formed from clay. In the lower current of the
ead salted dark pink soils. There are different steppe sagebrush species and groups of
e mountains Karkaraly grow pine forests on granites of perm.
f the basin Karkaraly river varied because it is located in steppe and mountain areas. The
the steppe zone have influenced to the wide distribution of steppe marmots, jerboas, and others. In

bat, black stork, golden eagle, common kestrel, grey swallow, mongolian desert bullfinches and others.
There are invertebrates, locusts, various beetles, insect larvae and crayfish in the ponds. From reptiles there
are lizard painted snakes, steppe vipers, copperheads [5].

With regard to hydrological condition, the river throughout its length receives relatively several large
distributary: on the right bank — Karaozek (from the mouth 67 km, a length 11 km), Tulkili (61 km and
11 km) and Zhartas (38 km and 17 km), on the left side falls only one river Tasbulak (57 km and 10 km).
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The volume of water which flows through the river is formed mainly from melt water, sometimes from
rain and groundwater, including springs of Karkaraly mountains and foothills. The flow of water decreases
rapidly in the lower current of the river Karkaraly, because it fills small lakes on the floodplain of the river.

During the floods in the upper current on the average passes 78 % of the flow. In some years during the
flood, the annual flow amounted to 100 % (1976 year) sometimes 34 % (1963 year).

The basin Karkaraly river refers to the 1 zone of turbidity (50-100 g/dm®) on the map of turbidity of
rivers Karaganda region, the state of erosion is estimated by the coefficient A=0,009. The average
consumption of the alluvium in the river near the village Pervoe Maya is 0,077 kg/s, average turbidity —
23 g/m’, annual flow of alluvium is 2.4 thousand tons. Obviously, this maximum strong flow along the
length of the river. The maximum turbidity of the river is observed at the output from the Karkaraly
mountains.

In the spring the water temperature at 0.2°, as a rule, takes place in the first decade of April. The
maximum temperature in July average temperature is 22¢. The first ice formations appear imythe autumn on
average in the first decade of October. The freeze-up occurs in the beginning of November. iysome years
the freeze-up occurs in mid-October, sometimes may not be until the end of November. Spring ice
phenomena on average start at the beginning of April and ends in mid-April. In_theyears ;when water is
scarce, most of the ice masses melt on the spot. The ice thickness reaches an avérageivalue,(90—100 cm) in
mid-March. Maximum ice thickness can be up to 140 cm. When the floods(reachedghe limit of river’s water,
which was formed in wet conditions and which freezes in autumn{jhas bicarbemate-sodium properties,
mineralization 300-350 mg/dm’. If the floods are formed in dry, well-filtéring™8@ils, then sulphate-sodium
properties of river’s water felt fuzzy, mineralization is 500-600 mg/dm*pAt the end of floods in the
composition of the water increases the ions of sodium and sulfuricfaeid, mineralization increases up to 800—
900 mg/dm’. In summer and in winter, when the water availability\istery low mineralization reaches 2—6
g/dm’, the ion composition is dominated by Na, Cl and SO, [6],

Riverbed of the Karkaraly river extends on the territory\ofKarkaraly district of Karaganda region. The
majority of the population living on the banks of the river‘engaged in agriculture. Lands located in the area
of the river (except the territory of the Karkaraly town ‘and Karkaraly state national natural park), usually
used for this purpose. It's pasture, hay and cropland:iTo the unsuitable lands relate barren pastures and land
used in technological processes (mines, settlements, pumping stations, pipelines, roads, quarries for the
production of building materials). To the usbanized areas relate constructions, buildings and other objects, as
well as areas unsuitable for use in agrigfilture aresthe remnants of construction materials, garbage, heaps of
cultivated lands, destroyed structuress ravines,and other.

The total area of water protectiom,zone of the Karkaraly river — 7839,8957 ha, including the water
protection strip 1814,8005 ha (by'the 'datatof the Nura-Sarysu basin inspection).

As noted above, peoplé Tiwing along the river in addition to livestock are also engaged with irrigate
crops for planting potatoes. Private homes of the Karkaraly town use the river water for irrigation of
household lands.

In many reference, books/is said the Karkaraly river to end near lake Dat. But as a result of our research
and mapping wefk Wwe identified that the river flows into the lake Karasor (in some years). To assess the
ecological situation of the Karkaraly river we divided into III zones:

Fromgth€psoutee of the river to the territory of Karkaralinsk, the population of people is low. Now in
this.area locafedghe 1dle hospital. Previously, the hospital sent waste water into the river. The problem of the
wastewatcr should be considered before the start of the object as a specific technical project, that considered
the assessment of damages to the environment. The project should be decided jointly with the SES and
enyironment protection bodies. Petrol stations «KazMunayGas», «Zharas» and «Nur», which are located on
the right and left sides of the road Karaganda-Karkaralinsk at the entrance to the city located in the water
protection zone. Petrol stations are not equipped with the system of storm sewer. Generally, the coast is high
and precipitous, where in some places grow the grasses and shrubs and sloping coast framed by meadow
vegetation. The relief consist from the hills which have some differences in height. The signs of the absolute
height, in the upper part of the city (north-west) 895 m, in the lower part of the city (south-cast) is
changed to 820 m [7].

Former grain receiving point located on the north-east of the city and is not currently functioning
partially included in water protection zone. The riverbed within the city was subjected to strong
anthropogenic influence, unlike other parts of the river. In the upper, north-west of Karkaralinsk, the river
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divides into two riverbed. Private houses built along the banks of the river are located closely. Here are the
dried part of the riverbed in some places, in spite of surface flow on the entire surface.

All part of the territory from Karkaralinsk town to the village Akzhol takes only one settlement, it is
village Akzhol. The riverbed in this region is obvious. Only in some parts is observed that there is no surface
flow. Shore is mainly flat, but also found a high steep places. There are also hills of different heights. Signs
of absolute height in the Karkaraly region is 820 m, near the village of Akzhol changed to 683 m. On the
banks grow willows shrubs, herbaceous and shrubby plants. A significant portion of the river is located along
the road linking the village Akzhol and «Karaganda-Karkaralinsk» road. During the research we noticed
diffuse pollution sources (building materials, household waste, manure pile, etc.) are found on the barlks and
riverbeds of the river located within the village (Fig. 2).

Sy

Overall, this study area Karkaraly abject to minor anthropogenic impacts. Now the sanitary
condition of the two banks of the riverb Wthh located outside of the village can be characterized as
favorable.

Sparsely populated area ofithe\rives from the village of Akzhol to the mouth flowing into the lake
Karasor, here found only a nt wintering. In all parts of the river has no surface flow, the river
channel (riverbed) is poorly:'d and in the area of the river Dat flow is lost. The coastline and the
riverbed is covered with and shrubby plants. The signs of the absolute height of the riverbed 683
m (village Akzhol), che 0 625 m at the mouth of the lake Karasor.

Also the ec

banks of the miVver, also in villages located at the distance, Koktas and others) and with adjoining
agricultural lan
ongluded that in areas located near the riverbed of Karkaraly river population of people is

The maximum population density in the valley of the river is observed in the town of
is located in the upper current of the river. Below along the current of the river is only one

he above features, in particular, the result of agricultural production activities of the population, also
the livelihoods of habitants of settlements located on both banks of the river are cause the load to the river.
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K. Xycteu, I'.b.O6ueBa

Kimi e3eH cy :xxuHay ajga0dbl ayMarbIHA Te03KOJOTHSJIBIK TaJAay

Kapkapaiibl 63eHi MbIcajIbIHIA

Maxkana Optanbik Kazakcranmarsl cy pecypcTapbIHbIH 9KOJIOTHSUIBIK MOcelieIepiHe apHaliFa
Cy XHHay aJa0bIHbIH F€03KOJIOTHSUIBIK XKaraaiibl KapKapalibl ©3eHiHIH MbICabIHA KapacThIPh
Cy JKMHay anaObIHBbIH (U3UKAIBIK-TeorpaQUsIIBIK EpeKIIeTIKTepi CHIATTaIFaH.

OapbICHIHA ©3CHHIH Cy JKHHAY aja0blHA ocep eTeTiH TaOUFH XKOHE aHTPOIOTCHiN
OJIap/bIH ayMaKThIH JIACTAHYbIHA THI13€TiH dCEpiHE re0IKOJIOTUSIIBIK TAJIAY HKaCAIIFaH.

K Xyctou, I'.b.AGuepa
I'eodkosornyecknii aHaJIu3 TeppnToplﬁ BOJocOOpa MaJI0ii pexku

Ha npumepe pexu Kap Ka

bIX pecypcoB Llentpansroro Kaszaxcrana.
pek Ha mpumepe peku KapkapamuHka.
Gopa peku. B pesynpTaTe HCCleNOBaHUSA
qole Ha OacceifH pekH, Takke NpOBEIeH

HHA

CraTbs MOCBSIIEHA BOMPOCAaM 3KOJOTMYECKOTO COCTOS
PaccMoTpeHO Te03K0I0rH4ecKoe COCTOSIHHE BOJQ
Ornucanbl  (usuko-reorpapudeckne 0coGeHHOE
onpeneNieHbl NPUPOIHBIE M AHTPOIOT€HHBI T
TE0IKOJIOTUYECKHI aHAINU3 3arpsI3HEHHOH Tt
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