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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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ESTIMATE OF FORECAST RESOURCES
OF UNDERGROUND WATER IN NARYN SANDY AREA

Abstract. To solve the problems related to water supply to rural population centers and cattle farms, irrigation
of pastures within the territory, regional hydrogeology surveys were conducted in the territory of Naryn sand massif
in Northern Pre-Caspian.

Hydrogeological justification of the underground water use prospectivity is in estimating its forecast resources.
With the purpose of studying the current state of surface and underground water within the territory under study,
regional studies were conducted. Underground water of sandy Aeolian deposits within borders of Naryn sands is
caught mainly by wells excavated and equipped manually for non-centralized drinking water supply of cattle farms
and small population centers, and also for cattle watering points. Previously explored underground water fields in
Aeolian deposits are not operated.

Regional hydrogeological zoning with the purpose of estimating the resources of fresh and low-mineralized
water is based on general geological and hydrogeological representations, results of regional route studies. It was car-
ried out with account to the following characteristics of water-bearing formations: perspective water-bearing forma-
tion spread contour; underground water occurrence depth; water-bearing formation thickness; underground water
mineralization.

To estimate forecast resources of Naryn sands underground water, identified were basic sources of their for-
mation: natural (volumetric) reserves, natural (renewable) resources.

The estimate of forecast underground water resources was carried out using traditional and hydrodynamic
methods. Methodology developed by scientists of the Institute of Hydrogeology and Geoecology named after
U. M. Ahmedsafin was used as conventional estimate method.

In the process of scientific research, regional map of modules of Naryn sands underground water resources
was built. Data was processed and maps were built with the use of up-to-date geoinformational software systems
Geomatica 2016 and ArcGIS 10.5.

Key words: interstitial underground water, Naryn sands, Nothern Pre-Caspian, hydrogeological parameters,
natural reserves, natural resources, hydrogeological zoning, hydrodynamic method, forecast useful resources.

Introduction. The most acute problem in Kazakhstan is the supplying population with quality drin-
king water. The whole number of regions, including Western Kazakhstan experiences deficit in fresh
water.

Hydrogeological conditions and the status of Western Kazakhstan level of water supply is charac-
terized by highly intense water resources balance. This is first of all characteristic for Pre-Caspian oblasts
(Atyrau, Mangistau and south-west of half of Western Kazakhstan oblast). Due to the absence of surface
water, almost the only source of all types of water supply is the underground water. Hydrogeologically,
underexplored until now territory of Naryn sands (interfluve of Volga and Zhaiyk (Ural)) [1, 2] is of
significant interest.

Prospectivity of a vast sandy massif is estimated not only by multiple data about presence of fresh
water lenses of considerable size, large dishes and estuaries, and also the development of large confluent
macrotuberous ridges and massifs of barchans type. Aeolian sand are underplayed here with water-
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permeable formations of Khvalynskiy age. These sands having relatively well filtering surfaces and inter-
stitial reservoirs, created are favorable conditions for the filtration of precipitation and absorption of land
runoff, drainage and driving of fossil saline water, which results in the formation of fresh lenses [3, 4].

One of the most important problems is the forecast of the prospects of using underground water re-
sources for water supply, irrigation and watering. Such forecast must be hydrogeologically substantiated.
Hydrogeological justification of the underground water use is in the estimate of their forecast useful
resources.

Borders of the territory under study with the purpose of underground water resources estimate (figure
1) are identified by hydrogeological map having scale of 1:500 000 and are adjusted with the use of re-
mote-sensed data (RSD) [5-8]. RSD processing was performed with the use of geoinformation software
Geomatica 2016 (PCI Geomatics). Maps building and their further visualization was implemented in the
software system ArcGIS 10.5 (ESRI).

When estimating forecast resources of Naryn sands underground water, identified were the key
sources of its formation: natural (volumetric) reserves, natural (renewable) resources [9].

Conditions for underground water resources formation. Ground (nonartesian) water of the Nor-
thern Pre-Caspian are connected with different by lithologic-and-facies composition and genesis of
Quarternary age rock occurring not deep from the day surface and exposed to direct impact of climatic and
hydrological drug factors [1, 2, 4-10].

The major source of ground water resources replenishment in the territory under study are preci-
pitations and in wellhead areas of rivers and their affluent - surface water (flood run-off). Favorable con-
ditions of ground water resources replenishment and formation at account of precipitations are observed
within the areas of Aeolian formations development. In the estuarine part of Mal and Bol. Uzen river

0o 15 30 60 90 120
Km

Figure 1 — Sketch map of Naryn sands location
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valleys, favorable conditions are also noted for the underground water formation not only at account of
precipitations, but filtration of river floodwater. Such conditions of groundwater feed within the areas of
sand spread facilitate the formation of major reserves of fresh water.

In general, studies conducted previously within the territory of Naryn sands revealed fresh ground
water [4]. Underground water here is desalted throughout the full thickness of water-bearing sand. This is
explained by the fact that along with favorable fed conditions, water-bearing formations have a powerful
discharge site - Khaki playa, spreading from north-west to south-east in the form of slightly curved
horseshoe and embedded into the surrounding valley by 10-25 m.

The underflow is discharged into the basin of the Caspian Sea, and also by evaporation in case of its
shallow occurrence. Local points of discharge are shut-ins and topographic lows.

Field studies were conducted with the purpose of studying the current state of surface and under-
ground water of the territory under study (figure 2). Described were 34 observation points, were 26 water
samples were taken for chemical analysis. The total length of routes — 1,160 km.

Figure 2 — Field route surveys within the territory of Naryn sands

Based on the results of the field routing surveys, the following can be noted:

1. Fresh underground water with mineralization of up to 1.0 g/dm’ is 58 % of the sampled water.
Their composition from bicarbonate and bicarbonate-sulphate to three-anionic with predomination of
sodium cations, hardness within 2-10 mg-eq/dm’, pH 6,9-8,2 (water from neutral to weakly alkaline).

2. Underground water with mineralization of more than 1,0 g/dm’ has chloride-sulphate and sulphate-
chloride sodium, sodium-magnesium chemical composition, with hardness of more than 10,0 mg-eq/dm’
and faintly alkaline reaction.

3. Underground water of sand Aeolian formations within Naryn sands is mainly captured by wells
made and equipped manually. Fresh underground water is used for non-centralized drinking water supply
of cattle farms and small population centers, and also for cattle watering points. More mineralized under-
ground water is taken for cattle drinking places on specifically equipped sites (manually or with pumps,
drinking reservoirs etc.).

4. Explored underground water fields of Aeolian deposits are not operated. Previously drilled holes
were plugged.

5. Results of route surveys confirm the presence of fresh underground water in Quarternary Aeolian
deposits both in the form of lenses, as well as water-bearing formations perspective for development with
the purpose of utility and drinking water supply.

Hydrogeological zoning of the territory under study was carried out for the further estimation of
underground water forecast resources and separating perspective areas of underground water sources and
is based on geological-hydrogeological representations, results of regional studies.

The zoning was carried out with the account to the following characteristics of water-bearing
formations: contour of perspective water-bearing formation spread; underground water depth of occur-
rence; water-bearing formation thickness; underground water mineralization. The total area of the territory
to be estimated within Northern Pre-Caspian (Naryn sands) was — 30,5 thousand km”. Zoning results are
presented in table 1 and figure 3.
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Table 1 — Hydrogeological zoning of Naryn sands

A. By underground water mineralization

Research area

Areas of underground water spread (km®) with mineralization, g/dm”

to 1,0 1,0-3,0 more than 3,0 in all

Naryn sands

12115 16295 2089 30499

b. Ilo MOIIHOCTH BOJJOHOCHOTO TOPU30HTA

Research area

Areas of water-bearing formations spread (km?) with thickness, m

less than 5,0 5,0-10,0 more than 10,0 in all
Naryn sands 3876 14539 12084 30499
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Figure 3 — Schematic map of Naryn sands territory zoning

The area of fresh underground water spread is estimated as 12,11 thousand km? or 39,7 %, and
subsaline underground water with mineralization of 1-3 g/dm’ — 16,29 thousand km® or 53,4 %.
By thickness of water-bearing formation, prevailing by the area is the value of less than 5,0-10,0 m
(14,53 thousand km” or 47,6 %). The territory with water-bearing formation thickness of more than 10 m
is estimated as 12,0 thousand km? or 39,6 %.

Natural reserves (V.) of interstitial nonartesian underground water of Naryn sands were calculated by

formula:

Ve=pmkF, (M

where V. — natural (volumetric) reserves of underground water, m’; u — gravitation filtration-loss factor, as
decimal fraction; m — average value of water-bearing formation thickness, m; F — area of water-bearing
formation spread within the territory under study, m”.
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Values (m) and (F) are taken by schematic zoning map (figure 3). Value (1) was determined by data
of exploration within Naryn sands area and varies within 0,11-0,16, mean value being 0,13.

Natural reserves of interstitial underground water in Naryn sands territory is estimated as
42582,7 min. m®, natural reserves module varies within 0,39-2,6 mIn. m*/km” depending on water-bearing
formation thickness, making on average in the territory under study — 1,39 min. m’/km”. Estimates are
presented in table 2.

Table 2 — Natural reserves of Naryn sands interstitial underground water

Area of spread, Average thickness, Water loss factor, Natural reserves, Natural reserves module,
km? m decimal fraction mln. m* mln. m*/xm?
3876 3,0 0,13 1511,64 0,39
14539 8,0 0,13 15120,56 1,04
8398 15,0 0,13 16376,1 1,95
3686 20,0 0,13 9583,6 2,6
30499 10,74 0,13 42582,7 1,39

Natural resources (Q.) interstitial nonartesian Naryn sands underground water are estimated as annual
feeding at account of precipitation infiltration under natural conditions. For the conditions of sand massifs,
the value of effective precipitation infiltration was identified by meteorological method, which is based on
long-term observations of precipitation in the territory used in calculation of infiltration.

The following equation serves a structural basis:

= Hopp Kig £ @)
° 31,536-10° °
where Q. — natural resources of underground water formed at account of precipitation infiltration, m?/s;
H,4y — average annual total of effective precipitation, m; K, — infiltration factor used by analogy;
F — area of estimate, km?; Value K.mg, was identified by analogy for which engaged were the results of
studies of Aeolian sand massifs underground water formation processes in arid regions.

So, a complex of observation works was performed by specialists of the State Hydrology Institute
(SHI) on Khvalynskiy valley [11-14]. At similar site K, decreases with the depth and at the level of 10-
11 meters reaches the value of 0.10-0.12. For the conditions of Moiynkum sand massifs, the value of feed
for unfixed sand by data of observations of lysimeters installed at the depth of 4.5 m, was 0.1-0.38 of the
total of effective precipitation. Besides, used were the results of review of published materials related to
the issue of underground water feeding under conditions of arid climate. In particular, these included the
works of Bindeman N.N., Wolfzung N.B., Ganiev K.G., Ostrovskiy N.S., and also the results of MSU
laboratory studies. As the result of critical review of the listed materials, and also based on the results of
previous estimates, with account to the fact that the depth of underground water occurrence at water points
was less than 3,0 m, and the value of effective precipitation infiltration factor for Naryn sands was taken
as equal to 0,2.

Design totals of precipitation were identified by data of long-term observations on the network of
meteorological stations [15]. Average totals of precipitation in the territory of Naryn sands are presented
in figure 4. Effective total of precipitation (H,4e) of the cold season for the territory under study vary
within 35-42%, making on average 39% of the annual level.

Natural resources of interstitial underground water within Naryn sands territory are estimated as
16,59 m%/s, and the module of natural resources varies within 0,43-0,65 1/s-km” depending on the level of
effective precipitation making on average in the territory under study — 0,54 1/s’km®. Results of
calculations are presented in table 3.
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Figure 4 — Average amount of precipitation (mm/year)

Table 3 — Natural resources of Naryn sands interstitial underground water

Average annual amount )

Area of szpread, of precipitation, mm Inﬁltr.atlon factor, | Natural rfsources, Module of naturazl
km annual total offective decimal factor m’/s resources, 1/s-km
1851 175,0 68,25 0,2 0,80 0,43
6765 185,0 72,15 0,2 3,09 0,46
7811 195,0 76,05 0,2 3,76 0,48
4888 205,0 79,95 0,2 2,47 0,50
3475 215,0 83,85 0,2 1,84 0,53
2270 2250 87,75 0,2 1,26 0,56
1100 235,0 91,65 0,2 0,64 0,58
791 245,0 95,55 0,2 0,48 0,60
795 255,0 99,45 0,2 0,50 0,63
750 265,0 103,35 0,2 0,49 0,65

30496 220,0 85,8 0,2 16,59 0,54

The estimate of forecast resources (Q,) of underground water was performed with the use of
balance and hydrodynamic methods of estimate on the basis of zoning map by conditions of underground
water formation with account to conditions-forming factors and modules of infiltration feed.

When estimating regional forecast resources used was the methodology developed by scientists of the
Institute of Hydrogeology and Geoecology named after U. M. Ahmedsafin, who for more than 50 years
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had been dealing with the studies of Kazakhstan underground water formation and distribution
regularities. In calculations, used was the formula proposed by U. M. Ahmedsafin [16-18]:

= € +0,
0, 2-100-31,536-10°

where Q, — forecast regional useful resources of underground water, m3/s; V. — natural reserves of under-
ground water, m’; Q. — natural resources of underground water, m’/s.

Design value of forecast regional useful resources of Naryn sands underground water is
18,36 m*/s. These values represent potential using possibilities of the territory under study.

Hydrodynamic methods of estimating forecast resources of underground water included a method of
calculations applicable to the conventional even grid of wells [19, 20] throughout the Naryn sands area to
be estimated. Grid size with account to geological-hydrogeological conditions and variability of the thick-
ness of water-bearing sediments and underground water mineralization was taken as 5.0 and 10.0 km.
Each single water intake structure is conditionally schematized as working in the closed circular block
with impermeable boundaries at account of natural reserves included into such block, and also natural
resources corresponding to its area (figure 4).
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Figure 4 — Examples of model grids with block size of 5x5 km (a), 10x10 km (b)

Block radius (Rg), equal to circle radius of equal area with square block of the grid is determined
from expression:

R, =2 _0,565Ax @)

N
where Ax — grid size, m.
A single water intake structure flow for free-flow interstitial water located in the center of the block,
us found by formula:
S T
SA=—)+0,—— 7Z'R62
0 2m TUR; 5)
= 5
) 2
T R R
-4 o, In 0

1 2km r

where Q, — capacity of water intake structure, m*/daily; Q. — additional feeding at account of natural
resources, m3/dai1y; S — allowable level lowering, m; m —water-bearing formation thickness, m;
k — filtration factor, m/daily; T — design life cycle, days; pu — gravitation filtration-loss factor, decimal
fraction; R — block radius, m; r — radius of water intake structure well, m.
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In calculations, the following input data was used:
a) additional feed coming to a block area at account of precipitation infiltration, identified by module
of natural resources from expression:

Q.= 86400M,, (6)

where M, — module of natural resources, 1/s-km?.

b) the given radius of a single water intake structure is taken as equal to block radius (Rg) when
calculating by even grid and is equal with the grid size of 5 km and 10 km, 2,825 m and 5,650 m
accordingly. Radius of water supply well (1), by operating experience — 0,1 m.

c) useful reserves were calculated for 50-year period of operation, or 18,250 days with two options.

d) value of allowable decrease of level was identified provided natural reserves drawdown by half of
thickness of water-bearing formation (S=0.5t).

e) design hydrogeologic parameters of water-bearing formations are determined by results of
development works, performed previously on underground water exploration sites. Value (p) is taken as
0,13. Value (k) in the area of Naryn sands varies within 5,8-20,7 m/daily and for forecast calculations is -
6 m/daily.

f) total forecast useful resources of underground water were estimated for sand water-bearing
formations with mineralization of up to 1 and 1-3 g/dm’ with account to the use of underground water for
utility and drinking water supply and cattle drinking place, by formula:

Q3=Z;Q,~ , )

where Q; — intake facilities flow rate in i-block (i = 1, 2, 3, ..., n); n — number of blocks in the area to be
estimated.

Results of calculations of forecast useful resources by analytical method are presented in tables 4-7.
With account to conventional even grid of wells throughout the Naryn sands area under study with grid
size of 5 km, forecast useful resources of underground water were taken by the 2-nd option of calculation.
Value of forecast useful resources of underground water for the Naryn sands territory to be estimated is
108,07 m’/s, including: fresh water (up to 1 g/dm®) — 54,27 m%/s, and light subsaline (1-3 g/dm’) — 53,8 m’/s.

Table 4 — Forecast resources of fresh underground water (Ax — 10 km)

Underground | Areaof | Number . Module Single intake | Forecast useful resources Module
water spread, of Thickness, of natural facility of forecast
mineralization, km? blocks, m resources, capacity, thc}msa’nd m/s resources,
g/dm’ pcs I/s-km? m’/day m’/daily 1/s+km?
747 7 20 0,65 5412,52 37,89 0,44 0,59
757 7 20 0,63 5260,48 36,82 0,43 056
570 5 20 0,6 5032,42 25,16 0,29 0,51
183 1 15 0,58 3652,27 3,65 0,04 0,23
130 1 20 0,56 472833 4,73 0,05 0,42
417 4 15 0,56 3535,68 14,14 0,16 0,39
468 4 8 0,56 1877,36 7,51 0,09 0,19
1824 18 15 0,53 3360,78 60,49 0,70 0,38
Fresh (to 1) 505 5 8 0,53 1781,05 8,91 0,10 0,20
2006 20 15 0,5 3185,89 63,72 0,74 0,37
1298 12 8 0,5 1684,74 20,22 0,23 0,18
154 1 15 0,48 3069,29 3,07 0,04 0,23
1869 18 8 0,48 1620,54 29,17 0,34 0,18
122 1 3 0,48 603,05 0,60 0,01 0,06
101 1 8 0,46 1556,33 1,56 0,02 0,18
897 8 3 0,46 578,40 4,63 0,05 0,06
136 1 3 0,43 541,43 0,54 0,01 0,05
Total 12184 114 322,81 3,74 0,31
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Table 5 — Forecast resources of subsaline underground water (Ax — 10 km)

Underground Number . Module Single intake | Forecast useful resources Module
water Area of of Thick- of natural facility of forecast
mineralization, s;;{r;;d, blocks, | "% | resources, capacity, th(})usapd m3/s resources,
g/dm’ pcs m V/s«km? m®/day m” daily 1/s+km?
311 3 20 0,6 5032,42 15,10 0,17 0,56
570 5 20 0,58 4880,37 24,40 0,28 0,50
100 1 15 0,58 3652,27 3,65 0,04 0,42
403 4 20 0,56 472833 18,91 0,22 0,54
554 5 15 0,56 3535,68 17,68 0,20 0,37
205 2 8 0,56 1877,36 3,75 0,04 0,21
182 1 15 0,53 3360,78 3,36 0,04 0,21
712 7 8 0,53 1781,05 12,47 0,14 0,20
Subsaline (1 - 3) 430 4 15 0,5 3185,89 12,74 0,15 0,34
637 6 8 0,5 1684,74 10,11 0,12 0,18
1074 10 15 0,48 3069,29 30,69 0,36 0,33
4558 45 8 0,48 1620,54 72,92 0,84 0,19
464 4 15 0,46 2952,70 11,81 0,14 0,29
2451 24 8 0,46 1556,33 37,35 0,43 0,18
1821 18 3 0,46 578,40 10,41 0,12 0,07
794 7 8 0,43 1460,02 10,22 0,12 0,15
872 8 3 0,43 541,43 4,33 0,05 0,06
Total 16138 154 299,92 3,47 0,22
Table 6 — Forecast resources of fresh underground water (Ax — 5 km)
Urin | Areaor | Number | mhickoss, | ot | Sngeake | M | e
mineralization, spreazd, of blocks, m resources, capacity, thousand 3 resources,
g/dm’ km pes V/sskm? m*/day m’/daily m/s V/sskm?
747 30 20 0,65 16785,38 501,55 5,80 7,77
757 30 20 0,63 16280,93 492,99 5,71 7,54
504 20 20 0,6 1552426 312,97 3,62 7,19
66 3 20 0,58 15019,81 39,65 0,46 6,95
183 7 15 0,58 12072,66 88,37 1,02 5,59
130 5 20 0,56 14515,37 75,48 0,87 6,72
417 17 15 0,56 11664,54 194,56 2,25 5,40
468 19 8 0,56 6925,36 129,64 1,50 3,21
1824 73 15 0,53 11052,36 806,38 9,33 5,12
Fresh (to 1)
505 20 8 0,53 6558,42 132,48 1,53 3,04
2006 80 15 0,5 10440,18 837,72 9,70 4,83
1298 52 8 0,5 6191,48 321,46 3,72 2,87
154 6 15 0,48 10032,06 61,30 0,72 4,64
1869 75 8 0,48 5946,86 444,59 5,15 2,75
122 5 3 0,48 2427,05 11,84 0,14 1,12
101 4 8 0,46 5702,23 23,04 0,27 2,64
897 36 3 0,46 5654.,85 202,90 2,35 2,62
136 5 3 0,43 2175,45 11,83 0,14 1,01
Total 12184 487 4689,25 54,27 4,45
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Table 7 — Forecast resources of subsaline underground water (Ax — 5 km)

Underground Areaof | Number | Thickness, Module Smgle_ 1ptake Forecast useful Module
water of natural facility resources of forecast
. . spread, | ofblocks, m .
mineralization, m? os resources, capacity, thousand s resources,
g/dm’ p Vs:km® m’/day m*/daily I/s:km?
37 1 20 0,63 16280,93 24,10 0,28 7,54
274 11 20 0,6 15524,26 170,15 1,97 7,19
570 23 20 0,58 15019,81 342,45 3,96 6,95
100 4 15 0,58 12072,66 48,29 0,56 5,59
403 16 20 0,56 14515,37 233,99 2,71 6,72
554 22 15 0,56 11664,54 258,49 2,99 5,40
205 8 8 0,56 6925,36 56,79 0,66 3,21
182 7 15 0,53 11052,36 80,46 0,93 5,12
712 28 8 0,53 6558,42 186,78 2,16 3,04
Subsaline (1 — 3) 430 17 15 0,5 10440,18 179,57 2,08 4,83
637 25 8 0,5 6191,48 157,76 1,83 2,87
1074 43 15 0,48 10032,06 430,98 4,99 4,64
4558 182 8 0,48 5946,86 1084,23 12,55 2,75
431 17 15 0,46 9623,93 165,92 1,92 4,46
2451 98 8 0,46 5702,23 559,05 6,47 2,64
1821 73 3 0,46 5654,85 411,90 4,77 2,62
33 1 15 0,43 9011,75 11,90 0,14 4,17
794 32 8 0,43 5335,29 169,45 1,96 2,47
872 35 3 0,43 2175,45 75,88 0,38 1,01
Total 16138 646 4648,12 53,80 3,33
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Figure 5 — Map of Naryn sands underground water resources
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In the process of scientific studies, based on data of analysis of previously performed works,
materials of RSD and field route surveys, regional map of Naryn sands underground water resources was
made (figure 5). The map shows modules of natural resources (mln. m*/km?), natural and forecast useful
resources (I/s-km?) of underground water.

Conclusion:

1. Based on data of hydrogeological zoning, the area of spread of fresh underground water was
estimated as 12,11 thousand km® or 39,7 %, By thickness of water-bearing formation, prevailing by the
area is the value of less than 5,0-10,0 m (14,53 thousand km” or 47,6 %). The territory with water-bearing
formation thickness of more than 10 m is estimated as 12,0 thousand km? or 39,6 %.

2. Field studies allowed estimation of the quality of used water resources. Fresh underground water
with mineralization of up to 1,0 g/dm’ make 58% of the taken water. Their composition from bicarbonate
and bicarbonate-sulphate with predomination of sodium cations, hardness within 2-10 mg-eq/dm’, pH 6.9-
8.2 (water from neutral to weakly alkaline). Underground water with mineralization of more than
1,0 g/dm’ has chloride-sulphate and sulphate-chloride sodium, sodium-magnesium chemical composition,
with hardness of more than 10,0 mg-eq/dm’ and faintly alkaline reaction. Results of route surveys confirm
the presence of fresh underground water in Quarternary eolian deposits both in the form of lenses, as well
as water-bearing formations perspective for development with the purpose of utility and drinking water
supply.

3. Calculations of natural reserves of free-flow Naryn sands underground water are estimated as —
42582,7 mln. m®, natural reserves module was on average — 1,39 mln. m*/km?. Natural resources of Naryn
sands underground water are estimated as 16,59 m*/s, module of natural resources — 0,54 1/s-km’ on
average.

4. The value of forecast useful resources of underground water for the Naryn sands territory under
study is 108,07 m?/s, including: fresh water (up to 1 g/dm®) — 54,27 m*/s and light subsaline (1-3 g/dm’) —
53,8 m’/s. Major part of resources of fresh and light subsaline underground water is concentrated in the
northern part of Naryn sands massif.
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K. M. Kana¢puu', 11 .K. Paxmeros’

'K. W1. Cor6aeB athiniarsl Kaszak yITTHIK TeXHHKANBIK 3epTTey yHHBEpCHTeTi, Anvarsl, KasakcraH,
Y. M. Axme/cauH aThIHIAFBl THAPOTEOIOTHs KOHE Te0IKOJIOTHS HHCTHTYTEI,
Anmarsl, Kazakcran

HAPBIH K¥YMJIAPBIHBIH ’KEPACTbI CYJIAPBIHBIH
BOJIKAM/JIbI PECYPCTAPBIH BATAJIAY

AHHOTanMsl. AybUIIBIK €J/Ii MEKSHAEpIi, Mall IIapyallbUIBIFbIH KOHE >KaWbUIBIMIBIK ayJaHAaplibl cyapy
CYMEH KaMmTaMmachl3 eryre OaitianbicTbl Macenenepi ey yumin Conrycrik Kacnuii MmaHpiHnarsl HapeiH Kymisl
MacCHUB ayMarbIH/Ia aiiMaKThIK TUIPOTE0IOTHIIBIK 3€PTTEYJIepi )KYPri3ijireH.

JKepactsl cynapblH naiiganany THIMIUIITTH THAPOT€OJIOTHSUIBIK HETi3ieMeci oJlap b O0JDKaMIbl peCypCTapblH
Garamnaybl O0JIbI Keslebl. JKepycTi JKoHe jKepacThl CyIapbIHBIH Ka3ipri 3aMaHFbl XKaFIaiibIH 3eTTey MaKCaThIH/Ia OChI
ayJaHaa aliMaKTBIK 3KCIEeIUIMSIIBIK 3epTTeyep *Kyprisiired. HapslH Kymaaps! merinae KyMsl 5051 HIeTiHAIepiHiH
JKEPACTHl CyJIapbl, HETi31HeH, Mall CyFapy, ycaK elli-MeKeHASpAl *KoHe MaJl IapyallbUIbIFbIH OPTabIKTAHJbIPBLI-
MaraH CyMEH KaMTaMacbhl3 €Ty YLIiH, KOJMEH Ka3bLIFaH JKOHE jKaOAbIKTalFaH KYIBIKTAp KOJIAHBUIAIBL DOJIIBI
6T HIUIePIiH KePaCThI CYIapBIHBIH OYPBIH 3epPTTENTeH KeH OPBIHAAPHI MaliaananOaiiipr.

AMMAaKTBIK THAPOTEOJIOTHSUIBIK ayAaHay, TYIIbl )KOHE COJl MUHEpajaHFaH CyJapIblH PecypcTapbiH Oaranay
MaKcaThIH/1a, XKaJIbI Te0JOrUA-THAPOTEONIOTHSUIBIK Ko3KapacTapra alMaKThIK MapIIPyTTHIK 3€pTTey HOTHXKelIepiHe
Herizaenred. O KeJieci CyJibl TOPU30HTAP/IbIH CHIIATTaMajlapblH €CEIKe ala OTBIPBIN OPBIHAAIFaH: THIMII CYJIBI TO-
PHM30HTTBIH TapajFaH alfHaJIachl; )KEPACThl CYbUIAPBIHBIH )KaTy TEPEHIIr]; CYJIbl TOPU3OHTTHIH KaJIbIHJIBIFbI; JKEPACThI
CYBUIapbIHBIH MUHEPAJIJBUIBIFBIL.

HapeiH KymMapbeIHBIH 00JDKaMABIK XKepacThl CYJIapbIHBIH PECYPCTAphIH Oaranay YIIiH OHBIH 0acThl KaJIBINTACY
JIepEKKe3/Iepi aHBIKTaNAbL: TaOUFH (CHIMBIMIBUIBIK) KOPJIaphl, TAOUFH (’KaHFBIPTHIJIMAJIbI) PECYPCTAPBI.

FouteiMu 3eprrey xypicinme HapblH KyMaapbIHBIH JKepacThl CyJIap PECYpCTapbIHBIH alMaKTBIK MOJIYJIIEp
KapTachl xacainsl. Jlepekrepi eHaey koHe kapta camyna Geomatica 2016 xoHe ArcGIS 10.5 3amanaym reoakma-
PaTTHIK OaFaapiraMaiblK KOMIDIEKCTEp1 maiinananipl.

Tyiin ce3mep: KeyekTik xepacThl cybl, HapeiH kymmapbl, Conryctik Kacmuii MaHBI, THOPOTEOJOTHSITBIK,
KepCceTKilTep, TaOUFU KOpJiapbl, TaOUFU PeCypCcTapbl, TMAPOTEONIOTHSIBIK aylaHaay, I'MAPOANHAMHKAIBIK Sic,
OoypkamMIpl alianaHy pecypecTaphl.

K. M. Kana¢pun', U. K. Paxmeros’

'Kasaxckuii HALMOHATBHBIN HCCIIEIOBATEIBCKHII TEXHIUECKHUIA yuauepcuret uM. K. U. Carnaesa,
Anmartsl, KazaxcraHn,
*MHCTUTYT TMAPOre0IOruH 1 reodkonorun uM. Y. M. Axmencaduna, Anvarsl, Kasaxcran

OIIEHKA IMPOI'HO3HBIX PECYPCOB IIO/I3EMHBIX BO/[ IIECKOB HAPBIH

AnHoTanus. /[ pemeHus mpoGieM, CBSI3aHHBIX C BOIOCHA0KEHHEM CEIBCKIX HACEICHHBIX ITYHKTOB U JKH-
BOTHOBOJYECKUX (hepMm, OOBOTHEHHEM WACTOWI TEPPUTOPHUU IIPOBEACHBI PETHOHAIBHBIC THIPOTE€OIOTHIECKUE
HCCIIeIOBAHMS Ha TeppuTOpHu necyanoro maccua Hapeia B CeBepaom [Ipukacnun.

I'unporeonoruueckoe 000CHOBaHHUE MEPCIEKTUBHOCTH MCIIOIB30BAHUS MOJI3EMHBIX BOJ| 3aKII0UAETCS B OLICHKE
HX TPOTHO3HBIX pecypcoB. C LENbI0 H3y4YeHUsI COBPEMEHHOI'0 COCTOSIHUS TOBEPXHOCTHBIX U MOA3EMHBIX BOJI TEPPHU-
TOPUHU HCCIIEIOBAHUN IMPOBEAEHBI PETMOHANbHBIE SKCIEAUIMOHHBIE HcciaenoBaHus. Ilon3eMHBIe BOIBI MECYAHBIX
S0JIOBBIX OTJIOKEHWH B mpejenax neckoB HapblH KanTHpYIOTCS B OCHOBHOM KOJIOJIAMH, BHIKOIAHHBIMH M 000-
PYAOBaHHBIMH BPYYHYIO IJISl HEIEHTPAJIU30BAHHOTO MHUTHEBOTO BOJOCHAOXEHHS XMBOTHOBOIYECKUX XO3SIMCTB M
MEJIKMX HAaCceJIECHHBIX IIYHKTOB, a TaK)Ke BOAONOS CKOTa. PaHee pa3BeaHHbIE MECTOPOXKACHUS MOA3EMHBIX BOJ 0JI0-
BBIX OTJIOKEHHUH HE SKCIUTYaTHPYIOTCS.
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PernonanpHOE THIPOTEONIOTHUECKOE PAOHMPOBAHUE C LENBI0 OLEHKH PECYpPCOB NMPECHBIX M CIabOMHHEpa-
JIM30BaHHBIX BOJ OCHOBAHO HA OOIIMX Te0JIOr0-THAPOTEOIOTNIECKIX MPEACTABICHUX, PE3yIbTaTaX PerHOHAIBHBIX
MapIIpyTHBIX HccienoBaHud. OHO BBINOJHEHO C YYETOM CIEIYIOIINX XapaKTEPUCTUK BOJOHOCHBIX T'OPH30HTOB:
KOHTYp PpaclpOCTPaHEHUS MEPCIEKTHBHOTO BOJOHOCHOTO TOPH30HTA; TIIyOWHA 3ajJeraHusl IMOA3EMHBIX BOJ;
MOIIIHOCTh BOJIOHOCHOTO TOPU30HTA; MUHEPAIU3ALHSI TOA3EMHBIX BO/I.

Jl71sl OLIEHKH MPOTHO3HBIX PECYpPCOB MOA3EMHBIX BOJA MecKoB HapbIH OIpeneseHbl OCHOBHBIE MCTOYHUKH HX
(hopMHpOBaHUS: €CTECTBEHHbBIE (EMKOCTHBIE) 3aI1achl, €CTECTBEHHbIE (BO30OHOBIISIEMBIE) PECYPCHI.

OlieHKa MPOTHO3HBIX KCILTYyaTallMOHHBIX PECYPCOB MOA3EMHBIX BOJ MPOU3BOAUIACH TPAJAULIMOHHBIM U TUAPO-
JUHAMHYECKUM METoJaMu. B kauecTBe TpaIWIMOHHBIX METOJOB OIIEHKH MCIIOJb30BaHa METOJOJIOTHUS, pa3pado-
TaHHAs y9eHBIMU VIHCTHTYTa IMIPOT€0JIOTHH ¥ T€03KOJIOrHN UMeHN Y. M. AxMencaduHa.

B npouecce Hay4HBIX UCCIIEAOBAaHUN BBINOJHEHO NOCTPOCHUE PErHMOHATIBHOM KapThl MOLYJIEH pecypcoB MOA-
3eMHBIX BoJl neckoB HapwiH. OOpaboTka JaHHBIX U MOCTPOEHHE KapT BHIIMOJHEHO C MCIOJIB30BAaHUEM COBPEMEHHBIX
reonH(pOPMAIMOHHBIX POTPaMMHBIX KoMmIuiekcoB Geomatica 2016 u ArcGIS 10.5.

KiroueBsble cjioBa: TOpOBBIE TTOA3eMHBIC BOABI, Mecku HaperH, CeBeprblil [Ipukactuii, THIPOTe0IOTHISCKIE
IapaMeTphl, €CTECTBEHHBIE 3alachl, €CTECTBEHHBIE PECYPCHI, THAPOTe€OJIOrNIEeCKOe palloHNPOBaHNE, THAPOJHHAMH-
YECKUI METOJI, IPOTHO3HBIE IKCILTYaTAlHOHHbIE PECYPCHL
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