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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MmexHUKarbIK fbifibiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apsiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MmexXHUKasbIK fbliibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexXHUKarbIK FblribiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bl 6irndipeodi.

HAH PK coobuwjaem, ymo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu u mexHu4eckux
Hayk» 6bln npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, ob6HosneHHol eepcuu Web
of Science. CodepxxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmpeHUs: KoMmrnaHuel
Clarivate Analytics Onisa danbHetiweezo npuHmus xypHana & 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, u3dameniell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCMpupyem Hawy rnpueepxeHHoCmb K Hauboriee akmyarnbHOMY U 8/USIMEsIbHOMY KOHMeHmMy
10 2e0/102UU U MeXHU4YeCcKUM Haykam Orisl Hauleeo coobwecmsa.
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STRUCTURE OF GEOINFORMATIONAL AND ANALYTICAL
SYSTEM “GROUNDEWATER RESOURCES AND RESERVES
OF THE REPUBLIC OF KAZAKHSTAN”

Abstract. In the context of strong man-caused impact on groundwater, the challenges of water resources ma-
nagement become particularly relevant, and they require significant amount of information from different areas of
knowledge. Information and analytic systems can be an efficient tool for accumulating, processing and analyzing
information.

The informational system “Groundwater resources and reserves of the Republic of Kazakhstan” consists of the
document database, the graphic and semantic database, the database of mathematical models, the structure of those
is, to a large extent, determined by the used software programs. All information of the system is divided into general
and special information according to its intended purpose. The general information contains the information that
underlies all hydrogeological investigations. The special information is intended to solve certain tasks of the assess-
ment of groundwater resources and reserves.

The document database is used for accumulating all available materials, including the materials of the related
areas of knowledge. The tables with structured texts constitute the semantic database. The graphic database repre-
sents a geographic information system, and contains the data, required for investigating groundwater resources and
reserves. The database of mathematical models contains hydrodynamic and geomigration models. The geoinfor-
mational and analytical system is open, and can be extended by the inclusion of new information, and its structure
can be updated in case of the change of the type of hydrogeological investigation.

The structure is perfectly developed to solve the task of the assessment of groundwater resources and reserves,
and can be recommended for creation of the geoinformational and analytical system of groundwater resources and
reserves of the Republic of Kazakhstan.

Key words: groundwater, informational systems, groundwater resources.

The intensive development of computer equipment and its availability to a wide range of scientists
and specialists boosted the development of the informational systems in different fields of activities. Now
informational systems are not just a final isolated product, accumulating the results of some development
projects. They represent a tool for conducting scientific research, and it explains their link to the subject
area.

Earth sciences, including hydrogeology, have a large amount of unsystematized, miscellaneous
materials, and also data from the related areas of knowledge. The creation of information and analytic
systems for accumulating, processing and analyzing the hydrogeological data has a particular significance
for solving the tasks of groundwater management.

The efficiency of usage of informational systems in hydrogeology is proven by the world experience.
Our article contains the review of the investigations in this area [1]. One must emphasize that the infor-
mational systems with groundwater data operate in many countries, including Russia [2], Kazakhstan [3],
the USA [4, 5], Canada [6], Australia [7], Europe [8-11], China [12], Japan [13], India [14], Mongolia
[15], the RSA [16], etc.
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The informational system is a system that includes an ordered and organized set of data and means to
manage it, designed for acquisition of new quality information about the state of an object, a process or an
event [17]. The purpose of creation of the geographic geoinformational and analytical system of ground-
water resources and reserves of the Republic of Kazakhstan is accumulation of the data about groundwater
resources and the natural environments related to them, and its usage as an informational basis for solving
the practical hydrogeological tasks. The principles that are presented in [18] form the basis of the system
development methodology. It involves collecting and accumulating the data, solving the practical hydrogeo-
logical tasks, elaborating the recommendations, and providing the reference and information service [1].

The geoinformational and analytical system “Groundwater resources and reserves of the Republic of
Kazakhstan” consists of the document database, the graphic database, the semantic database, and the data-
base of mathematical models. The structure of the databases is, to a large extent, determined by the used
software programs. All information of the system can be conventionally divided into general and special
information according to its intended purpose. The general information contains the information that
underlies all hydrogeological investigations. The close connection of groundwater with different natural
environments requires the informational system to contain data from the related knowledge areas, such as
geology, hydrology, meteorology, topography, etc.

The special information is intended for solving the certain tasks, in this case, the task of the assess-
ment of groundwater resources and reserves. The special information is formed by the expert on the basis
of the general information by the inclusion of additional data, and it reflects the expert’s subjective point
of view on the certain problem.

The hydrogeological investigations involve using and processing of a large amount of miscellaneous
data from different sources. The usage of different methods of interpretation of primary data results in the
subjectivity of information, therefore, all investigation results, obtained by different experts have to be
stored. The document database (figure 1) is created to accumulate all available materials, including the
materials of the related areas of knowledge. The main components of the document database are unpub-
lished and published materials, and reports on the basis of the data, contained in the information and
analytic system.
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Figure 1 — Structure of the document database

The semantic database consists of a set of tables, and it constitutes the system of collection, storage
and analysis of numeric and text data (figure 2). All its information can be conventionally divided into ge-
neral and special information. The general information includes primary materials, values of geofiltration
parameters and descriptions of the facilities used for economic activities.
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Figure 2 — Structure of the semantic database

Primary materials include descriptions of exploration and observation wells (geological and hyd-
rogeological), results of overdrafts, and geophysical data. Geofiltration parameters are the result of pro-
cessing the primary materials, and they include the coefficients of transmissibility, filtration, conductivity,
piezo conductivity, elastic and gravity water yield, and migration parameters [17]. In the informational
system the facilities used for economic activities are defined as man-made objects that have impact or may
have impact on groundwater. Water intake structures certainly have the biggest impact on groundwater.
Therefore, all data related to the groundwater deposits is allocated in the separate block of the section
Special information of the informational system.

The data of the Special information section of the semantic database is used for solving the tasks of
the assessment of groundwater resources. It contains the block “Groundwater deposits”, the block “Obser-
vations”, the block “Groundwater resources and reserves”.

The block “Groundwater deposits” includes the descriptions of deposits and water intakes, as well as
real and expected water intake. The block “Observations” contains the results of permanent observation of
groundwater resources and the natural environments related to them, and the results of one-time obser-
vations. Groundwater, surface water and the air are monitored to assess the state of groundwater and to
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Figure 3 — Structure of the block “Groundwater resources and groundwater storage”
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make forecast of its changing under anthropogenic impact. The information about groundwater resources,
hydrogeological zoning plans, and groundwater resources endowment constitutes the block “Groundwater
resources and reserves”. The resources are estimated within the hydrogeological basins, water basins and
administrative districts (figure 3).

Hydrogeological investigations are followed by the estimation of natural, expected and operational
groundwater resources. The operational resources in turn can be divided according to the intended pur-
pose, category and genetic type of the deposit [19, 20]. The estimation results are presented in the tables of
the semantic database (figure 4).
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Figure 4 — Structure of the data that demonstrates the allocation of operational reserves within the water basins

The graphic database, as a geographic information system, represents the system of collection, stora-
ge, processing, access, analysis, interpretation and graphical visualization of the spatial data. The infor-
mation and analytic system “Groundwater resources and reserves of the Republic of Kazakhstan” contains
the data that is necessary for studying groundwater resources, and the results of their assessment. The
forms of materials presentation allow using them for solving the practical hydrogeological tasks.

The characteristics of hydrogeological information, such as a large amount of data, the necessity to
consider the connection of groundwater with natural environments and man-made objects, low formali-
zability of the subject domain, high differentiation of the territorial data, subjectivity of the materials
assessment, etc, were considered in formation of the graphic database.

The graphic database includes general and special information (figure 5). The general information
shows the connection of groundwater with the environment. The general information contains hydrogeo-
logical, geological, hydrographical, meteorological information, topographical data, the facilities used for
economic activities, administrative-territorial units, and the data of Earth remote probing.

The special information includes the data associated with the certain hydrogeological task of the
assessment of groundwater resources. It is the results of the assessment of groundwater resources and
reserves, obtained by different experts in different territories, using different methods. The names of the
special information sections of the semantic database and the graphic database are the same, it is explained

—— 4 ——
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Figure 5 — Structure of the graphic database

by the specific character of the task of the assessment of groundwater resources, and the possibility to use
the tables of the semantic database as attributes of graphic objects.

The unique attribute information is connected with each graphic object. It is used for data sampling,
designing the thematic maps, creating the links of the spatial objects with the tables of semantic database,
constructing the array of initial data for the mathematical model, etc.

The groundwater deposits are presented as point objects with the code and name of the deposit, etc.
The observations in the graphic database are presented as layers of point objects of hydrogeological
observation wells, hydrometeorological and hydrogeological stations, meteorological stations. The block
“Groundwater resources” has the same structure as the one in the semantic database.

The results of the assessment of groundwater resources and reserves reflect the original view of the
researcher; therefore, there is a variety of graphic representations of these parameters. The estimations are
based on the data of lithologic age composition of hydrophilic formations, mineralization of ground-
water, limits of aquiferous formations, stratification depth of groundwater, groundwater accumulation and
discharge areas, tectonic faults, etc. Therefore, the maps of groundwater resources and reserves are highly
important.

DISTRIBUTION AREAS
OF AQUIFERS AND
AQUIFER SYSTEMS

ISOLINES OF GROUNDWATER
RUNOFF MODULES, Vs from 1 km?2

FRAGMENT OF A MAP
OF GROUNDWATER
RUNOFF MODULES

AREAS OF DISTRIBUTION
OF GROUNDWATER WITH
DIFFERENT MINERALIZATION

Figure 6 — Design of the map of groundwater natural resources
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The maps, containing the data about groundwater resources and reserves are designed with isolines or
zones. A code is connected with each graphic object. As well as this, the reserves volume or the resources
flow dimension can constitute attribute information. One should note that module maps are the most
demonstrative (figure 6). Module maps of groundwater resources demonstrate the flow discharge from the
area unit. Resources and reserves volumes are presented in diagrams on the maps.
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Figure 7— Structure of the mathematical models database

MAP OF DISTRIBUTION OF EXPLOITAELE
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Figure 8 — Allocation of groundwater expected resources and reserves resources within the administrative regions
of the Republic of Kazakhstan in the graphic and semantic databases
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The informational system allows designing the maps of groundwater reserves and resources (natural,
expected, operational), and hydrogeological zoning plans within administrative districts, hydrogeological
and water basins. The maps of groundwater resources endowment are designed within administrative
districts.

The database of mathematical models of geofiltration can be divided into two blocks, the block of
hydrodynamic models and the block of geomigration models (figure 7). Hydrodynamic models include
mathematical models of regional hydrogeological conditions, mathematical models for the assessment of
operational resources of the groundwater deposits, hydrogeological and ameliorative mathematical mo-
dels, and mathematical models of the interaction of groundwater and surface water. Geomigration models
include mathematical models of the groundwater pollution and salinization.

The document database should be created in Microsoft Access, the semantic database in Microsoft
Excel, the graphic database in geographic information systems ArcGIS and Maplnfo, the database of
mathematical models in groundwater mathematical modeling system (GMS).

The maps of expected groundwater resources and operational groundwater reserves (the block
Groundwater resources and reserves of the graphic database), and associated tables (the block Ground-
water resources and reserves of the semantic database) were included as an example in the geographic
information and analytic system Groundwater resources and reserves of the Republic of Kazakhstan
[19-21] (figure 8).

Therefore, the structure of the geographic information and analytic system “Groundwater resources
and reserves of the Republic of Kazakhstan” is perfectly developed for solving the practical hydrogeo-
logical tasks that require a large amount of data. One should note that the system is open, and its structure
can be updated in case of the change of the type of hydrogeological investigations.

The investigations are carried out within the framework of the project BR05236664 “Scientific-
methodological, geographic information and analytical support of the rational usage and protection of
groundwater of the Republic of Kazakhstan in the context of climate and anthropogenic changes”, and
using the special purpose funding of the scientific-technical programs of the Committee of Science of the
Ministry of Education and Science of the Republic of Kazakhstan.

E. 7K. Mypra3zun, O. JI. Mupomnudenko, JI. FO. Tpymenn

«K.N. CorbaeB aTeiaaarsl Kaz¥T3V» KEAK —
VY. M. AxmencaduH aTbIHIAFBI THAPOTEOIOTHS KOHE Ie0dKOIOTHSI MHCTUTYThI, AnMmatsl, Kazakcran

«KA3AKCTAH PECITYBJIMKACBIHBIH JKEP ACTBI CYJIAPBIHBIH
PECYPCTAPBI MEH KOPJIAPBI»
I'EOAKITAPATTBIK-AHAJIMTHKAJIBIK )KYUECIHIH K¥PbIJIBIMbI

Annotanusi. JKep acTbl cyjapblHa >KOFapbl TEXHOI'€HIIK ocep €Ty HIapTTapblHaa TYpJi OuliM caslaiapblHaH
AIBIHATBIH MOJIIMETTEPAIH €Ioyip KeJIeMiH TapTy apKbUIbl €3 €CEeNTEpiH MICHIyXi Tajall eTeTiH Cy pecypcTapblH
Oackapy MiHIETI epeKIIe e3eKTiTikke ue Oomyna. Jepekrepi KuHaKTay, OHICY JKOHE Taimay VINiH THIMJI acmarn
peTiHIe aKnapaTThIK-aHATUTHKATIBIK KYHerep KOJIaHbUTYbl MYMKIH.

«Kazakcran PecryOnuKachIHBIH Kep acThl CyJapbIHBIH PECypcTapbl MEH KOpJapbD» aKIapaTThIK jKyHeci Ky-
JKaTtTap 0a3achlHaH, TpaUKaAIBIK )KOHE CEMAHTHUKAIBIK JepeKkTep 0a3achlHaH KOHE MaTeMaTHUKAIBIK yJiriiep 6aza-
ChIHAH TYpajbl, OJapIblH KYPBUIBIMBIL, KeOiHece, MaiJanaHbUIaTBIH OafFnapiilaMaliblk ©HIMICPMEH aHbBIKTAJIaJlbl.
XKytieneri Gap aknapar apHaixybl OOMBIHIIA JKANIIBI XKOHE apHaiibl 6oubin OesniHeni. JKaimel ToObIHA OAPIIBIK THIPO-
TEeOJIOTHSUIBIK 3epTTEyJIep/iH Heri3l OoJbIl TaObUIATBIH MONlIMETTep Kipedi. ApHaibl TOI Kep acThl CYJAPhIHBIH
pecypcTapbl MeH KopJiapblH Oaraniay OOMBIHIIIA HAKTHI €CENTI Ny YIIiH apHaJFaH.

Kyxarrap 6azacsl OapibplK Konjga Oap MaTepHangapibl, OHBIH IIIiHZIE iprejec OUIM cajajlapblHa THeCLT
MaTepHalap/ibl )KUHAKTAY YIIiH )KYMBIC kacaiisl. KypaMbinia KypbsulbIMIaaFaH MOTIHIIK AepeKTepi 6ap kecrenep
CEMaHTHKAJBIK JepeKTep 0a3acklH Kypaiasl. ['padukainbik nepekrep 6azachl re0aKnapaTThIK JKyie TypiHIe jkacal-
FaH JKOHE OHBIH KYpaMbIHA JKeP acCThl CYJNApPBIHBIH PECYpCcTapbl MEH KOPJIAPBIH 3€pTTEy YLIIH KaKEeTTi MAIiMeTTep
Kipemi. MaTeMaTHKaNbIK yiriiep 0a3achblHBIH KypaMbIHA THAPOAMHAMHUKANBIK KOHE TEOMHUTPAIMSUIBIK YITUIEp Kipe-
ni. ['eoakmapaTThIK-aHAIUTHKAIBIK JKYHE aIlblK OOJIBIN TaOBUIAB! JKOHE YKaHA AEPEKTEePAl €HTi3y apKbUIbl KEHEeHTi-
Jyi MYMKiH, aJl OHBIH KYPBIIBIMBI THAPOTEOJIOTISUIBIK 3ePTTEYICPIiH TYPl ©3repreHe KaHapThUTybl MYMKIH.
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JKacanmraH oChI KypBUTBIM JK€p aCTHI CyNApbIHBIH PeCypcTapbl MEH KOpJaphlH Oaranay eceOiH IIenry YIIiH OH-
Tainmbl OonbIn TaObUTaNb! KoHE KaszaKCTaHHBIH JKEp acThl CyJapbIHBIH pPECypcTapbl MEH KOPJapbIHBIH TeOaKIa-
PaTTHIK-aHATNTHKANBIK XYHECIH KYpy YIIIH YChIHBUTYBl MYMKIH.

Tyiiin ce3aep: KepacTsl Cybl, aKIAPATTHIK XKYHe, )KEPACThI CYBl peCypCTapshl.

E. K. Myprasun, O. JI. Mupomnnyenko, JI. ¥O. Tpymenasn

HAO «KazHUTY um. K. 1. CarnaeBa» —
TOO «/HCTUTYT TUAPOTECOIOTHH U Teo3KoIorun uM. Y. M. Axmencadunay, Anmatel, Kazaxcran

CTPYKTYPA TEOUH®OPMAIIMOHHO-AHAJIMTUYECKOM CUCTEMBI
«PECYPCBI U 3AITACHI IO/IBEMHBIX BO/I PECITYBJINKU KA3ZAXCTAH»

AHHOTanusi. B ycroBusx BBICOKOIO TEXHOT€HHOTO BO3IEHCTBUS Ha ITOJ3EMHBIE BOJBI OCOOYIO aKTyaJIbHOCTD
MPUOOPETAIOT 33a4M YIPABICHUS BOAHBIMH pecypcaMy, TpeOyrolue Ul CBOETO PELICHUsS] NMPUBJICUCHHS 3HAUH-
TEIBHOTO KOJHMYECTBAa CBEACHUH W3 pa3HbIi obnactel 3HaHWHA. B kadecTBe 3(h(heKTHBHOrO WHCTPYMEHTa HAKOII-
neHus1, 00pabOTKK M aHaIN3a JaHHBIX MOTYT BEICTYNATh MH(POPMALMOHHO-aHATUTHIECKHE CUCTEMBI.

Wudopmannonnas cucrema «Pecypcebl u 3amachkl nmoja3eMHbIx BoJ PecnyOnuku Kazaxcran» coctouT u3 0assl
JIOKyMEHTOB, 0a3 rpa)MuecKux U CEeMaHTUYECKUX JaHHBIX M 0a3bl MATEMaTHYECKUX MOJIENIeH, CTPYKTypa KOTOPBIX B
3HAYNTEIILHOM CTETIEHH OIPEAEsIeTCs UCIIOIb3YEeMbIMU ITPOrPaMMHBIMU NIpoXyKTamMu. Best nHpoOpManus, coaepika-
IIasiCsl B CUCTEME, 110 Ha3HAUEHMIO pa3zieNsieTcs Ha OOIIyro U crenuaibHyo. O0mas colepXHUT CBE/ICHHs, KOTOpbIE
JIe)KaT B OCHOBE BCEX TH/IPOTEOJIOTNUECKHX HcciieoBanuid. CrienuaibHas peJHa3HaueHa sl pelIeHus] KOHKPETHOH
3a71a4M OLICHKH PECYPCOB U 3aM1acoB ITOI3EMHBIX BOJI.

baza mOKyMEHTOB CIyXHT Il HaKOIUICHHS BCEX MMEIOMIMXCS MaTEpPHAJIOB, B TOM YHCJIE OTHOCAIIMXCS K
CMEXHBIM 00JacTsIM 3HaHUH. TaOnuipl, comepxalue CTPYKTypHPOBaHHBIE TEKCTOBBIE JAHHBIE, COCTABISIIOT 0asy
CEMaHTHYECKUX JIaHHBIX. ba3a rpaduueckux JaHHBIX peall30BaHa B BU/E T€OMH(DOPMAMOHHON CHCTEMBI U BKIIIO-
YaeT CBEJCHUS, HEOOXOMUMBIC JUI M3yYCHUSI PECYpPCOB M 3alacoB MOJ3EMHBIX BoJ. Hamomnennem 0a3bsl MaTeMma-
THYECKUX MOJEIEH SBIAIOTCA THAPOAMHAMUYECKHE M T'€OMHUIPAlMOHHBIE MOZenH. [ eonH(pOpMaIlOHHO-aHATUTH-
YCCKas CUCTCMa ABJIACTCA OTKprTOﬁ U MOXCT 6I)ITb pacmipeHa IMyTeM BKIIFOYCHUSA HOBBIX JaHHBIX, a €€ CTPYKTYypa
MOICPpHU3UPOBaHa MPpU UBMECHCHUH THUIIA THUAPOICOJIOTHICCKUX I/ICCJ'IGI[OB&HHﬁ.

Pa3paboTaHHas CTpyKTypa SBISEeTCS ONTHMAJbHOM JUIA PEIICHUs 3afady OLEHKU PECypcoB M 3allacoB MOJ-
3eMHBIX BOJ| M MOXET OBITh PEKOMEH/IOBaHa ISl CO3aHMsI reOH()OPMalMOHHO-aHATNTHIECKON CHCTEMBI PECYPCOB 1
3amacoB Mo 3eMHBIX BoJ Kazaxcrana.

KaioueBble ci10Ba: 1o3eMHbIC BOABI, HHYOPMALMOHHbBIE CHCTEMBI, PECYPCHI ITOJI3EMHBIX BOJI.
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