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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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы,  техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы  (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович,  техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич,  геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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Главный редактор
ЖУРИНОВ Мурат Журинович,  доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
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Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич,  доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич,  (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ
ситета Небраски (штат Небраска, США) H = 32

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
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V.A. Smolyar1, O.L. Miroshnichenko1*, L.Y. Trushel1, E.V. Sotnikov1, 
V.M. Mirlas2

1Satbayev University, Akhmedsafin Institute of Hydrogeology and 
Environmental Geoscience, Almaty, Kazakhstan;

2Ariel University, Department of Chemical Engineering, Israel.
E-mail: o_mirosh@mail.ru

STRUCTURE OF THE INFORMATION SYSTEM 
OF KAZAKHSTAN FRESH GROUNDWATER RESOURCES

Abstract. Insignificant in general value of surface water resources, cross-
border nature of major rivers, their almost complete exposure to impacts of 
technogenesis processes have predetermined wide use of fresh groundwater 
supply in Kazakhstan. Study of the groundwater resources demand engaging 
of large volumes of hydrogeological materials and data from related areas 
of expertise. Their accumulation and analysis were carried out within the 
frameworks of the unified geoinformation system of resources and reserves of 
fresh groundwater of the Kazakhstan Republic and allows systematizing and 
analyzing of data about groundwater resources, quality and its using. 

The system’s structure was development with account to interconnection 
of groundwater with all components of natural and man-made environment. 
Key information blocks distinguished in the system are the following: general 
information about hydrogeological object and environment; data of groundwater 
monitoring; fresh groundwater resources and reserves; groundwater deposits; 
man-made facilities; groundwater pollution; groundwater protection; availability 
of fresh groundwater resources. 

All data are accommodated in graphic, semantic and documental database. 
Semantic data is presented in tabular form and represents attributive information 
for graphics objects comprising cartographical documents. The system was 
created in ArcGIS environment.

Data entered into the system was used for generating thematic maps of fresh 
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groundwater resources, as well as for calculating various characteristics of 
groundwater, areas with certain sets of parameters etc.

Operation of the information system demonstrates by the example of territory 
of West Kazakhstan.

Key words: groundwater, information systems, groundwater resources.

В.А. Смоляр1, О.Л. Мирошниченко1*, Л.Ю. Трушель1, Е.В. Сотников1, 
V.M. Mirlas2

1Satbayev University, У.М. Ахмедсафин атындағы Гидрогеология және 
геоэкология институты, Алматы, Қазақстан;

2Ариэль университеті, Химиялық инженерия факультеті, Израиль.
E-mail: o_mirosh@mail.ru

ҚАЗАҚСТАНДАҒЫ ЖЕР АСТЫ ТҰЩЫ СУ РЕСУРСТАРЫНЫҢ 
АҚПАРАТТЫҚ ЖҮЙЕСІНІҢ ҚҰРЫЛЫМЫ

Аннотация. Жер үсті су ресурстарының құндылығы, ірі өзендердің 
трансшекаралық сипаты, олардың техногенез процестерінің әсеріне толық 
дерлік ұшырауы Қазақстандағы тұщы жер асты суларының қорларын 
кеңінен пайдалануды алдын ала анықтады. Жер асты суларының ресурс
тарын зерттеу гидрогеологиялық материалдар мен байланысты білім 
салаларындағы деректердің үлкен көлемін тартуды талап етеді. Оларды 
жинақтау мен талдау Қазақстан Республикасының тұщы жерасты сулары 
ресурстары мен қорларының бірыңғай геоақпараттық жүйесі шеңберінде 
жүргізілді және жерасты суларының ресурстары, олардың сапасы мен 
пайдаланылуы туралы деректерді жүйелендіруге және талдауға мүмкіндік 
береді.

Жүйенің құрылымы жер асты суларының табиғи және техногендік 
ортаның барлық компоненттерімен байланысын ескере отырып жасалды. 
Жүйеде бөлінетін негізгі ақпараттық блоктар: гидрогеологиялық объект 
және қоршаған орта туралы жалпы ақпарат; жерасты сулары мониторингінің 
деректері; тұщы жерасты суларының ресурстары мен қорлары; жерасты 
суларының шоғырлары; техногендік құрылыстар; жерасты суларының 
ластануы; жерасты суларын қорғау; тұщы жерасты сулары ресурстарының 
қолжетімділігі.

Барлық деректер графикалық, семантикалық және құжаттық мәліметтер 
базасында орналастырылған. Семантикалық деректер кесте түрінде ұсы
нылған және картографиялық құжаттарды құрайтын графикалық нысан
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дар үшін атрибутивті ақпарат болып табылады. Жүйе ArcGIS ортасында 
құрылды.

Жүйеге енгізілген деректер тұщы жер асты сулары ресурстарының 
тақырыптық карталарын жасау үшін, сондай-ақ жер асты суларының 
әртүрлі сипаттамаларын, белгілі бір параметрлер жиынтығы бар аудандарды 
есептеу үшін пайдаланылды. Ақпараттық жүйенің жұмыс істеуі Батыс 
Қазақстан аумағының үлгісінде көрсетіледі.

Түйін сөздер: жерасты сулары, Ақпараттық жүйелер, жерасты сула
рының ресурстары.
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СТРУКТУРА ИНФОРМАЦИОННОЙ СИСТЕМЫ РЕСУРСОВ 
ПРЕСНЫХ ПОДЗЕМНЫХ ВОД КАЗАХСТАНА

Аннотация. Незначительная в целом величина ресурсов поверхностных 
вод, трансграничный характер основных рек, практически их незащи
щенность от воздействия процессов техногенеза предопределили широкое 
использование в Казахстане для решения проблемы водоснабжения 
населения пресных подземных вод. Изучение ресурсов подземных вод 
требует привлечения большого объема гидрогеологических материалов и 
сведений из смежных областей знания. В связи с этим их накопление и 
анализ проведены в рамках единой системы ресурсов и запасов пресных 
подземных вод. Она является основной частью геоинформационной 
системы ресурсов подземных вод Республики Казахстан и позволила 
систематизировать и анализировать данные о ресурсах, качестве подземных 
вод и их использовании.

Структура системы сформирована с учетом взаимосвязи подземных 
вод со всеми компонентами природной и техногенной среды. Основными 
информационными блоками, выделенными в системе, являются: общая 
информация о гидрогеологическом объекте и окружающей природной 
среде; данные мониторинга подземных вод; ресурсы и запасы пресных 
подземных вод; месторождения подземных вод; техногенные объекты; 
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загрязнение подземных вод; защищенность подземных вод; обеспеченность 
ресурсами пресных подземных вод. 

Все сведения размещены в базах графических и семантических данных 
и базе документов. Семантические данные представлены в табличной 
форме и являются атрибутивной информацией для графических объектов, 
составляющих картографические материалы. Система создана в среде 
ArcGIS.

Введенные в систему сведения использованы для формирования тема
тических карт ресурсов пресных подземных вод Западного Казахстана, а 
также для расчетов различных характеристик подземных вод, площадей с 
определенными наборами параметров и др.

Работа информационной системы проиллюстрирована на примере 
территории Западного Казахстана. 

Ключевые слова: подземные воды, информационные системы, ресурсы 
подземных вод.

Introduction. Modern information systems created on the basis of 
geoinformation technologies are used to resolving majority of hydrogeological 
problems. They are designed for management of spatially-distributed data 
and include databases and systems of their management (Yazvin, 2015:323). 
Capabilities of computing technology allow accumulating and collate large 
bodies of data, manage it, use in the mathematical modeling and in field surveys. 
Information systems are created to manage groundwater resources, estimating 
interaction groundwater with environment in different countries of the world.  

Global Information System containing information about world where 
groundwater resources were created by IGRAC (International Groundwater 
Resources Assessment Centre) under the auspices of UNESCO (https://www.
un-igrac.org/global-groundwater-information-system-ggis). Information 
water resources system in Europe - WISE provides access to data related to 
domestic and cross-border water resources of different countries (https://water.
europa.eu/). Groundwater Database of the United Kingdom was presented by 
British Geological Survey (https://www2.bgs.ac.uk/groundwater/datainfo/
datainformation.html). Information system for France groundwater management 
SIGES contains data about aquifer’s condition and their interaction (https://www.
brgm.fr/en/website/siges-aquifere-rhenan-information-system-groundwater-
management). Substantial volumes of hydrogeological information about 
groundwater in Germany are processed with the use of artificial intelligence 
(https://www.bgr.bund.de/EN/Themen/Wasser/Informationsgrundlagen/
informationsgrundlagen_node_en.html).  The Spain groundwater information 
system (SIAS) contains monitoring databases, thematic hydrogeological 



186

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

maps and so on (https://hispagua.cedex.es/documentacion/recurso/57867).т 
National groundwater information system in Italy (SINTAI) aimed to protecting 
groundwater from contamination (https://www.sintai.isprambiente.it/). National 
groundwater information system (NGIS) created in Australia represents a spatial 
database according to states and territories (https://data.gov.au/data/dataset/
national-groundwater-information-system). US Groundwater resource data 
is differentiated by states and include hydrogeological maps, initial data and 
its processing results (https://ecology.wa.gov/Water-Shorelines/Water-quality/
Groundwater/Groundwater-resources). Information system developed by China 
Geological Survey is designed for groundwater integrated management (Liu et 
al., 2016: 21). Africa groundwater atlas includes digital hydrogeological maps 
for 51 countries, data about groundwater quality and its use, on-line library of 
documents (https://www2.bgs.ac.uk/africagroundwateratlas/index.cfm). 

The above studies prove efficiency of information systems usage in 
groundwater resources management process. 

The water supply of Kazakhstan population under conditions of ongoing surface 
water resources depletion of proper quality water   making the extensively use fresh 
groundwater. Anthropogenic burden and climatic changes adversely impact on 
the environment in particular on groundwater conditions, its hydrogeochemical 
and hydro-geodynamic parameters (Smolyar, 2017: 7). Analysis of water quality 
changes, evaluating possibility of it using for domestic drinking water supply 
demanded involving a large volume of hydrogeological materials and data from 
related areas of knowledge. Usually used text documents represent a type of 
not structured descriptions, are presented in author’s interpretation, the maps 
are created in different geographical projections, that makes their search and 
use very difficult. To resolve practical problems in hydrogeology, it is need to 
unify all available data, classify it according to form of information presentation, 
convert into forms convenient for analyzing. The most efficiently it is possible 
to implement within the frameworks of the unified groundwater resources and 
reserves information system. 

The following described system created on the basis of geoinformation 
technologies in particular allowed accumulating materials and carry out their 
effective analysis, receive qualitatively new data during hydrogeological objects 
and processes studding. Possibility of simultaneous engagement of archive 
materials and results of their interpretation by different authors allowed raising 
the quality of such research. 

Main part of the system is the subsystem of fresh groundwater resources 
and reserves allowing monitoring of water quality dynamics and evaluation of 
possibility to use it for utility and drinking water supply. Of especial relevancy 
the creation of such a system is for Kazakhstan, major part of territory of which 
experiences acute shortage of quality water. 
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Integrated use of data allowed the created by authors information system the 
provision of information support to any theoretical and practical hydrogeological 
studies.

Research materials and methods. The structure of the fresh groundwater 
resources information system of Kazakhstan was created with account to need 
in hydrogeological data, availability of cartographic information and capabilities 
of the geoinformation system tools (Yazvin, 2015: 323), (Smolyar et al., 2012: 
125), (Veselov et al., 2004: 426). All information is accommodated in semantic, 
graphic and document databases. 

Document database contains all collected data about hydrogeological object 
functioning. Low formalization of the subject area and considerable quantity of 
initial data are characteristic for hydrogeological documents. This fact explains 
the necessity of storing substantial volumes of both published and unpublished 
documents. 

Semantic database servers for the collecting, storing and analyzing of 
systematized structured information presented in tabular format. It includes both 
baseline hydrogeological materials as well as results of their processing. All data 
is conditionally divided into general, used for resolving the majority of tasks, 
and special, required to resolve specific problems, for example, calculating 
groundwater resources and reserves, evaluating degree of groundwater 
contamination and others. 

The graphic database includes cartographic documents allowing obtaining 
attributive information about graphical objects. They are generated with the 
help of the geographic information system (GIS) and represent a set of digital 
maps. As a rule, maps required for resolving a certain task are generated in a 
single geographical projection. Attributive information is related to all graphical 
objects.

The elements of graphic and semantic databases are interrelated. Records of 
semantic database tables act as attributes to graphical objects.  

While studying fresh groundwater resources, it is taken into account that 
any changes in components of the environment cause changes in groundwater 
conditions (Zektser, 2001: 313). Results of interconnection of surface and 
groundwater is the intensification of the groundwater recharge during river 
flooding, change of groundwater regime while regulating surface run-off with 
water-storage reservoirs and others. Considerable impact upon groundwater 
resources affects by soil cultivation, irrigation and land remediation. Groundwater 
pollution accompanies operation of various man-made facilities (industrial 
enterprises, oil and gas fields, transport etc.). Amount of precipitation including 
contaminated causes change in groundwater regime and quality. 

In its turn, groundwater impact environment’s other components. Intense 
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water intake affected to surface water, for example, to river flow rate.  The 
large volume of groundwater intakes increases the probability of hazardous 
geological engineering and hydrogeological processes, activation of suffusion-
karst processes. Besides, the groundwater table raise may result in underflooding 
of various man-made facilities, urban areas and agricultural lands. 

Due to evaluate groundwater resources and making of management decisions 
on its use, the fresh groundwater information system must contain data of 
hydrogeological object and its relations with natural and man-made environment. 
Such data shall include:

•	 hydrogeological maps and cross-sections that include areas of distribution 
of aquifers and aquifer systems;

•	 maps of factual material and data of groundwater regime; 
•	 maps of groundwater head contours and flow path, groundwater depths and 

groundwater mineralization;
•	 maps of lithological structure for the creating of geo-filtration parameters 

maps;
•	 soil maps;
•	 hydrographic maps and river runoff maps;
•	 maps of surface water mineralization and chemical composition;
•	 climatic maps including the atmospheric precipitation data;
•	 topographical maps;
•	 layouts of groundwater, surface water and air monitoring networks and 

monitoring results;
•	 groundwater resources and reserves maps (groundwater reserves, 

groundwater resources (natural, estimated and mineable), endowment with 
water resources);

•	 groundwater deposits (sites) maps, data of reserves by categories and 
information about management;

•	 maps of groundwater pollution;
•	 layouts of facilities used for economic activities (industrial and agricultural 

enterprises, sites of intense water intake and water injection, induced recharge 
etc.) and information about their functioning.

Due to it seems advisable to emphasize the following key blocks of the 
information system (Fig. 1): general information about hydrogeological object 
and environment; data of groundwater monitoring; fresh groundwater resources 
and reserves; groundwater deposits; man-made facilities; groundwater pollution; 
groundwater protection; availability of fresh groundwater resources.

All data is accommodated in graphical and semantic databases and document 
database. The structure of the system is not rigid and can be supplemented or 
changed in the process of solving practical hydrogeological problems. Despite 
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the fact that any hydrogeological analysis is based on the same set of initial 
data about the object, the resulting maps reflect the personal point of view of 
the researcher on the problem. Therefore, the system may contain ambiguous 
materials, for example, maps of hydrogeological zoning created in terms of 
“regions and basins” or “massifs and basins”.

Figure 1 – Structure of geoinformation-analytical system of fresh groundwater resources

General information about a hydrogeological object and environment 
is represented by materials underlying any hydrogeological studies – 
hydrogeological maps and cross-sections; data of lithologic structure of aquifers 
and aquifer systems; maps of groundwater head contours and flow path; 
groundwater mineralization and chemical composition data; hydrographical, 
meteorological and topographic data etc. (Zektser, 2001: 313).

Data of groundwater monitoring includes information about groundwater 
regime and its quality and their temporally change. To obtain an integral 
hydrogeological information, archive and real-time data is required. It is 
usually presented in the form of maps of groundwater monitoring networks and 
groundwater regime and chemical analysis results tables.

Fresh resources and reserves groundwater information determine possibility 
of making some or other management decisions in hydrogeology. Their 
classification in the information system was made based on traditional subdivision 
into reserves (secular) and resources (natural, estimated, exploitable) (Murtazin 
et al., 2020 a: 8) (Fig. 2). It is necessary to note that maps of groundwater 
resources reflect subjective viewpoints of authors. Therefore, maps of various 
authors may be presented in the system.
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Groundwater deposits are presented in the system in tabular and graphical 
formats. Such data as: location; genetic type; recoverable reserves by target 
purpose and categories; reserves approval date; water intake etc. for each deposit. 
Data is analyzed within borders of administrative districts, hydrogeological 
structures and hydro-economic basins. 

The man-made facilities, both directly impacting groundwater, as well as 
representing potential hazard for groundwater include in the information system. 
Man-made facilities are the industrial and agricultural enterprises, territories of 
intense water pumping and water injection, artificial recharge sites etc.

 Groundwater pollution is displayed on maps of the ecological state of the 
environment as a zone within which the chemical (radiological) composition 
of groundwater does not meet sanitary requirements. Groundwater pollution 
maps are built using monitoring data and information on the pollution source’s 
location.

Figure 2 – Structure of information block of fresh groundwater resources and reserves

Groundwater protection is associated with the preservation of the natural 
hydro-ecological system in a state that allows maintaining the composition and 
quality of groundwater at the required level for a given time period (Zektser, 
2001: 313). To creating integrated maps of groundwater protection against 
pollution hydrogeological and soil maps, data of man-made sources of impact 
upon environment and groundwater deposit locations, hydrogeochemical map 
and others are used.  

The availability of fresh groundwater resources is defined as the degree to 
which the current and prospective needs of the population in the quality of 
drinking water are met at the expense of calculated and withdrawn groundwater 
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resources (Smolyar et al., 2012: 125). Availability maps are formed on the basis 
of data on resources and reserves of groundwater, deposits, and taking into 
account the protection of groundwater (Murtazin et al., 2020 b: 9).

Results and discussion. On the example of the territory of the West 
Kazakhstan, the functioning of the fresh groundwater resources and reserves 
information system is illustrated. The territory includes four administrative 
regions: West-Kazakhstan, Atyrau, Aktobe and Mangystau. 

General information about hydrogeological object and environment for the 
territory of West Kazakhstan is contained in graphical database and includes 
hydrographic network map, hydrogeological map, map of hydrogeological 
zoning and others. Hydrographic network map (rivers, lakes, swamps etc.) is 
executed in the form of linear and area facilities, each facility name is connected 
with them. Hydrogeological map was built in scale 1:2500000. For area facilities 
corresponding to hydrogeological subdivisions (aquifers and aquicludes and 
systems), deposition age acts as attribute.

On the zoning map, polygons distinguish hydrogeological regions and basins 
of the first and second order (Fig. 3), areas of distribution of waters of various 
salinity, etc. Linear objects display fracture zones, groundwater pressure contours, 
etc. It should be noted that the zoning map was built by comparison and analysis 
of data layers already available in the GIS: the area of hydrogeological units, the 
location of watersheds and hydrographic objects, data on the age and chemical 
composition of waters, etc.

Figure 3 – Map of hydrogeological zoning of the territory of West Kazakhstan
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The groundwater monitoring results for 2021 are included in the semantic 
database of the information system. The tables contain fields with information 
about sampling sites, sampling date, pH values, salinity, water hardness, 
concentrations of various chemical elements. The corresponding layer of the 
inspection wells graphical database was generated in the WGS 1984 coordinate 
system using GPS data obtained during the field survey. Associated with each 
test site is a semantic database chemical analysis results table record. 

Groundwater resources and reserves in the information system are displayed 
on groundwater mineable reserves maps, groundwater estimated resources, fresh 
groundwater estimated resources extent of exploration etc. Data is displayed by 
diagrams related to area facilities representing administrative regions, hydro-
economic basins or hydrogeological structures. Map of West Kazakhstan 
groundwater mineable reserves reflecting distribution of mineable reserves 
values in general by administrative regions and values of mineable reserves with 
mineralization of up to 1 g/l is create.

Map of groundwater estimated resources was prepared with the use of related 
values of estimated resources modules and groundwater prevailing mineralization 
in major aquifers and aquifer systems. Compiled information by administrative 
regions about potable groundwater estimated resources values and estimated 
resources modules can be derived automatically (Yazvin, 2015:323), (Nurabayev 
et ai., 2019: 426). 

Resource potential of West Kazakhstan fresh groundwater shown on the map 
of estimated resources extent of exploration. Based on ratio of values of mineable 
and estimated resources, groundwater use prospects for various territories were 
evaluated. 

Groundwater deposits data is presented in the shape file containing represented 
by point objects created in the graphical database. A deposit cadastral number 
is associated with each object. Tabulated information: administrative region; 
administrative district; name; information about deposit belonging to second 
order hydrogeological basin; deposit genetic type; geological index; designated 
purpose; limits of groundwater mineralization; water chemical composition; 
mineable reserves by categories (A, B, C1, C2); date and authority to approve 
reserves; protocol number were entered into the semantic database.

Records of the table of semantic database in the field of “Cadastral number” 
(Fig. 4) are connected with all graphics object representing groundwater deposits.

Thematic maps created based on semantic database information, displaying 
the distribution of groundwater mineable reserves according to assigned purpose, 
deposit genetic types etc. Data of water mineralization was taken into account 
while classifying deposits by value of fresh groundwater mineable reserves. 
Presenting data of deposits in the form of thematic maps has considerably 
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increased information efficiency of documents required for making groundwater 
use decisions.

Based on information system data, it is possible to calculate the number of 
various class deposits distinguished by designated purpose or genetic type, and 
value of their mineable reserves for each administrative region. 

Man-made facilities distribution map in the territory of West Kazakhstan 
contains a set of point layers corresponding to mine openings, operated 
hydrocarbon deposits, sites of radioactive and technogenic wastes storage, nuclear 
reactors etc. Man-made industrial and agricultural systems are represented as 
polygons. To display railroads and motor roads, oil- and gas pipelines, lines 
were used. In spite of that not all man-made facilities threaten groundwater at 
present, they are potential sources of environmental pollution, in general, and 
groundwater in particularly. 

Groundwater pollution maps is contained in graphical database. Groundwater 
may be polluted from different chemical, biological and physical sources. In 
this case, any quality degradation shall be understood as groundwater pollution 
(Beshentsev et al., 2013: 48).

Figure 4 – Presentation of attributive information related to West Kazakhstan groundwater 
deposits

Pollution maps show areal and focal pollution in the areas of groundwater 
deposits impact. Pollution area boundaries are emphasized, as well as 
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hydrogeochemical provinces with abnormal concentrations of standardized 
components and groundwater deposits. Large pollution foci (dangerous and 
moderately dangerous) are shown.  The most hazardous types of pollutants (oil 
and oil products, radionuclides, strontium, chromium and others.) are identified 
(Fig. 5).

On maps of groundwater protection from pollution, polygons are plotted 
corresponding to the following degrees of protection: protected; conditionally 
protected; underprotected and unprotected. It is also rational to display 
groundwater deposits on these maps. Based on the data entered, using GIS tools, 
the areas of territories of varying degrees of protection within the boundaries of 
the West Kazakhstan were calculated. The main area is occupied by territories 
where groundwater is not protected or has little protection from pollution (44.48 
and 34.49%). Conditionally protected areas occupy less than a fifth of the region 
(18.99%), and protected areas - 2.04%. 

While preparing the availability of fresh groundwater resources map of 
the West Kazakhstan, sites depending on groundwater grade of suitability for 
utility and drinking water supply and possible capacity of production wells 
were distinguished. The map also displays areas with prevailing depth of 
production wells. To carry out effective analysis, the map contains a layer of 
groundwater deposits with mineralization of up to 1 g/l. Information about 
provision of administrative regions population with potable water is given 
as well as information about regions areas and population size. Based on 
date of geoinformation system, areas with different degree of endowment by 
groundwater resources were calculated. Area of territories of West Kazakhstan 
with endowment by groundwater resources suitable for drinking water supply 
with prevailing mineralization of up to 1 g/l is 144.2045 thousand km2, or 19.79% 
of the West Kazakhstan total area. With endowment by groundwater resources 
limitedly suitable for drinking water supply without desalination and commonly 
with desalination up to 3 g/l the area is 142.4958 thousand km2 (19.56%). 
Area with endowment by groundwater resources suitable for drinking water 
supply with preliminary desalination higher than 3 g/l is 269.4296 thousand 
km2 (36.98%). Area of sites of prevailing location of non-perspective aquifers 
and groundwater with mineralization of more than 10 g/l and almost waterless 
territories consists 172.4848 thousand km2 (23.67%). 

It should be noted than the created information system presents information 
about hydrogeological conditions of West Kazakhstan, groundwater resources 
and reserves, groundwater pollution and protection, endowment of population 
by water resources. The system based on ArcGIS tools family having a wide set 
of graphical data analysis functions.



195

ISSN 2224-5278                                                                                                    4. 2022

Figure 5 – Map of West Kazakhstan groundwater pollution

Review of data in interconnection, engagement of semantic tabulated 
information, and materials generated with the help of other geoinformation 
systems, allowed to present of all the volume of accumulated data as the 
systemic unified whole having features. This provides an opportunity to obtain 
principal new information about state and prospects of groundwater using, its 
interconnection with surrounding natural and man-made environment. The 
created system is open both in terms of its extension by including data about 
groundwater in other regions, as well as in terms of development by entering 
new types of hydrogeological materials.

Conclusion. The fresh groundwater resources information system is the part 
of the hole unified Kazakhstan groundwater resources system that is created 
for all administrative regions of the Republic. The fresh groundwater resources 
information system contains a characteristic of the groundwater conditions and 
its interrelation with natural and man-made environment. The system includes 
general information about a hydrogeological object, groundwater monitoring 
results, materials about groundwater deposits, resources and reserves, information 
about man-made facilities, groundwater pollution and protection, as well as data 
of endowment with fresh groundwater. 
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Data of fresh groundwater resources is displayed on maps of mineable 
reserves and extent of exploration of groundwater estimated resources. Creating 
the thematic maps of groundwater deposits differentiated by designated purpose, 
genetic type and value of mineable reserves along base on the data from semantic 
database may be very useful.

Groundwater pollution maps are made with the use of monitoring data, 
maps of man-made facilities and deposits distribution, as well as materials from 
general information block. Groundwater protection against pollution maps made 
it possible to calculate areas of the territory with various levels of protection of 
West Kazakhstan.

Analysis of information about endowment by groundwater resources allowed 
calculating areas with different extent of endowment in the territory of West 
Kazakhstan.

All maps included into the system are presented in a single geographical 
projection which greatly facilitates its use in the area of hydrogeology, geography 
and ecology. Accumulated data can be used in the process of resolving of practical 
and theoretical hydrogeological problems and making optimal decisions in 
potable fresh groundwater management.
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