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ECOLOGICAL MONITORING IN COATAL AREA OF CASPIAN SEA
USING GEOINFORMATIONAL TECHNOLOGIES

Abstract. The objective need for environmental monitoring of soils in the coastal zones of the Caspian Sea in
the areas of location of oil production defines due to the increasing anthropogenic pressure on land resources and the
necessity of emitting of man-made changes in the state of soils for the adoption of environment-oriented decisions.
When creating a geographic information model for soil assessment, it was found that it should be able to exchange
information with other geographic information systems and technologies, as well as other applications.At the field
stage, a visit to the area with a set of measuring equipment was carried out, which provides sampling of soil with
fixing the location in the areas of SES.To ensure the automation of data processing, predictive and spatial analysis of
the results of field studies, an electronic map of the state of the soils of the coastal zone of the Caspian sea in the GIS
format was created.Project information analysis application "Monitoring and Analytics" was developed to the
electronic map, which was implemented on a modular basis based on client-server technology. The MS Access data-
base management system (DBMS) is chosen as a server for the accumulation of information about the results of field
surveys of the locality, which ensures the reliability of the application and the correction of the layers of the
electronic map. With the help of MSExcel attributive tables were created to collect information according the main
soil condition indicators of each field. An electronic map soils’ state of the Caspian Sea coastal zone in the areas
where oilfields are located, on which all the results of environmental projects are applied with using MsAccess.

Key words: Caspian Sea, coastal soil, electronic chart, GIS, monitoring.

Introduction. The objective necessity for state environmental monitoring of coastal soils of the
North-east Caspian Sea zones in areas of oil companies operation is due to the following main factors:

* increasing anthropogenic pressure on land resources;

* need to allocate anthropogenic changes in a soil condition on the background of natural envi-
ronmental decision-making.

Solving these monitoring problems is very difficult without creation of the soils condition database,
that is, an automated information system (AIS) of land monitoring. The created AIS should contain all of
the above information that will allow virtually adopting and implementing correct environmental deci-
sions. In this regard, the ever-growing amount of information on the status and use of land makes creation
of information support for implementation of state land monitoring especially relevant.

The objective need for environmental monitoring of soils in the coastal zones of the Caspian Sea in
the areas of location of oil production defines due to the increasing anthropogenic pressure on land re-
sources and the necessity of emitting of man-made changes in the state of soils for the adoption of
environment-oriented decisions.

When creating a geoinformation model for evaluation the nature of soils, it should be able to
exchange information with other geoinformation systems and technologies, as well as other application
programs, since no one modern GIS is able to be absolutely universal in performing tasks that are required
in production [1-3].

— 4y ——
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Thus, with the implementation of the geoinformation model, it became necessary to use software
programs that allow working with both attribute data and a graphic part of it [4, 5].

Methods and materials. The main source of facts is the materials of author’s research at stationary
ecological posts (SES), in the coastal zone of the Caspian Sea in areas where oilfields operate [6]. The
evaluation method of negative processes was used, where rigorous approach and marking criteria of soil
degradation in oil fields were applied. The software programs MaplnfoProfessional, GeomaticsOffice,
MicrosoftOfficeAccess, AdobePhotoshop were used, which allows working with attribute data, as well as
with a graphic part of environmental projects [7].

Results. One of the main elements for the organization of information using GIS geoinformation
technologies is attributive data models. To realize the tasks set by us, the relational model is used as a
model of attributive data. Relational data models are displayed in the form of tables.

Such data models are available even for unskilled users, and it is possible to use high-level lan-
guages. Information systems which are formed on the basis of relational models are available for users
who do not have much programming experience.

Since the main purpose of the work was to compile an electronic soil map of the coastal zone of the
Caspian Sea, based on the results of soil monitoring (ecological projects), the first stage of database deve-
lopment was the conceptual level. At this stage of the research, a conceptual model of data with logical
connections was created, reflecting the necessary composition of information on the state of soils in the
coastal zone of the Caspian in the areas where oilfields are located (physical and chemical properties,
heavy metals) in the form of a strictly ordered structure, but with the possibility of its development and
dynamics.

In the process of conceptual design, a conceptual and logical model of data is created, reflecting the
composition of data on soil monitoring results in the form of ordered structure.

In 2016-2017field studies were carried out at the 12 stationary ecological sites (SES) with soils
sample collections of the coastal zone of the Caspian Sea in areas of oil fields to determine the content of
heavy metals in soils (table 1).

Tablel — Coordinates of stationary ecological sites (SES)

Coordinates
SES Field Length Latitud
Plan Fact Plan Fact
1 Karazhanbas 51°15'41.8032 51°16'03,6" 45°8'51.306 45°08'56.8"
2 Karazhanbas 51°16'37.38 51°16'32.3" 45°8'49.6608 45°08'51.4"
3 Karazhanbas 51°17'49.2108 51°17'48.0" 45°8'49.4772 45°08'36.5"
4 Karazhanbas 51°16'33.204 51°16°35.10 45°7'48.9144 45°7'47.10
5 Fonovaya 51°16'14.6676 51°16'14.7 45°6'25.866 45°06"25.9
6 Fonovaya 51°29'52.5156 51°29'43.9" 45°18'24.3396 45°18'35.7"
7 Fonovaya 51°41'42.3168 51°44'19.1" 45°22'51.1248 45°22'39.3"
8 Arman 51°44'58.5132 51°45'11.5" 45°24'43.6176 45°24'30.7"
9 Arman 51°45'22.464 51°45'36.1" 45°24'5.5548 45°24'01.3"
10 Kalamkas 51°55'3.0036 51°55'35.6" 45°25'0.2784 45°25'03.5"
11 Kalamkas 51°55'3.8712 51°55'17.8 45°23'21.8796 45°23"28.5
12 Fonovaya 52°9'2.5416 52°07'55.6 45°21'27.7524 45°21'59.5

Map-scheme of monitoring points in the coastal zone of the Caspian Sea executed in the
MaplnfoProfessiomal 12.0 environment is shown in figure 1.

At the field stage, a trip to the region was carried out with a set of measuring instruments that
provided sampling of soil with fixation of location in the areas of the SES.

According to the results of laboratory research, diagrams of physical and chemical features and
dynamics of heavy metals in soils were carried out, and on the basis of which attribute tables were created
in the MSExcel environment. A software analytic application "Monitoring and Analytics" was developed
to the electronic state map.
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Figure 1 — The scheme of monitoring points in the coastal part of Mangistau region
(implemented in the environment MapInfoProfessiomal 12.0)

The MicrosoftAccess database management system was used as a server, which provides the
accumulation of information about the results of field surveys, the reliability of the application and the
adjustment of the used layers of the electronic map [8].

For computerized loading of data in the database maintenance module, there is a special function
called "Importing data from an Excel file"[9, 10]. With the help of MSExcel attributive tables were

created to collect information according the main soil condition indicators (content of heavy metal in soils
(TM)) of each field (SES) (figure 2).
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Figure 2 —
Attributive table
(the content of heavy metals in soils),
taking into account the correspondence
of field numbers of electronic maps
(Excel)
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In the attributive table: hierarchical levels system organization of fields (area code + business code),
name of the field (column B) and field —SES (column C) were taken into account.

As a software-tool environment for developing a physical database model, MS Access was selected,
which has a high application reliability. The MsAccess program made it possible to translate this table
into dbf format for the following data association to the shapefile of the electronic map of the study area.
The binding of the table data to the shapefile was performed using the N_ID attribute (N_1) [11-13].

The table of results of monitoring the Caspian Sea coastal zone soils is presented in figure 3 in MS Access.

Oy -0 Tabse Taai Duatatrield - Databaie (doceis J007) - Mcroiofl Acoess
Ta
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Tabde |
T Tabiei o Tabde
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& i L
Dt pamar view Targbiede Memiod jO3A 8 W

Figure 3 — Adapted in MS Access tableresults of SES monitoring

The form fields of the MsAccess of pivot Tables contain the following attributes: SES 1-15 coor-
dinates (for oilfields, including background ones), field cipher N_ID (N_1), humus content Hum ,
phosphorus content P,Os_, potassium content K,O , heavy metals As , Cd ,Cu_, Ba , Fe , Hg , Ni_,
Pb ,Zn , Cr , Al , V_.indicating the date, time and year of environmental monitoring [14, 15]. The MsAccess
program made it possible to translate all the above tables into the dbf format for later binding the table
data to the shapefile of the electronic map of the Caspian Sea coastal zone in areas where the oilfields were
located (figure 4). The binding of tabular data to the shapefile is carried out by the attribute N_ID (N_1).

s Npme pupmas Otwow Jewe: lsines Mecyels fapn Cum G
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Figure 4 —
Electronic map of soils
of the Caspian Sea coastal zone
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Conclusion. An electronic map soils’ state of the Caspian Sea coastal zone in the areas where oil-
fields are located, on which all the results of environmental projects are applied with using MsAccess.

I'. %K. Kemxeraes', C. CoipaibiGekkbibl, 1. K. Ilanaaos?, C. E. Koii6akosa'

'EcenoB yHEBepcuteTi, Akray, Kazaxcran,
M. OyesoB atbiagarsl OrTycTiK Kaszakcran Memiekertik yausepeurerti, Ilsivkent, Kasaxcran

TEOAKITAPATTBIK TEXHOJIOT MSIIAPABI KOJIJAHY APKBLIBI
KACIHHI JKAFAJTAYBIHIAFBI MYHA OHIIPLIETIH AUMAKTAP/IBIH
DKOJIOT MSILIK MOHUTOPHUHT I

Annoranusi. Kacninii TeHi3iHIH Karanay aiiMarbIHBIH MYHail eHJIIIpY KOCIHOPBIHIAAPH! OpHAJIACKaH ayaaHjaap-
Jla TOTIBIPaKTapbIHBIH JKaFJaibIHa 3KOJIOTHSIIBIK MOHUTOPHHITIH OOBEKTHBTI KQKETTLIIr JKep pecypcTapblHa aHTpO-
MOTEeHMAIK KBICBIMHBIH apTybIMEH >XOHE TaOMFaTThl KOpFay IICHIIMAEpiH KaObulday YLIIH TOMBIPaK >KarJalbIHaa
AQHTPOIOTEHIIK e3repicTepai 06y KaKETTUIIriHEeH TybIHAaiAbl. TONBIPakThIH JKai-KyHiHe Oaraiay >Kyprizy YLIiH
reoaKapaTThK MOAEIb KYpy Ke3iHlle OHBIH 0acKa reoaknaparThIK KYyHeJIepMeH KaoHe TEXHOJIOTHsIapMeH, COHIan-
ak Oacka Ja KoyjaHOasl OarJapiiaMaiapMeH aKnapar ajiMacy MYMKIHAIr O0Jybl THIC eKeHJIT! aHbIKTanabl. Jana-
JIBIK KE€3EH/IE OJIILICY allapaTypachlHbIH )KUBIHTHIFBIMEH KAMTaMachl3 €TUIII, TYPaKThl 3KOJOTHAJIBIK JIaH ayAaH/a-
PBIH/Ia OPHAIACKAH JKepieplli Oenrineil OTIPbIN, TONBIPAK ChIHAMAaJIapblH aly’y3ere achIpblIbl. JlepexTepi eHaey
NIPOLIECTEPiH aBTOMATTAHJBIPYIbI KAMTAMAaChl3 €Ty, AANAIbIK 3€pTTeyJIep HOTHKeNepiH OOIKaMAbIK XKOHE KeHic-
TIKTIK Tajmayapl Kamramacsi3 ety yiiH [AXK ¢opmarsinna Kacnuiinin xaranay aliMarbl TONBIPAKTAPBIHBIH XKal-
KYHiHIH 3JIEKTPOH/IBIK KapTachl XKacaJabl. DIEKTPOH/IBIK KapTara KIIMEHT-CEPBEP TEXHOJIOTHSICHI HETi31Hae MOy JIb-
JiK TUr OoWBIHIIA iCKe achIpbuiFaH "MOHMTOPHHI XOHE aHaIMTHKA" OaraapramMaliblK aknapaTThIK-TallaMalbIK
KOCBIMIIACh! o3ipieHai. JKeprurikTi »epai AajajiblK 3epTTey HOTWDKENEpl Typaibl MAJIIMETTEpAl KMHAKTay YIUiH
cepBep petinne MS Access aepekrep KopbiH 6ackapy xyiteci (AKBXK) Tanmanmsl, OyJ1 KOCBIMIIAHBIH CEHIMIUIITH
JKOHE JJIEKTPOHIBIK KapTa KabaTTapblH Ty3eTydl Kamramach3 erefi.MS Excel kemeriMeHn op0ip aJlaHHBIH TOIBIpaK
JKaW-KYHIHIH Heri3ri KepceTkiTepi OOWBbIHIIA akmapar >KHHAayFa apHaIFaH aTpUOYTTHIK KecTelep KYpBUIIBI.
MsAccess naianany apKbUIbl 9KOJOTHSUIBIK, XK00aIapIblH OapiblK HOTHKesepl Kenripinaren, Kacrmiiniy sxaranay
aliMarbIHBIH MYHall KOCIITOPBIHaphl OPHAJIACKAH ayAaHaphl TONBIPAKTaPBIHBIH Kal-KYHiHIH 2JIeKTPOH/BIK KapTachl
JKacaIpl.

Tyiiin ce3nep: Kacnuii TeHisi, xarajay TONbIparsl, 31eKTpoH b KapTa, [TAXK, MOHUTOpHHT.

I. K. KemxeTaeB', C. CLIpJIbIﬁeKKI)I?)bIl, . K. Hlana.nonz, C. E. Koii6akoBa'

1YHI/IBf:pCMTeT EcenoBa, Akray, Kazaxcran,
*FOxH0-KazaxcraHckuil rocyapcTBeHHbIH YHUBepCHTET HM. M. Ays30Ba, IlIsivkent, Kazaxcran

3KOJIOITMYECKAA MOHUTOPUHT NPUBPEXHOM 30HBI KACIIHS
B PANOHAX HE®TEJJOBBIYY C TIPUMEHEHUEM I'EOUH®OPMAIIMOHHBIX

Annotanusi. OObeKTHBHAS HEOOXOJMMOCTh IKOJIOTHYECKOI0 MOHHTOPHHTIA ITOYB MPUOPEXHbIX 30H Kacnust B
paifoHax pa3MelleHus] TpennpusITuii HeTenoObun 00yCIIOBIICHA, BO3pACTAIONIE aHTPOIOTEeHHONH Harpy3koil Ha
3eMeIIbHbIE PECypChl 1 HEOOXOIMMOCTBIO BBIAEICHHSI aHTPONIOI€HHBIX U3MEHEHNH B COCTOSIHUM MOYB JUIsl IPUHATHHA
NPUPOJIOOXPaHHBIX peuieHuid. [Ipyu co3pannn reoMH(OPMAMOHHOW MOJENN Ul TPOBENCHUSI OLIEHKH COCTOSHHMS
M0YB, OBUIO YCTAHOBJICHO, YTO OHA JJOJDKHA 00J1a/1aTh BO3MOXKHOCTHIO 0OMeHa HH(opMalueil ¢ 1pyrumMu reouHpop-
MAaIOHHBIMU CHCTEMaMM M TEXHOJIOTUSAMH, a TAaKKe APYTUMM NPUKIaJHBIMU IporpaMmamu. Ha monesom arame,
OBUI OCYIIIECTBIICH BBIE3/] HA MECTHOCTH C KOMILJIEKTOM M3MEPHUTENIFHOH anmaparypsl, odecriednBaromnieil oToop mpoo
rpyHTa ¢ ¢uKcanueld Mecrononoxenus B paiionax COII. [y obecrieueHNs aBTOMaTH3ALMK IIPOLIECCOB 00pabOTKH
JIAaHHBIX, IPOTHO3HOTO U MPOCTPAHCTBEHHOIO aHAIN3a PEe3yJIbTaTOB MOJIEBBIX UCCIEAOBAHUN CO3[aHa AIIEKTPOHHAS
KapTa cocTosiHMs No4B npuopexHoit 3oubl Kacnms, B popmare TMIC. K anekrponHoll kapTe pa3paboTaHo Mpo-
rpaMMHOE MH(OpPMalMOHHO-aHAIUTHYECKOE NPUIIOKEHHE «MOHHUTOPUHT M aHAINTHKA», PEa30BaHHOE IO MO-
JyIbHOMY THITy Ha OCHOBE TEXHOJIOTHM KIHEHT-cepBep. B kauecTBe cepBepa UISHAKOIIEHUS CBEACHUH O pe3yiib-
TaTax IMOJIEBBIX 00CIEeI0BaHNI MECTHOCTH, BBIOpaHa cucteMa ynpasieHnus 6azamu gaHabix (CYBJ]) MS Access, 4to
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obecrieunBaeT HaJIeKHOCTh NPUIIOKEHUSI 1 KOPPEKTUPOBKY CII0EB 3JeKTpoHHOM KapThl.C nomortisio MSExcel Obuin
CO3/1aHbl aTpUOYTUBHBIC TAaONUIBI s cOopa MH(GOPMAMK IO OCHOBHBIM OKA3aTENsIM COCTOSIHUSI MTOYB KaXKI0TO
noJ1st.Co3/1aHa 3JIeKTPOHHAs KapTa COCTOSHHUS [OYB NPUOpexHOM 30HbI Kacrus B pailoHax pa3MeleHns: HeTsHbIX
MPOMBICJIOB, HA KOTOPYIO HAHECEHBI BCE PE3YJIbTaThl IKOJOTHUECKUX MPOEKTOB, C UCIIOJIb30BaHuEM MsAccess.
KuroueBsle cinoBa: Kacnimiickoe Mope, IpuOpeKHbIE MOUBHI, dJeKTpoHHas kapTa, [ IC, MOHUTOPHUHT.
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