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DIGITALIZATION
OF HYDROGEOLOGICAL SURVEYS RESULTS
IN ArcGIS

Abstract. Modernization of the state system of geodesic support and creating the maps in a single coordinate
system and according to uniform data structures are required to digitize, unify, develop and maintain the integrity of
spatial data [1]. A scientific and methodological basis for structurization of the hydrogeological maps using geoin-
formation systems is being developed, and a library of conventional signs of hydrogeological subject matter was
created under the project No. AR05131239 [2]. Development of methodological approaches to solving the problem
of unification of hydrogeological objects is important due to the lack of a unified methodology for drawing up digital
hydrogeological maps in the Republic of Kazakhstan. Creation of a series of map sheets and use thereof when
applying a software product ArcGIS with the same conventional signs is also relevant in other countries of Central
Asia [3]. This article covers the stage of structurization of the “Hydrogeology” style of cartographic data within the
ArcGIS environment.
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Introduction. Modern geographic information system make it possible to convert any spatial objects,
phenomena, processes of the real world into digital format, i.e. in the form of a digital map, and save in-
formation about them in a database.

The most illustrative form of representing the peculiarities of underground water (UW) distribution
and formation are hydrogeological maps.

Hydrogeological maps characterize the distribution, conditions and occurrence depth, qualitative and
quantitative components of UW, as well as thickness, filtration parameters of water-bearing and water-
resistant formations shall be made based on the results of hydrogeological studies with the use of geo-
logical, geomorphological, hydrological and other information. Requirements to the geological maps are
given on the website of the Committee for Geology and Subsoil Use, including in the Instruction for the
making and preparation for publishing the sheets of the Republic of Kazakhstan state geological map with
the scale of 1:200 000; methodological guideline for the compilation of series legends of the State
GeolMap-200 [4]. Effective requirements to the making of hydrogeological maps are stated in the
Instruction for the making and preparation for publishing of sheets of the state hydrogeological map of
Kazakhstan with the scale of 1:200000 approved by the Order of the Committee for Geology and Subsoil
Use of the Ministry of Energy and Mineral Resources of the Republic of Kazakhstan dated 09.11.2004
No. 143-m. [5] and also in Stratigraphic Code, SNiP RK 1.02-18-2004 and GOST 21.302-2013 [6].
Specialized publications devoted to hydrogeological databases (DB) and GIS give the main requirements
to their architecture and provisioning. These include compliance with DB standardization rules - uni-
queness of tables, avoidance of data redundancy and duplication. Unified requirements to hydrogeological
maps must underlie the works of structuring the geodatabase and creation of a special style in ArcGIS.

— |4 ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 3. 2019

Survey methods: system analysis, spatial analysis, GIS-technologics and geoinformation methods of
displaying hydrogeological surveys; cartography integration.

Results. Hydrogeological maps reflect the results of hydrogeological surveys: state of groundwater,
main types of rocks and water bodies, types of UW by hydraulic properties, interaction with surface
waters, geochemical types of UW regime, as well as exogenous processes caused by UW activities [7].

These data should be laid on hydrogeological maps, taking into account the rules of their graphic
design dictated by the specialized literature and GOSTs which are relevant for the Republic of Kazakhstan
and neighbouring countries, and they can be conventionally combined into sets of classes. Each class in
ArcGIS has its subtypes which in their turn are divided into domains [8].

1. Information about the set of classes of objects “Horizons and complexes (hydrogeological units)”
shall include the following classes of objects:

— Horizons and complexes (polygons),

— Borders of various aquiferous complexes (lines).

— Borders of various degrees of mineralization aquiferous complexes (lines).

— Borders of UW chemical composition

— Isopachytes (thickness of aquiferous horizons)

— Isolines of depths of aquiferous horizons top

— Isolines of depths of aquiferous horizons bottom

— Horizons and complexes occurring above the first from surface persistent by area units (lines)

— Horizons and complexes occurring below the first from surface persistent by area units (lines)

2. Information about the set of classes of objects “Hydrodynamics™ shall include the following
classes of objects:

— Direction of ground water flow (lines)

— Hydroisohypses (lines)

— Hydroisopiestics (lines)

— Ground water pinchout (lines)

— Class of objects UW dividing range (lines)

— Groundwater recharge at account of infiltration and inflow of precipitations (lines)

— Groundwater recharge at account of infiltration and inflow of surface water (lines)

— Groundwater recharge through tectonic faults (dots)

— Sites of water vapor intense condensation and its value, mm/year (polygons)

— Groundwater discharge at account of plants transpiration (lines)

— Sites of UW discharge into lakes and rivers (lines)

— UW discharge areas (traverses)

— Borders of suberimposed depressions or saddles that are drainage systems of mineral or thermal
water (lines)

— Borders of sites of UW intense evaporation (lines)

— Sites of hidden discharge (dots) (UW flow-over from one aquiferous object to another through
lithological windows)

— Isolines of long-time annual average underground water runoff module (lines)

Head intensity (lines)
. Information about the set of object classes “Tectonics™ includes the following object classes:
Fractured zones (lines)

— Fractured zones (polygons)

4. Information about the set of classes of objects “Hydrogeological zoning™ includes the following
object classes:

— Hydrogeological zones (polygons)

Hydrogeological zones (table)
Borders of hydrogeological zones (lines)
. Information about the set of object classes “Sections” includes the object class “Section lines”.
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6. Information about the set of object classes “Water points — natural and artificial water- and gas
showings™ includes the following object classes:

— Hydrogeological wells (dots)

— Groups of wells (dots)

— Well clusters (dots)

— Water-absorbing wells (dots)

— Springs object class (dots)

— Groups of springs (dots)

— Mines (dots)

— Shafts/pits (dots)

— Group capping of shafts/pits (dots)

— Dry gas jets (dots)

7. Information about the set of classes of objects “Fields, resources, UW use, intake structures”
includes the following object classes:

— UW fields and resources (polygons)

— Water-supply wells (dots)

— Groups of water supply wells (dots)

— Karizes and water-intake galleries (radial wells) (dots)

— Mineral water use points (dots)

8. Information about the set of object classes “Indicators and processes having hydrogeological
importance” includes the following object classes:

— Fresh water lenses (polygons)

— Fresh water lenses (dots)

— Leakage water sites (dots)

— Borders of flooded buried valleys (lines)

— Flooded alluvial cones (dots)

— Swelling hummocks of “mii” type (lines)

— Borders of permafrost rock (lines)

— Spots of permafrost rock (dots)

— Isolines of permafrost rock thickness (lines)

— Hydroisotherms (lines)

9. Information about the set of object classes “Numbering” includes the object class “Numbering by
nomenclature (polygons)”.

The file of styles “Hydrogeology.style” was created in ArcGIS, version 10.4.1, and contains 863 po-
lygonal, linear and point conventional signs, as well as the styles for designing letterings on maps,
headings, subheadings and legend elements [9]. The elements of the file of styles are presented in figure 1.

The library of the “Hydrogeology™ style contains both conventional symbols prescribed by the 2006
instruction and “obsolete” designations of objects used in hydrogeological maps of the Soviet period.

Table 1 give examples of some differences between up-to-date and “outdated” using conventional
symbols and designations.

When creating point conventional signs and some types of hatching of the “Hydrogeology™ style file,
standard font markers of ESRI type were used. Other point conventional signs, some types of pattern and
processes/objects displayed on the maps as dotted linear signs are created in ArcGIS Style Manager by
combining the clements of standard font markers: ESRI AMFM Electric, ESRI Cartography, ESRI
Caves 1, ESRI Default Marker, ESRI Dimensioning, ESRI Geology, ESRI Geology USGS 95-525,
ESRIIGL Font22, ESRI IGL Font23, ESRI NIMA VMAP1&?2 PT, as shown in figure 2.

All cartographic objects of the Hydrogeology style file in ArcGIS have unique codes assigned, as
shown in figure 3.
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Style Manager & Line Symbaols

Mame
- 12030301
12030305
- 12030309
— 12030311
T 12030313
12030401
= 12030403
v 12030501
w140710001
= 140710002
w1 40710003

Category

Pasrpyska npecHb (xonopHe, oo 20 rpa...
Fazrpyzka conoHoBaTRI, CONEHEIX W pacC. ..
Paszrpyska MyHepaneHe nevyedHen son (...

Pasrpyska mMmyuHepansbHex nevefHbnx o |...

Pasrpyska Tepmanchex eog [Beiwe 20rp...

MpaHuua HanoxeHHBD BNAAMH MW CHHKDN. .
IpaHuuE HanoXEeHHBD BNEMMH M CHHKIW. .
IpaHKua MHTEHCMEHOM D MCNAPEHWA NOOSE...
paHuUEl rMOporeonorMyeckity GaccefHoB. .
MpaHuuel rMoporeonoryeckit: paioHos | .
paHvLel rvpporeanorvyeck: pafoHos | ...

a)

Style Manager = Marker Symbols

Tags

JcHOBHBIE NOKESaTENM MMAPOIMHEMMY
DcHoBHEIE NoOKasaTENM MMAPoQMHEMIY
OcHOBHBIE NOKESETENM MMAPOIMHEMIAY
OcHOBHBIE NOKE3aTENM MMAPOIMHEMIY
DcHoBHEIE NOKESaTENM MMAPoIMHEMIY
CcHOBHBIE NOKESETENM MAAPO MAHEMIAL
CcHOBHEIE NOKES3TENM MAAPO QMHEMML
OcHOBHBIE NOKE3aTENM MMAPO QMHEMIL
MMoporecnorvyeckos paioHUPoOBaHWE
MMoporecnorvyeckos paioHUPoOBaHWE
MMoporecnorvyeckos paioHUpoOBaHWE

Mame Category Tags &3
© 15010412 CrBa¥1Ha B0AOMOTMOWEHWLER C HWTpaTH... BoponyHKTEI, ECTECTEEHHEIE M MCKYCC
ﬁ" 15010413 CreaxmkHa BogonorNoOWAEKIWEA CO CMEWa...  BogonyHKTe, BCTECTEEHHEIE W MCKYCTT
Ei' 15010414 CreaxmkHa BoOoNOrNOWAEILEA C0 CMeWwa...  BooonyHK T, ECTECTEEHHEIE M MCKYCTT
f.‘ 15010415 CreBa*wHa BoOONOrNOWEIWLER C0 CMEWE...  BooonyHK T, ECTECTEEHHBIE M MCKYCT
i CKBa*MWHb! BOAONOMNOWEDWME (TEXHOreH...  BoOonyHKTLl, ECTECTEEHHBIE W MCKYCC
< 15010600 Tpynna ckeaxaH (2002) BononyHK TR, BCTECTEEHHEIE M MCKYCCT
W 15010701 Tpynna cxeaxuH GesB0OHE BononyHK eI, ECTECTEEHHBIE M MCKYCCT
115010702 Tpynna cKBE¥MH C HEWSBECTHEIM XMMUUE...  BoOONyHKTH!, ECTECTBEHHEIE W MCKYCT
Bl 15010703 Tpynna ckea¥wH ¢ npeoBnagaHem rupo...  BomonyHK T, ECTECTEEHHEIE W MCKYCTT
15010704 Tpynna ckBa¥wH ¢ NpeoBnagaHeM cyfe...  BoQonyHK T, ECTECTEEHHEIE W MCKYCTT
Bl 15010705 Tpynna ckea¥vH ¢ npeoBnagaHWem =nopy...  BoLonyHK TR, ECTECTEEHHEIE W MCKYCT
B 15010706 Tpynna cKBa*WH GO CMEWEHHEIM COCTAB0...  BoLonyHK T, ECTECTEEHHKIE W MCKYCTT
b)
Style Manager £ Fill Symbols
MName Category Tags
14010001 Magporeonormueckue BaccefHel (pervonel]  NMoporeonorvyeckoe pafioHWpOBEHKE
14010002 Magporecnorvyeckue paiode | nopaoxa [MoporeocnorMyecKos paloHWpoBaHKe
14010003 Twoporecnorvyeckne paidodel || nopaoka [Woporeonorvyeckos pafioHWPOBaHWE
L 12030303 Pasrpysxa npecHer (xonogHet:, 0o 20rpa...  OCHOBHBIE NOK33aTENM MYOPOOMHAMUYECH
12030305 Pasrpyska conoHOBATLIX, CONEHBI M pacc... (JCHOBHBIE NOKAZaTENM MMADOAMHAMUYESH
12030307 Pasrpyska conoHOBaTLIX, CONEHBI M pace... JCHOBHBIE NOKA3ETENM MMADOAMHAMWYESCH

(1120230208
L 12030311
] 12020313
L 12030315
13010101

Pasrpyska MuHepaneHex nevebHex som (...
Pasrpyska rMuHepaneHex neyedHex sog (...

Pasrpyska tepmancHedx Bog (Beiwe 20 rp...
Pasrpyska TepManeHe 5o (Beiwe 20 rp...

BeropAwme Ha NOBEQXHOCTE BOAOHOCHBIE...

c)

CcHOBHBIE NOKA3ETENA MAADOAMHAMUYECK
CcHOBHBIE NOKA3ETENA MAADOAMHAMUYECK
CCHOBHEIE NOKA3aTENM MAAD0IMHAMUYECH
CCHOBHBIE NOKA3ETEN MAAD0IMHAMUYECK
TekToHMKa

Figure 1 — Style “Hydrogeology™
a) linear objects; b) dotty objects; ¢) polygonal objects
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Table 1 — Present-date and outdated notation conventions on maps

Objects or
phenomena
drawn on maps

Notation conventions
on Soviet maps

Notation conventions
in accordance with the Instruction 2006

Tectonic faults

" (aquiferous fault)

—s——=—=— (non-aquiferous fault)

" (fault hydrogeological
value of which was
not figured out)

(cropping out aquiferous water-absorbing)

(cropping out aquiferous water-discharging)

(cropping out aquiferous water-conducting)
(cropping out water-resistant)

(cropping out hydrogeological unexplored)

Symbol Property Editor X
Preview Properties:
' Type: | Character Marker Symbol ~ Units: | Milimeters =
7777777777 q”””’” Character Marker  ask
: Fort:  [[] ESRI Default Marker | Size: [43 -
Subset: |Easwc Latin V| Angle: [0.00 =
2| 3l (] [200% v Haiee Ol : o m
|y |
Layers I NP [l hel?| Cffaet:
=]l = x: [o.0000 =
AL O/ & [ooot |
> SR OIX|H @ | | vDoE
] C o
®O-e®® A
* B . [¢le0|@®el LI
| (x| [#] ¥ Unicode
S =
Cancsi
Figure 2 — Symbols creation editor
Symbol Selector >
Type here to search P | Q) %% . Current Symbuol
Search: (@) All Styles () Referenced Styles
o - " - d
15040211 15040212 15040213
L:}i C., ‘—'1 Color: -
15040214 15040215 15040301 . 12,19 =
= o = Angle: 0,00 =
15040302
Category: POgHWMK NyNbCHMPyHOLWKMA ©
150 ? " ¥ ;
npecBnagaHuen rngpokapGoHaTHoro ELESTEL
i =5 ; Save As... Reset
Tags: BogonyHkTel, ecTECTEEHHEIE 1
HCKYCCTEEHHEBIE BEOAD 1
rasonpofeneH s
13 o T TSRO
i | “y
@ ® <
Style References...
15040308 15040309 15040310
w I OK I Cancel

Figure 3 — Conventional symbols of “Pulsating springs™ group
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The unique codes of conventional signs applied in the style file correspond to the developed classifier
and the geodatabase used in the sub-types and domains. The classifier is represented by an eight-digit nu-
meric code in which each pair of characters consistently reflects information about thematic affiliation of
its element, category of object, its subcategory, and the last two characters determine the unique nature of
the element within the subcategory. As a result, when working with a hydrogeological map, if there is a
need to show a certain class of data using conventional signs, the subtypes or domains of the attribute
fields of the geodatabase with the file of styles “Hydrogeology .style” are automatically compared using
the unique codes of its elements.

Conclusion. Structurization of the “Hydrogeology™ style of cartographic objects in ARCGIS, use of
its graphical interface and conventional signs of hydrogeological information together with a classifier and
a set of attribute data, contributes to the uniformity of the digital information presented in the ArcGIS
environment, which will allow specialists from a wide range of organizations using in their activities
cartographic information related to hydrogeology, utilization of the technology for effective spatial ana-
lysis and data storage, and also ensure continuity archived and current cartographic information.

The surveys are carried out within the frameworks of NeAP05131239 «Development of a scientific
and methodological basis for structuring the hydrogeological maps using the geo-information systems»
project at account of grant financing funds for scientific projects of the Science Committee of the Ministry
of education and science of the Republic of Kazakhstan.

M. K. AGcameros’, JI. B. Illaraposa’, A. Tagypos’

'V. M. Axmeacadus aTbIHAAFB! THAPOTCOTIOTHS JKOHE T€03KO0IOTH HHCTHTYThI, AMarsl, KasakcTas,
*GFZ Kepai 3eprrey opramsiesy, 'maponorns Jemapramenti, [Totcmam, [epmarms

ArcGIS-AE THAPOI'EOJOI'UAJBIK 3EPTTEYJIEP
HOTWXXEJEPIH HU®PJAH/IBIPY

Annoramusa, KeHICTIKTIK AEPEKTEPIiH TYTACTHEBH UHQPIAHABIPY, OIpi3ACHAIPY, AAMBITY >KOHC KOJIIAY
MaKCATBHIHAA MCMIICKCTTIK TCOAC3HAIBIK KAMTAMACKHI3 €Ty >KYHCCIH 'KAHFBIPTY, OipbIHFAl KOOPIHHATTAP KYHCCIHIC
JKOHE JCpEKTepAiH OipbIHFAH KyphUIBIMAAPHI OOWBIHINA KapTramap »acay KaxeT. NeAP05131239 sxobackl asceiHAa
T€OAKMAPATTHIK JKYHeJIep KOMETIMEH THAPOTCOIOTHSUTBIK KapTanapAbl KYPhUIBIMAAY OOHBIHINA FRIIBIMH-3JICTEMEIIK
HETI3 93ipJicHyAe, THAPOTCONOTIAIBIK TAKBIPHINITAFEI MAPTTHI OCNTiep *KXUHAFBI Kypbliabl. Kazakcran PecryOmu-
KachHa IH(PIBIK THAPOTCOIOTHSIIBIK KapTaJapasl peciMaeyaiH OipbIHFAH 9MICTEMECIHIH >KOKTHIFbIHA OalIaHbIC-
THI, THIPOTCONIOTHIIBIK HBICAHAAPABI Oipi3AcHIIpY MpoOIeMAChH IICIIYIIH OAICTCMEIIIK TOCUIACPIH d3ipiey Ma-
HBI3ABI 00BN TaOBLIAARL. Kapra mapakTapblHBIH CEPHSCHIH KYPY JKOHC OJapasl OipbIHFAl mIapTThl Ocnritepi Oap
ArcGIS GarmapmamMaiblK OHIMIHAC KYMBIC iCTETCHIC MaligamaHy, COHbIMCH Katap Oprta A3usSHBIH 0acka ma emac-
piazae ac esekri mocene. by makanana ArcGIS opraceia kaprorpadmsuieik gepekrepain " maporeomorus” CTHIIH
KYPBUIBIMIAY KE3€HI OasHIama bl

Tyiiin ce3aep: ['AXK, mudprarasipy, THapOTCOIOTHS, KapToTpadma, reoacpekrep 6a3ackl, KapTa.

M. K. AGcameros’, JI. B. Illarapora’, A. Fadypos®

'HAO «KasHHUTY mm. K. U. Carnaesa» — TOO «HCTHTYT THAPOTEOIOTHE H I¢0IKOTOTHI
m. Y. M. Axmencauna», Amvarer, Kazaxcrasn,
*GFZ Llentp uccrnenosanus 3emun, Jenaprament ruaponoru, [Torcaam, ['epmarms

NUOPOBA3ALNUSA PE3YJABTATOB.
TIAPOTEOQOJNOI'HYECKHUX HCCIEJOBAHHWHU B ArcGIS

Annoramust. C nenpto 1mmu)poBH3anuy, YHHPHUKALMH, PA3BUTHI U MOANCPKAHUS LEIOCTHOCTH IPOCTPAHCT-
BCHHBIX JAHHBIX HEOOXOIMMA MOACPHU3ALMS CHCTEMBI TOCY TaPCTBEHHOTO TEOAC3HICCKOTO OOECIIEUCHHS, CO3IaHNIE
KapT B CAMHOH CHCTEME KOOPAMHAT W IO CIUHBIM CTPYKTYpaM JaHHBIX. B pamkax mpoekra NeAP05131239
pa3pabaThIiBacTCA HAy4HO-METOJHYECKAas OCHOBA MO CTPYKTYPHPOBAHMIO THMAPOrCOJOTHYECKUX KAPT C NMOMOIIBIO
reonH()OPMAIIMOHHBIX CHCTEM, CO3JaHa OMOTHOTEKA YCIOBHBIX 3HAKOB THAPOTCONOTHICCKON TeMaTuku. Pa3padoTka
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METOJUHECKHX MTOJX00B K PEIICHHIO IIPOOIeMbl YHA(DHKAINH THAPOTCOJIOTHUCCKAX OOBEKTOB BAYKHA B BUIY OTCYT-
CTBHS €OUHOM METOAMKH O(opMICHHUS TU(PPOBBIX THAPOTCONIOrHIeCKuX KapT B Pecnyonmku Kazaxcran. Co3nanue
CCPHH JHMCTOB KAPT M HCMOJB30BAHHC UX TPH PadOTe B MpOrpaMMHOM mpoaykre ArcGIS ¢ ¢quHBIMH VCITOBHBIMH
0003HAUCHUAMH TAKKC aKTYaJbHO W B Apyrux crpaHax Cpemnelt Aswn|. B JaHHOM CTaThe OCBEMIACTCS 3TAIl CTPYK-
TYPHPOBaHMS CTHI «[ HAPOTEONOTH» KapTorpaduieckux JaHHBIX B cpene ArcGIS.

Kmrouernie ciaosa: [TUC, nupposusaums, rTuAporeoaorus, kaprorpadus, 0a3a TeOJaHHBIX, KapTa
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