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MATHEMATICAL MODELLING OF A SPRING THERMAL BAR IN THE PARTIALLY
ICE-COVERED RESERVOIR

Complex thermo-hydrodynamic processes relating with anomalous properties of water near 4 °C and
the formation of the thermal bar (TB) occur in the ice-covered fresh-water reservoir during the spring
heating. Many field observations and theoretical works, including those of the authors, have been devoted
to study processes associated with the emergence and spread of the spring thermal bar in ice-free
reservoirs. However, investigations of heating features and flows in this period in ice-covered reservoirs
are not enough.

Present work is devoted to the theoretical study of TB development features, currents and a
heating of freshwater reservoirs in a spring time during the release of ice. Based on previously
developed the nonlinear system of thermo-hydrodynamic equations describing processes in a turbulent
environment, the mathematical model have been built. Calculations were performed for two-
dimensional model of the reservoir 1500 m in width and 10 m in depth for different length and
thickness of the ice cover.

Analysis of the calculations showed that there are significant differences in the formation of
flow and movement of TB for the ice-free (a) and partially ice-covered (b) reservoir. Three phases of
flow development is observed in the second case. The first phase is related with the beginning of the
TB development, the formation of a deep-water vortex (DWYV) near the edge of ice and the column of
cold water with a large horizontal temperature gradient. The second phase is related with the
movement of the TB towards the DWV. The third phase is long enough in time and it is associated
with a heating of water in the deep zone and an extrusion of the DWV by the coastal circulation. It is
shown that before the TB achieve the DWYV its movement speed in the cases (a) and (b) are the same,
while the lifetime of the TB may vary in several times depending on the thickness and length of the
ice cover.

This work was funded by RFBR (grant number 11-05-01146-a).
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Hucmumym eoouvix npooaem Cesepa KapHI] PAH

NPUMEHEHUE TEOMH®OPMAIIMOHHLIX TEXHOJOTI M IJISI AHAJIM3A
HCITIOJIB30OBAHMSA BOJHBIX PECYPCOB

[IpumeHeHne reonH(OPMAIMOHHBIX TEXHOJIOTHH B pa3HBIX cdepax 3HAHHIA, B TOM YHUCIE U TIPH BbI-
IIOJIHCHUH I'eOFpa(bI/I‘-IeCKI/IX HCCHe]lOBaHI/Iﬁ, CBUACTCILCTBYET O BO3SMOXKXHOCTH PCIICHUA OOJIBIIIOTO CHEK-
Tpa Hay4HBIX U MpakTHueckux BorpocoB cpeactBamu [ IC. [MC-texHONMOTHN TO3BOJISIOT aBTOMATHYECKH
BBITIOJTHATH NTPOCTPAHCTBEHHBIE ONEPallMi ¢ 0OBEKTAMU Ha KapTe, aHATM3UPOBAThL UMEIOIIYIOCS aTpuOy-
TUBHYIO HH(OPMAIINIO U OTIEPATUBHO MOJTYYaTh PE3YNbTATHI IS OIICHKH.

B Hacrosiee BpeMst HaKOIUIEHBI Oobiie 00beMbl HH(DOPMAITHH TT0 BOJHBIM pecypcaM Pecrmy6u-
ku Kapenus u nx ucnonb3oBannio. O0padoTKa U aHaN3 3THX JAaHHBIX B PYYHOM PEXKUME TPeOyEeT OTpoM-
HBIX 3aTPaT BPEMEHHU U CHJI, IIPH TOM BO3MOXKHBI CyOBbeKkTHBHBIC OmnOKu. [Ipumenenue 'MC-TexHomoruit
P BOJOXO3SIICTBEHHBIX MCCIIEAOBAHUAX Hanbosee nepcrnekTuBHO. COTpyaHUKaMu J1abopaTopun reorpa-
¢uu u ruapooruu MuctuTyTa BogHbix npobiem Cesepa KapHI[ PAH Obuia BeinosiHeHa padoTa 1Mo co3/a-
auro ' IC «Bomubie pecypesl Pecrryonuku Kapenus u ux ucrionp3oBanue». OCHOBHOMH 11€/1bI0 paboThI ObI-
JI0 CO3/IaHNe CIIEIHaTH3UPOBaHHON TeOMH(OPMAIIMOHHON CHCTEMBI, 00eCTIeYrBatONIeH Mporecchl POpMU-
pOBaHUS, BEJCHNA U MIPEICTABICHUS JAHHBIX 110 MCIIOIb30BaHMIO BOAHBIX pecypcoB PecmyOnmku Kapemus
JUTSL XO3STICTBEHHBIX HYXKI.

B dopmare Maplnfo 9.5 co3nana reorpaduueckas uadopmanuonHas cuctema «Bogonorpedu-
tenu PecniyOonuku Kapenus». B Heit chopmupoBaHbl TeMaTudeckue kaprorpadudeckue ciou: «Bomgo-
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cOopHble Oaccelnb», «Bogoemsbly, «Bomoroku», «Bomgonorpedurenny, «3adop Boab», «COpoc cTou-
HBIX BOJ», «XMUMHUYECKHE MOKa3aTead CTOYHBIX Boi». Jluis ymoOHoi pabotel ¢ TMC pa3spaborana
CHCTEMa 3ampoCoB, MMO3BOJISAIONIAS ONEPATHBHO IMOJy4aTh HEOOXOAUMYI0 HH(POpPMAIUIO, HAXOIUTh
HY>XHbIC BBIOOPKH JAHHBIX 3a OTIEJbHBIA [OJ WM B JHUHAMHKE, CO3aBaTh OTYCTHI M TEMAaTHYECKHUE
KapThl.

Hannas ['IC MoxeT ObITh HCIIOIB30BaHA B pa00Te MUHUCTEPCTB, BEAOMCTB M IPYTUX OpPraHU3aIluii,
CBSI3aHHBIX C BOHpOCElMI/I y‘-IeTa, paHI/IOHaJ'IBHOFO HCIIOJIB30BAHUS U OXpaHBI BOJHBIX pecprOB.
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APPLICATION OF GEOGRAPHICAL INFORMATION TECHNOLOGIES FOR ANALYSIS
OF WATER RESOURCES UTILIZATION

Application of geoinformation technologies in various spheres of knowledge, including geographical
research, proves a wide range of scientific and practical tasks can be solved by means of GIS. GIS
technologies enable computer-aided spatial operations with objects in the map, analysis of available
attributive information, and quick retrieval of results needed for assessment.

Extensive information on water resources of Karelia and their utilization has been amassed. Manual
processing and analysis of these data is very time- and labour-intensive, and subjective errors are likely to
occur. Application of GIS technologies in water economy studies is most promising. Researchers from the
Geography and Hydrology Laboratory of the Northern Water Problems Institute, KarRC of RAS have
created the GIS «Water Resources of Republic of Karelia and Their Use». The principal objective was to
generate a specialized GIS to support the processes of gathering, maintaining and providing data on the
utilization of water resources in Republic of Karelia for economic purposes.

The GIS «Water Consumers of Republic of Karelia» was created in the Maplnfo 9.5 format. It
comprises thematic map layers «Drainage basinsy», «Waterbodiesy, «Watercourses», «Water consumersy,
«Water withdrawal», «Wastewater discharges», « Wastewater chemical indices». To make the GIS more
convenient to work with, the query system was developed, which enables express retrieval of the necessary
information, isolation of certain datasets for a specified year or in dynamics, generation of reports and
thematic maps.

The GIS would be of use for ministries, departments and other organizations involved in estimation,
sustainable management and conservation of water resources.
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Kapenvckaa cocyoapcmeennasn nedazoeuueckas akaoemusi

ONNPEAEJEHUE COAEPKAHUA JIETYUUX ®PEHOJIOB B IIPUPOTHBIX
N CTOYHBIX BOJAX OKCTPAKHUOHHO-®OTOMETPUYECKUM METOJAOM

@DeHoNBl — MPOU3BOJHBIE OCH30/Ia, B MOJIEKYJIaX KOTOPBIX OAWH HJIM HECKOJBKO aTOMOB BOJIOpOJa
3aMelIeHbl Ha OJTHY WM HECKOJIbKO THIPOKCIIBHBIX Tpym. K rpymme nerydnx (heHON0B, WIH MOHOTHIIPO-
KCUIIPOU3BO/IHBIX, OTHOCATCS KaK caM ()eHOJI, TaK M €ro MPOU3BOJHBIC: METHI(HEHONBI (KPe30JIbl), JUMe-
T EHOBI (KCUIIEHOIBI ), 3TUII()EHOIBI, TBAsIKOJI, MOHOXJIOP(EHOIBI.

®deHobl 00pa3yIoTCs B MPUPOIHBIX BOJIAX B PE3YJIbTATe )KU3HECATENLHOCTH BOAHBIX OPraHU3MOB, &
TaKKe MpH OMOXUMHIYECKOM pacmaje u TpaHchopMaIliu OpraHMYecKOro BEIeCTBa, HO OCHOBHBIM UCTOYHU-
KOM TIOCTYTIJICHUsI (DEHOJIOB B IIPUPOHBIC BOABI SBJISIOTCSI CTOYHBIE BOJIBI IIEIUTIOIO3HO-0yMaKHOW, XMMHUYe-
CKOM, KOKCO- M HETEXMMUYECKOH U JIPYTUX OTpaciei MPOMBIIUICHHOCTH. [ TaBHBIM HCTOYHUKOM IOCTYTLIE-
HUS (PEHOJIOB B KapeJbCKUE TIPUPOIHBIC BOJIBI SBJISIFOTCSI CTOYHBIE BOJIBI TIEJUTFOIO3HO-0yMaKHON TIPOMBIIII-
JICHHOCTH.

Lenbto 1aHHO# PabOTHI SBISIIOCH ONpeEeNIeHIe COACPIKaHMS JIETYUnX (PeHONOB KakK B MPUPOIHBIX,
TaKk ¥ B CTOYHBIX BOJAX LEIUTIOIO3HO-OYMaXKHBIX MPEANPUATHH U XO3IHCTBEHHO-OBITOBBIX CTOKOB 3KC-
TPAKIIMOHHO-()OTOMETPUIECKAM METOJIOM.
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