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Abstract

During study summarizing exiting meteorological, hydrological and snow data in the studied area,
installation of the monitoring network, collection of water samples, snow expeditions and a more
detailed sampling during snowmelt. Regular monitoring consists of precipitation, air temperature and
humidity measurements at 3 sites, and water level measurements at 2 rivers. Monthly samples for
isotopic analyses (stable water isotopes) are collected from 3 raingauges, 2 rivers, 1 borehole and 2
springs since. The network build in the project provided a lot of new data on snow hydrology in the
studied area that was not available before. Measurements at different altitudes were useful. Although
snowfall represents just about 30% of annual precipitation, snowmelt water is an important source of
water for the rivers (maximum contribution about 50%). Snowmelt affects river runoff at least 2-3
months. Yet, stable water isotopes in the snowmelt water significantly differ among the sites and they
are different from those in the snow cover.

Study area

Investigation was caring out in the frame of IAEA project. Studied area (Fig. 1) is situated in
the southwestern part of Georgia, in the Little Caucasus Mountains, the Adjara-Trialeti range.
It is drained by two main rivers, namely the Gudjareti-Tskali river (catchment area 316 km?,
its mean altitude is 1700 m) and the Borjomula river (catchment area 168 km?, mean altitude
1600 m). The rivers are the right-hand tributaries of the Mtkvari (Kura) river which is the
most important transboundary river in the region of Georgia and Azerbaijan. Apart from the
mountains surrounding the study area, the dominant geological unit is the lava body forming
the plateau between the two rivers. The Borjomula and Gudjareti rivers flow in their middle
and lower sections in narrow valleys (1, 2).
The altitude ranges from about 800 m a.s.l. at the Borjomi city to about 2900 m a.s.l. at the
highest mountain peaks. Mean annual mean air temperature is 8.3°C in Borjomi (altitude 794
m a.s.l.), 4.4 °C in Bakuriani (altitude 1703 m). Mean air temperatures of the warmest months
(July, August) in Borjomi, Bakuriani and the slopes of the study area are 19°C, 14°C and 9-
10°C, respectively. Mean air temperatures in January are 2.8, -5.5 and -9°C, respectively.
Mean annual precipitation in the area varies from 650 to 950 mm in Bakuriani (3).
The objectives of the project are:

e Quantification of the amount and residence time of snowmelt water discharging into

streams and recharging the captured springs
e Contributions of snowmelt water to stream flow in the Borjomula and Gudaretis-
Tskali rivers
e Groundwater recharge from the snow (springs/ boreholes at Daba, Sadgeri and Tha)

Sampling methodology
There was no network providing climatic and hydrological data for the studied area.
Therefore, it had to be established within this project from December 2010. Since the study
area is mountainous, the network
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attempts to describe altitudinal evolution of main climatic characteristics. That way,
monitoring station was installing on the several place:

*  Monthly composite samples of precipitation are collected in Hellman raingauge and air
temperature and air humidity data (hourly time interval) measured by the HOBO sensor, at 3
elevations- Tsagveri, Tha (new station) and Bakuriani (existing station).

+ Two gage was installed at the Borjomula and at the Gudjareti river equipped with the
pressure transducer (HOBO diver, hourly measurements).

» Isotopic sampling on monthly step carried out on the this two rivers and 2 springs Daba
and Sadgeri. Also, on the Tha boreholes.

*  Snow course measurements (SD, SWE) at 5 locations (elevations), along with samples for
isotopes

*  Snowmelt water sampling at 3 locations-Tha, Bakuriani and Tsagveri (extended funnel
gauge, plastic and tin snow lysimeters, passive (Frisbee) samplers at 1 location-Thba)
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Fig. 1. Monitoring and sampling points in the studied area.
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This figure 1 shows digital elevation model and the network. WS stands for water stage
measured on the rivers, P and T are precipitation and air temperature measurements,
respectively. SWE denotes the sites where we measure snow depth and water equivalents at
snow courses. SLYS is the abbreviation for snowmelt lysimeters where we sample water from
melting snow that is consequently analyzed for stable water isotopes (4).

Stable water isotopes are analyzed by the LGR isotope analyzed in Prague

Monitoring results

During monitoring period (33 months) found out very good correlations between air
temperature variations among sites. Air temperature at different altitudes was very well
correlated. The data confirm that winter 2013 was warmer and negative temperatures lasted
shorter than in winter 2012. At Tsagveri and Tha stations we have observers the solid
precipitation represents about one third of annual precipitation. Annual precipitation is
relatively small considering mountain character of the area. Number of days with precipitation
at the highest altitude is significantly higher than at lower altitudes.

Water pressure data revealed that runoff regime of both rivers is the same.
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Fig 2 Snowmelt periods

Combined figure of climatic conditions and runoff regime indicates that snowmelt period
in 2011 lasted approximately from 11 March to the beginning of June. Snowmelt in 2012
started later (at the end of March) to the end of May. Snowmelt period in 2013 was same,
started approximately in the mead part of March to the end of May.

We measured snow courses on the 5 sites at altitudes 952-1676 m a.s.l., measured 4 times
in 2011, 5 times in 2012 and 2 time in 2013, SWE gradients about 4-9 mm/100 m,
significantly less snow in forest. SWE exhibited altitude gradients of about 5 mm of SWE per
100 meters of altitude. However, the gradients are applicable only until the beginning of
snowmelt.

Measurements of snow water equivalents in 2011 covered mostly the snow accumulation
period, measurements in 2012 and 2013 covered also the snowmelt period. Measured
maximum of snow water equivalent varied from about 120 to reached about 180 mm.
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Fig 3 Snow Water equivalent
Fig 3 show, that, maximum SWE in the lower part of the study area represented about 60-
80% of solid precipitation. The duration of the melting period varies between 2-3 weeks.
This figure #4 shows spatial variability of deuterium in precipitation at different altitudes,
rivers and groundwater. We present also longer data series from GNIP station in Bakuriani
and GNIR station on Mtkvari very close to the study area. The data at this step indicate
appearance of lighter water in the streams and groundwater in spring.
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Fig 4 Isotopic composition of water

Groundwater does not differ from the rivers. It indicates that both the rivers and shallow
groundwater come from the same source. As expected, the groundwater is generally
isotopically heavier than river water.

Snow cover during the snowmelt becomes isotopically enriched.
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Data in spring 2011 show that air temperatures increased approximately around the middle of
March, but a more intensive snowmelt started a few days’ later Water levels in the rivers increased as
a response to the snowmelt and later the typical snowmelt runoff regime (diurnal variability of runoff)
evolved.

Isotopic composition of snowmelt water sampled at Bakuriani by means of the smaller tin and the
larger plastic lysimeters were mostly similar, except the beginning of the snowmelt period.

Snowmelt water at Tsagveri (lower altitude) during more intensive snowmelt was isotopically
lighter than at Tha (higher altitude, but more exposed to sunshine radiation).

River water reacted to increased snowmelt input in the middle of March, following rainfall on
March 19 and continuation of snowmelt since March 26.

Because the isotopic composition of infiltrating snowmelt water at different sites and times
significantly varied, a range of values was used in hydrograph separation.

Hydrograph separation in spring 2011 for the Borjomula river. Maximum calculated contribution
to total runoff was 21%. Snow contributions to runoff in the Gudjareti River were a higher.

In 2012 intensive snowmelt started at the beginning of April (about 2 weeks later than in warmer
winter of 2011).

Sampling at Bakuriani confirmed the finding from 2011 that at the beginning of snowmelt the
isotopi composition of snowmelt water samples by plastic and tin lysimeters significantly differed.

Isotopic composition of snowpack was relatively similar to that of snowmelt water.

In 2013 snowmelt started at the end of March and finished at the end of May.

Conclusions
»  The network build in the project provided a lot of new data on snow hydrology in the studied
area that was not available before (solid-liquid precipitation, hourly variability of water levels in the
rivers, snow cover characteristics, SWE modelling, stable water isotopes, snow-covered area from
MODIS)
+ Measurements at different altitudes were useful
« Although snowfall represents just about 30% of annual precipitation, snowmelt water is an
important source of water for the rivers (maximum contribution about 50%)
» The importance of snow is indicated also by the overall distribution of isotopic composition of
waters
« Snowmelt affects river runoff at least 2-3 months
» Snowmelt is thus important also for water availability in dry summer period
« Isotopic composition of snow cover does not show an altitude gradient
» Yet, stable water isotopes in the snowmelt water significantly differ among the sites and they
are different from those in the snow cover
+ Method of snowmelt water sampling influences the obtained data on stable water isotopes
(perhaps also a consequence of the small-scale differences in isotopic composition of the
snowpack)
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HccaenoBanue poJiM cHera B THAPOJIOTHYECKOM HHUKJIM B 0aceifHAX pek

Bop:xomyaa I'ypxkaperuc-Lkaaun
I'eopruii Meauxkanse, Huno Kanananze, Mapuam Tonanse

Pe3rome

HUccnenoBanre MOCBAIICHO U3YYSHUIO OIIEHKH POJIU CHETa B THIPOJIOTHYECKOM IHKIe. Bo Bpems
u3ydeHus: 000OIICHB U YTOYHEHBI METEOPOJIOrHYECKHE, THAPOIOTHYECKUE TaHHbIC, JaHHBIC O CHETE B
n3y4yaeMoil 0bJacTu, co3jana ceTb HaOII0IEHHI, OCYIEeCTBICH cOOp 00pa3loB BObI, CHETa U JPYyTHE
00pa31oB B MEPHOJ TassHUS CHEroB Brepuo Mapt-mMail 2013. PerynspHbIii MOHUTOPUHT BKJIIOYAET
M3MEpEeHHe OCaJIKOB, TEMIIEPATypy BO3IyXa M BIAKHOCTU B 3-X To4kax HaOmomeHus (Bbicota 1038,
1109, 1676 meTpoB Haa ypoBHEM MOps), a TakkKe H3MEpeHHe YPOBHS BOABI B 2-X peKax.
Esxemecsunble 0Opasipl Ui W30TOMHOrO aHalu3a ObUTH OTOOpaHbl ¢ 3-X JOXKAEMEpOB, 2-X pek, 1-it
CKBOXHWHBI W 2-X HCTOYHWKOB. CeTh HAOMIOACHWH, CO3MaHHAas B paMKaxX IIPOeKTa, obOecredmia
MHOTMMH HOBBIMH W paHee HEIOCTYIMHBIMH JNAHHBIMH O THAPOJIOTMU CHEra B U3y4aeMou o0iacTu
(atmocepHue ocaiku OCaaKH, MOYACOBbIC W3MECHEHHS YPOBHS BOJBI B pEKax, XapaKTEPUCTHKH
CHEeXXHOTO ToKpoBa, SWE-MonennpoBanne, cTabuibHBIE H30TOIBI BOJEL,). MI3MepeHus Ha pa3mmIHbIX
BbICOTaX OBLIO MONe3HBIMH. HecMOTpst Ha TO, YTO CHEromnaapl 00eCIeYnBarOT TOIBKO mpuMepHO 30%
roAOBBIX OCAJKOB, Tajlasd BOJaA SABJIACTCA BaXXHBIM MCTOYHUKOM BOABI IAJIA PCK (MaKCHMaJ’IBHBIﬁ BKJIaJg
oko110 50%). TasiHue CHEroB BIUSET Ha peyHOU CTOK 2-3 mecsia. OTMETUM, CTaOUIIBHBIC U30TOIBI B
TaJbIX BOJAX 3HAYUTEIBHO OTIMYAOTCS HA MECTaX U OTIUYAIOTCS OT CHEXKHOTO MOKPOBA.
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