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The impact of climate change has caused significant precipitation decreases in Alazani valley (East
Georgia) region, leading to the depletion of local water resources in the water-scarce areas of the
lowland part of the region. Alazani basin is located between the Southern Slope of the Greater
Caucasus and Kakheti Ridge and represents a classical thrust-top basin. Karstic waters, flowing from
the Southern Slopes of the Greater Caucasus and sinking under the Neogene-Quaternary sediments
play an important role as the alternative and sometimes the main source of water supply in the
lowland. Isotope methods were used as a useful tool in classification of groundwater genesis and
circulation assessment along the karstic aquifer. In order to understand and estimate Karstic
groundwater resources, several steps of investigation were performed. Seismic profiles and structural
cross-sections were applied in order to recognize the geometry of Late Jurassic — Early Cretaceous
reservoir strata within the Alazani basin. A subsequent assessment of groundwater fluxes between
individual aquifers and their mutual interaction was performed by hydrodynamic modelling in the
next step. It was determined, that groundwater horizons have high hydraulic conductivity and good
vertical interaction between them. The Cretaceous and Jurassic karst sediments located below the
Quaternary layers are recharged by groundwater circulating in the superimposed Quaternary
sediments. At the same time, the deep karst artesian layers are feeding Quaternary layers from the
lower horizons in some areas of Alazani basin. Thus, the waters of the upper karst aquifers represent
an alternative source of drinking water. © 2023 Bull. Georg. Natl. Acad. Sci.

Greater Caucasus, Alazani basin, karst, groundwater resources, structural cross-sections, hydrodynamic

modelling

Alazani basin, located between Greater Caucasus  series) and is represented by a classical thrust-top
(GC) and Kakheti Ridge (KR) is filled by late Mio-  basin [1] (Fig. 1). Their maximum thickness is 2km
cene-Pleistocene continental sediments (Alazani  and the dominant components of the sedimentary

© 2023 Bull. Georg. Natl. Acad. Sci.
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filling are gravels, conglomerates, and sands.
Gravels are typically formed by large size boulders
of sandstone and limestone material. Imbricate
thrust sheets and duplexes beneath the Alazani
basin are composed of the Jurassic, Cretaceous, and
Paleogene rocks [1].

Due to its semiarid climate, a big deficit of sur-
face water for irrigation and domestic use is deeply
precepted around all East Georgian Alazani basin.
Growing population and industrial and agricultural
activities therefore require new insights into
assessment the groundwater resources of the karstic
aquifers of Cretaceous and Jurassic formations and

further development of these resources.
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water in the area is the groundwater from numerous
boreholes and wells.

Based on the previous research in Alazani basin
indicates the increase of mineralization from 1 up
to 3 in g/l, from the northwest to the south-eastern
part of the basin and the gradual replacement of
hydrocarbonate-calcium-type water by sodium
chloride-type water from the northwest to the
southeast of the area. Changes in the overall miner-
alization in the artesian aquifers reaching as well
3 g/l in the groundwater of Quaternary layers, in the
vertical section were also described by previous
studies [5, 6]. The evaluation of groundwater che-

mical and isotope composition and their distribu-
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Fig. 1. Geological map of the Alazani basin and surrounding area.

Hydrogeological Settings

From the hydrogeological point of view, the
Alazani basins have the area includes several
artesian aquifers and assembled into following
groups (Table 1) for further interpretation. Alazani
basin is drained by the Alazani river as the main
surface stream in the area. Some geochemical data
come from the work of Buachidze and Zedginidze
[2], Beselia [3], Bagoshvili [4]. Apart from surface

water in the streams, another important source of

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023

tion over the area, in terms of groundwater genesis,
revealed the prevailing direction of groundwater

flow from northwest to southeast [7].

Materials and Methods

The surface geological information is obtained
from a 1:100,000 geological map and shallow and
deep well data from the oil prospection of the study
area (Fig. 1). For the construction of 3D structural

modelling, the Move software was used.
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Fig. 2. 3D structural model of the Alazani basin.

According to geological map data and detailed
analysis of deep and shallow oil-well data, including
own personal field data, 8 structural cross-sections
across the Alazani basin were constructed (Fig. 1).

Structural cross-sections were gradually crossing
from south to north KR, Alazani basin, and Southern
Slope of the GC. The surface geological information
is obtained from the existing 1:100,000 scale geolo-
gical map (Fig. 1). The 3D modelling (Fig. 2) was
performed in the following order: (1) construction of
2D structural cross-sections, and (2) interpolation of
identified horizons, thrusts, and their connection.

In order to calculate groundwater resources, the
three-dimensional hydrodynamic digital modelling
on the base geological model geometry was perfor-
med for main central part of Alazani river basin.

Based on these data, the 3D model was created in

Table 1. Hydrodynamic parameters of different layers

the “Feflow” software tool. The northern border of
the model runs along the Caucasus ridge and
belongs to the recharge area, the eastern border is
separated from the Mingechauri reservoir and has
the function of discharge. The west passes through
the Akhmeta region and the south along the Kakheti
range-recharge area. Size of model is 71.5 x 25.53
x 5.3km. Its surface area covers The total volume
of the 3D model is then 4.85*10'> m®. The model
covers intervals of depth from -4685m to 714m.
Model contains all seven aforementioned hydro-
geological layers represents a porous medium with
different properties, summarised in Table 1.
According to long-term meteorological obser-
vations in the Telavi station, precipitation falling on
the model area was estimated to be 2.4mm/day

using the simple calculation form of:

Layer Lithology Thicrl:lness, Tral:rslglllsiziivity Con:l;lsitcivity
Soil Layer thickness 10m for soil 10 65 7.5%10
Q Gravel, clays, sands, clastic rocks 150 972 7.5%10°
Q4-Alazani suite | Alazani suite. Sandstones, gravel and conglomerates 500 3240 7.5%10
pl-ol Sandstones, claystone, marls 900 10-20 frt(z)n; 1352 :‘ 32-7
Cn Limestones, sandstones, marls, clays 450 130 3.34%10°¢
Crl Sandstones, shales, claystone 420 150 2.17*10°
I3 Limestones with intersect of limy siltstones 380 160 2.17%10°¢

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023
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700-900mm/year or 19.17*104-24.65*10** m/day
With a model area of 1437.2km? and precipi-

tation of 900 mm/year, the total annual precipitation
gives 3.544*10% m’/day. In the model, after cali-
brations, the following distribution of precipitation
is established:
900mm/year or 24.65*10 m/day.

However, the value of unevaporated precipita-
tion, i.e. the water column that has a potential of
actual recharge is according to expert estimates
using Blaney-Criddle method of potential evapo-
transpiration calculation [8], monthly precipitation
cycles at Telavi met station and soil field capacity
of 80mm was of about 265 mm in average for the
lowland Telavi station and of about 500 mm for the
whole mountainous watershed. The actual recharge
values should therefore be from the interval of 0.72
to 1.37mm/day, 30 to 55% of the precipitation to-
tals. Including of the Alazani River into the hydrau-

lic model was carried out using the transfer mecha-
nism (flow boundary of the 3™ type), which allows
simulating rivers (black dots). The river lines (and
coordinates of dots later) were obtained using Goo-
gle Earth. The transfer mechanism has an additional
parameter for the water exchange at the bottoms of
the rivers (transfer in equal to 1m/day, as well as
transfer out equal to 4 m/day). Near the rivers in the
upper (first) layer of the model, an increased value
of conductivity Kx=13*10"* m/sec was applied. On
the south-east part of the model constant hydraulic
head (flow boundary of the 1* type), as 83 m above
sea level (blue points) was set on all layers.

Results

In order to calibrate the model, the pressures of the
wells located in the area were imported into the

model as boundary conditions. The following table

Table 2. Boreholes data — position of boreholes and mean groundwater level in the boreholes

longitude Latitude Water level m a.s.l.
location
WGS 1984 UTM zona 38N
Sanavardo 568205E 4637862N 306.6
Pichkhis Bogiri 588515E 4632032N 278.2
Shakriani 549190E 4650211N 350.8
Gremi 548774E 4649438N 353.8
Kindzmarauli 564120E 4641296N 331.0
Kuchatani 569473E 4637754N 300.9
Afeni 586092E 4629488N 247.2
Vardisubani 594702E 4625156N 243.0

Shakrianis gedagx. with WL,EFém' — outflow
L o

/

0 P,
(‘277
/

Fig. 3. a— Location of the observation boreholes in area; b — water head — piezometric lines of the uppermost model slice.
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Table 3. Fluxes through slices into the vertical direction

El?nillalgf ((goll?telzeotrgg Flux Up, m*/day Flux Down, m*/day vertical exchange m?/day
1 0.74*10° 5.20*10° -4.46*10°
2 2.61*10° 7.13*10° -4.52%10°
3 3.71*10° 5.58*10° -1.86*10°
4 1.36*10° 1.52*10° -0.16*10°
5 0.80*10° 0.10*10° 0.69*10°
6 0.71*10° 0.19*10° 0.52*10°
7 0.45*10° 0.23*10° 0.22*10%

Table 4. Fluxes through layers into horizontal direction

Layer order number Integral flux inside Integral flux outside Flux inside-outside
(from the top) m’/day m’/day m’/day
1-Soil 1.42*10° 9.41*103 -7.99%10°
2- Quaternal 1.02*10° 31.23*10° -30.21*10°
3-0ld Quaternal 3.07*10° 32.68*10° -29.61*10°
4-Pacogen-Oligocen 1.85*10° 5.62*10° -3.76*10°
5-Up Gretareus 1.10*%10° 0.59*10° 0.51*10°
6- Law- Gretareus 4.57*%10° 1.37*10° 3.20*%10°
7-Up Jurasic 1.60*10° 0.42*103 1.1*10°
Sum 1-3 Quaternal layers 5.51*10° 73.3*%10° -67.8%10°
Sum 5-7 Karstic layers 7.27*%10° 2.38%10° 4.81*10°

Table 5. Steady-state balance

Name

Into model, m%/day

Out of model, m*/day

Fluxes due to surface water infiltration, and
precipitation recharge

3.53*10°

0

Fluxes through outer and inner boundaries

9.92*10°

1.34%107

Name of boundary

Into model, m%/day

Out of model, m*/day

Fluxes through Dirichlet boundary (1% type) 2.84*10° 6.39*10°
Fluxes through Neumann boundary (2™ type) 9.46*10° 0
Fluxes through Cauchy boundary (3™ type) 8.97*10° 7.06*10°

lists the parameters used. The discharge of wells
depends on the location of the screen in the well.
Pressure data of observation boreholes were
compared to the modelled ones to create a
calibration line. All boreholes’ pressure value
located nearby the calibration line (Fig. 3 a). Next
step, the groundwater piezometric levels in all layer
for the Alazani basin were calculated (Fig. 3 b).
After formulating of the conceptual model, the
simulation was carried out, when the intensity of
vertical and lateral water flow was calculated

(m*/day), for individual layers and for all layers

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023

simultaneously. This actually allows us to calculate
the groundwater resources.

By definition of the steady state of the model,
the incoming water volume is equal to the outgoing

volume of water, and the balance change is 0.

Conclusion

On the basis of the new obtained seismic material
and the Move software it was possible a three-
dimensional geological conceptual model of

Alazani was created. Next step, a hydrogeological
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conceptual model was developed and its digital
modelling was carried out, which allowed us to
determine the direction of groundwater movement
in the model. It was determined, that totally model
recharged about 9.92*10° m?/day from the different
sources (river and runoff) and precipitation about
3.53*10°m%/day, at the same time discharged from
the model about 13.4*10°m3/day of water. This
means that the role of rivers in feeding the aquifers
is approximately three times more important than
the role of recharge by precipitation, and the water
quality in rivers should be adequately protected.

The Quaternary layers located in the upper part
of the model are characterized by high hydraulic
conductivity (7.5*10m/sec) and the Cretaceous
and Jurassic karst sediments located below are
recharged by groundwater circulating in the super-
imposed Quaternary sediments. The vertical flux
through the Quaternary sediments is approximately
11*10°m?/day and the horizontal flux passing out
from the model is about 7.166%10° m*/day.

The large volume of water supplied to the deep
karst layers creates artesian-dynamic conditions for
these layers, as a result, the upper Quaternary
aquifers are feeding from the lower horizons on the
left bank of the Alazani River and in some areas of
the right bank. The upward flow is approximately
1.226*10°m’/day. Thus, the waters of the upper
karst aquifers (Cr2-Crj) represent an alternative
source of drinking water.

Due to the decrease in conductivity of the karst
alluvial layers towards the depth (J5 -1.29*1077
m/sec), the flowpace decreases observed, which is
followed by the increase of groundwater minera-
lization from 1g/l up to 3g/l, reported from the
northwest to the southeastern part of the study area
and also towards the depth. The gradual repla-
cement of hydrocarbonate-calcium-type water by

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023

sodium chloride-type water from the northwest to
the southeast of the area was also reported.
The application of environmental isotope
analyses reported in the previous studies [5- 7] also
confirms this regulation. Stable isotope values of
8180 (-8.5) -(-9.9)% and tritium values are of about
7-11 TU are typical for the recharge areas. The
fresh groundwater dominates in the Alazani series,
as well as in the upper part of Cretaceous and
Jurassic formations, located in the north-western
part of the Alazani basin. Highly mineralized
groundwater, which is located on the south-east of
the study area, contains oxygen stable isotope
values of about 8'®0 -11 and -13% and tritium
concentration is relatively low (0.1-1.8 TU), which
characterizes the old groundwater components.
The hydraulic model described in the paper
allows determination of the groundwater amounts
available for water consumption for the desired
cross section of the horizon. In addition, vertical
and horizontal movement of groundwater flux
paths are identifiable at every point within the
model area of the bordered polygon of Alazani
catchment. The overall water balance within the
model underlines the importance of surface water /
groundwater interaction in the region and imposes
the need of adequate stream water protection

especially in the upper part of the area.

This work was supported by Shota Rustaveli Natio-
nal Science Foundation of Georgia (SRNSFG)
project “NF-18-18411, Environmental tracers for
assessment of karstic water resources under climate
changes in Georgia” and technical support of the
project of International Atomic Energy Agency
“Evaluating Groundwater Resources and Ground-
water-Surface-Water Interactions in the Context of
Adapting to Climate Change, RER7013”.



Assessment of Water Karstic Resource in the Alazani Basin, Georgia 87

8928005

390UGMeo {gemgdols BoMaggdol dgisligds sgrsbbols smBbdo,
Usgotmoggeom

3- 89@0gs3y’, 3. B5¢r030™, L. gg@bgady’, 3. 3MODY30”, . REWMbAHO’,
®. 303599, b. LaMdy”, 3. sasbos”, M. gbwydody’, s. 3396¢3999",
5. 5%d>dg”

03569 x0535b0830¢70b bsb. 08oerobol bsbyerdfoge «boz9Gbodgdo, 8. beaost ggmeobozol

0bbAOANH0, 080¢robo, UsdsGmggare
“bermgs3900b G9b398e030b 3gmermgon®o bsdbsbeymo, 8tGodolierszs, bermzsigcm0

(Hommy9bowos 5350093000 §ggtol m. Fgerodol o)

30d5@ ™5 33¢00)3903s 459mofigos Bogrgdgdols 360dgbgermgasbo 89d30Mgds Jobgools (sedm-
bs3@go Bogdo®omgzgguwm) Mgaomblo, 899350 30 Imbd WMIs s sMMMA> dofolidzgds fiyangdol
MgLmOLgdol SAMFMO3s Gga0mbol sdEMDd M50MbgdT0. 5¢sBBOL svbo FgdsMYMIL OEO 393-
33bombol LsdbMgm BgAELS ©s Jsbgomol Jgl MGl @ FsMIMsagbl Jeslogme GHgddm-
603900 bsm3Fgools msgby 8gdsmg 1YodgbEOEOM® smBL. 35GLEHMWO fyegdo, Gmdmgdog hs-
9m906905 oo 39335B0mbols LsTLOYE 9EMgB0EB s 0doMYds BgmagbwyM-dgmmbgrymo
Bogrgdgdol 9398, 36093690mgsb Gmels slitvyergdls, HGmymME ©EdEmddo dofjolgdagds Fywrgdol
893L900L seEIOBsGOMEo s, BRI, doMOMs©O fiys®m. 39 336939830 0BMEGHM3MGBO Tgorm-
730 250m0Yg9678m©s, HrMGE LELSMYGdMM 0bBlEMNMAgBEEHo dofjolidggds Hywgdol Fomdmdmdols
©5 390LGHMmo Fyegdols 30M3MEs3ool dgnsligdolst. 3sOlEMmo fywol Galvdlols slso-
30650 Bs®ots 33mggol Hsdgbody g@sdo. bgoldm®mo 3GmBowgdo ©s JMBLEGMMJOMmo @S-
6030 33997900 g39tYggbgdwyer 0dbs sesBbol B0 93096 0BHHIE-506MY (9OEIEO FYsembazsgol
396900l agmdgEHMools s9mEbmdols dobbom. Imdgzbe gBs3bY, Gsem3gmero HYsemadgdsggwo i39-
6790L fyeol GHglryligdols Ggxsligdols s 3300 MOMOgOHMYI3EOL ©sagbols dobbom gs6-
bm® 309025 3000MME0658037600 FMEYEOMYDdD.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023



88 George Melikadze, Peter Malik, Sopio Vepkhvadze...

REFERENCES

1. Alania V., Chabukiani A., Chagelishvili R., Enukidze O., Gogrichiani K., Razmadze A., Tsereteli N. (2017)
Growth structures, piggyback basins and growth strata of Georgian part of Kura foreland fold and thrust belt:
implication for Late Alpine kinematic evolution. Geol. Soc. Lond. Spec. Publications 428: 171-185.

2. Buachidze I. M., Zedginidze S. N. (1985) Hydrogeology and perspectives of groundwater use in the Alazani-
Agrichai aquifer. Thbilisi.

3. Beselia B. N. (1988) Predvaritelnaia razvedka podzemnikh vod — v chetvertichnykh alluvial-proluvial
napornikh, Verkhne Iurskikh i Nijne Melovikh vodonosnikh gorizontov mezdu rekami Chelti i Duruji. USSR
Ministry of Geology, Tbilisi (in Russian).

4. Bagoshvili G.N. (1990) Otchet po hydrogeologicheskoi siomke M 1:50 000 teritorii iuzhnogo sklona bol’shogo
Kavkaza. USSR Ministry of Geology, Thbilisi (in Russian).

5. Melikadze G., Zhukova N., Todadze M., Vepkhvadze S., Kapanadze N., Chankvetadze A., Jimsheladze T.,
Chitanava R. (2014) Preliminary result of stable isotopes’ monitoring in the Alazani-lori catchment. J
Georg. Geoph. Soc. (4), Physics of Solid Earth, 17A: 60-67.

6. Melikadze G., Zhukova N., Todadze M., Vepkhvadze S., Kapanadze N., Chankvetadze A., Jimsheladze T.,
Vitvar T. (2014) Evaluation of recharge origin of groundwater in the Alazani-lori basins, using
hydrochemical and isotope approaches. J Georg. Geoph. Soc. (A), Physics of Solid Earth, 17A: 51-59.

7. Melikadze G., Chelidze L., Vepkhvadze S., Todadze M. (2017) Using stable and radioactive isotopes for
assessment of origin and sustainable management of groundwater resources, Bull. Georg. Natl. Acad. Sci., 11
(2): 47-53.

8. Blaney H.F., Criddle W.D. (1962) Determining consumptive use and irrigation water requirements. USDA
Technical Bulletin 1275, US Department of Agriculture, Beltsville.

Received January, 2023

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 1, 2023




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

    /AgencyFB-Bold

    /AgencyFB-Reg

    /Algerian

    /Arial-Black

    /Arial-BoldItalicMT

    /Arial-BoldMT

    /Arial-ItalicMT

    /ArialMT

    /ArialNarrow

    /ArialNarrow-Bold

    /ArialNarrow-BoldItalic

    /ArialNarrow-Italic

    /ArialRoundedMTBold

    /Bahnschrift

    /BaskOldFace

    /Bauhaus93

    /BellMT

    /BellMTBold

    /BellMTItalic

    /BerlinSansFB-Bold

    /BerlinSansFBDemi-Bold

    /BerlinSansFB-Reg

    /BernardMT-Condensed

    /BlackadderITC-Regular

    /BodoniBT-Bold

    /BodoniBT-BoldItalic

    /BodoniBT-Book

    /BodoniBT-BookItalic

    /BodoniMT

    /BodoniMTBlack

    /BodoniMTBlack-Italic

    /BodoniMT-Bold

    /BodoniMT-BoldItalic

    /BodoniMTCondensed

    /BodoniMTCondensed-Bold

    /BodoniMTCondensed-BoldItalic

    /BodoniMTCondensed-Italic

    /BodoniMT-Italic

    /BodoniMTPosterCompressed

    /BookAntiqua

    /BookAntiqua-Bold

    /BookAntiqua-BoldItalic

    /BookAntiqua-Italic

    /BookmanOldStyle

    /BookmanOldStyle-Bold

    /BookmanOldStyle-BoldItalic

    /BookmanOldStyle-Italic

    /BookshelfSymbolSeven

    /BradleyHandITC

    /BritannicBold

    /Broadway

    /BrushScriptMT

    /Calibri

    /Calibri-Bold

    /Calibri-BoldItalic

    /Calibri-Italic

    /Calibri-Light

    /Calibri-LightItalic

    /CalifornianFB-Bold

    /CalifornianFB-Italic

    /CalifornianFB-Reg

    /CalisMTBol

    /CalistoMT

    /CalistoMT-BoldItalic

    /CalistoMT-Italic

    /Cambria

    /Cambria-Bold

    /Cambria-BoldItalic

    /Cambria-Italic

    /CambriaMath

    /Candara

    /Candara-Bold

    /Candara-BoldItalic

    /Candara-Italic

    /Candara-Light

    /Candara-LightItalic

    /Castellar

    /Centaur

    /Century

    /Century725BT-RomanCondensed

    /Century751BT-BoldB

    /Century751BT-BoldItalicB

    /Century751BT-ItalicB

    /Century751BT-No2ItalicB

    /Century751BT-RomanB

    /Century751BT-RomanNo2B

    /Century751BT-SemiBold

    /Century751BT-SemiBoldItalicB

    /CenturyGothic

    /CenturyGothic-Bold

    /CenturyGothic-BoldItalic

    /CenturyGothic-Italic

    /CenturySchlbkCyrillicBT-Bold

    /CenturySchlbkCyrillicBT-BoldIt

    /CenturySchlbkCyrillicBT-Italic

    /CenturySchlbkCyrillicBT-Roman

    /CenturySchoolbook

    /CenturySchoolbook-Bold

    /CenturySchoolbook-BoldItalic

    /CenturySchoolbook-Italic

    /Chiller-Regular

    /ClarendonBT-Black

    /ClarendonBT-Bold

    /ClarendonBT-Light

    /ClarendonBT-Roman

    /ColonnaMT

    /ComicSansMS

    /ComicSansMS-Bold

    /ComicSansMS-BoldItalic

    /ComicSansMS-Italic

    /Consolas

    /Consolas-Bold

    /Consolas-BoldItalic

    /Consolas-Italic

    /Constantia

    /Constantia-Bold

    /Constantia-BoldItalic

    /Constantia-Italic

    /CooperBlack

    /CopperplateGothic-Bold

    /CopperplateGothic-Light

    /Corbel

    /Corbel-Bold

    /Corbel-BoldItalic

    /Corbel-Italic

    /CorbelLight

    /CorbelLight-Italic

    /CourierNewPS-BoldItalicMT

    /CourierNewPS-BoldMT

    /CourierNewPS-ItalicMT

    /CourierNewPSMT

    /CurlzMT

    /DeVinneBT-Text

    /DFGothic-EB-WIN-RKSJ-H

    /DFKaiSho-SB-WIN-RKSJ-H

    /DFMincho-SU-WIN-RKSJ-H

    /DFMincho-UB-WIN-RKSJ-H

    /DFMincho-W5-WIN-RKSJ-H

    /DFPOP1-W9-WIN-RKSJ-H

    /Ebrima

    /Ebrima-Bold

    /EdwardianScriptITC

    /Elephant-Italic

    /Elephant-Regular

    /EmbassyBT-Regular

    /EngraversGothicBT-Regular

    /EngraversMT

    /ErasITC-Bold

    /ErasITC-Demi

    /ErasITC-Light

    /ErasITC-Medium

    /Exotic350BT-Bold

    /Exotic350BT-DemiBold

    /FelixTitlingMT

    /FootlightMTLight

    /ForteMT

    /FranklinGothic-Book

    /FranklinGothic-BookItalic

    /FranklinGothic-Demi

    /FranklinGothic-DemiCond

    /FranklinGothic-DemiItalic

    /FranklinGothic-Heavy

    /FranklinGothic-HeavyItalic

    /FranklinGothic-Medium

    /FranklinGothic-MediumCond

    /FranklinGothic-MediumItalic

    /Freehand521BT-RegularC

    /FreestyleScript-Regular

    /FrenchScriptMT

    /FuturaBT-Bold

    /FuturaBT-BoldItalic

    /FuturaBT-Book

    /FuturaBT-BookItalic

    /FuturaBT-Medium

    /FuturaBT-MediumItalic

    /Gabriola

    /Gadugi

    /Gadugi-Bold

    /Garamond

    /Garamond-Bold

    /Garamond-Italic

    /Geometric212BT-BookCondensed

    /Geometric212BT-HeavyCondensed

    /Geometric415BT-BlackA

    /Geometric706BT-BlackCondensedB

    /GeometricSlab703BT-Bold

    /GeometricSlab703BT-BoldCond

    /GeometricSlab703BT-BoldItalic

    /GeometricSlab703BT-Medium

    /GeometricSlab703BT-MediumCond

    /GeometricSlab703BT-MediumItalic

    /Georgia

    /Georgia-Bold

    /Georgia-BoldItalic

    /Georgia-Italic

    /Gigi-Regular

    /GillSansMT

    /GillSansMT-Bold

    /GillSansMT-BoldItalic

    /GillSansMT-Condensed

    /GillSansMT-ExtraCondensedBold

    /GillSansMT-Italic

    /GillSans-UltraBold

    /GillSans-UltraBoldCondensed

    /GloucesterMT-ExtraCondensed

    /GoudyOldStyleT-Bold

    /GoudyOldStyleT-Italic

    /GoudyOldStyleT-Regular

    /GoudyStout

    /Haettenschweiler

    /HarlowSolid

    /Harrington

    /HighTowerText-Italic

    /HighTowerText-Reg

    /HoloLensMDL2Assets

    /Humanist521BT-Bold

    /Humanist521BT-BoldItalic

    /Humanist521BT-Italic

    /Humanist521BT-Light

    /Humanist521BT-LightItalic

    /Humanist521BT-Roman

    /Humanist777BT-BlackB

    /Humanist777BT-BlackCondensedB

    /Humanist777BT-BoldCondensedB

    /Humanist777BT-LightB

    /Humanist777BT-RomanB

    /Humanist777BT-RomanCondensedB

    /Impact

    /ImprintMT-Shadow

    /InformalRoman-Regular

    /InkFree

    /JavaneseText

    /Jokerman-Regular

    /JuiceITC-Regular

    /KaufmannBT-Regular

    /KristenITC-Regular

    /KunstlerScript

    /LatinWide

    /LeelawadeeUI

    /LeelawadeeUI-Bold

    /LeelawadeeUI-Semilight

    /LucidaBright

    /LucidaBright-Demi

    /LucidaBright-DemiItalic

    /LucidaBright-Italic

    /LucidaCalligraphy-Italic

    /LucidaConsole

    /LucidaFax

    /LucidaFax-Demi

    /LucidaFax-DemiItalic

    /LucidaFax-Italic

    /LucidaHandwriting-Italic

    /LucidaSans

    /LucidaSans-Demi

    /LucidaSans-DemiItalic

    /LucidaSans-Italic

    /LucidaSans-Typewriter

    /LucidaSans-TypewriterBold

    /LucidaSans-TypewriterBoldOblique

    /LucidaSans-TypewriterOblique

    /LucidaSansUnicode

    /Magneto-Bold

    /MaiandraGD-Regular

    /MalgunGothic

    /MalgunGothicBold

    /MalgunGothic-Semilight

    /Marlett

    /MaturaMTScriptCapitals

    /MicrosoftHimalaya

    /MicrosoftJhengHeiBold

    /MicrosoftJhengHeiLight

    /MicrosoftJhengHeiRegular

    /MicrosoftJhengHeiUIBold

    /MicrosoftJhengHeiUILight

    /MicrosoftJhengHeiUIRegular

    /MicrosoftNewTaiLue

    /MicrosoftNewTaiLue-Bold

    /MicrosoftPhagsPa

    /MicrosoftPhagsPa-Bold

    /MicrosoftSansSerif

    /MicrosoftTaiLe

    /MicrosoftTaiLe-Bold

    /MicrosoftYaHei

    /MicrosoftYaHei-Bold

    /MicrosoftYaHeiLight

    /MicrosoftYaHeiUI

    /MicrosoftYaHeiUI-Bold

    /MicrosoftYaHeiUILight

    /Microsoft-Yi-Baiti

    /MingLiU-ExtB

    /Ming-Lt-HKSCS-ExtB

    /Mistral

    /Modern-Regular

    /MongolianBaiti

    /MonotypeCorsiva

    /MS-Gothic

    /MSOutlook

    /MS-PGothic

    /MSReferenceSansSerif

    /MSReferenceSpecialty

    /MS-UIGothic

    /MT-Extra

    /MVBoli

    /MyanmarText

    /MyanmarText-Bold

    /News701BT-BoldA

    /News701BT-ItalicA

    /News706BT-BoldC

    /NewsGothicBT-Bold

    /NewsGothicBT-BoldItalic

    /NewsGothicBT-Italic

    /NewsGothicBT-Light

    /NewsGothicBT-Roman

    /NewsGothicBT-RomanCondensed

    /NiagaraEngraved-Reg

    /NiagaraSolid-Reg

    /NirmalaUI

    /NirmalaUI-Bold

    /NirmalaUI-Semilight

    /NSimSun

    /OCRAbyBT-Regular

    /OCRAExtended

    /OCRB10PitchBT-Regular

    /OldEnglishTextMT

    /Onyx

    /PalaceScriptMT

    /PalatinoLinotype-Bold

    /PalatinoLinotype-BoldItalic

    /PalatinoLinotype-Italic

    /PalatinoLinotype-Roman

    /Papyrus-Regular

    /Parchment-Regular

    /Perpetua

    /Perpetua-Bold

    /Perpetua-BoldItalic

    /Perpetua-Italic

    /PerpetuaTitlingMT-Bold

    /PerpetuaTitlingMT-Light

    /Playbill

    /PMingLiU-ExtB

    /PoorRichard-Regular

    /Pristina-Regular

    /RageItalic

    /Ravie

    /Rockwell

    /Rockwell-Bold

    /Rockwell-BoldItalic

    /Rockwell-Condensed

    /Rockwell-CondensedBold

    /Rockwell-ExtraBold

    /Rockwell-Italic

    /SchadowBT-Bold

    /SchadowBT-Roman

    /ScriptMTBold

    /SegoeMDL2Assets

    /SegoePrint

    /SegoePrint-Bold

    /SegoeScript

    /SegoeScript-Bold

    /SegoeUI

    /SegoeUIBlack

    /SegoeUIBlack-Italic

    /SegoeUI-Bold

    /SegoeUI-BoldItalic

    /SegoeUIEmoji

    /SegoeUIHistoric

    /SegoeUI-Italic

    /SegoeUI-Light

    /SegoeUI-LightItalic

    /SegoeUI-Semibold

    /SegoeUI-SemiboldItalic

    /SegoeUI-Semilight

    /SegoeUI-SemilightItalic

    /SegoeUISymbol

    /ShowcardGothic-Reg

    /SimSun

    /SimSun-ExtB

    /SitkaBanner

    /SitkaBanner-Bold

    /SitkaBanner-BoldItalic

    /SitkaBanner-Italic

    /SitkaDisplay

    /SitkaDisplay-Bold

    /SitkaDisplay-BoldItalic

    /SitkaDisplay-Italic

    /SitkaHeading

    /SitkaHeading-Bold

    /SitkaHeading-BoldItalic

    /SitkaHeading-Italic

    /SitkaSmall

    /SitkaSmall-Bold

    /SitkaSmall-BoldItalic

    /SitkaSmall-Italic

    /SitkaSubheading

    /SitkaSubheading-Bold

    /SitkaSubheading-BoldItalic

    /SitkaSubheading-Italic

    /SitkaText

    /SitkaText-Bold

    /SitkaText-BoldItalic

    /SitkaText-Italic

    /SnapITC-Regular

    /Square721BT-Bold

    /Square721BT-BoldCondensed

    /Square721BT-Roman

    /Square721BT-RomanCondensed

    /Stencil

    /Swiss721BT-Black

    /Swiss721BT-BlackCondensed

    /Swiss721BT-Bold

    /Swiss721BT-BoldCondensed

    /Swiss721BT-BoldCondensedItalic

    /Swiss721BT-BoldItalic

    /Swiss721BT-Heavy

    /Swiss721BT-Italic

    /Swiss721BT-ItalicCondensed

    /Swiss721BT-Light

    /Swiss721BT-LightExtended

    /Swiss721BT-LightItalic

    /Swiss721BT-Roman

    /Swiss721BT-RomanCondensed

    /Sylfaen

    /SymbolMT

    /SymbolTiger

    /SymbolTigerExpert

    /Tahoma

    /Tahoma-Bold

    /TempusSansITC

    /Tiger

    /TigerExpert

    /TimesNewRomanPS-BoldItalicMT

    /TimesNewRomanPS-BoldMT

    /TimesNewRomanPS-ItalicMT

    /TimesNewRomanPSMT

    /Trebuchet-BoldItalic

    /TrebuchetMS

    /TrebuchetMS-Bold

    /TrebuchetMS-Italic

    /TwCenMT-Bold

    /TwCenMT-BoldItalic

    /TwCenMT-Condensed

    /TwCenMT-CondensedBold

    /TwCenMT-CondensedExtraBold

    /TwCenMT-Italic

    /TwCenMT-Regular

    /TypoUprightBT-Regular

    /Verdana

    /Verdana-Bold

    /Verdana-BoldItalic

    /Verdana-Italic

    /VinerHandITC

    /Vivaldii

    /VladimirScript

    /Webdings

    /Wingdings2

    /Wingdings3

    /Wingdings-Regular

    /YuGothic-Bold

    /YuGothic-Light

    /YuGothic-Medium

    /YuGothic-Regular

    /YuGothicUI-Bold

    /YuGothicUI-Light

    /YuGothicUI-Regular

    /YuGothicUI-Semibold

    /YuGothicUI-Semilight

    /ZWAdobeF

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



