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1. Introduction

Engineering and geological studies were conducted in December and January of 2014-
2015 in order to study the nearby territory of lower Bakuriani, on the area of Didveli, on the
basis of the agreement concluded by “Mountain Resorts Development” Ltd. and “Gvirgvini”
Ltd.

The works were conducted in accordance with the technical order given by the
customer (see annex 2.1).

Under the agreement the contractor shall ensure expertise of the documents of
engineering and geological studies (the Engineering and Geological Conclusion) by LEPL
Levan Samkharauli National Forensic Bureau and it is emphasized that the purpose of the
expertise is to determine compliance of the conducted works with the technical order.

The engineering and geological studies included field, laboratory studies and
cameralistic processing stages.

The director of “Gvirgvini” Ltd. - Ramaz Chikovani, his deputy M. Kipiani, Engineer-
Geologists: A. Lobjanidze, E. Katsadze, T. Jajanidze, V. Ivanov and L. Kobesashvili carried out

the works.



2. Brief description of natural conditions on the site of works

The study area is located within the north slope of Adjara-Trialeti mountain ridge. The
climate is transitional from moderately humid to continental climate; winters are cold and
snowy, the thickness of snow is approximately 64 cm. Snow is maintained stable from the
early December to the end of March. Summer is quite long. Average temperature in January is
-7.2 °, in August - 15°. Average annual precipitation is 734 mm.

The hydrographic network of the territory consists of Gujareti Water from the north
and River Ktsia from the south, which flow in the opposite longitudinal directions with their
small and medium tributaries.

According to geomorphology, the area belongs to the South Georgia volcanic
mountainous zone and peripheral longitudinal mountain ridge zones of the Tori-Gujareti
volcanic area of Trialeti Ridge region, which includes the cave between the volcanic flows of
Tsikhisjvari (main) and Gvirgvini Ridge. These two flows (ridges) of the most recent
volcanism join each other at the mountain Jamjama.

River Gujaretistskali flows in longitudinal direction, while Borjomula flows in
meridian direction.

General nature of relief is technogenic and erosion which is complicated with lava
flows, plateaus and other volcanic forms.

Geologically, the territory consists of upper cretaceous porphyrite and quartz-
porphyrite, albitophyre and their tuffs and tuff-breccia and tuff-sandstones, lava flow layers of
Paleogenic andesite, tuff-sandstones, coarse grained andesite tuffs and dislocated mudstone.

Tectonics of the region is the result of its location within the Lesser Caucasus mega-
anticlinorium region, which is the precondition for high seismic activity.

According to the hydrological zoning map, the studied area belongs to the crevice
water area of Akhaltsikhe artesian basin within Adjara-Trialeti channelling system region.

According to the engineering and geological zoning map, the studied area is located
within the area of cretaceous and Paleogenic volcanogenic sediments, rocky and partially-

rocky soil of the Adjara-Trialeti folded system region.



It should be noted, that many types of geo-dynamic processes are widely characteristic
to this area, which must be taken into consideration when designing projects of specific

engineering constructions.

3. Methodology and volume of conducted works

According to the technical order, 6 wells must have been bored at the site, with the
depth of 30 linear meters each, or totally 180.0 linear meters, by taking the samples and pares
with the depth of approximately 5.0-6.0 meters or up to basic soil layers, must have been made
and the samples taken.

Physical and mechanical properties of the soil (of dispersive layers) must have been
studied at the laboratory in accordance with the international standard requirements; the
following must have been determined: 1) granulometric content, 2) humidity, 3) porosity, 4)
filtration, 5) compression, 6) direct cutting and 7) Atterberg limits. Amount of each definition
must have been 5.

The technical order was accomplished as follows: complete core and soil samples were
taken by mechanical-linear method. 6 wells were bored with the diameter of 127 mm-76 mm,
with the depth of 30.0 meters each and 20 samples of soil were taken.

Five pares were made with the depth of 5.0 linear meters each, and in total with the
depth of 25.0 linear meters and 11 samples of the disturbed structure of soil were taken. Due
to high content of coarse debris insertions the samples of monolithic rocky stratum were not
taken from the pares.

As the upper part of the studied section is directly connected to the project of
engineering construction, main part of the laboratory studies were conducted on the samples
taken from the pares (see annex 2.3). This was also caused by the fact, that applied western
method allows to put the samples, with disturbed structure, into their natural load conditions
and based on them to determine the values of physical properties and of section parameters.

This type of experiments requires significant amount of samples to the extent which is
allowed by the pares, while in case of wells it was not possible to conduct such experiments.

(See annex 2.4).



The laboratory of “GeoEngineering” has established the density of mineral part of the
soil on the basis of the percentage correlation of loamy soil and coarse debris insertions, using
the existing fund materials, which amounted to 2.69 linear cm?® and 2.70 linear cm? (see
annexes 2.2, EGE 2 and EGE 3).

Filtration properties were studied at the laboratory of JSC “Saktskalproekti”.

The results of field and laboratory studies were processed in accordance with current
standards and normative requirements and Engineering and Geological Elements (EGE) were
distinguished.

Numbers were assigned according to the consistency and the increase in the amount of
coarse debris insertions.

In all, 8 Engineering and Geological Elements were distinguished.

On the basis of laboratory determinations 3 EGEs were distinguished: 2, 3 and 7 and the
quake properties of EGE 7 were described. The other layers were distinguished according to
the field description and the values of mechanical properties were determined in accordance
with the current normative recommendations. Only in one case (EGE 7) it was possible to
determine the values of quake properties as a result of processing laboratory study materials by
a statistical method (see annexes 2.2 and 2.6).

Also, it is notable that as the structure of clay filler is low in the process of experiment on
disturbed structure samples, the results of this method must be slightly lower than actual. We
assume that due to the above, the values given in brackets for quake properties of EGE 7 are
slightly lower than those, recommended by technical normative standards.

Study of underground waters for engineering and geological purposes was not considered

by the technical order.

4. Engineering and geological conditions on the study area
The study area is located between lower Bakuriani, Tskhratskaro Ridge and the River
Ktsia and it is a hill with a slope and it has almost quadrangular shape in the bottom, at the
plain territory; the total area of the site is 3.5 hectares (see annex 1.1). The surface landmarks

range between 2099-2140 meters; the inclination goes from south-west to north-east and



achieves its maximum at the central part of the slope (20-25°), while the north and north-east
end is a plain territory (see annexes 1.1, 1.2 and 1.3).

The surface is covered by the soil layer of 0.25-0.4 meters thickness.

As a result of cameralistic processing of field and laboratory study materials 8 EGEs
were distinguished up to the depth of 30.0 meters according to current normative standard
requirements (see annex 2.2): (1) the soil layer edQiv - brown loam, with high plasticity, with
grit and gravel content of up to 15% and with the plant roots of up to 35%; (2) brown loam,
semi-solid, with grit and gravel content of up to 40%; (3) greenish loam, solid, with grit and
gravel content of up to 35%; (4) greyish-brown loam, semi-solid, with grit and gravel content
of up to 50%; (5) brownish-grey loam, semi-solid, with grit and gravel insertions of up to 40%
and 0.2+0.5 m thick middle-layers (percentage correlation in the section - 75%-25%); (6) light
and dark brown, semi-solid, the sequence of the loam with grit insertions of up to 40%
(0.1+0.9) and 0.1+0.2 meters thick grit layers (percentage correlation in the section - 60%-
40%); (7) gravel ground with hard loam filler of up to 30%; (8) gravel ground.

Within the scope of the study area, mined up to 30.0 m. depth, the descending section
is as follows: the whole territory is covered with 0.25-0.4 m. thick soil layer (EGE 1), under
which the gravel layers of 3.75+4.6 m. capacity and with solid loam filler of up to 30% are
situated (EGE 7). Their capacity is slightly increasing to the bottom of the slope and they are
also detected in the well N°2, within the depth interval of 9.1-14.0 meters. They have the
following properties: density value of 1.83 1/m3, porosity coefficient - 0.631, reported
resistance of the ground - 4.5-10° Pa.

Grit soils (EGE 8) are spread under the EGE 7, in the higher part of the slope (well N°6).
Here the total capacity of its layers is 6.25 m. It may also be observed in the centre of the
studied territory (well Ne4) directly under the soil layer, where it has lenses with 0.7 m.
capacity. In other cases they participate in the sequence of layers, where they occupy various
parts of the layers (EGE 5 and EGE 6). The value of reported resistance of the soil is 6.0-10° Pa
in this case.

The following layer of the territory is EGE 6 — the sequence of the layers with fillers of
loam with semi-solid coarse debris insertions and with loam fillers (similar to the layers of

EGE 2 and EGE 8), percentage correlation in the section is up to 60%-40%. These layers are



situated at 4.9-12.7 meters intervals in the form of layers with 1.6-3.7 meters capacity and at
the depth of up to 22.2-27.5 m. in well N°5.

The value of reported resistance for these layers is 3.2-10° Pa.

In the upper part of the studied area under EGE 6, 4 layers of EGE 2 (brown loam,
semi-solid, with the grit and gravel content) with up to 1.0-1.5 m. capacity are situated within
various depth interval of 12.7-30.0 m. depth. They are mostly spread in the lower, plain part of
the territory, where their capacity is within the range of 3.0-9.6 m. (see annexes 1.2 and 1.3).
The density of these layers is 1.99 1/cm?, their porosity coefficient is 0.620 and the reported
resistance of the soil is 2.4-10° Pa.

EGE 5 (brownish-grey loam, semi-solid, with grit and gravel insertions of up to 40%
and with gravel middle-layers with loam fillers of up to 30% (the percentage correlation in the
section is 75%-25%)) is dominant in the section of the higher part of the territory.

The value of reported resistance of the soil is 2.9-10° Pa.

Three layers of EGE 4 (greyish-brown loam, semi-solid, with grit and gravel content of
up to 50%) with the capacity of 1.8-3.4 m. are situated in the central part of the studied area
(well No4) at the depth of up to 19.1-30.0 m. These layers are more dominated in the lower
part of the territory (see annexes 1.2 and 1.3).

The value of their reported resistance of the soil is 2.8-10° Pa.

The 30.0 m. deep section is ended with the EGE 3 soils layers (dark greenish loam,
solid, with grit and gravel content of up 35%), which are situated from the depth of 17.0-24.2
meters;

Their properties are as follows: the value of density - 2.03 I/cm?, the porosity coefficient
is 0.519 and the reported resistance of the soil is 2.7-10° Pa.

It is notable, that due to the amount of laboratory determinations strictly required by the
technical order, it was not possible to determine physical and mechanical values for all layers,
while it was possible to apply a statistical method only in one case during determining quake
properties of the EGE 7 (see annex 2.6).

The values of properties of layers 4, 5, 6 and 8 were determined on the basis of

description of the core taken from the wells.



The underground waters were opened in the lower, plain area of the territory within the
depth interval of 13.0-15.0 m. Their chemical composition was not studied; according to the
fund materials the aggression of underground waters is not detected.

It is notable, that the studied area is completely located within the hills of deluvial-
proluvial genesis.

It is observed, that the strong mudflow coming from the region of Oshora and
Bakurianistskali sources has filled the negative forms of relatively lower areas of the relief
situated below it, including the lake located near the bottom of the hill slope of the studied
territory, which is identified by the loamy soils containing gallic and organic signs
characteristic from the depth of 14.3-24.2 m. in wells N1, 2 and 3 (see annexes 1.1, 1.2 and
1.3).

In the part of the south slope of the Trialeti Ridge, within which the discussed area is
located, middle-Eocene lava flow layers are open; due to this this is the zone of intensive
physical erosion area and the basic zone of collection of inert coarse debris materials, which
signals possible danger of mudflow event.

As the studied territory is located within the deluvial-proluvial body, it has achieved the
natural balance relevant to its current condition as a result of geo-dynamic processes, and is
characterized with stability.

Unforeseen technogeneous interruption may result in activation of geo-dynamic
processes, which will put the construction project, as well as the facilities located below the

object, in danger.
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5. Conclusions and Recommendations

. According to the engineering and geological zoning map the study area is located
within area of cretaceous and Paleogenic volcanogenic sediments, rocky and partially-
rocky soil of the Adjara-Trialeti folded system region.

. According to complexity of engineering and geological conditions (BNR 1.02.07-87)
the study area belongs to the second, middle category.

. On the basis of cameralistic processing of conducted field and laboratory study
materials 8 Engineering Geological Elements (EGE) were distinguished in compliance
with current standards and requirements (see annex 2.2).

. The numbers were assigned to the EGEs according to their consistency and the increase
in the amount of coarse debris insertions.

. All Engineering Geological Elements (EGE) are of deluvial-proluvial genesis and except
for the one (EGE 8, gravel ground) they represent the mixture of loamy mass and
coarse debris insertions with various percentages (see annex 2.2).

. The value of reported resistance of the soil fluctuates for the above mentioned layers
within the range of 2.4-4.5 10° Pa, while it amounts to 6.0 10° Pa for the EGE 8 (see
annexe 2.2).

Also, it must be noted that under the technical order, due to the volume of laboratory
studies (in 5 complexes of determinations) laboratory study of physical-mechanical
properties of all the layers were not possible to conduct.

. Under the above-stated loads (see annex 2.2), the sustainability of the construction
project would be ensured by the EGEs according to high probability discussed by us,
however two factors must be taken into consideration: the type of the construction and
the genesis of the study area.

. The necessary requirement under the current normative regulations during designing
hydro-technical construction projects is to study physical-mechanical properties in the
conditions of complete water-saturation of the soil, and to conduct field-experimental

works in order to study filtration properties.
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10.

11.

12.

13.

The studied area is a part of the hill of deluvial-proluvial genesis, which is in the
condition of natural balance relevant to the type and dimensions of its geological
composition as a result of geo-dynamic and erosion processes.

The above is the basis for its stable condition and without comprehensively
substantiated technogenic interruption negative geo-dynamic processes, such as
erosion and landslide, may develop.

The studied area is located in valley of the trapezoidal, mudflow nature and mudflow
processes are likely to develop in the future from the north-west side.

Due to all the above-mentioned, it is advisable to conduct quantitative evaluation of
sustainability of the study hill slope, as well as to evaluate possible impact of the geo-
dynamic dangers, existing in the region, to the construction project.

During the works the underground waters were detected at the bottom of the studied
hill within the interval of the depth of 13.0 + 15.0 m; according to the data from the

fund materials aggression of underground waters is not detected in the study area.

14. According to the seismic zoning map of Georgia the study territory belongs to the zone

of 8 ball seismic hazard (PN 01.01-09).

Engineer-Geologists: E. Katsadze
R. Chikovani
A. Lobjanidze
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Appendix 1.4
Legend

EGE -(D

— Soil layer - clay soil brown, with gravel content up to 15% and

plant roots up to 35 %.

EGE-Q - Clay soil brown, semisolid, crushed stone and gravel content
up to 40 %;

sge-(3) — Clay soil dark greenish, solid, crushed stone and gravel content
up to 35 %;

EGE-@ - Clay soil grayish - brownish, semisolid, crushed stone and gravel
content up to 50 %;

EGE-( _ Clay soil brownish-grayish, semisolid, gravel content up to 40 %

and 0.2-0.5m thickness gravel interlayers with clay soil I filler
(percentage correlation in section 75 % - 25%);

EGE-® — Alteration of light and dark brown, semisolid clays (0.1-0.9m) with

gravel inclusions up to 40 % and 0.1-0.2 m thickness gravel layers
(percentage correlation in section 60% - 40%);

EGE-@ - Crushed stone soil, solid clay with fillers up to 30 %;

EGE-Q®

— Crushed stone.
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1 ﬁ/A/A/A/ Clay soil dark greenish, solid,
18- g%%%g crushed stone and gravel
| 7605/, content up to 35 %;
194 SRAALAA
a (&l a a
| 2 o 190-19 5




17.0,

3.0

AL

5
o
20/
n
n
23:
24:
2.
26:
27
2

29+

30041 |

13.0

dpQyy

K845/ K548
e
.
D/ //%@
V / Z

S OON
\

AN

EN
G

\

EN

\\
D NS
\\\\
SO NS N NS

ENRNCNEN BN NRRNENEN
ENRNCRNEN PO \

PN NS R PN NG
ENCNTRNNEN BN

ND ND ND ND NDO ND

BN

X&R&Rﬁ&&?ﬁ?ﬁ

PN N PN NN N NN NN NN PN N PN N PN NN NN NN PN N
- Bl Bl — — — Bl Bl Bl
BN
o
N
N

9
NN
N
NN
74D 3
NN
N D

19.0-19.5

285-29.0

Clay soil dark greenish, solid,
crushed stone and gravel
content up to 35 %;
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3°dmbsdydggdols 3oGols bodb

Excavation Level
Ground water Level:
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0309JB0: 65 379M05b0-owggeno
Oject: Bakuriani-Didveli

sbsGmo 1.5-4
Appendix 1.5-4

dodydmogno  Ned
Borehole No 4
30dmbodydggdols 3ol bodbyao 21314 3
x=377568 Excavation Level_ 21314m
5{’?_%)?]8?)”1’ N GITQIN Y=4618308 309630l Fymwols @mbg: ao8mhighs —
Initial Date:13.12.2014 odyomgds —
©53055093015 MsGO@O: d=90mm _ 0.0-3.0m Ground water Level: _ Flow level -
Final Date:14.12.2014 d=76mm _ 3.0-30.0m Stable level -
Ne = Tla - I§ gfr‘ng]r‘?l(i)rl]jgoggﬁo
< £\ 3 g
ER- N b T
\ ) 2 g < c 7 =
Eg | ¥ 2 5ol x| =288 e. 2 |- _E o@gbHol sefg@s
29 |5 8 g | <D \g\g 3 =812, S€E Description of Soil
2UES |2 5 |12¥ ££| S%o fE 28228
2528 |222 T2 | %5 Tewme |3 > %50
QD Tm S EFE @® P O O Z = &
22 |Zsi5 |25 | £ Seog 2o zo|2zf
Tz el T8 2T 0 a o} C=
ET8E 2S5 S> US| L25r | mE|PE 2ES
F2EE ¥R |88 23| SEL£Q | 2g 28 |cOE
.o 20 SO oS0 CU| LD | gL ((B Soil layer — clay soil brown, with gravel
—euu 0 content up to 15% and plant roots up
1] @ 0.3 0.3 adQy _775779?/7§’Wq to 35 %.
5 10 ]707 dpQu| % ¥ g9 9 Crushed stone
§ >\:©§©§O§ Crushed stone soil, solid clay
2 \&&o with fillers up to 30 %;
§\Q\Q N
i bl QO QO GO%
® 34 dpQyy &&&O
§\Q\Q N
i bl QO QO GO%
3 H %O\\EO\\EO\\
45 35 LU
/17' /17' /17' /17'
54 /////// Clay soil brownish-grayish, semi-
i v e S e solid, gravel content up to 40 %
6. /////// and 0.2-0.5m thickness gravel
V/ rr T interlayers with clay soil | filler
1 7/////// (percentage correlation in section
74 [ 6 o o 75 % - 25%);
5 AN
o AL
] // v S
10 o o o ]
11 7// 7/////
® | /////// 1 m | L1113
12 ///
S S S S
i dpQIV 7/ 14 14 /
13- . // // V4
] ©c o o
147 7/ 17/ V///
157 14 14 14 14
] LN
16+ AL
177 v v v /
[6) I} [$)
18- ?//////
. ///// ,
4 19.1197 14.6 v e e /
| V%@//HQ//HQ//H ~ 10 € 10 7 Clavs enil Araviieh — hrownich




(A A

o] o o]

| Ny,
18 A
191, | 14.6 ///////

17+

~ 194
1 i//n%av/n&v/n 2 m | 195-19.7 | Clay soil grayish — brownish,
20 >//0/0/0/ semisolid, crushed stone and
dpQu|- 121,211 gravel content up to 50 %;

214 7
AT
v aa

218 127 -0
22 S Je Jv e Clay soil brownish-grayish, semisolid,
i /////// gravel content up to 40 % and 0.2-0.5m
23 dpQyy 5 Vo 5T | thickness gravel interlayers with clay
N Sy Sy aays soil | filler (percentage correlation in
238 120 // // // / section 75 % - 25%);
24 TN AT S : . ;
N e Clay soil grayish — brownish,
7 DD D D semisolid, crushed stone and
254 SV SV ravel content up to 50 %;
DA I D 9 P o
26 400 QV/H@V/H@V/HQV 3 m |256-258
p
] v 07 /HQV /HQV ng lay soil brownish-grayish, semisolid,
27.2274 3.4 S ot S ?hr_a\liel content ulp_ tto zto % anqtr?.zl-o.s
e e e e ickness gravel interlayers with clay
i dpQ 56 o 4 m | 275-27.7 soil | filler (percentage correlation in
28.228-11.0 N section 75 % - 25%);
1 5//“%%% Clay soil grayish — brownish,
29+ dpQyy g/%; i semisolid, crushed stone and
(A AT AT A gravel content up to 50 %;

NIV

Nl
N\
Q
EN
W\
SN
-~

30.0391 1.8




004 J@o: 60_(;";](f)o§60—g20g933@0 99060(1)00.0 1.5-5
Oject: Bakuriani-Didveli Jodgdoomo NS Appendix 1.5-5

Borehole No 5
353mbs3d9dggdols 3oMol bodbyano —2134.89

x=377516 Excavation Level_ 2134.8v
sFggd0l modowmo: Y=4618250 309630l Fymols @mbg: ao8mhighs —
Initial Date: 14.12.2014 d=90mm  0.0-3.0m ©odgo@gds —
©odmagHgdols ms@owo: d=76mm _ 3.0-30.0m Ground water Level: _ Flow level -
Final Date: 15.122014 - Stable level -
Ne o= . L bodydol s@gods
s Ele > g Sampling
2 8 s = £ s —
g & Ileo &, 258 s, | g 5®abHob s@fgdo
-8 |£ € |2E| 0 c 45 € 3| € 2 ~c a .
4528 | ® g T | gT| €E€O 20| P STE Description of Soil
Z | ¥4E35 = 52X | €c S50 CEE -
2IE78 222 S22 | 2% S.wme | E3|°> ¥5o
50 =838 53 Zems 22k fig
= 2SS0 |2 F o) 2 RO® c @ = <E
STBE z95 E2 Y8 £:8F TR TP o
FPEER E¥8 28 28| =££9 | T5 @ |£5€E
$c 2| =0 30 2850 Ep| B0 |32 <3 oil layer — clay soil brown, with gravel
=& il 0 content up to 15% and plant roots up
1] @ 03 |03 adQy /5 to 35 %.
ERICAR
Q < < Q 0,
, NN
> e
@ i dpQ \o\&o\c
3 PLy | 5 Y\Y R
N
1 oNoNoN\C
4- TN\
oNoNoN\e
2 49 146 D \A\&\c
O / / /
| o S S Alteration of light and dark brown,
°, 9 9 semisolid clays (0.1-0.9m) with
6+ EST ST m | 60-62 | gravelinclusions up to 40 %
® 1 dpQyy // @ © 7 | and 0.1-0.2 m thickness gravel
7 B R — layers (percentage correlation
| SeySey ey in section 60% - 40%);
3 8.0 g 3.1 W/ W/ W/ /
@ | dpQ S| 2 m | 8.1-83 |Clay soil brown, semisolid, crushed
4 9.0 , 1.0 Vieses s stone and gravel content up to 40 %
] V/ V/ V/A Alteration of light and dark brown,
10- o o o semisqlid cla_ys (0.1-0.9m) with
S S S gravel inclusions up to 40 %
® 1 dpQy //// g and 0.1-0.2 m thickness gravel
11 o S S layers (percentage correlation
| o, 99 in section 60% - 40%);
] A
5 12.7 | 3.7 S S S
@ 134 doQ %7%7%7%7 Clay soil brown, semisolid, crushed
6 139 1 12 PRy ///O D/%/o/ stone and gravel content up to 40 %
147 s s s
| Sl S S S Clay soil brownish-grayish, semi-
//V//V/// solid, gravel content up to 40 %
154 ’ 15,1153 and 0.2-0.5m thickness gravel
1 o e 2 3 m 7 | interlayers with clay soil | filler
16 /////// (percentage correlation in section
dpQy | 77 7w S e 75 % - 25%);
177 pad v v v
@ | o} e} o}
18- // VD
1 A,
] A




S S v e

174
é%
g /
19i / / / //
20 ey
7 208 169 ///////
21 57%7%7%; Clay soil brown, semisolid, crushed
dpQy 5%@/4%5 stone and gravel content up to 40 %
8 22222 14 n Sm S S
1 /V iy Alteration of light and dark brown,
23 semisolid clays (0.1-0.9m) with
. //// gravel inclusions up to 40 %
24| and 0.1-0.2 m thickness gravel
| /// layers (percentage correlation
dpQ in section 60% - 40%);
257 v
26- ) / / / p
4 - O o) O
277 pas v v v
9 275 |53 S S S
VA" (B YA Ay4e
28 /3/%//6//6/ Clay soil brown, semisolid, crushed
| dpQuy /Va 0 9 28.0-282 | stone and gravel content up to 40 %;
10 29.059 1.5 fﬁ S S
dpQ o o o Alteration of light and dark brown, semisolid
b Py Ay Aeyaeys clays (0.1-0.9m) with gravel inclusions up to
11 30.030J 1.0 s 40 % and 0.1-0.2 m thickness gravel

layers (percentage correlation in section
60% - 40%);
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Borehole No 5
353mbs3d9dggdols 3oMol bodbyano —2134.89

x=377516 Excavation Level_ 2134.8v
sFggd0l modowmo: Y=4618250 309630l Fymols @mbg: ao8mhighs —
Initial Date: 14.12.2014 d=90mm  0.0-3.0m ©odgo@gds —
©odmagHgdols ms@owo: d=76mm _ 3.0-30.0m Ground water Level: _ Flow level -
Final Date: 15.122014 - Stable level -
Ne o= . L bodydol s@gods
s Ele > g Sampling
2 8 s = £ s —
g & Ileo &, 258 s, | g 5®abHob s@fgdo
-8 |£ € |2E| 0 c 45 € 3| € 2 ~c a .
4528 | ® g T | gT| €E€O 20| P STE Description of Soil
Z | ¥4E35 = 52X | €c S50 CEE -
2IE78 222 S22 | 2% S.wme | E3|°> ¥5o
50 =838 53 Zems 22k fig
= 2SS0 |2 F o) 2 RO® c @ = <E
STBE z95 E2 Y8 £:8F TR TP o
FPEER E¥8 28 28| =££9 | T5 @ |£5€E
$c 2| =0 30 2850 Ep| B0 |32 <3 oil layer — clay soil brown, with gravel
=& il 0 content up to 15% and plant roots up
1] @ 03 |03 adQy /5 to 35 %.
ERICAR
Q < < Q 0,
, NN
> e
@ i dpQ \o\&o\c
3 PLy | 5 Y\Y R
N
1 oNoNoN\C
4- TN\
oNoNoN\e
2 49 146 D \A\&\c
O / / /
| o S S Alteration of light and dark brown,
°, 9 9 semisolid clays (0.1-0.9m) with
6+ EST ST m | 60-62 | gravelinclusions up to 40 %
® 1 dpQyy // @ © 7 | and 0.1-0.2 m thickness gravel
7 B R — layers (percentage correlation
| SeySey ey in section 60% - 40%);
3 8.0 g 3.1 W/ W/ W/ /
@ | dpQ S| 2 m | 8.1-83 |Clay soil brown, semisolid, crushed
4 9.0 , 1.0 Vieses s stone and gravel content up to 40 %
] V/ V/ V/A Alteration of light and dark brown,
10- o o o semisqlid cla_ys (0.1-0.9m) with
S S S gravel inclusions up to 40 %
® 1 dpQy //// g and 0.1-0.2 m thickness gravel
11 o S S layers (percentage correlation
| o, 99 in section 60% - 40%);
] A
5 12.7 | 3.7 S S S
@ 134 doQ %7%7%7%7 Clay soil brown, semisolid, crushed
6 139 1 12 PRy ///O D/%/o/ stone and gravel content up to 40 %
147 s s s
| Sl S S S Clay soil brownish-grayish, semi-
//V//V/// solid, gravel content up to 40 %
154 ’ 15,1153 and 0.2-0.5m thickness gravel
1 o e 2 3 m 7 | interlayers with clay soil | filler
16 /////// (percentage correlation in section
dpQy | 77 7w S e 75 % - 25%);
177 pad v v v
@ | o} e} o}
18- // VD
1 A,
] A




S S v e

174
é%
g /
19i / / / //
20 ey
7 208 169 ///////
21 57%7%7%; Clay soil brown, semisolid, crushed
dpQy 5%@/4%5 stone and gravel content up to 40 %
8 22222 14 n Sm S S
1 /V iy Alteration of light and dark brown,
23 semisolid clays (0.1-0.9m) with
. //// gravel inclusions up to 40 %
24| and 0.1-0.2 m thickness gravel
| /// layers (percentage correlation
dpQ in section 60% - 40%);
257 v
26- ) / / / p
4 - O o) O
277 pas v v v
9 275 |53 S S S
VA" (B YA Ay4e
28 /3/%//6//6/ Clay soil brown, semisolid, crushed
| dpQuy /Va 0 9 28.0-282 | stone and gravel content up to 40 %;
10 29.059 1.5 fﬁ S S
dpQ o o o Alteration of light and dark brown, semisolid
b Py Ay Aeyaeys clays (0.1-0.9m) with gravel inclusions up to
11 30.030J 1.0 s 40 % and 0.1-0.2 m thickness gravel

layers (percentage correlation in section
60% - 40%);
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Appendix 1.6-1

‘dgogo  Nel
0609]B0: do37005b0-wopggeo TP No1
Oject:Bakuriani-Didveli
3°dmbsdydgg@ols 3o@ols bodbymo —
Excavation Level —2125.8m
©o{ggool ms@ogo: 309630l Fyemol ©mbyg: asdmhgbs — 3
Q??.]magﬁ){]?mb NSOO@O: X=377509 ¢ Qéaﬂoﬁ)jbo -9
Initial Date: Y=4618292 Ground water Level: —
Final Date:
Ne = g R bodydols .ogga?)o
T 5 c £ Sampling
Q > — g Y—
c 2 © ~ ‘_g o
€ - g 3e & - -
o - « )
R 2 P B T T
Zl g s | ° gle=s 3 €& el & 228 Description of Soil
Z £28 |2 @ ZE = S50 TE Fo L8
(0 S 0| g |92= T T C g /JQ_EZ08
L~ o o 8| T 5 c® SE 00 [C2 =255
c£ | o=@ |00 SRR = < ~ o
€252 Z | S £ €D 2080 2o R gl2ac
CLo5| O P g0 Ll > S22l £2 F=
S C - c - = £ YO0 ® — Q| €2 g o
CEHE| 2E€= | 2 0 c Q @£ L£Q SE| gl 2RE
cdaw E¥8 7 (BO | AT4 (EZ T8 EES
1 @ 03 ~ 103 /4 Soil layer - clay soil brown, with gravel
7 Q\S\S \3\ content up to 15% and plant roots up
1 - SDQDQDQC to 35 %.
. §§\§\o ol 1 1.0-15 -
> E\S\S AN Crushed stone soil, solid clay
@ SD\EO\SD\SC 2 2025 with fillers up to 30 %;
3 ] §§§o\c
Q \n) \n) \n)
N
4 SEQEQD\EC
4 §§§o\c ,
J NVRNNSRNN 45-50
N
2 50 < 4.7 \&&D c
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Appendix 1.6-2

‘dg®go N2
0609]@0: TP No 2
Oject:Bakuriani-Didveli
3°dmbsdydgg@ols 3o@ols bodbymo —
Excavation Level — 21288 m
©o{ggool ms@ogo: 309630l Fyemol ©mbg: asdmhgbs — 3
Q??.]magﬁl{]?mb NSOO@O: X=377531 ¢ ;9§83oﬁ)560 -9
Initial Date: Y=4618284 Ground water Level: —
Final Date:
Ne = € . bodydol smgds
S = - e Sampling
S o — e Y—
: e B T
5 | ¥ 4= =4 c 5 A
R 2 P B T T
Zl g s | ° gle=s 3 €& o £el's |z2s Description of Soil
2138 |2 g| ZE = | 299 |€E| 20| BT
20 3.d iy Br | Sl3s 2EZpvid
i O O = >~ é[
S50 $EB|E2 P2 | £5DF |22 oF|22D
EEoE| B 2% éfs PR 2co8 COl T ol RE
o2 < g o e © 3l s RS
FEEE €|l 25 20 <528 =g g =2g
cglol cgal 2 |50 5 gE X < S| £ El£OE
2 W E\gcé} E‘%S <O 83w S N 58 L%Lg(;)u
-
1 ® |04 ~ o4 TETEITET Soil layer - clay soil brown, with gravel
DA A\ content up to 15% and plant roots up
1 :éséso\< to 35 %.
a \n) \n) \n)
\ésés@\ 4 1.0-15 -
) 3 NN Crushed stone soil, solid clay
® :é\g\o ¢ with fillers up to 30 %;
a \n) \n) \n)
3 I%é%%
a \n) \n) \n)
:éséso\< 5 30-3.5
a \n) \n) \n)
4 :é&\é&\@\(
a \n) \n) \n)
2 50 s ?&&&<
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Ygdeo N3
0609]B0: do37005b0-wopggero TP No 3
Oject:Bakuriani-Didveli
3°dmbsdydgg@ols 3o@ols bodbymo —
Excavation Level — 2112m
©o{ggool ms@ogo: 309630l Fyemol ©mbg: asdmhgbs — 9
30530 gd0l ms@owo: X=377659 oo QéSﬂoﬁ)jbo -9
Initial Date: Y=4618292 Ground water Level: —
Final Date:
Ne = g . 60d5dols .ogga?)o
o € Sampling
2 o g S
c SJO > —~~ :D c HC_)
\;;, - & E < g E'lc: c o
< 8 S E| o = = g2 c 2 £ 30960l s gds
s £ 9 | o 8¢ °3 £c® €5 2 |Za ipti il
z S €~ ) €& D g s |=es Description of Soi
5| B~ - E£| @ c o =€ 3 S8 = |8 ="
Z £28 |2 o ZE Ec S0 TE To =28
=28 |5 8 §c [BS | S5 |ZE ZgE:8
T~ o oo ° &S % (1] @€ KS) Ke] = > é[
fef,l o0 T £.e T ooR = oFloz22
EEoE| 8 2% S = 2 o c O cC QO T ol oL
sele| T | D (U8 c2o8 |2g =3TES
Co5E 2€s | 2 0 £ 9 S ELQ TE| PE2RE
ZUSH € ¥R €7 |25 Y50 |28 T3 EEs
- ©3Q|© L n|Lc
1 @ 04 v 04 SEEIES Soil layer - clay soil brown, with gravel
' 7 NEREANE \\L content up to 15% and plant roots up
1 Q\S\S\\i to 35 %,
7 LONONONC
] QESESO\?C 6 10-15 Crushed stone soil, solid clay
@ 2 égiﬁéiﬁg\\ic with fillers up to 30 %;
) \n) \n) \n) \n)
ARNENRNY
3 \\\\ ¢
EO QD 60\3
1 ;&&O o7 30-35
4 <a <a <a <
NN
7 \n) \n)
2 50 s 46 AINSNE
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0309JB0: d539M0sbo-popggeno TP No 4
Oject:Bakuriani-Didveli
3°dmbs39dggdol 3odols bodbyao —
Excavation Level — 2104m
ofygool ms@ogo: 230960 0L Tgmoli ©mby: godmbgbs —
©530530 9501 M>M0o: X=377638 Esdys@gds — 3
Y=4618384 Ground water Level: —
= € . 60390l omgds
5 - % Sampling
Q > — g y—
(=] N © ~~ = o
S - g 3= g el . c —
= $ t-cﬁco g \? 2 x = gﬁ & 2 ;Aé ‘(‘)‘{’"86(5"}’ "K’Vi]‘q’_"
g§_o . E| = |co EE O =8 2 |[STE Description of Soil
£2% |2 o] 2E € SN o3 SoloT 2
PO | S _a| = |92z C -®C cE 28 gc@
< o = © | 2 x c® @‘:mo o 3| 5 & g0
[ORPN o—-m| © .©Q QO CC\S-_‘_L_)._ =z = é(
EoT 8| 2 .w| SE €5 28292® |2 222
EEQET| S5 S0 | 2= D B c o= c QO T ol c oL
=228 _E c - gL too® |9l Sg/RfES
SESE| €S| 28 |£0Q e | FE PELRE
tdfn E¥T €7 BE | T4 (Z8 23 2ES
| EEIRE <O Sn|l EH ERD
(©) 04 v 04 JTETEI T Soil layer - clay soil brown, with gravel
EYA NV Y content up to 15% and plant roots up
RS fogs
ONOND
NSNS 10-15 hed il, solid cl
@ ésgso\o Cru; feII stone so;(,)s; id clay
AN\ with fillers up to 0;
:é&\é&\@\@
ju) <Q <Q <Q
R 2035
ésgsD O
<Q <Q <Q
é\g\@ =
5.0 NEN NSNS
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0309JB0: do39M0sbo-pomggeno TP No 5
Oject:Bakuriani-Didveli
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Table. Values of the Physicomechanical Characteristics of
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Indices for Processing

3Mobgemdg@ M ymo Jgdowy gbenmds, % /
Granulometric Composition, %

Q9OEMo0l  ©OM- 2 é B . 3EnoliBo 396
g 96000 Jobmdo O - A S 59 Plasticity
2 39J560bdgdom SO @gS-589m Jgdom ) ) c o < - ~ S 2
° c £ CHulI-IV-5-82 CHulI-Iv-2-g2  |d3°0@s20b €3 g 2 € |8 £ 28|, ]
Z = 3 hog@doggdolol/ [ 2 & e = =4 ~ < =
— 2 ~ Temnorarv Gradient °° g ° < - é = -
.9 ZO 8( Ej c * 5 o - N ~ ,-% E‘
g - L "g g% P & RQOSJ30oms bemdgdo, 93 / g = \% S
— c g £ . . : © y 7
;_, % \g - EED {(‘)‘4"36636015 Qobobooma%o . R s \g g 2 Dimensions of Fractions, mm - R ? g
~ 9 . .. ] £ 5 £ < £ c A
& B £ Bo o Soil Description 7 |2 g 2 [2 q B 8 = % z 0 122 %
Q Z c 0o 4 = 0 2 | = < 2 | » 2p] T} P G) e 3= < S
< > | L 3 % A |90 |& & & |0 |& & 8 g |Z2& Yz Jeg & E
e QO g [} c ~ o B £ o ~ ) £ Ie) o, o, ~ E’ on S by ~ g o
. | T g o & =2l 2|25 2 5 lezs 2 2 = A
yd 5 g R RIS R R ~ ~ [£<== o S q 2 &% 2% g
> = < \3) T89S € |F 8|9S 5% g l2es 8 S @ e 2 1< =
< g S 2> S |IE 2> T T Low o o~ S o % {2 &
A © &~ T | ~ @ «© == v o S ~ < 12 Py
= < 2 < A o o) € S < =) 3 4 =
- - & - & © 8 o c A= E
g o) D RZ)
= S
© =
S - - 15| - - _ _ _ % % % % _ _
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
T layer — clay soil brown, with gravel content up to 15% and plant
1 @ |adQ, roots up to 35 %. 1400 9 I 1400 | g® 1 _ _ _ _ _ _ _ B B
C 4,040 Clay soil brown, semisolid, crushed stone and gravel content up to 40
2 @ | dpQy %%@ %; 1950 [ 33" | M | 1950 33" | 1 1:0.75 1:1 1 124 292 22.1 363 0462 | 0335
PV
L7217 472 AClay soil dark greenish, solid, crushed stone and gravel content up to
3 ® | dpQy %%%O 35 %; 1950 | 33" | I | j950 | 33" | 1 1:0.75 1:1 I 9.7 229 2638 40.6 0388 | 0264
o/0/0/0
/ﬂuv/ﬂuv/ﬂuv n|Clay soil grayish — brownish, semisolid, crushed stone and gravel
4 @ dpQw /H%%Dv / content up to 50 %; 1950 33" 11 1950 33" I 1:0.75 1:1 I — — — — _ _
o0/,0/,0
oS S Clay soil brownish-grayish, semisolid, gravel content up to 40 % and
I r
5 ® |dpo 2 Lz 0.2-0.5m thickness gravel interlayers with clay soil | filler (percentage | 1950 33 11 1950 | 33 I 11 11 I
O . : - - - - - -
PRvi o o correlation in section 75 % - 25%); 1950 396 I 1950 396 III
V |78 v
5o |Alteration of light and dark brown, semisolid clays (0.1-0.9m) with
T T
6 ® | dpQ, [ gravel inclusions up to 40 % and 0.1-0.2 m thickness gravel layers 1950 | 33 m | 1950 | 33 1 11 11 I _ _ _ _ _ _
V [[o_c o J(percentage correlation in section 60% - 40%); 1950 | 390 I | 1950 [ 396 I ’ '
SN\ Y Crushed stone soil, solid clay with fillers up to 30 %;
7 @ | dpQ, [\oNeNe 1950 | 395 | m | 1950 395 | 1 1:1 111 1 35 97 16.6 702 0339 | 0239
NN AN
a"[\jﬁ' Abdvpv Crushed stone.
8 dpQu | 42" Fuw 1950 | 39° | 1 | 1950 [ 395 | 11 11 I - - - - - -
}vhv sl Vq
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soils
({jo%odﬂ(ﬁo 0’)801)8689)0 8(‘][]060(3"(‘](‘1)0 (7)80138?)32)0
Physical Characteristics Mechanical Characteristics
00> L0d 334039, 3)/1)83 - L0330y
. 3 e Strength
Density, g/cm = c 8
°o . . £ Lo
Q DCO gﬁ o A ; ? :;: :EZ g S j
pl & |2 < < % S s U s & 2|2 e 2 : g
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SElE [$2 |2 glzB|£ 2255 8l2s] =% |2€|2E|E O[€ |§ s |2 z
A= w | 2 =t 2 =) = i~ i V2] 15 - n
€ 2|2 g2 5|2 c|EEISS|EE|BEIT Al S - 2R E|E 22 8% 2 2
= Ely Z|e 8|S s|e 2% =& O Sle o< & E w € B2 = NS S | § 8
c 2| 2lgz |g Bl BlEs|=2 2|2 S 5ls =2 o B g B8l g | 28 2 &L = c
cmaD.'Sd\m:TJLDO\E c'ag&”'ﬁatg S g’DH@EC 55 "gc € oo >
s 2ld 51T 2|l 2|2=2]C < > 3ls 2< @ € = = oo 3|t - & - R =N
€ 5 S5 le s »n| D e g c v|l2 8| %= O & °©|8 & |¢& 2 & s - A £e
S gleoleg |2 % 2 g Bl =& 4 @ il B¢ > % 2 2 1S g
17 < s 9 = S |= 2 IS € =l¢ B |2 = R © = o £
e s | © € O 2o N > £ w0 s g B« g =8 & © 0o
O o |< Y= € = A= O ) o S g |lAa v |Z §° ¢ 3 g A
= £ = 2 % < > % E S|P =% £ e 2 g
2 \> > o T =2le 5= © < Py
é( «© o © i) S < | = NS
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% |g/em® |g/em® g/cm® _ _ _ _ _ _ m/day 10°pa | grad. | 10°pa | 10°pa | 10°pa _
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
1. Outcomes of laboratorial researches and recommendation of
— — — — — — — — — — — — — — — — — special literature were used in order to determine normative and
calculation values of engineering-geological elements physical-
mechanical characteristics.
107 269 199 166 0202 0333 | 0620 | 0231 | 087 021 0.027 210 20.6 0.19 94 2. Values of characteristics given in fraction correspond in
’ ’ ’ ’ 0362 ’ ’ ’ ’ ’ ’ 237 0.29 ’ - - denominator — normative values and in numerator — calculation
values;
3. Laboratorial researches were carried out to determine shift
124 270 203 1.71 00—523 0367 | 0579 | 0214 | 0.88 | -0.06 0.018 240 ;ig 8?2 2.7 — — characteristics values for EGE 7 and their values are given in
’ ’ brackets. Calculation values are determined during reliability
probability @ =0.95.
B B B B B B B B B B 0.045 270 28.7 0.15 8 _ _ 4. Values in moisture column for Engineering-Geological Elements
' 33.0 022 ' 2 and 3 are given in fraction: the numerator shows the common
ground moisture value and denominator exhibits <2 fraction value
according to which floating value was determined.
— — — - - — - — — - 0.06-0.20 280 ;:2 8;2; 29 — — 5. Values of mechanical properties for engineering-geological
’ elements 4@ 6 are accepted in accordance to their description,
through calculation of average weighted values.
27. .1
— — — — — — — — — — 0.5-15 310 J: 8 22 32 — —
39.1 0.13
15.0-20.
100 | 261 | 183 | 16 | 044 | 0387 | 0631 | 0242 060 | -095 50-200 460 | 332) [ Q04 1 44 - -
(0.054-0.13) 430 | 0.19
(35.6) | (0.17)
41. .
— — — — — — — — 80-100 570 418 0.06 6 — —

46 0.09




Appendix 2.5

Table for outcomes of laboratorial researches of soils filtration characteristics
Object description: BAKURIANI

Ne Sample Taking ) - o Plasticity
Ne Places Granulometric composition, % (Fraction size in mm)
s
§ N o Ya) = = e
5 £ £z | PH q | 2] 8 | £ | 8 |g |E E |2
< < E=] =] w0 N - pe o < < = S S - = P S 3
A =, 5 A = A A = & e S & S |3 g = g= | B¢
T [a) S S S = 2 v = 3 a >
1 1 1.0-1.5 166
2 1 2025 167 . o . )
Each sample is dark gray clay soils with gravel and crushed stones inclusions
3 1 4.0-4.5 168
4 | 2 16.0-16.5 169
5 2 19.0-19.5 170
Table continuation
Ne . . Reduction, % Soaking, %
Ne 3 Soil Density of @ o o 5 . uction, % Ing, 7o :
© o 3 B e 3 o o
= 1%} = Q
25 |« - 2. 6. | 575 |8 5 |§ = |2 |B2|¢g S |2 S
s | & 3 5 8| €5 | 25 p8: |Eoe |93 |8 | SE | %.| 58 |f£:s | £
S 2 = . = s | 6| 29| $ B8 |2 £ |sT€ |3 S5 | g5 | EE | & & e~
o) g d g o =2 | a £ £0 20 | 8 O 2 @ = 235 | = o <
S o = 2 3 2 €8 2 g - = | 8> 32 | 2 | &
= S g n S 2 [s° & = s | £ | & Sz | 8§ O
Q e < —_— i —_
g = O 8 © g T S5 | == = S |5
1 0.198 271 1.79 149 4502 | 0818 0.302 0.65 0.054
2 0.198 271 1.79 149 4502 | 0818 0.302 0.65 0.054
3 0277 271 1.75 137 4945 | 0978 0.361 0.77 0.11
4 0.296 271 1.76 136 4982 | 0993 0.366 0.81 0.13
5 0231 2.69 2.04 1.66 3830 | 0.620 0231 1.0 0.027
0214 270 2.14 171 | 3670 | 0579 0214 10 0.018

JSC “Saktskalproekti” Geotechnical Laboratory Laboratory Manager: V. Ivanovi




Statistical Interpretation of Mechanical Data.
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<
)
No. of Samples 8 T % > Calculated Value
P sS4 | 22| £
= S % S
i3 Mechanical Characteristics 5 o= S 2 i
o .© E 3]
© > L= c
o . oo o8 o _ _ _
Initial Final 32 [a) o> 5 a=0.85 | a=0.95 | a=0.99
2
Cohesion, C Natural Moisture
1 Content 10° Pa 9 9 0.068 0400 0.17 0.09 0.04 -0.03
Internal friction angle, @ Natural Moisture
2 Content Degree 9 9 0.031 0.044 35.56 3421 3325 31.84




