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1 INTRODUCTION

One of the most important components of the economic policy of the Government of Georgia is the
implementation of strategically important infrastructural projects and upgrading and development of
the road network. This priority is shown in a 4-point Reform Plan developed by the government
recently. The priority objective of the spatial development under the Plan is the International East-
West E-60 Highway Improvement Project what will significantly promote the establishment of Georgia
as a regional transport and logistics center.

Consequently, the Georgian Government, assisted by the international organizations, started to
implement the program envisaging the impropvement and upgrading of the main roads in Georgia. This
program is controlled by the Roads Department of the Ministry of Regional Development and
Infrastructure of Georgia.

The present document is about Sadakhlo-Algeti Road Section under East-West E-60 Highway
Improvement Project. The Road connects Georgia with Armenian and is also an important connecting
chain to Europe across the Black Sea and Central Asia across the Caspian Sea. Following its great
importance, the upgrading of the said Road is more than merely an ordinary infrastructural project.

The present environment scoping report was developed by “Eco-Spectri” Ltd. for the Roads Department

of the Ministry of Regional Development and Infrastructure of Georgia. See the Table 1 below for the
contact information.

Table 1. Contact Information

Implementing agency:Roads Department
Legal address:#12, A. Kazbegi Ave., Tbilisi 0160, Georgia
Implementation location{Marneuli Municipality
Type of activity]Upgrading Sadakhlo Algeti section of E-60
Highway

Chairman of the Roads Department oflIrakli Karseladze
Georgia:
Contact person:Gia Sopadze
Tel:+995 599 939209
E-mail:Gia.sopadze@georoad.ge

[

Consultation Company:“Eco-Spectri” Ltd.
Director of “Eco-Spectri” Ltd.:Irakli Kaviladze
Tel:+995 599 979748; +995 322 904422

o

Legislative basis and goals of the document development:

The procedures to provide an Environmental Impact Assessment (EIA), make relevant environmental
decisionsand for public participation and expertise during the implementation of various kinds of
activities in Georgia are regulated in line with the requirements of the Environmental Assessment Code,
the Georgian law adopted on June 1, 2017. The activities of different contents are prescribed in the I
and II Annexes to the Code. The activities provided for by Annex I are subject to the EIA procedures,
while those in Annex II must be subject to the screening procedure thus necessitating the EIA
procedure.



The project to consider in the present document is among the activities under the I Annex:

e C(Clause 11. Construction of motor roads of international or intrastate significance.

e C(Clause 12.Reconstruction and/or modernization of motor roads the entire section of which is 5
km or more in length.

e (Clause 13. Construction of tunnels and/or bridges located on the motor roads of international or

intrastate significance.

Following the above-mentioned, the project is definitely subject to the EIA procedure.

The main stages of the EIA are given in Article 6 of the Code, suggesting that at the initial stage,
a scoping procedure is necessaryAs the Code defines, scoping is the procedure, which determines the
list of the information needed to obtain and study for the EIA purposes and means to reflect this
information in the EIA Report.Following the said requirements, the project Scoping Report was
developed and submitted to the Ministry of Environmental Protection and Agriculture of Georgia.

In line with the requirements of the Code, the Ministry held the public hearing of the Scoping Report.
Based on the scoping report, scoping opinion N°10 30.01.2019was issued, which gives the list of studies
and information to obtain and study as necessary for the EIA Report development.

The responses to the issues envisaged by the Scoping Opinion of the Ministry of Environment
Protection and Agriculture of Georgia are given in Annex 1.

Following the above-listed procedures, the present EIA Report was developed. As the Code explains,
the EIA Report is a procedure to identify and study possible environmental impact based on relevant
studies for the planned activity, which may have a significant impact on the environment. The purpose
of an EIA is to identify, study and describe direct and indirect impacts resulting from the planned
activities on the following factors:

e human health and safety;

e Dbiodiversity (including species of plant and animalspecies, habitats);
e water, air, soil, land, climate and landscape;

e cultural heritage and material assets, and

e any interaction between the factors provided for above.

The present EIA Report was developed in line with Article 10 of the Law of Georgia On
»Environmental Assessment Code“. Based on the EIA Report, the Ministry of Environment protection
and Agriculture of Georgia issue an environmental decision, what is the necessary precondition for
implementing the activity in question.
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2. LEGISLATION AND NORMATIVE ACTS EFFECTIVE IN THE FIELD OF ENVIRONMENTAL
PROTECTION AND ASSOCIATED WITH THE PLANNED ACTIVITY

Under Article 37 of the Constitution of Georgia, all citizens of Georgia have the right to live in harmless
environment and to have use of the natural and cultural environment. Everyone is obliged to take care of
the natural and cultural environment. The state, by considering the interests of the present and future
generations, ensures environmental protection and rational use of natural resources, sustainable
development of the country to provide the environment safe for human health in line with the public

economic and environmental interests.

The basis for the environmental legislative and normative documents effective in Georgia is the Law of
Georgia “On Environmental Protection”. The Law regulates the legal relations between the state
authorities and the physical and legal entities in the field of environmental protection and nature use on
the whole territory of Georgia, including its territorial waters, air space, continental shelf and economic

zone in particular.

Following the requirements of the above-mentioned Laws, a number of by-laws and normative
documents are in force in Georgia, which regulate the legal relations in the field of environmental

protection (the list of the legislative and normative documents is given in Tables 2.1 and 2.2).

Table 2.1. List of Environmental Laws of Georgia

Year Final version Law Registration Code

1994 14/06/2011 Georgian Law on Soil Protection 370.010.000.05.001.000.080
1996 06/09/2013 Georgian Law Environmental Protection 360.000.000.05.001.000.184
1997 06/09/2013 Law of Georgia on Wildlife 410.000.000.05.001.000.186
1997 06/09/2013 Law of Georgia on Water 400.000.000.05.001.000.253
1999 05/02/2014 Law of Georgia on the Protection of Atmospheric Air 420.000.000.05.001.000.595
1999 06/09/2013 Forest Code of Georgia 390.000.000.05.001.000.599

Law of Georgia on Compensation for Harm Caused by

1999 06/06/2003 040.160.050.05.001.000.671
Hazardous Substances
2003 06/09/2013 Law of Georgia on Red List and Red Book of Georgia 360.060.000.05.001.001.297
2003 19/04/2013 Law of Georgia on the Conservation gf So1ls.a.nd Restoration 370.010.000.05.001.001.274
and Improvement of Their Fertility
2005 20/02/2014 Law of Georgia Licenses and Permits 300.310.000.05.001.001.914
2007 25/03/2013 Law of Georgia on Ecological Examination 360.130.000.05.001.003.079
2007 06/02/2014 Law of Georgia on Environmental Permit 360.160.000.05.001.003.078
2007 13/12/2013 Law of Georgia on Public Health 470.000.000.05.001.002.920
2007 25/09/2013 Law of Georgia on Cultural Heritage 450.030.000.05.001.002.815

The Law of Georgia on Rules for Expropriation of
2007 03/06/2016 Ownership for Necessary Public Needs 370.060.000.05.001.003.003




The L f Georgi Rules for E iation of
2008 06/09/2013 ¢ Law ot Leorgla on Rules for bxpropriation o 020.060.040.05.001.000.670
Ownership for Necessary Public Needs
2014 01/07/2014 Law of Georgia on Civil Security 140070000.05.001.017468
2014 01/06/2017 Waste Management Code 360160000.05.001.017608
2017 05/07/2018 Environmental Assessment Code 360160000.05.001.018492
Table 2.2. Major environmental protection normative documents
Adopred on: Name of the Normative Document Registration code
15/05/2013 | Decree #31 of the Minister of Environment and Natural Resources of Georgia | 360160000.22.023.016156
“On Approving the Provision on Environmental Impact Assessment”.
31/12/2013 Decree N°425 of the Government of Georgia 300160070.10.003.017650
Technical Regulation — “Protection of Surface Water Contamination”. B
Decree N°435 of the Government of Georgia
Technical Regulation — “Methods of calculating the actual amount of
emissions according to instrumental methods for determining the actual
31/12/2013 |amount of emissions in ambient air from stationary sources of pollution, list of| 300160070.10.003.017660
special measuring and controlling equipment for determining the actual
amount of emissions in ambient air from stationary sources of pollution and
technological processes from stationary pollution sources”.
Decree Ne408 of the Government of Georgia. Technical Regulation —
“Methods of calculation of maximum permissible emission of hazardous
31/12/2013 substances into ambient air” 300160070.10.003.017622
Decree Ne415 of the Government of Georgia
Technical Regulation - isi "D ining Levels of Soil Fertility"
31/12/2013 echnical Regu a"tIOI.'l provisions on "Determining Levels o "801 ertility" | 4 1160070.10.003.017618
and "Soil Conservation and Fertility Monitoring".
Decree Ne424 of the Government of Georgia
31/12/2013 [Technical Regulation — on "Topsoil Removal, Storage, Use and Cultivation". 300160070.10.003.017647
Technical Regulation — "Operation of Dust-Trapping Devices approved by
03/01/2014 Decree Ne21 of the Government of Georgia. 300160070.10.003.017590
Technical Regulation - "Radiation safety standards within the territory of
03/01/2014 Georgia", approved by the Decree N°28 of the Government of Georgia. 300160070.10.003.017585
Decree N°8 of the Government of Georgia
03/01/2014 |Technical Regulation - "The unfavorable weather conditions for Protection of | 300160070.10.003.017603
Environment".
D Nel17 of the G tof G i
03/01/2014 coree T 0T e SONETIMEnt o = eotgl 300160070.10.003.017608
Environmental Technical Regulation.
06/01/2014 Decree Ne42 of the Government of Georgia. 300160070.10.003.017588

TechnicalRegulation - "Method for inventory of Stationary Sources of
Air Pollution”
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14/01/2014

Decree N254 of the Government of Georgia

Technical Regulation - "Environmental Damage Determination
(calculation) Method”.

300160070.10.003.017673

15/01/2014

Decree N265 of the Government of Georgia. Technical Regulation — “On
asfe exploitation of oil depots”

300160070.10.003.017683

15/01/2014

Order N270 of the Government of Georgia

Technical Regulation — “Maximum Allowed Concentrations of harmful
substances at work places”.

300160070.10.003.017688

17/02/2015

Decree No61 of the Government of Georgia

»The rule of implementation of state control by the Environmental
Supervision Department of subdivision agency of the Ministry of
Environment and Natural Resources Protection of Georgia”.

040030000.10.003.018446

04/08/2015

Decree Ne211 of the Minister of Environment and Natural Resources
Protection of Georgia
Technical Regulation - "Rules of reviewing and coordinating the company's
waste management plan".

360160000.22.023.016334

11/08/2015

Decree N2422 of the Government of Georgia
on "Waste Recording, Form and Content."

360100000.10.003.018808

17/08/2015

Decree N°426 of the Government of Georgia.
Technical regulation “On Determination and classification of the list of
waste according to their types and characteristics”.

300230000.10.003.018812

01/04/2016

Technical Regulation - Decree N°159 of the Government of Georgia
“On the rule for the collection and treatment of municipal waste”.

300160070.10.003.019224

29/03/2016

Decree Ne144 of the Government of Georgia
“On the rule and terms of registration of the collection, storage,
transportation, pretreatment and temporal disposal of waste”.

360160000.10.003.019209

29/03/2016

Decree N°145 of the Government of Georgia
Technical regulation “On special requirements for the collection and
treatment of hazardous waste”.

360160000.10.003.019210

29/03/2016

Decree Ne143 of the Government of Georgia
Technical Regulation “On approving the rule of waste transportation”.

300160070.10.003.019208

01/04/2016

Decree #160 of the Government of Georgia

»-On approving the waste management national strategy for waste
management of 2016-2030 and national action plan of 2016-2020”

360160000.10.003.019225
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3. ANALUSIS OF ALTERNATIVE OPTIONS

East-West E-60 Highway Improvement Project project envisages construction of new four-
lane highway from Rustavi ((auto market) to Georgia-Armenia state border (Sadakhlo Border
Crossing Point).The project road corridor will pass through two self-governing units: City of
Rustavi and Municipality of Marneuli. However, as noted in the introductory section, in this
document we will discuss only the section passing through the Marneuli municipality area,
starting from Sadakhlo Road Junction planned to the East of Azizkedi village to the Sadakhlo
Border Checkpoint (Algeti Sadakhlo section).

This is because the initial section (from the city of Rustavi to Algeti) is described in a separately
developed EIA Report and the Environmental Permit to it is issued separately.

Within the scope of the EIA, various alternative options of the project were considered, including
non-project (no action) alternative and alternative routes of the road corridor.

3.1 Non-project alternative — substantiation of the project need

Presently, the traffic from the capital of Georgia and E60 Highway to Sadakhlo border checkpoint
is possible along Tbilisi-Marneuli-Guguti and Marneuli-Sadakhlo International Roads. The road
traffic intensity at the Armenian border is 3000 vehicles a day.

When analyzing no-action alternative, attention must be paid to the option of free movement of
within the highway: in various fields (including tourism, trade, etc.) on the background of
successful cooperation between Georgia and Armenia the demand for exploiting the given section
of E-60 road main (See the following sub-chapter — “Results of the study of vehicle flows”). The
existing situation and forecasted data increase the risks associated with traffic safety and prolongs
the travel time. Increased traffic flows due to insufficient road sizes, has a negative impact on the
living conditions of the local population (the action of disturbing factors, such as noise, dust, etc.
increases). In the future, simultaneously with the increased traffic flows 9what is quite possible in
case of realization of such announced tourism development projects, as the construction of Anaklia
Deep Sea Port, etc.), the situation described above is expected to aggravate further.

At the same time, it must be said that no-action alternative will fiercely decrease the positive
social-economic effect gained at the expense of modernized sections of the E-60 highway and will
have a negative impact on the expectations of the country population and businesses.

The goal of East-west E-60 highway improvement project, including Rustavi-Red Bridge section is
to reduce the cost of transportation of the existing roads and give the opportunities for sustainable
growth of the road network. The economic development brought by the existing road is in
compliance with the long-term development strategy of the Government of Georgia.
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The improvement of the state of the road will support the economic development. Reduced costs of
transportation and/or improved access to them ensure high competence for the economic activity in the

region:

e Field of road service: the improvement of the state of the road may result from an increase traffic

intensity what will increase the local incomes of the roadside businesses, such as gas fueling station,

hotels, restaurants, etc.

e Tourism: similarly, the road improvement will result in the increased number of tourists interested

in the region what will increase the incomes and general well-being in the region;

e Social benefit: by improving the state of the road, the access to health, education, cultural

improvement and other social needs may increase;

¢ Employment: local population will be engaged in the construction works what will have a positive

impact on their incomes.

Following the above-mentioned, it may be said that the modernization project of E-60 highway will

significantly support the sustainable development of the country. The reduction of the scales and area of

the expected negative impacts on the environment caused by the implementation of the project will be

possible by taking relevant compensation and mitigation measures.

3.1.1 Results of Traffic Survey

The study of traffic flows was accomplished at the stage of the feasibility study of the project. The
vehicles were counted in April of 2017, near Rustavi, Red Bridge and Algeti. Future trade potential of

the project are and generated traffic estimates were modeled in HDM-4 during the feasibility study.

The results of the vehicle count and predicted traffic volumes are shown for 2040, 2050 in Table 3.1.1.1.

Table 3.1.1.1. Results of Traffic Survey

Average number of vehicles a day

Year Destinati | Motorcycle car Minib Small Truck
on us Large bus | truck Total
Algedi 0 2235 199 30 301 577 3342
2017 g; dakhlo 0 2767 103 16 125 271 3312
Algedi 4 24600 3300 300 3900 5700 37800
2040 g 4akhio 0 9800 400 200 500 1700 12500
Algeti 5 28900 3900 300 4500 6400 44000
2050 | Sadakhlo 0 11500 400 200 600 1900 14600




113

Algeti Sadakhlo

50000 20000

40000
/7 15000 =
30000 /—

/ 10000
20000 /
/ 5000

10000 / (

2017 2040 2050 2017 2040 2050

3.2 Alternative corridors of the highway

Within the scope of the feasibility study, four technically realizable and financially more or less
beneficial alternative corridors were considered:

Alternative 0 — widening of the existing road;
Alternative 1 — the so called Red Alternative;
Alternative 2 — the so called Blue Alternative;
Alternative 3 — the so called Green Alternative.

All three alternatives are marked on the drawing 3.2.1. In the following paragraphs, there is a
comparative analysis of alternative corridors from financial-economic and environmental point of view.

In addition, in this scoping report, we will consider additional alternative options specified in the
intermediate phase of the project process, concerning a slight adjustment of the middle section of the
corridor of the second alternative (blue).
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Figure 3.2.1. Alternatives of the highway alignment
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3.2.1 Alternative 0 — widening the existing road

An alternative of expanding the existing road was rejected right at the initial stages of the feasibility
study, the reason for which was named a number of insuperable barriers.

At present, movement from the capital of Georgia (from E60 highway) to the Sadakhlo border
crossing point is possible through Tbilisi-Marneuli-Guguti and international Marneuli-Sadakhlo
highways. Alternative of widening the existing road can be considered for this route, which is
about 80 km long section. Accordingly, "Alternatives O - widening of the existing road" is about 30
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km longer than the new corridor planned from Rustavi, and if we consider that the proposed road
to the Red Bridge can be constructed independently, the difference is 50 km. It is obvious that the
alternative of widening the existing road is unacceptable in terms of route length - operation costs
will be higher compared to other discussed alternative options.

In addition, nonlinear route of the existing road shall be taken into consideration, in particular, it makes
sharp turning at several points. Such a route could not ensure the realization of the expected major
benefits (reduction of transportation time and distance, transportation security, etc.) of the project.
During the design process, it will be virtually impossible to meet the TEM standards, which was
probably the main reason for neglecting this alternative option at the stage of feasibility study.

Significant socio-economic and environmental deficiencies were also revealed. It is noteworthy that the
corridor will pass through the centers of such densely populated villages, such as Koda, Imiri, Damia-
Giarurarkhi, etc. Most importantly, it crossed the City of Marneuli and practically it will be necessary to
design its bypass road. Because of these circumstances, the alternative option will be related to dozens
of physical resettlements.

The proximity of residential houses increases the impact of the noise and emissions on the local
population (at both stages of the project). In this regard, especially at the operation stage, it will be
necessary to take expensive mitigation measures (arrangement of noise barriers). Risks associated with
safety of the population and the scale of visual-landscape impacts will be increased.

Taking into consideration the above circumstances, it is clear that the widening of the road is
unacceptable. It is advisable to select a new corridor that will be away from sensitive objects (in this
case residential zones) as far as possible. In addition, the technical parameters established by the
international standards for the highways will be provided and the expected benefit will be achieved at
maximum level.

3.2.2 Alternate of the New Corridor of the Highway

As it was already mentioned above, 3 alternative options of a new corridor of the highway have been
discussed. Alternative options: Alternative 1 - the so called Red Alternative; Alternative 2 - the so called
Blue Alternative; and Alternative 3 - the so called Green Alternative. All three alternatives start from
the Sadakhlo Road Junction of the planned Rustavi-Red Bridge Road and ends at the Sadakhlo border
crossing point.

Sadakhlo Road Junction will be arranged between Azizkenda and Didi Mughanlo villages, on
agricultural lands (Coordinates: X — 497370; Y — 4583775). From the road junction, all three alternatives
continue to the West (see Picture 3.2.2.1.).



Picture 3.2.2.1. Sadakhlo Road Junction and initial section of the road corridor

After about 1 km from Sadakhlo Road Junction, the Green Alternative passes to the south, crosses the
River Khrami, passes in the vicinity of Didi Mughanlo village and passes around Kirikhlo village from
the East and South. Then, the road route continues through the groves and agricultural lands along the
left bank of Debeda River. It should be noted that the alternative corridor crosses the railway near
Mamaisi village.

After about 2.5 km from Sadakhlo Road Junction, the Red and Blue Alternatives have different
directions. The first one turns to the right, it passes around Kultlari and Baidari villages from the north,
then crosses Khrami River and Marneuli-Sadakhlo International road between Shulaveri and Imiri
villages. The next route is directed to the south - it passes through the villages of Zemo Sarali, Damia-
Giarurarkhi, hilly terrain conditions to the west of Kirovka, as well as on agricultural lands.

The blue alternative turns to the left and crosses Khrami River (see Picture 3.2.2.2.). Farther, the route
continues on the agricultural lands between the villages of Kulari and Kirikhlo (see Pictures 3.2.2.3.) to
the village of Kvemo Sarali. After that the route turns to the south.

Picture3.2.2.2. Project corridor, Khrami River Picture 3.2.2.3. Project corridor to Kvemo Sarali
crossing section village
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From Kvemo Sarali village, the Blue Alternative passes to the east of the existing road, almost
parallel to it. The corridor covers agricultural lands and partially the left grove of Debeda River (see
Pictures 3.2.2.4.).

Alternate corridors join each other to the East of Sadakhlo village and about 3 km long ending

section is identical for all three options. This section passes on agricultural lands of Sadakhlo village
and partially it envisages the widening of the existing road. The corridor ends at Sadakhlo Border
Checkpoint (see Pictures 3.2.2.5.).

3.2.2.1 Comparative Analysis of Alternatives

From feasibility point of view:

In the next table, there is a comparison between proposed alternatives according to their basic



|18
geometric parameters. Comparison is made for one design speed and for the typical cross
sections, so the number of lanes and other values are the same and is not shown in the table of
comparison.

Table 3.2.2.1.1. Comparative table of technical specifications of alternate options

Red Blue Green
Element Alternative Alternative Alternative

Length, km 52,22 48.10 52.02
Min. horizontal radius, m 800 825 800
Min. Vertical radius, m 20000 20000 20000
Length of the section with slope, m

3-4% 4955 6041 1410

4-5% 3296 - -

5-6% - - -
Number of big bridges 7 5 8
Capacity of the cross section, m? 8876970 4675060 7503580
Capacity of embankment, m? 4115363 2885955 6652700
The difference between the cross
section and embankment (potential 4761607 1789105 850880
waste rock, topsoil) m?3

Note: The data is given for the entire length of the project road, from Rustavi to Sadakhlo check point.

The main disadvantage of Red Alternative is a long section with 4.83% slope. In the plain, the road
mainly passes through the populated areas. By one big passage, the road crosses railway and national
road, then goes up to the mountains to the west direction. The earth works are very important at this
section. From the border of Armenia, the main line passes from the existing road to the west side.
Geometric elements are acceptable.

The main disadvantage of Green Alternative is that after Azizkendi village, the corridor passes to the
South direction, between the villages and Debeda River. Existing corridor is not enough for the
highway. In this corridor there are industrial facilities, including greenhouse farms. The Green
Alternative is approaching the railway line corridor and passes over it with big overpass.

Table 3.2.2.1.1. presents data for the entire length of the project road, from Rustavi to Sadakhlo check
point. According to the feasibility study, advantage is given to Blue Alternative: it has very good
horizontal and vertical geometric elements. Artificial structures in the layout are moderate. Alternative
corridor passes through the lowland populated areas and will less likely affect the settlement and
agricultural lands. Then, it crosses railway and continues to the border between the railway and existing
national road.

From environmental point of view:

Some of the technical parameters discussed above also influence the environmental advantages and
disadvantages of alternative options, such as: From Table 3.2.2.1., it is clear that less earth works will be
required in case of Blue Alternative - this means that transport operations will be much less as well.
Under conditions where local roads are often approaching the populated zones, this issue is important in
terms of reducing noise propagation and emissions in ambient air. Although the volume of expected
waste rock will be more compared to Green Alternative, the difference is due to the fact that Green
Alternative requires arrangement of a large number of embankments, which cannot support its
superiority. Furthermore, considering the relief of the area, finding appropriate areas for waste rock
disposal will not be associated with significant difficulties. Reduction of earth works will also reduce the
risk of impact on geological environment.
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Blue Alternative is also the best option in terms of the impact on surface waters and aquatic inhabitants
- compared to other options, it is less likely to reach surface water bodies. In the case of Red and Green
Alternatives, these risks are high, first of all, for the construction of more bridges. In addition, the
Green Alternative, almost the entire length, is very close to the riverbed. In case of Red Alternative, the
proximity of the new Sadakhlo irrigation channel should be taken into consideration.

The green alternate corridor should be considered as the most unacceptable option in terms of the
impact on biodiversity, since its large part passes through the fragments of the River Debeda
floodplain forest. Although the floodplain forest is quite degraded and modified in this section, it is still
considered a relatively sensitive ecosystem compared to other discussed options. Then comes the red
alternate corridor, which is not distinguished by the value of biological components, but relatively
sensitive to the blue variant.

Blue Alternative, which will mainly pass through agricultural lands in parallel with the existing road
and railway line, will have less impact on vegetation cover and the habitat integrity. At the preliminary
study phase, no significant difference was observed between alternatives in terms of impact on social
environment (mainly, private land acquisition) and soil.

Overall, we can say that blue alternative is preferable compared to the other two alternatives. In
addition to the geometric parameters the advantage of this alternative option is expressed in the reduced
volume of construction works and in various environmental aspects, including the reduction of the
length of the road by 4 km (considering the average width - 16 ha) and need to destroy existing land
resources is less.

3.2.3 Additional Options of the Main Alternate Corridors

As already mentioned in the introductory section, there was a slight adjustment of the reviewed
alternative options at the intermediate stage of the project development. Middle section of the
main second alternative corridor (Blue) was slightly changed, namely, from km 8 to km 15 (7 km)
from Algeti Junction. Alternative corridor is marked on the drawing 3.2.3.1.

Alternative 2a. This corridor was specified before the amendments have been made at the
intermediate stage of the project development. It is mainly heading towards the south-west
direction from the northeast, on the agricultural lands between Shulaveri and Araflo villages. The
need to change the road corridor and the need for additional alternative was due to the fact that
Alternative 2a was crossing two land plots where the following state significance projects are
implemented:

1. Within the framework of the state program "Plant Future", the Partnership "Georgian
Berries" received state funding in the amount of 53 305 GEL (as the owners say, several
donors were also involved in the project and the total investment amount reached half a
million GEL), within the framework of which raspberry bio-plantation is grown in
Akhlomakhmudlu village of Marneuli Municipality. The plantation covers 7 ha area and
the first harvest is planned for this year (cadastre code of the plot: 83.09.19.031);

2. The solar greenhouses, one-sided greenhouses and other auxiliary buildings will be
constructed in the administrative unit of Shulaveri within the framework of the
cooperation project between Georgia and China signed on 15 January 2014. Two types of
demonstration area for vegetable production will be arranged. Georgian farmers and
technicians will be trained in China. The total value of the project is 20 million yuan
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(RMB). Greenhouse complex equipped with new technologies was constructed on the
territory of 5 ha area owned by LEPL Agricultural Research Center (Cadastral code of the
plot: 83.09.14.406).

Alternative 2b considers to maximally avoid the road corridor from the above mentioned land plots, in
particular, shifting the starting section of the road to the north from 7 km long section under discussion,
and moving the end section of the road to the south. As a result, the length of the corridor will increase
slightly, but the above land plots will be no longer affected.

It is noteworthy that the existing background situation in the other sections of the modified corridor is
similar in case of alternative 2a. The corridor runs on agricultural land plots. No sensitive sections are
observed in terms of biodiversity (the section is almost free from tree-vegetation). The relief and
geological environment is also stable and it is not necessary to take additional preventive measures in
this regard. The only thing to consider is that the last section of the 7 km long section road is closer to
residential houses of Araflo village, the distance is approximately 80m and more. Overall, preference is
given an alternative option 2b, since it was determined that in this case the need for economic
resettlement and appropriate excise measures will be less. At the same time, above discussed projects of
state importance will be maintained.

Implementation of mitigation measures for the reduction of noise propagation and emission will ensure
the reduction of impact on residential houses of Arafle village to the permissable level, especially given
that the distance is not critical.



Figure 3.2.3.1. Layout scheme of additional alternatives(2aand 2b)
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4. PROJECT DESCRIPTION

4.1 Introduction

Rustavi-Red Bridge and Rustavi-Sadakhlo Roads area motorway of an international importance with design

speed of 120 kmph. The road project is prepared by company ,,M/s Antea Group in collaboration with local
companies, in particular ,Policy and Management Consulting Group“ (PMCG) and Ltd ,,Sakgzametsniereba“.
In a technical respect, the project characteristics are as follows:

e Total length of the road — 30 km;

e The road configuration is constructed with the rigid pavement width of 227 25m average with
hard shoulder;

e The drainage system of the road will be provided in the middle of the road section;

e The motorway is 4x3.75m width with hard shoulder of 2.5m wide;

e Allin all, 4 viaducts will be provided within the scope of the project;

e 2 river bridges, 1 bridge across the railway line and 1 overpass bridge are planned to construct.
The bridge span is 33m.

The road is design as per the accepted international standards such as Trans-European Motorway
Standards, AASHTO, European standards.

In the process of designing, Rustavi-Red Bridge road is divided into two sections:

e Section 1 (Lot 3 within the scope of the project) — from Algeti to Mareti. The length of this section is
13 km. The section starts west of Algeti underpass and ends at Mareti, 400 m from the crossing point
with Georgian-Armenian railway line;

e Section 2 (Lot 4) — from Mareti to Sadakhlo. The length of this section is 16,3 km. Lot 4 starts 400 m
from the crossing point with Tbilisi-Armenian railway. After the crossing point, the road profile

follows the railway from its right side.

The maps of both sections are given in Drawings 4.1.1. and 4.1.2. the Drawings show all principal
project communications, while the general layout is given in Drawing 4.1.3. by showing the
distances of the corridor from the population.
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Drawing 4.1.1. General map of Algeti-Sadakhlo highway (Algeti -Mareti Section, 13km)
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Figure 4.1.2.General Map ofAlgeti-Sadakhlo Highway (Materi-Sadakhlo Section, 16,3km)
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Figure 4.1.3. Layout of the Algeti-Sadakhlo Highway
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4.2 Geometric parameters of the Road Alignment

The geometric design of the new motorway alignment hasgenerally followed the requirements of the
TEM standards. Table 4.2.1.shows the design parameters required for the main
carriageway,connector and slip roads, at the selected design speed of 120 kph.

Table 4.2.1. Geometric design parameters

Horizontal and vertical Minimum horizontal radius 650 m
alignment (main Min. Convex vertical radius 12 000 m
. Min. Concave vertical radius 8 000 m
carriageway) Maximum longitudinal gradient 5 %
Min. longitudinal gradient 0,3 %
Min. crossfall in straight sections 2.5 %
Max. cross fall in curved sections 7 %
Minimum transition length 70 m
Min. radius requiring the same cross 3500 m
slope as for straight sections 200 m
Stopping distance 250 m
Stopping distance in curves
L . 47 m
Minimum vertical clearance
Horizontal and vertical Minimum horizontal radius 650 m
. . Min. Convex vertical radius 12 000 m
alignment of interchange 12 000
Min. Concave vertical radius m
. o . 5%
Maximum longitudinal gradient 03 %
Min. longitudinal gradient 2?5 %
Min. crossfall in straight sections 70
Max. cross fall in curved sections
Horizontal and vertical M1n Design SPEEd ] ‘518 km/h
alignment of other interchanges | Minimum horizontal radius 800mm
and slip roads Min. Convex vertical radius 400 m
Min. Concave verticalradius 1 6% | 6%
Maximum longitudinal gradient 0
Min. longitudinal gradient 0,3 %
: . Platform 27.5m
Cross  section (main ' 11m
Alignment) Carriageway 3.75
Traffic lanes (2 per 25m
carriageway) 3.0m
Shoulder 1.25m
Center mall
Verges w/o side pavement
. Carriageway 350
Cross section (two lane Shoulder 108
connector)
Verges 059
. . Carriageway width 400
Cross section (slip roads) Shoulder width 108
Verges w/o side pavement 055




4.3 Typical cross sections of the motorway

As mentioned above, the projected highway will follow the requirements of the TEM standards.
Consequently, the cross sections are identified according to THE standards. A typical cross of the road is given
in Drawing 4.3.1. Drawing 4.3.2 shows a typical cross of a two-lane ramp with asphalt concrete pavement.
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Figure 4.3.1. Typical cross sections of the new road
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4.4 Underpasses/viaducts

Within the scope of the Algeti-Sadakhlo Motorway, total 4 viaducts underpasses/viaducts are
designed. Along section 1 of the motorway (Algeti-Mareti), 2 underpasses will be provided and 2 other
underpasses will be provided along section 2 (Mareti-Sadakhlo). Their description is given below.

Underpass at km 2+900, approx, Mughanlo interchange

The given interchange allows crossing the existing local road with a bridge. The first crossing point was
found at 3+245 km, but was moved to 2+888 km to provide sufficient height for the traffic running
under the bridge. A small diamond interchange was designed with two round underpasses, one on each
side of the motorway. This solution allows large vehicles turning safely in any direction. Maintaining
the existing local road is important for the local people to travel.

Drawing 4.4.1. Underpass km 2+900, Mughanlo Interchange

Thilisi, 2019
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Araplo Interchange approximetaly 11+400 km

The given underpass allows maintaining the existing local road connecting village Marneuli and village
Araflo. Like the previous underpass, this object too, was moved to a more profitable location to provide
sufficient height for the vehicles by using an underground pass (which will be made of a box culvert
with sizes 8 x 4,7 m).

Figure 4.4.2. Araplo Interchange 11+900 km

Only two relatively simple interchanges were required in Lot 4, section 2 of the design highway, as the
proposed road was located in relatively flat surroundings with no major roads crossing the of coridor. Figure
below shows the Mareti interchange and Sadakhlo interchange.
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Maretilnterchange
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4.5 Bridges

Total 4 bridges are planned to construct within the scope of Algeti-Sadakhlo highway including (N°6
and Ne8) which are the bridges across the river. One of them (#7) will be built across the railway
line, and another (#17) is a bridge of an overpass type. The principal parameters of the bridges are
given in table 4.5.1.

Table 4.5.1. Principal parameters of the bridges planned to construct on the project highway

. . Deck
Bridge Chainage, Length, m Dimensions DeckArea m2

Ne km ’ BxL
Brisge N°6 (Khrami River) 3+452.59 144,4 (2*14)*(4*33) 3696
Overpassing bridge Ne17 2+896.45 78,2 (1*12,2)*(2*33) 805
Bridge N°7 (crossing point 0+522.032 81,4 (2*14)*(2*33) 1848
with the railway)
Bridge Ne8 (Riv. Banovcha) 12+193.9 78,2 (2*14)*(2*33) 1848

Bridge N°6 Khrami River

The bridges are double bridges with two traffic lane in each direction crossing the River. The bridge is
made up of 4 spans. The length of each bridge span is 33 m. The width of the carriageway is 14 m.The
bridge carriageway was designed with prestressed, T-shape concrete beams and in-situ cast decks and
cast-in-place bridge deck. The substructures are designed with in-situ reinforced concrete abutments
and in-situ two-column type pier. Foundations consist of cast in place concrete boredpiles.

Typical cross sections of the bridges are given on Drawing 4.5.1.
Drawing 4.5.1. Typical cross section of the design road

Overpassing bridge N17

Bridge #17 crossing the project highway is a single span bridge with a single lane in each direction.
It crosses the designed highway from above. This simple bridge will have spans with the length of
33 m. the width of the road of bridge is 12.2 m. The road of bridge is designed with pre-stressed
reinforced concrete beams of an inverse T shape and has a cast-in-place deck. The bearing structure
is designed with reinforced concrete cast-in-place bank abutments and one-column cast-in-place
abutment. The foundations are made up of cast-in-place bored concrete piles.

1 The numbers of bridges are taken as per the project, by considering the bridges planned along Rustavi-Red
Bridge Highway;

2 The chainage is taken from the starting point of Lot 4
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Railway overpass bridge N7

The railway overpass bridge belongs to the highway, which will run along the line occupied by the
railway. Safety measures for power lines, railway ROW and railway line free area are envisaged.
Bridge N7 is shown on the plan on Drawing 4.5.2.

Drawing 4.5.2. Railway overpass bridge N7

Bridge N 8 across River Banovcha

The length of the road of the bridge will be two lanes with the width of 3.75 m, shoulders with the
width of 2,5 m + fencing edge beams of 0,5 m on both sides, making total of 13.50m. As this is a
road of a limited use, the total width of the footpath was reduced to 0,5 m. The geometrical
parameters were set as follows:

Road of bridge — 2 * 3,75 = 7,50m

Safety lines on both sides —2 * 0,5 m = 1,00m

Central mall - 2,50m

Footpath —2,50m

The slab of the bridge road is made up of pre-stressed reinforced concrete beams of an overturned T
shape and has a cast-in-place deck. A typical bridge superstructure is 33 m. The height of the
relevant beam is 1500 mm. The beams are located at 1800 mm distance.

A typical foundation of the river bridges are shown in Drawing 4.5.3.
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Drawing 4.5.3. Typical foundation of river bridges
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4.6 Water pipes (culverts)

Reinforced concrete box culverts were designed for drainage purposes and also for the provision of
access from one side of the motorway to the other, particularly for farm vehicles and animals. Box
culvert underpasses were also provided where effective land use would otherwise have been affected,
or where land was effectively severed by the Motorway alignmenvt.
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Reinforced concrete round pipes were designed mostly for water drainage and irrigation
channels/ditches maintenance purposes. Without them, the highway embankment will
deteriorate their condition.

The principal parameters of the box culverts for first sections of the project road are given in table
4.6.1. The main parameters of the box culvets for second sections are given in the table below
4.6.2

Table 4.6.1. The principal parameters of the box culverts for first sections of the project road

Chain L. Culvert
age Underpass Description Length

on CL

0+236 Round culvert 1.5 m dia. 57
0+630 Round culvert 1.5 m dia. 40
1+100 Round culvert 1.5 m dia. 40
1+701 Round culvert 1.5 m dia. 32
2+296 Main underground crossing, size 8x4,5 m 36
2+615 Road vehicle underground crossing 6.0 x 4.5 m 38
2+632 Round culvert 1.5 m dia. 40
44560 Road vehicle underground crossing 6.0 x 4.5 m 36
5+356 Road vehicle underground crossing 6.0 x 4.5 m 36
5+785 Main underground crossing, size 8x4,5 m 46
6+283 Round culvert 1.5 m dia. 36
7+160 Round culvert 1.5 m dia. 43
7+486 Round culvert 1.5 m dia. 36
7+708 Round culvert 1.5 m dia. 35
8+328 Round culvert 1.5 m dia. 42
8+808 Road vehicle underground crossing 6.0 x 4.5 m 52
9+518 Round culvert 1.5 m dia. 47
9+770 Main underground crossing, size 8x4,5 m 42
10+190 Round culvert 1.5 m dia. 51
10+450 Round culvert 1.5 m dia. 39
10+728 Road vehicle underground crossing 6.0 x 4.5 m 55
11+720 Main underground crossing, size 8x4,5 m 37

Table 4.6.2. The main parameters of the box culvets for second sections

CH Description of pipes Pile length
0+120 Vehicle underpass 6.0m x 4.5m 36m
0+665 Vehicle overpass 6.0m x 4.5m 36m
04784 Reinforced concrete box culvert 49m

2.0m x 2.5m
1+279 Vehicle underpass 6.0m x 4.5m 36m

Reinforced concrete water-pipe
1.5m diameter

1+720 Main underpass 8.0m x 4.7m 30m
Reinforced concrete water-pipe

1+421 46m

2+708 1.5m diameter 31m
Reinfi -pi

3,078 ein 01.'ced concrete water-pipe 34m
1.5m diameter

34213 Reinforced concrete water-pipe 35m

1.5m diameter
4+348 Vehicle underpass 6.0m x 4.5m 36m




6+061 Vehicle underpass 6.0m x 4.5m 36m

6+301 Vehicle underpass 6.0m x 4.5m 39m

64535 Remfm-'ced concrete water-pipe 37m
1.5m diameter

64960 Re1nf01-'ced concrete water-pipe 35m
1.5m diameter

6+970 Vehicle underpass 6.0m x 4.5m 30m

7+529 Vehicle underpass 6.0m x 4.5m 30m

84147 Re1nf01-'ced concrete water-pipe 31m
1.5m diameter

84595 Remfm;ced concrete water-pipe 36m
1.5m diameter

81935 Remfm;ced concrete water-pipe 34m
1.5m diameter

9+583 Vehicle underpass 6.0m x 4.5m 30m

94891 Relnf01.'ced concrete water-pipe 38m
1.5m diameter

10+738 Relnf01.’ced concrete water-pipe 31m
1.5m diameter

114169 Relnf01.’ced concrete water-pipe 31m
1.5m diameter

124414 Relnf01"ced concrete water-pipe 39m
1.5m diameter

13+229 Main overpass8.0m x4.7m 30m

144249 Relnf01"ced concrete water-pipe 45m
1.5m diameter

154135 Re1nf01"ced concrete water-pipe 33m
1.5m diameter

15+875 Vehicle underpass 6.0m x 4.5m 36m

16+101 Reinforced concrete water-pipe 36m

1.5m diameter

|37
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4.7 Road pavement

Two types of road pavement are planned to use for design highway: non-rigid concrete pavement will
be used for bridges, interchange ramps and roundabouts, while rigid pavement will be used along other
sections of the highway. The types of the pavements are shown below:
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Drawing 4.7.1. Road pavement
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Drawing 4.7.2. Schematic section of the rigid road pavement
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4.8 Drainage systems and protection against erosion

The tasks under Hydrology and Drainage are the definition of all the drainage arrangements along the
road,for both ditches and gutters along the alignment, and pipes, box culverts or bridges crossing the
alignment. A preliminary sizing of the culverts has been done in the Feasibility Study stage.

Calculation of design peak discharge

Two different methods have been applied to the calculation of the flood peak discharges, depending on the
size of the catchments.Catchments less than 200 square kilometres have been computed with the Rational
Formula,

Q=0278*C*I*A

where:

Q peak flow at catchment outlet (culvert)[m3/sec]

C runoff coefficient|-]

I rainfall intensity [mm/h] of the Tcduration

A catchment area size[km?]
(b) Catchments greater than 200 square kilometres have been evaluated by employing a
hydrologicalmodel.

The calculation provided at the stage of designing the facilities crossing the surface water are compliant
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with the results of the hydrological calculations accomplished in the course of the EIA procedure. The
design facilities ensure safe transfer of the peak discharges.

Drainage system on the surface of the highway

In order to provide a safe traffic operation it is important to keep the surface of the motorway free of
rainwater in case it is raining

Since the Georgian motorway design standard SST72 2009-Public Motor Roads Geometric and
Structural-Requirements does not provide design guidelines for the installation of motorway surface
drainage facilities the Consultant adopted the German design standard RAS-Ew.

AccordingtoRAS-Ewadrainageareaof600m?2canbeconnectedtoaninletresultinginamaximum drain pipe
length of 50m.

The pipes have to be installed with bottom slopes ranging from 0.04% to 2.78%.

Roadside DrainDesign

Roadside drains have been foreseen in order to collect rainfall discharge in cases where this runoff water
cannot be collected by the motorway surface drainage pipeline.

In general trapezoidal ditches with a bottom width of b= 0.5 m and a side slope of vertical to
horizontal(v/h=1/1.5)areproposed.Thecapacityoftherequiredroadsidedrainswasdetermined by employing
the Manning-Stricklerequation.

213 ,
Q=A*kg *fy *!

/2

1
S

Q flow(m?/s),

A wetted cross section area of the drainage ditch(m?),
kst Manning’s flow coefficient(m'?/s),
Thy hydraulic radius (m), and

Is slope of the bottom(-).
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The hydraulic radius is defined as ratio of flow cross section area by wetted perimeter:

where
A
rhy =
lu
Thy hydraulic radius(m),
A cross section area (m?2),and
v wetted perimeter(m).

In addition the shear stress was calculated by employing the following formula

T=r*"g*m™*Is

Where:
T shear stress in N/m?
r density of water (r = 1000 kg/m3)
g gravitational acceleration (g = 9.81 m/s?)
Thy hydraulic radius of the wet cross section
Is bottom slope of the roadsidedrain.

The calculated shear stress indicates whether the roadside drain has to be protected against
erosion.Ifthecrosssectionoftheroadsidedrainiscoveredwithgrassthentheroadsidedraincan withstand shear
stresses of up to T = 30N/m?2. The calculated shear stresses are varying between 6 N/m? and 39 N/m?2.

The water from the bridges will be drained by means of an inclination of 2,0-2,5% both, in the
pedestrian and road lanes. The plan of the drainage system of the bridges is shown in Drawing 4.8.1.

Drawing 4.8.1. Drainage system of bridges
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Erosion Protection

If the flow at the outlet of the culvert is super critical then a hydraulic jump occurss hortly after the outlet.
The hydraulic jump is associated with a high energy conversion. The energy conversion produces erosion
which should beavoided.

Erosion protection in the form of gabion boxes has been provided at culvert outlets when the Froude number
exceeds 1 indicating a hydraulic jump to be occurring. Gabion boxes have been selected due to the following
reasons:

. it is relativelycheap;
. it is a flexible protection and often finds its own effectivelevel
. it is easy to install and repair byhand.

However, the length of the hydraulic jump and thus the length of the gabion boxes have to be calculated.
In the first step the correlated tail water depth has to be calculated with the following formula:
h tail= hout *(0.5 ((Fr out 2 +1)0.5 -1
Where (05 (( ) )
htail  correlated tail water depth inm

hout water depth at the outlet in m (result of HYS)
Frout Froud number of the flow at the outlet (-) (result of HY8).

After having calculated the correlated tail water depth the length of the hydraulic jump can be calculated
with the following empirical formula

L =6~ (htail — h out)

Where

L lenght of the hydraulic jump h tail
htail correlated tail water depth in m
hout water depth at the outlet in m
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Expected washing depths near the design piers

Bridge piers are susceptible to scour. There are some procedures available to calculate the excepted
pier scour depth. However, most formulas are based on laboratory tests and it is well known that
these estimates are very conservative. However, the Consultant employed the Colorado State
University equation (CSU Equation) to obtain an estimate of the scour depth to be expected. The CSU
Equation is recommended by the FHWA and it is published in the Hydraulic Engineering Circular 18
(HEC 18) of the FHWA.

tSc=h * (2 * K1 * K2 * K3 * h0-35 * (D/h)0.65 = F;0.43)

where :
tse the expected scour depth inm
Ki Correctionfactorforpiernoseshape.K1=1forpierswithcylindricalshapeorfor a group of piers
with cylindricalshape.
Ko Correction factor for angle of attack offlow.
K2 = (cos (a) + L/D *sin(a))06>
where:
a angle of attack in degrees
L pier length in m
D pier width in m

K3 correction factor for bed condition. K3 ranges from 1.1 to1.3
h flow depth directly upstream of the pier in m (result of HEC-RAS)
D pier width inm

Fr Froude number directly upstream of the pier (result of HEC-RAS)

The above formula is also implemented in the software package HEC-RAS

The calculations showed that the expected washout depth at the bridge piers varies within
1.93-2.65 m.

4.9 Road Safety

Road safety design was done in accordance with the Georgian design standards and good engineering
practice generally. The project road was planned as a motorway with a main carriageway design speed of
120 km/h. Road safety considerations were therefore given high priority in the design of the high-speed
road with the aim of minimizing the occurrence of road traffic accidents of all kinds.

Road signs, pavement markings and safety barriers at the central median, along the roadside verge, and
alongside and at approaches to structures, were considered and incorporated within the design in
accordance with TEM Standards or the appropriate recommended international standard for traffic
safety. Road lighting was also considered to be an important safety feature for the project road.
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4.10 Construction Organization

Prior to the onset of the core works, the organization and technical issues will be solved to provide a
field of construction operations. Preparatory works envisage arranging a temporary infrastructure
(construction camps) necessary for the highway construction works and mobilization of relevant
construction machines/mechanisms (crusher and sorting plant, asphalt plant, etc.). An issue of water-
and power-supply of temporary objects and the like will also be solved.

After the preparatory stage, the construction corridor will be prepared for construction meaning the
relocation of existing engineering and communication lines, cutting trees and plants.

Afterwards, earthworks are planned (including the striping and storage of top soil). Sections and fills
will be provided at relevant locations in the project corridor; roadbeds will be prepared and the
topography will be put in order.

At the same time, the road infrastructure will be provided and viaducts, bridges and other
communications will be constructed.

After the construction of the road and bridges is over, certain improving works will be accomplished,
including the installation of the road marks, painting lanes, etc.

An important stage of the project implementation is the management of different types of waste
originated in the course of the construction. After the construction works are complete, the building
camps and other temporary facilities will be demobilized, the cultivation works will be done and the
landscape will be harmonized.

The proposed motorway is the new construction expecting the longer service ability and durability.
The consultant considered geophysical condition for existing road, construction operation factors,
budget and disbursement plan, and miscellaneous condition such as weather, custom conditions,
urgent condition for implementation, and community events to evaluate construction period.The
construction period for Rustavi-red bridge is estimated to be 30months

The works of the project highway will be realized as a single plan, i.e. the earthworks will be
accomplished all along the corridor and the viaduct sections and bridges will be constructed
simultaneously. As the works are finished, improvement and recultivation works will be
accomplished all along the road. The preparatory works will take approximately 1 to 2 months. The
improvement and recultivation works will take approximately the same time. The remained time of
construction (26-28 months) covers major works, including earthworks and concrete works.

Approximately 90-100 people will be employed in the construction phase, with minimum 70%]local
people.
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4.10.1 Proposed camp site

The main camp will be provided along the first section envisaged in the scoping phase, in particular:
near the initial section of the project corridor, east of village Didi Muganlo, approximate coordinates: X—
498353;Y-4582495.Plot cadastre code: 83.07.08.708 (see Figure 4.10.1.1.). This territory will be used
during the construction of Rustavi-Red Bridge Highway as well.

Figure 4.10.1.1. Proposed site for the main camp

The proposed territory is approximately 7 ha and is totally fenced with a concrete enclosure of 2-2.5 m
height. There are also premises with no function on the given territory, which can be freely used for
various activities, e.g., for storing materials, installing equipment, etc. The given territory also has areas
free from any premises, which can be used by considering the existing needs. The territory is under high
anthropogenic impact and virtually, has no topsoil. The selected plot is located east of village Didi
Mughanlo, with the nearest residential, house located approximately 800 m in village Lezhbadini. The
given territory can be accessed by the existing road. There is an irrigation channel near the plot. The
plot has all types of communication, such as electrical power and gas supply.

On the territory of the selected construction camp, a vehicle parking area, concrete plant, etc. The plant
of the contracting companies operating in the Region will be used for crushing and sorting of inert
materials, which will be located on the inert materials extraction site. Despite this, the operation of the
given plant on the territory of the camp was considered in the calculations of the emissions into the
atmospheric air to assess the value of impact for the worst scenario.

The exact composition of the camp and general layout will be specified further prior to the
commencement of the construction works, at the discretion of the Construction Contractor and will be
agreed with the Ministry in case of a relevant request. The general layout of the camp considered at the
given stage is given in Drawing 4.10.1.1. Besides, on other sites of the project corridor, the Construction
Contractor may provide the construction grounds of a minor composition, mostly to store materials and
keep techniques on them. When identifying such sites, the following important issues will be taken into
account:
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e Near location of the highway to the construction corridor.

e Availability of communications (water- and power-supply, existing roads, etc.).

e Satisfactory natural conditions (plane relief, less vegetation, less soil cover).

e Sufficient distance to the sensitive receptors (houses, protected areas, etc.) so that the
expected impacts caused by noise, emissions and vibration are minimized.

e Category of the site owner and land plot (state lands must be preferred; however, relevant

agreements with private entities are also an option).

The exact parameters of the temporary construction grounds, as per the request, will be agreed with the
Ministry of Environmental Protection and Agriculture of Georgia before the works start.
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4.10.2 Dumpsites

During the construction of the project road, waste rock is expected to originate mainly during the construction of
bridges and in minor amounts during the relief leveling works. The relief leveling works will be mostly necessary
along the road section running west of village Kvemo Sarali and along the last section of the project road. 60% of
the originated waste rock will be used during the construction works. In the construction phase, approximately
120 000 — 150 000 m3 spoil will be will be necessary to dispose permanently.

The environmental consultation company has suggested approximately 2 ha of land plot owned by the state
(cadastre code 83.09.05.703), west of village Kvemo Sarali where the waste rock will be suitable to dispose
during the construction. The transportation distance will be 4.5 km and there are no densely populated areas
between the construction ground and the selected dumpsite.

The vegetation cover on the site selected for the dumpsite is grass only. The topsoil in the area is
approximately 10 cm thick. The topsoil stripped from the plot will be placed on the selected site, in isolation
from the waste rock and will be later used to recultivate the same territory. The existing ground road runs to
the selected area. The nearest residential house in village Sarali is located more than 1 km away.

The view of the selected site is given in Figure 4.10.2.1., and its location is given in Drawing 4.10.2.1.

Figure 4.10.2.1. View of the site selected as a dumpsite

Thilisi, 2019
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Drawing 4.10.2.1. Location of the site selected as a dumpsite

When disposing the waste rock on the dumpsite (spoil ground), the following conditions will be met:

The question of providing spoil grounds will be agreed with the local authority;

Before the spoil grounds are used, the existing trees and vegetation will be cleared and the topsoil will
be stripped;

Waste rock will be stored/placed in sections, layer by layer;

The height of each pile will be 2 m. The second and third layers will be arranged in a similar mode. The
total height of the pile will not be more than 5 m what is optimal to mitigate the risk of instability and
negative visual impact;

An angle of natural gradient of the territories selected for spoil grounds will be 1:2. Slope angle of the
embankment will be 40°;

Drainage channels will be provided as necessary;

Vehicle traffic will be safe to the sites of the spoil ground where waste rocks are disposed.;

The waste rock will be transported to the spoil ground by strictly observing the traffic rules and minimizing
traffic speed (5-20 km/hr). If necessary, the traffic will be regulated by specially trained staff;

Boundaries of the selected area will be strictly controlled so that the waste rock is not disposed outside the
perimeter and damage of the vegetation cover is avoided;

After the spoil grounds are filled, recultivation works are planned over its slopes and surface, in
particular, a topsoil layer will be provided and loosened;

After the closure of the spoil grounds, the erosion processes will be supervised and appropriate corrective
measures will be taken as necessary.

4.10.3 Supposed list of construction techniques

The construction of Algeti-Sadakhlo will use typical cotnstruction machinery commonly used in similar
types of projects. Table 4.10.3.1 gives the probable list of the principal construction machinery to be used
during the construction works. The precise list will be provided before theconstructionworks start.
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Table 4.10.3.1. Main techniques to be used during the construction works

Approximate qty
Item

Grader 2-3
Excavator 5-10
Excavator-based pneumatic drilling hummers 2-5
Bulldozer 2-5
Tractor 2-5
Bush-cutting machine 2-3
Derooting machine 2-3
Tree cutting machine 1-2
Crane with motor motion 2-3
Smooth roller 2
Pneumatic roller 2-3
Asphalt/concrete distributor 1-2
Motor-truck concrete mixer, 10-15
Dump truck 20-30
Vibrator 7
Hand drill 2-3
Mobile compressor (with pnemautic hammers) 2-3
Watering and washing machine 3-5
Road marking machine 2-3
Fuel transporter 2-3
High-sided truck 2

4.10.4 Sources of Construction Material

The expressway construction needs many material such as aggregate, sand, cement, steel, and bitumen.The
project region is quite rich in the construction materials of inert materials (sand-gravel). There are several
tens of duly licensed quarries operating in the region. Most of them are located in the Mtkvari River bed.
Resources are also available in the gorge of Debeda river.Figure 4.10.4.1 shows the principal outcrops of
sand and gravel near the corridor in blue (See also blu spots in Drawings 4.1.1. s 4.1.2). Mostly the
carriers near villages Kirikhlo and Kvemo Saralis Azizkenda and Lejbadini will be preferred. It will not be
necessary to transport the principal construction materials to far distances (the distance of transportation
will mostly be 10-15 km maximum).Inert materials wil be extracted in line of the terms of the elevant
license.
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Drawing 4.10.4.1. Location of the main outcrops of inert materials/licensed carriers
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Besides, as the project organization suggests, it should be noted that a major portion of the material cut down
during the earthworks will be used in fills. In such a case, the amount of originated waste rock will decrease on the
one hand and the need to use natural resources of the inert materials will be diminished on the other hand. The
quality of the cut materials will be tested at the laboratory before they are used in fills. As per the available
information, most of the cut material is clay grounds, which will be suitable to be used for construction works
after stabilization.

Pozzolana Cement is produced widely throughout the country. Consequently, the cement for the project will be
supplied from the local sources.

Steel materials for bridges/viaducts, as well as bitumen is not available in the country. They will be imported from
the neighboring countries. The best sources of bitumen import is Turkey and Azerbaijan.

4.10.5 Water Supply-Sanitation

During the construction of the design highway, water will be used for drinking and economic purposes and
presumably, for preparing various construction materials and for periodic watering of the corridor. Vehicles
will be washed at the car washing services operating in the region. Consequently, no thcnical water will be
used to wash the vehicles and techniques.

The principal sources of drinking and economic water supply in the region are artesian wells and boreholes.
As mentioned above, the camp territory has water supply. Supply reservoirs with sufficient capacities will be
provided at the construction camps. Tank-cars or bottled water can be used for water supply of individual
sites. Technical water will be mainly taken from the surface water bodies found near the construction
corridor(Khrami River and Debeda River).

The amount of drinking and domestic water supply depends on the number of the staff employed for
construction. The water consumption is calculated according to the construction norms and rules SNiP
2.04.01-85 “Internal Water Supply and Sewerage”, and is 25 1 per worker in one shift (8 hours).
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The number of staff employed for the construction works will be 100. If considering that the works are
accomplished in one shift and the number of working days a year is 260, the consumed amount of drinking
and domestic water will be:

100 x 25 = 2500 1/day, i.e. 2.5 m3/day.; 2.5 x 260 = 650 m3/year.

The construction works will use technical water mainly to make concrete mix. Maximum rated capacity of
a concrete mixer is 60 m%hr. Maximum expected annual capacity with a one-shift work (6 hours) is 900
hr/year. Maximum annual design production will be consequently: 55 m3hr* 900 hr/year = 49,5
thousand m?3/year. On average 0,3 m3water is used to produce one cubic meter of concrete mix of different
grades. Thus, the consumed amount of water will be:

60 x 0,3 = 18 m3/hr. 18 x 6 = 108 m3/day. 18 x 900 = 16 200 m3/year.

During the intense traffic of vehicles and techniques, particularly in dry weather, the regular watering of
the construction grounds will be considered. The construction grounds will be watered with a special
vehicle filling its reservoir presumably from a surface water object. The number of dry days in a year is
taken as 60 only and maximum amount of water needed for watering the construction ground is taken as
50 m3. Consequently, the total amount of irrigation water will be 3000 m3/year.

As already mentioned, the inert materials will be ground and sorted by using the sub-contractors’
operating plants, which will be installed on the material extraction sites. Thus, we do not take into
account the amount of water used by the grinding and sorting plants.

Following the above-mentioned, the total amount of technical water to be used for the rehabilitation
works will be:

650 +16200 + 3000 = 19850 m3/year.

The approximate amount of technical water needed forvarious unforeseen cases (fires and the like) will
not exceed 25000 m?¥/year.

The calculation of approximate amount of the domestic-fecal effluents is done by considering 5-10% of the
consumed drinking and domestic water. The amount of domestic-fecal waters originated during the

construction works will be 617,5 m3/year, i.e. 2,375 m3/day.The domestic-fecal waters on the territories
of the camps will be emptied into the cesspit with approximate capacity of 20 m3. Mobile WCs will be
used on the construction grounds. The accumulated fecal masses will be removed with a special vehicle
and utilized in the nearest sewage systems (persumably the city fo Rustavi. Besides, the sewerage system of
marneuli city is planned to rehabilitate in the near future).

The concrete unit ultimately uses the water to make a concrete mix and consequently, produces no
effluent waters.

4.10.6 Relocating engineering and utility lines

Along the project roadseveralpublicutilityconnectionssuchaswater,power,telephone,and gas were
encountered. By contacting the relevant utility provider the network of utility lines were identified. Plan
were developed for shifting the lines away from the projectarea.

The following technical solutions were suggested for the utility shifting:

e If the utility lines are running parallel to the road alignmentthe line shall be shifted
beyond the limits of te impact corridor, in parralel to the road.
e If the utility lines are crossing the road cross section utility ducts of diameter 1.2m is
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planed across the road cross section so that the lines could be run through without
obstruction.
e The cross section of the utility ducts are similar to the normal culvets.
e The utility provider/ supplier shall be contacted by the nominated contractor to take their
approval for the shifting to the comfortable zone away from the road right of way.

The consultant has addressed utilities interference in writing caused by rehabilitation work to the relevant
agencies owned respective pipe utilities and received their official response including protective method.
All requirements have been applied in detailed design drawing

Detailinformationforpipeutilitiessurveyedisgiven in the Table 4.10.6.1.

Table 4.10.6.1. Engineering-utility lines in the project corrdior to relocate

Existing To transfer to km .
location, km of project Description Note
of project corridor
corridor
Section 1 (Algeti-Mareti)
1+900 - High-voltage power transmission 200
line
2+090 - Power transmission line 8 m.
2+780 - Power transmission line Moving 8 m under the ground
4+580 - Power transmission line Moving 8 m under the ground
9+700 - Power transmission line Moving 8 m under the ground
10+900 - Water pipes Moving under the ground
11+100 - Power transmission line Moving 8 m under the ground
11+200 - Power transmission line Moving 8 m under the ground
11+220 - Water main Providing the culvert under
the main road
11+220 - Gas main Providing the culvert under
the main road
11+230 - Power transmission line Moving under the main road
11+850 - Power transmission line Moving
Section 2 (Mareti-Sadakhlo)
0+300 - Railway passage -
1+240 - Power transmission line 8m
1+300 - Power transmission line 8m
6+300 - Power transmission line 8m
6+660 - Power transmission line 8m
9+100 - Power transmission line 8m
12+300 12+400 Irrigation channel -
13+250 Power transmission line Along the roundabout
13+850 Telecom line Along the roundabout
14+8420 - Telecom line -

4.10.7 Traffic Management during Construction

Normal practice is for the Contractor to propose a Work Schedule and Methodology to the Engineer’s
Representative, which may include traffic diversions and traffic management as required. The Engineer’s
Representative must approve the Contractor’s proposals before the work plan can commence.
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As the project envisages the development of a new corridor for the project road and at the same time,
secondary (ground) roads are During the traffic control , the relevant measures will be necessary along the
final section of the project corridor, where the project envisages the development of the new highway in
parallel to the old road.

The works on the give site will be accomplished within the limits of the corridor to widen in the first
instance, when the traffic will run along old road. After the given stage is over, the traffic will shift to the
new road and the works will start in the corridor of the old road. Providing temporary embankments is to
be considered to provide adequate space for construction.

The priority in specifying the organizational procedures necessary for the road traffic will be given to the
improved safety of the road and local infrastructure. All locations where the construction works are
planned near the traffic flows, will be clearly marked in the technical draft of traffic organization, and
physical barriers will be installed between the construction sites and the traffic flows.

Similarly, the temporary objects and/or diversion routes for each local road, along which the traffic may
be hampered during the construction will be shown in the complete technical design. For such sites,
small-scale measures for traffic covering the construction period will be developed.
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4.10.8 Temporary access roads

The local roads are quite well developed in highway corridor. There is a network of ground roads running between
the agricultural plots. Presently, heavy techniques can also move through the corridor planned on Iagluja Plateau.
However, the construction works of this section will be mainly accomplished from the starting and last points, in
an on-coming direction. The main (key) highway in the construction phase is the existing E60 road from Rustavi to
Red Bridge. Thus, the project virtually does not envisage cutting the temporary ground roads for the consequently

purposes.

4.10.9 Recultivation of the temporarily used areas and hard shoulders

After the construction of the project road main is complete, the recultivation works will be accomplished. These
works imply the restoration of the temporarily used areas and putting them to their original state to the extent
possible. One of the principal guiding documents of the recultivation works will be Decree Ne424 of the
Government of Georgia, Technical Regulation — on "Topsoil Removal, Storage, Use and Cultivation". The
recultivation works will be accomplished mainly along the road shoulders (slopes of the embankments formed for
the roadbed) and on the camp areas. The recultivation and landscape harmonization works will use topsoil, which
will be stripped in the project corridor and stored separately until the onset of the earthworks.

4.10.10 Road construction works - summary
The highway construction process itself involves different types of activities, in particular:

e Earthworks.

e Providing and profiling exits and drainage canals and side drainage pipes/cuvettes.

e Supplying inert material to the roadway locations with trucks and profiling the layers to form the roadway
and compacting it.

e Soil stripping to the required level and compacting it with heavy techniques on the ground stripping sites.

e Following the placement of surface layers (with materials: sand, asphalt, gravel, concrete, etc.), placing the
ready concrete with special vehicles to provide the road pavement.

e Concrete works, building foundations and bridge structures.

e Construction of bridges.

e Road construction and providing the marking compliant with the international standards.

e Landscape harmonization/recultivation.
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5 NATURAL AND SOCIAL-ECONOMIC STATE OF THE PROJECT CORRIDOR —
BACKGROUND PROPERTIES, FIELD STUDY RESULTS

5.1 Physical-geographical and administrative location

In a physical-geographical respect, this territory covers Kvemo Kartli Plain, which is an extreme north-
western part of Kura-Araxes vast Plain.The alluvial plain is located on both banks of the river Mtkvari and
bordered by the slopes of Trialeti and Lokhi Ridges, Shua Khrami mountain group and Iori Plateau.

Below, the location of the project implementation site is shown on the physical map of Georgia.

Drawing 5.1.1. Location of the study corridor on the physical map of Georgia

According to the administrative-territorial division of Georgia, the main part of the project corridor
belongs to Marneuli Municipality. Marneuli Municipality is located within the administrative borders of
Kvemo Kartli. It is located in south-eastern part of Georgia. From north, it is bordered by Tetritskaro
Municipality; by Gardabani Municipality from the north-east and by Bolnisi Municipality from the
west. Southern border of Marneuli Municipality coincides with Georgian-Armenian border and its
eastern border coincides with state Georgian-Azerbaijan border.

The drawing below shows the location of the project corridor within the borders of Rustavi and
Marneuli Municipality.
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Drawing 5.1.2. Location of the project corridor in relation to the administrative units
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The following paragraphs give the description of the social-economic conditions by considering the

location of the project corridor described above.

5.2 Description of natural environmental objects

According to monograph “Spatial and time analysis of the landscapes of Georgia” (Dali Nikolaishvili; Iv.
Javakhishvili Tbilisi State university - [Tb.], 2009), two types of landscape can be identified in the project
corridor:
1. Plain-hilly accumulative landscaoe with semi-desert and steppe vegetation, rarely with
shybliak (Landscape 22);
2. Accumulation and valley landscape with tugai and meadow herbs, rarely with swamps and
salty areas (Landscape 51);

Below we give the general description of the given type of landscape, while the following paragraphs
describe its individual components within the limits of the project corridor and adjacent areas.

1. Plain-hilly accumulative landscaoe with semi-desert and steppe vegetation, rarely with

shybliak (Landscape 22):

Name of landscape: Gardabani-Marneuli.

Location:Is spread over Kvemo Kartli Plain. It is also spread
on the territory of Azerbaijan.

Administrative __regions:  Gardabani, = Marneuli,
Tetrtskaro.

Area{,37 thous. km2 (0,53% of the total area of Georgia).

Bordering landscapes: Plain-lowland (65 %), low mountain (19 %), lower mountain(16 %).
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Relief: Accumulative and erosive-accumulative. It is presented by the plain inclined south-east,
rarely terraced. Hilly surfaces occur at some locations as well.

Migration regime: Accumulative, Elluvial-accumulative, super-aqual.

Geology: Molassa formations. Alluvial-Prolluvial and Alluvial- Delluvial deposits.

Climate: Subtropical,semiarid, slightly Continental.

Soils: Dark, grey-brown, carbonic calcium, salinated. Mechanical composition: common clay-
containing; Heavy loam at greater depths. The density also increases as the depth increases.
Clay content and heavy loam is also characteristic to the salinated soil. However, the
mechanical composition is lighter at greater depths. Consolidated horizon is fixed in the
middle layers. Depressed horizons have particularly poor filtration properties.

Vegetation cover.The floristic composition is poor. Xerophilous prick herbs are typical.

Vertical structure of the natural-territorial complex: dominating type is III occupying almost all

the territory of the landscape.

Amount and supply of geomasses:

Geomasses | A P2 | Pi2 | M2 | Mv2| MI2 | Sab S100 | L100 | Hua Hu1
b 00
Mean 15 20 1,5 1,1 1,1 0 4300 | 6000 | 1300 65 87
valaue 0
Suppl}i, 0,6 | 0,38 | 0,06 | 0,04 | 0,04 0 288 402 871 2,2 2.9
mln t

Tyvpe of anthropogenic transformation: The landscape is changed almost all over the territory.

It is covered with dense irrigation channels and is presented by agricultural plots (vegetable,
fruit, winter pastures). The ecological situation near the roadsides and settled areas is severe.
The use of pastures, irrigation systems and agricultural plots has changed the ecosystems
significantly.

Degree of anthropogenic transformation: Almost totally transformed.

Number of experimental plots- 3.

The given landscape is most common in the project corridor.

2. Accumulation and valley landscape with tugai and meadow herbs, rarely with swamps
and salty areas (Landscape 51):

Name of landscape.Floodplain

Location: Is spread along the gorges of big rivers in
Eastern Georgia, in the floodplains and adjoining
terraces, as well as along the irrigation systems (of a
secondary origin) as a narrow strip. Their propagation
on the background of dry climate — steppes and semi-
desert ecosystems is the result of additional
humidification of ground and soil what is associated
with relatively high levels of ground waters.
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Administrative districts: Khashuri, Kareli, Gori, Kaspi, Mtskheta, Akhalgori, Dusheti, Tetritskaro,
Dmanisi, Bolnisi, Marneuli, Gadrabani, Akhmeta, Telavi, Sagarejo, Gurjaani, Signagi,
Dedoplistskaro

Area: 1,655 thous. km2 (of the total area of Georgia 2,4 %).

Bordering landscapes: Plain-valley (50%), low-mountain (20%), lower-mountain (10%), middle-
mountain forest (9%), upper-mountain forest (1%), high-mountain plateaus (10%).

Relief: This is presented by accumulative plains and basins, with hydromorphic and sub-
hydromorphic regime. It is a slightly inclined plain.

Modern geomorphological processes: Alluvial processes.

Migration regime: Super-aqual.

Geology: Quaternary sediments: loamy clay and carbonate. The soils are high-productive with
rich harvest.

Climate: Average annual air temperature 120c. January —O,BOC, July 250C. Total annual
atmospheric precipitations 360 (Red Bridge) - 510 (Bolnisi) mm. the maximum falls in May-June
having a positive affect on the productivity of the agricultural crops.

Soils: Alluvial.

Vegetation cover: Tugai forests, meadows, rarely swamps and salty areas are spread here, what is
mostly due to incorrect irrigation. It represents a 25-30-meter-high tugai forest, with a sub-
forest, with curly herbs and thick grass cover forming a single grass cover at some locations.
Shrubs are spread along the forest edges and in the woodcut areas.

Types of geomasses:A, Pt, Pf, Pi, Pg, Ps, Z, Ml, Mm, Ssa, Ls, Hg, Hs.

Occurence ratio of geomasses-0,75.The conditions are particularly favorable for mortmass
accumulation due to less intense degradation of organic substances. Its average amount is 50-60

t/ha (Mo). The occurrence of stexes favorable for mortmass accumulation is 45-50%.

index of intensity of the biological circulation - 20-50.

Type of anthropogenic transformation: The floodplain forests were spread along almost all big
rivers in Eastern Caucasus in large areas in the past. However, today, these forests are almost
completely destroyed and are preserved only as small plots of plantations. They are replaced by
the secondary grasses and shrubs and agricultural plots — cereals, fruit gardens and vineyards
giving quite rich harvest.

Degree of anthropogenic transformation: Almost completely changed

Some sites of the project corridor running near the rivers or crossing them (mainly rivers Khrami or
Debeda) can be attributed to the given type of landscape.



5.2.1 Microclimatic properties

Marneuli Municipality is located in the humid subtropical climatic zone with the climatic zoning
corresponding to its relief. The climate in the most part of the territory is a warm steppe one These areas
are characterized by not severe winter and moderate, hot summer. Below are the climatic properties of the
study arae based on the meteorological data of Rustavi and Marneuli weather stations (Source:

Construction norms and rules “Construction Climatology”).

Table 5.2.1.1. Average monthly and annual air temperaturestOC
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vV V V V VY

I Jon|Jm[wv ] v [vi]vo[vim] X [ X [ X [XII] b9

Marneuli

75 | 72 ] 70 | 66 | 67 [ 64 | 60 | 60 | 67 | 74 [ 78 [ 77 [ 69

Average relative humidity at 1:00
pm

Average daily amplitude of relative
humidity

In the coldest
month

In the hottest
month

In the coldest
month

In the hottest
month

Marneuli

61

65

22

25

Daily precipitation maximum: - 14698;
Weight of snow cover: 0,50Kpa
Number of days with a snow cover: -17;

Annual amounts of atmospheric precipitations are: - 495mm;

The wind properties as per the data of weather station are as follows:

- —wind with velocity of 17 m/sec is expected once a year;

- wind with velocity of 23 m/sec is expected once in 5 years;

S0U. S0U.
I II III v \Y% VI VII VIII IX X XI XII P dob. | dodl.
feo. | feo.
Marneuli
00 [ 1,9 | 60 | 115 | 168 [ 206 | 239 | 235 [ 190 | 134 | 70 [ 19 ] 121 [25 [40
Table 5.2.1.2. Extreme air temperaturestOC
G » = )
A= I 9 3 Period with average monthly Average temperature at
ge3S = = 1:00 pm
E 5| o e S temperature <8°C
>
g Eld |2s|8%
£ 8l8 |< §|l< g
UE) g < 8 8 8 & Duration, days Average for the for the
— , Vv
X< |8 o0 o0 Y & coldest hottest
= Q fa f temperature
= o 9] month month
o > >
< = < <
Marneuli
30,3 | 9 | -12 [ -01 | 139 | 2,7 | 338 | 29,9
Table 5.2.1.3.Air humidity,%
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wind with velocity of 31 m/sec is expected once in 10 years;

wind with velocity of 25 m/sec is expected once in 15 years;
wind with velocity of 26 m/sec is expected once in 20 years;
maximum and minimum wind velocities:

January — 2,6/0,6m/sec

July — 4,5/1,3 m/sec;

The wind properties as per the data of Marneuli weather station are as follows:
wind with velocity of 17 m/sec is expected once a year;

wind with velocity of 23 m/sec is expected once in 5 years;
wind with velocity of 24 m/sec is expected once in 10 years;
wind with velocity of 25 m/sec is expected once in 15 years;
wind with velocity of 26 m/sec is expected once in 20 years;
maximum and minimum wind velocities:

January — 2,6/0,6m/sec

July —4,5/1,3 m/sec
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As the data above show, the project area has no particular extreme climatic conditions hampering the
construction of the highway.

5.22  Climate change
The known likely impacts of climate change on the climate of individual locations are:
a) Changes in Temperature

b) Changes in Precipitation
c) Changes in Humidity
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Figure 5.2.2.1: Georgia - Main Hazard Risk areas!

Areas at Highest Risk

for Extreme Events

B Avalanche
"~ Landslide
" Mudflow

RUSSIA

The Bank requested the promoter to produce a climate risk and vulnerability note assessing the risks
to the project resulting from climate change.

The Aware climate risk screening identified the final project climate risk rating as “Low risk”, with
the risks of flooding, snow loading and landslide identified as “low risk from climate change”.

a) Changes in Temperature

Current climate change was assessed based on observations of 33 stations of hydro meteorological
network of Georgia, in the period of 1961-2010, while the forecast scenarios for 2021-2050 and
2071-2100 were developed using regional climate model RegCM454. Basically, the following climate
parameters were examined: mean annual temperature, total annual precipitation, average wind
speed and relative humidity, as well as extreme climate indexes (SU25, TR20, IDO, FDO,Rx1day,
Rx5day, R50mm, R90mm, CCD and CWD55). Average values calculated in each period for different
climate parameters were compared, and the trend (increase, decrease) and the nature of territorial
distribution were identified. Seasonal and annual trends were determined and their statistical
reliability was assessed.

! CLIMATE RISK IN GEORGIA: COUNTRY PROFILE — USAID, 2017.
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Figure 5.2.2.2: Change of average annual temperature:; b) 1986-2010 and 2021-2050; c) 1986-
2010 and 2071-2050
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For a road project, the main aspects of climate change that are likely to impact on the project are:

b) Changes in Precipitation

Sustainable trends of the increase of precipitation are basically observed in West Georgia, especially
in its mountain areas. This trend will be increased until 2050, and after that the decrease will be
started, except for some areas (Batumi, Pskhu and Mta — Sabueti). In East Georgia decreasing trend is
changed to increase and by 2050 the growth of precipitation on the average by 3, 4% is expected;

However Lagodekhi is still an exception and the precipitation decrease by 6.3% is predicted (Figure
3. b). Significant decrease of precipitation is expected by 2100 on whole territory of Georgia, mostly
in Samegrelo, Kvemo Kartli and Kakheti (22%). Central part of Likhi Range, where total annual
precipitation is being increased by 93% is an exception in this period (Figure 3. c).

Figure 5.2.2.3: Maps of total annual precipitation change between the periods ofb) 1986-2010
and 2021-2050; c) 1986-2010 and 2071-2100

c) Relative humidity

Relative humidity has basically increased by 2% on the whole territory of the country, between first
and second periods. The biggest increase (5.4%) with sustainable trend is recorded on Goderdzi Pass.
This increasing trend will be changed by decreasing on the majority of stations by 2050 and 2100.

There are some exceptions, where this parameter will continue to rise significantly: Khaishi (4.7%),

Keda (4.6%) and Mestia (2.2 %) (see Figire 4. b, c).
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Figure 5.2.2.4: Change of average annual values of relative humidity between the periods of: b) 1986- 2010
and 2021-2050; c) 1986-2010 and 2071-2100

Summary of Climate Action Calculation

The estimates of the climate adaptation measures under the project have been provided by the
promoter and calculated by the Services over the project investment cost as defined by EIB.

The promoter’s climate adaptation cost to adapt the project to the risks of (i) flooding and runoff; (ii)
mass movement and erosion, have been calculated as follows (For Rustavi-red Brdige Road Section):

A B C D E F

Project component with | Total % of Cost GFEL Cost Budget Line
Climate Action Component | compon EURO

Investment ent cost

Cost to total

(M.GEL) for CA

Lot 3
Earthworks (0.3 % 24 0.3% 73 160 24 145 Construction
Total Component Contractor
Investment Cost)
Culvert, Drainage and 1 0.1% 1103 364 Construction
Underpasses (0.1% Contractor
Total Component
Investment Cost)
Bridges  (1.8% Total 8 1.8% 143 553 47 337 Construction
Component Investment Contractor
Cost
Lot 4

Earthworks (0.3 % 18 0.3% 55112 18 189 Construction
Total Component Contractor
Investment Cost)
Culvert, Drainage and 1 0.1% 1054 347 Construction
Underpasses (0.1% Contractor
Total Component
Investment Cost)
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Bridges  (1.8% Total 10 1.8% 180 412 59 542 Construction
Component Investment Contractor
Cost

5.2.3 Geology

5.2.3.1 Geomorphological conditions

Kvemo Kratli is bordered by the slopes of Trialeti and Lokhi Ridges; its western border is the northern
part of Samsari Ridge and Javakheti Ridge; its eastern border is Samgori and Davit Gareji mountain ridges,
in northern border is Trialeti Ridge, while in the south, Loki Ridge isolates Kvemo Kartli from Armenia.

The greatest (central) part of Marneuli Municipality is occupied by Marneuli accumulative plain (Borchalo
Plain) with its height of 270-400 m, length of 40 km, the greatest width of 20 km. The Plain is bordered by
Iagluja Plateau from the north, by Loki Ridge and Babakara Hillock from the south, by Mtkvari River
from the east and Mashavera Gorge follows along its western edge to the city of Bolnisi.

The general inclination of Plain is directed south-east — almost in parallel to Mtkvari River. The surface of
the Plain is flat and has a dense net of gorges of rivers Algeti, Khrami and Debeda. The gypsum clays
constituting the river terraces show pseudo-karst events, what is seen in the relief as piping holes, wells
and caves, as well as natural bridges.

In a geomorphological respect, the basin of the Debeda River is divided into mountain and plain zones.
High-mountainous zone is located on the territory of Armenia, and the low zone starts near village
Sadakhlo and is on the territory of Kvemo Kartli Region (on Marneuli lowland or along the project
corridor).

Immediately in the project corridor, the relief is less dissected. The absolute heights of the corridor vary
between 310-450 m asl. The initial section of the alignment runs across lower levels: 310-350 m, then
gradually increase and reach 450 m near village Sadakhlo. Overall, the corridor is located within the
plain relief. A hilly section near village Sarali is worth mentioning at the following coordinates: from
x485874; y4577643 to x484341; y4576277 (See Figure 5.2.3.1.1.).

Figure 5.2.3.1.1. A relatively heterogeneous relief within the project corridor
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5.2.3.2 Geology

Stratigraphically, the project area is presented by Paleogenic and Neogenic rocks, with Middle Eocene
volcanogenic-sedimentary rocks being oldest of them. They are continued by Upper Eocene, Oligocene and
Lower Miocene rocks with stratigraphic concordance.

The oldest deposits — the Upper Eocene stratum — is presented by fine-grain, thick-layer sandstones. The
degree of lithification of Oligocene rocks is low here and they are presented by stratified clays, though of hard
consistence. As for the Lower Miocene stratum, it is presented by dark grey argillites, with think interlayers
of argillites and siltstones.

Paleogenic-Neogenic rocks in the study region are covered with a layer of varying thickness of the Quaternary
grounds of various genesis. The thickness of the layer of the Quaternary clay grounds is relatively more on the
plains of Mtkvari terraces, where their accumulation is associated with the movement of temporary surface waters.
The Tertiary formations are mainly made up of: sandstones, clays, conglomerates, sometimes, marls and limestones.
In particular, the objects itself is located in the region, where the upper layer is mainly presented by a thin alluvion
layer (gravel and shingle), which lies on hard rocks (sandstones of different degrees of cracks, etc.).

A part of the geological map related to the project area is given in Drawing 5.2.3.2.1. The geological map shows
thatmainly alluvila lowland presents all along teh project corridor with Quaternary and Modern alluvial
formations: shingle, conglomerates, sands and clays. Longitudinal engineering-geological sections of the project
corridor are given in Anex 2.
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Figure 5.2.3.2.1. Geological map of the project area
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Q-Quaternary system (undismembered). Genetic types of deposits: a-alluvial, m-
marine, am-alluvial-marine, I-Iacustrine, la-Lacustrine-aaluvial, Im — Lacustrine-
marine, ap-alluvial-proluvial, pd- proluvial-talus deposits: coarse gravels, blocks,
gravels, sands, conglomerats, clays, loams, g-glacial: apg-alluvial-proluvial-glacial
(fluvioglacial) deposits: boulder-coarse gravel accumulation, loams, sands, aC-
subbaerial cale-alkalic andesites, decites, andesite-decites

Qv-contemporaneous deposits; a-alluvial, am-alluvial-marine, m-marine, Im-
lacustrine-marine, p-proluvial, ap-alluvial-proluvial, Ip-lacustrine-proluvial deposits:
coarse gravel, sands, clays, sometimes pear bogs.

Meotian and Pontian stages. Marine and continental molasse: conglomerates,
sandstones, clays.
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Sarmatian stage. Marine and continental mplasse: sandstones, clays,
Nis conglomerates, sometimes marls.

5.2.3.3 Hydro-geology

According to the hydro-geological zoning of Georgia (I. Buachidze, 1970), the project highway corridor belongs to
the Marneuli-GARDABANI artesian basin (IT112).

Considering the geological characteristics, groundwater flow generally occurs within the quaternary alluvial-
proluvial deposits - shingle, conglomerates, sands, sandstones, loamy clays, as well as from the water-bearing
horizons containing modern alluvion formations. The springs associated with these deposits are mainly of a low
yield. The underground water currents circulate in the packs of Old Quaternary formations mainly to the depth of
20 m, which are mainly formed at the expense of the irrigation systems.

With their chemical composition, the waters of the Old Quaternary deposits are sulfate-hydrocarbonate calcium-
sodium-manganese, with their general mineralization varying within the limits of 1.0-10.0 g/l and wihtin the limits
of 0.5-1.5 g/l in modern deposits.

The ground water within the scope of the project corridor flows through the alluvial-prolluvial deposits of the
Quaternary Age as per the geological plan. There are more than one water surfaces fixed along the study section.
Due to the content of silt and clay in the layer, the ground waters outcrop and established levels differ from one
another.

Generally, as per the common practice, maximum ground water level may be said is 2 m higher than the ground
water level measured during the low-water period.

Particularly noteworthy is the situation in the vicinity of the water flowing near Mtkvari River. As a rule, the level
of Mtkvari River influenced the ground water level. Generally, during the river low-water, the ground water is
absorbed by the river and during the abundant-water periods, the ground water is accumulated. The studies on the
site were accomplished during the low-water period of the river and during the season of a low ground water level.
Ground water flows along the river current. In the abundant-water period of the river, the ground water level may
much exceed the fixed level.

Ground water outcropped in all boreholes provided along the study section (see table 5.2.2.3.1.).

Table 5.2.3.3.1. Topographical data of ground waters

From Center From Center Height, m| Ground )
aligment, m aligment, m water level Height, m
Borehole No. | Ch. I_:eft I_:eft X y z (established),
side side m
(LHS) | (LHS)
m m

46 0+166 4.00 496684 4583538 321.00 3.6 317.6
47 1+50 4.00 495810 4583387 323.00 45 318.2
48 2+63 25.00 494804 4583307 326.00 3.6 322.4
20 3+223 5.00 493879 4582685 324.00 3.2 318.2
21 3+359 14.00 493822 4582559 320.00 115
23 3+561 3.00 493777 4582362 308.00 3.2 305.0
49 4+367 1.50 493553 4581588 312.00 6.9 305.1
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50 5+771 CL CL 492763 4580451 320.00 6.8 314.3
51 6+980 CL CL 491703 4579881 326.00 5.5/8.2 320.6
52 8+300 39.00 490490 4579355 331.00 2.3/6.5 324.8
53 9+730 | 180.00 489141 4578834 339.00 9

15 11+211 250 487800 4578364 343.00 2.4/6.6 340.8
18 0+443 77,0 485894 | 4577667 | 359,00 8,4 350,9
17 0+473 76,0 485863 | 4577668 | 360,00 4,8 353,5
60 10+536 6,5 482862 | 4568795 | 404,00 7,8 396,8
14 13+214 29,0 483543 | 4566210 | 416,00 2,2 414,2

5.2.3.4 Tectonics and seismicity?

The research region of the object and surrounding area includes three major tectonic units and five sub zones of
the Caucasus: Greater Caucasus fold-thrust belt, (Southern Slope zone of Greater Caucasus); Transcaucasian
intermountain lowlands (Kura foreland); Lesser Caucasus (Achara-Trialeti fold-thrust mountain belt, Artvin-
Bolnisi block, Loki-Garabagh zone).

The significant seismicity of the investigation territory is manly linked to the block structure of earth crust and the
seismic activities of the eastern ending of the Adjara-Trialeti mountain belt and Artvin-Bolnisi block (especially of
Khrami-river basin).

According to the acting normative document in Georgia PN 01.01-09 - “Earthquake Engineering” (Georgian
building code, 2009) the design object is located in the MSK intensity VIII seismic zone with the maximum
horizontal acceleration value 0.18 g. However, modern investigation of probabilistic seismic hazard based on
international standards (for example, the EMME project of the Global GEM Program) have shown that the acting
normative seismic hazard map of Georgia (PN 01.01-09 “Earthquake Engineering”) (especially by PGA) is not
correct and significantly decreases the real expected seismic hazard in terms of PGA. Thus, before establishing new
norms like Eurocodes it is important to evaluate PGA and SA values individually for each significant object.

According to the above said the investigation area is considered as the territory, the boundaries of which are 50 km
far from the location of the design object and covers every main seismically active zone of the above mentioned
morphological elements.

To establish regularities of seismicity in the investigated area, primarily on the basis of seismic database of the M.
Nodia Institute of Geophysics, TSU the following catalogues and sets were compiled: 1) catalog of all fixed
earthquakes; 2) catalog of moderate and strong earthquakes A/5>3.5 in the same period; 3) catalog of macroseismic
data of strong earthquakes and set maps of isoseismals; 4) catalog of parameters of active faults, and 5) set models of
the equation of predicting strong motions (GMPE models).

On basis of these data, the maps of epicenters were constructed for investigated area. They show the density of
distribution of earthquakes of various magnitudes. There are presented all earthquakes from the pre-instrumental
period to 2018 that are indicated in catalogs. For moderate and strong earthquakes (MS>4.5) the date of occurrence
is also indicated.

3The Report was developed for teh bridge design planned across river Khrami within the scope of E60 Highway
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Figure 5.2.3.4.1. Map of moderate and strong earthquakes epicenters
(A8>3.5).
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41.0

Analysis of obtained maps show seismological condition of the investigated area. In particular, according to a map
of moderate and large earthquakes epicenters, the whole area is covered with earthquake epicenters with various
densities. The most concentration areas of epicenters are observed in the north-western segments of the area,
which is connected to the eastern edge of Adjara-Trialeti Mountain Belt and Artvin-Bolnisi block.

It is noteworthy that the strongest historical earthquakes have great influence on the seismicity of the region,
especially when considering the seismicity of the building territory of the object.

Seismically active faults and seismic source zones (SSZ) of thearea

Detail seismic investigation of the given area requires the study of seismotectonic conditions regularities. The result
of such investigation is separation of seismic source zones (SSZ). The methods of SSZ division, used in this work
(Varazanashvili, 1989, 1998), based on the wide range of geological-geophysical and seismological data. Its
conceptual base is complex block structures of the earth crust of Georgia territory. Continuous deformation caused
by endogenous process takes place in the earth crust. In this condition the inhibition of block relative motion take
place on some transition zones of blocks. This causes the creation of the areas, where the elastic potential energy is
accumulated. This energy can be released by the sudden rapture or by the earthquake. Very important is specify
the spatial location of intrablock transmission zones to establish the SSZ or potential places caused strong
earthquakes. To solve this problem it is essential to have data of active faults for investigatedarea.
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The area considered in this report 10 relatively large seismically active faults (fault zone, FZ) revealed on the basis
of geological, geophysical, morphological and seismological data (Fig. 5.2.2.4.2). Here is a list of fault zones (FZ)
passing through the territory of Georgia (G), Azerbaijan and Armenia and numbered from 1 to 10: Orkhevi (G1),
Eldari (G2), Taurtepe (G3), Udabno (G4), Thilisi (G5), Teleti (G6), Khrami North (G7), Khrami South (G8), Loki
North (G9), Dmanisi (G10). Brief description of the mentioned faults is set out below by Adamia et al. (2008) and
Sesetyan et al. (2017).

Drawing. 5.2.3.4.2 Seismically active faults zones (FZ) of the investigation area.
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Conclusions and Recommendations

During past historical period the highest seismicity (intensity 6-8 MSK) on the territory of the object were formed
by the strongest earthquakes of regional type. While weak instrumental earthquakes near the object confirm the
modern seismic activity of this area.

10 seismically active faults have been studied for determining regularities of the seismotechtonic conditions or for
allocation of seismic source zones (SSZ). They were identified using geological, geophysical, geomorphological and
seismologicaldata.

Using active faults, identified by complex data, map of seismic sources zones has been created, which describes
potential seismic capabilities of the area. 10 SSZ were allocated in the region, which were differentiated with six
magnitude ranges and 0.5 steps (5.0<Mmax<7.5). SSZ parameterization was done.

Seismic hazard analysis for the study area was done using probabilistic methods for peak ground acceleration (PGA)
and spectral acceleration (SA) with a period of 0.2, 1 sec, at rock (VS30=905 m/sec), to 1000 year recurrence period
and 75 year waiting time. For calculations well known European and USA software (OPENQUAKE and EZ-
FRISKTM) were used.

Probabilistic values of ground motion PGA for horizontal and vertical components, which correspond to 1000 year
recurrence period, in 75 year waiting time, were (see table 2): at rock: PGAH=0.37 g, PGAV=0.28 g.

For study area magnitude-distance deaggregation results for 1000 year recurrence period (75 year waiting time) is
given in table 3. The deaggregated results (see Table 3) of probabilistic hazard assessment have shown that main
contribution in seismic hazard is (for PGAH) from earthquakes with magnitude MW=5.7 (MS=5.4 ) from the mean
distance around 27 km (this distance includes the nearest zone and SSZ #3, 7 and 8), and for PGAV is from
earthquakes with magnitude MW=5.1 (MS=4.5 ) from the mean distance around 14 km (in the main SSZ #7 and 8),
forrock.

The deterministic assessment of seismic hazard are estimated for fractile 0.5, for the largest magnitude in each SSZ
at its closest distance to the object. The high seismic hazard (0.444 g PGAH and 0.336 g PGAV) on the object is
possible from the #8 SSZ, where the object is located and south-west of the object, at a distance of about 2 km,
there is Khrami South seismically active fault. #3, 7 and 10 SSZ, also can cause the significant seismic hazard (0.077-
0.143 g PGAH and 0.058-0.108 g PGAV).

As per EUROCODE 8, obtaining of the specific response spectrum should be based on the paragraph 3.2.2.5 of EC8
EN 1998-1.2004, using q behavior coefficient, which in its turn, depends on the construction design of road
buildings (bridge)and should be considered while working on the construction part of theproject.
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5.2.3.5 Engineering Geological Survey

The geotechnical and geological studies were accomplished to identify the factual geological conditions in the
project corridor. Different levels to study ground formation, type and stability were considered in the study
area.

Upper part of the study corridor is mainly presented by clay and silt mixed with stone and forming solid strata
all along the depth of the working. The lower layers are mainly presented by sedimentary sandy and gravely
and gravely sand, with a minor content of silt and clay.

In the design phase, detailed and geophysical study of the ground was accomplished. Boreholes and trial pits
were drilled.

The geotechnical study was accomplished in three stages:

a. [Engineering Geological Survey

A review of the project area was completed at detailed design to support the feasibility stage in assessment of the
main geological hazards of the project

° Faults and discontinuities, shear zones

o Landslides and indication of slope instability

° Erosion, water ingress, water flows, permanent water table
° Evidence of seismic hazards

b. Geotechnical investigation at the detailed design study stage

) Cored boreholes, report nr. 5334, by M/s Sak& Co, dated July 2017
. Drilling the pits, Report 5335, author: M/sSak&Co, date July, 2017
J Geophysical study.

c. Geotechnical investigation at Detailed Design stage

A second investigation campaign was launched in November 2017 and February 2018 and Boreholes were
drilled at critical embankment and bridge locations.

The next part is dealing with the third (c) stage of site exploration. The previous stages (a and c) were
detailed in the Feasibility Study issued on November 13. 2017.

In order to investigate soil conditions, 12 pc boreholes were drilled to a depth of 10.0and 25.0 m. Drilling
works were carried out by drilling rig “UGB-1-vs”, mechanical core drilling, diameter 160 mm, without
washing, reduced runs and continuous extraction of core, using pipe casing. The total linear measurement
of the boreholes was140m, the average length was 11,7m. The location data for the boreholes were as
follows:

Table 5.2.3.5.1. Topographical data of boreholes within the foothills area

From Center
aligment, m Coordinates m Elev.m Elev. m
Borehole No.| Ch. .. | Right Depth
z_flfltsilde Side bottom
M (RHS) m | x y z
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LOT 3
46 0+166 4.00 496684 | 4583538 321.00 10 311.0
47 1+50 4.00 495810 4583387 323.00 10 313.0
48 2+63 25.00 494804 | 4583307 326.00 10 316.0
20 3+223 5.00 493879 4582685 324.00 15 309.0
21 3+359 14.00 493822 4582559 320.00 20 300.0
23 3+561 3.00 493777 4582362 308.00 25 283.0
49 4+367 1.50 493553 4581588 312.00 10 302.0
50 5+771 CL CL 492763 4580451 320.00 10 310.0
51 6+980 CL CL 491703 4579881 326.00 10 316.0
52 8+300 39.00 490490 4579355 331.00 10 321.0
53 9+730 180.00 489141 4578834 339.00 10 329.0
15 11+211 2.50 487800 4578364 343.00 20 323.0
LOT 4
18 0+443 77,0 485894 | 4577 667 359,00 20,0 339,00
17 0+473 76,0 485 863 | 4577 668 360,00 20,0 340,00
54 1+308 43,0 485048 | 4577 401 379,00 15,0 364,00
56 4+355 1,5 483 438 | 4574 806 377,00 25,0 352,00
58 74527 9,3 482716 | 4571777 389,00 19,0 370,00
60 10+536 6,5 482862 | 4568 795 404,00 10,0 394,00
13 12+186 18,0 483200 | 4567179 412,00 10,0 402,00
12 12+250 18,0 483213 | 4567 117 415,00 10,0 405,00
14 13+214 29,0 483543 | 4566 210 416,00 10,0 406,00
61 15+225 14,0 484 662 | 4564563 442,00 10,0 432,00
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5.2.3.5.1 Engineering Geological Survey by CPTu Sounding

CPT sounding is a cost-effective, reliable and environmentally friendly in-situ method of determining the
physical characteristics of subsurface soils. The sounding operations were carried out in December, 2018.

Static (CPT) soundings were performed in accordance with DIN Standard 4094-1:2001-6 conforming to
EN ISO Standard 22476-1:2013.

During the CPT measurement, a cone on the end of a series of rods was pushed into the ground with
constant intrusion velocity and continuous measurements were made of the resistance to penetration of
the cone against the surface of the sleeve. A piezo-cone, was used at every exploration in this project, and
this measured pore pressure. The total force acting on the cone divided by the projected area of the cone
produced the cone resistance. The total force acting on the sleeve, divided by the surface area of the sleeve
produced the sleeve friction.

Many factors influence CPT profiles, including physical cone properties, vertical effective stress, pore
pressure, soil compressibility and fabric, and depositional characteristics.

The CPT used at the project site was mounted on a 24 ton weight truck and consisted of a 36 mm diameter
rod with surface area of 15 cm2and a 60-degree-apex-angle cone at the base.
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The cone is equipped with electronic load cells that measure both point resistance and frictional resistance
between the soils and the cylinder side of the cone. The truck consists of the following elements:

» Thrust Machine: Apparatus providing thrust to the coiled push rod system so that the required
constant rate of penetration is controlled;

> Reaction Equipment: Reaction for the thrust machine (24 ton weight CPT truck);

» Push Rod System: Thick-walled cylindrical tube used for advancing the penetrometer to the
required
test depth added in 1-meter increments until the physical limitations of the system are exceeded due
to site conditions;

> Piezocone Penetrometer: Cylindrical terminal body mounted on the lower end of the push rods,
including a cone, a sleeve, a filter, and internal sensing devices for the measurement of cone
resistance, sleeve friction, pore pressure, and inclination; and

» Measuring System: Apparatus and software, including sensors, data transmission apparatus,
recording apparatus, and data processing apparatus.

The major application of the CPT is soil profiling and classification. Typically, the cone resistance,
(qc) is high in sands and low in clays, and the friction ratio Rf is low in sands and high in clays. CPT
classification charts cannot be expected to provide accurate predictions of soil type based on grain size
distribution but provide a guide to the mechanical characteristics of the soil, or the soil behavior type
(SBT). CPT data provides a repeatable index of the aggregate behavior of the in-situ soil in the
immediate area of the probe. Hence, prediction of soil type based on CPT is referred to as soil
behavior type (SBT).

Usually, correlations use the basic CPT parameters of cone resistance (qc) and friction ratio (Rf). The
friction ratio is expressed in percent and calculated by using the following equation:

Rf = £/q.*100
Where:
Rf = Friction ratio
fs = Sleeve friction resistance
qc = Tip resistance
The collected data is presented in a graphical format as shown in Appendix4. The logs present soil
parameters versus depth below ground surface in meters, and include:
* cone tip resistance plot in MN/m?,
+ friction sleeve resistance plot in MN/m?,
+ friction ratio plot in percent (%), and
* pore pressure in MPa (where applicable).
Measuring these parameters, the ratio of sleeve friction resistance and tip resistance can be calculated. This
friction ratio (fs/qcx100) is also drawn. Empirically, the type of the soil can be determined:
- sand: f/qc = 1 %,
- siltf/qe = 2,5 %,
- clays fi/qe> 4 %
The Standard of Eurocode 7 was used for evaluating the CPT sound diagrams as well as the international
literatures and experience?2.

The soil classification according to CPT results are presented in the figure below.
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Figure 5.2.3.5.1.1. The soil classification according to CPT results

Clayey silt to silty clay

Zone Soil Behavior Type
1 Sensitive fine grained
2 Organic material
3 Clay
4 Silty Clay to clay
5
6

Sandy silt to clayey silt

7 Silty sand to sandy silt

8 Sand to silty sand
Sand
10 |Gravelly sand to sand

Cone ressistance q, (MPa)

Fabatecn of ol 1955
O

Y et > : ¢ + |11 |Very stiff fine grained*
Friction ratio (%) 1

Sand to clayey sand *

* Overconsolidated or cemented soil

Table 5.2.3.5.1.1. CPTu tests data

From Cent
aﬁ;ﬁeni?rﬁr Coordinates m Elev.m| pepth Elev
CPTu | g, | Left | Right bottom
No. side Side
@HS) | ®us) | xml | ym] | z[m] [m] [m]
[m] [m]
LOT 3
CPT- | 2+900 CL CL 494064 |4582953| 328.0| 15.4 312.6
36
CPT- | 3+380 | 450 493835 |4582536| 319.0| 8.6 310.4
37
CPT- | 3+450 CL CL 493805 |4582455| 307.0| 12.9 294.1
39
CPT- | 34530 CL CL 493789 |4582395| 308.0| 11.6 296.4
40
CPT- | 5+770 | 5.50 492772 |4580451| 320.0| 5.9 314.1
60
CPT- | 9+716 |160.00 489154 4578858 | 339.0| 3.9 335.1
61
CPT- | 11+390 80.00 | 487626 |4578278| 346.0| 4.8 341.2
41
CPT- | 11+390 | 85.00 487751 |4578174| 344.0| 4.4 339.6
42
LOT 4
43 0+570 | 9.00 485761 (4577590 361,0| 20,16 340,8
44 0+550 14.00 | 485785 |4577613| 361,0| 17,77 343,2
45 0+530 | 16.00 485800 [4577581| 360,0| 20,06 | 339,9
46 0+510 11.00 | 485824 |4577606| 360,0| 20,21 339,8
47 0+510 | 11.00 485826 |4577584| 360,0| 20,31 339,7
48 0+480 13.50 | 485850 [4577606| 360,0| 20,24 339,8

4with special regards to: Swedish Geotechnical Institute (1995)_ The CPT test (Information 15E); T. Lunne, P.K. Robertson, J.].M. Powell: Cone Penetration
Testing in Geotechnical practice (Blackie Academic); P.R. Robertson: Soil classification by the cone penetration test (Can. Geotechn. J. 27: 151-158)
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49 |0+480| CL CL |485850| 4577593 | 360,0| 20,16 | 339,8

50 |12+16| CL CL |483213| 4567207 | 418,0| 0,57 417,4

51 12819 CL CL 483217 | 4567176 417,0| 0,72 416,3

52 12823 CL CL |483228| 4567138 | 420,0| 2,03 418,0

53 13820 26.00 |483545| 4566219 | 420,0| 4,03 416,0

57 ISiBO CL CL 484504 | 4564681 | 448,0| 1594 | 432,1
CPT Values derived from CPT

Due to the relatively high sand content of the soil layers some informative soil parameters may obtain
from the cone resistance (qc) of the CPT tests according to the EN 1997-2:2008.

Table 5.2.3.5.1.2.Derivation of the effective friction angle (¢) and drained Young modulus of
quartz & feldspar sands from the tip resistance (qc) of pressure sounding (example)

Density index qe Effective friction Drained Young
™M . a:lnglea I];;m(%\l/ﬁ;mb
Pa) (degree) , (MPa)
Very loose 0.0-25 29 -32 <10
Loose 25-5.0 32-35 10-20
Medium dense 5.0-10.0 35 -37 20-30
Dense 10.0 -20.0 34 -40 30 - 60
Very dense > 20.0 40 — 42 60 - 90
® - Values given are valid for sands. For silty soil a reduction of 3° should be made. For gravels 2°
should be added.

b - E, is an approximation to stress and time dependent secant modulus. Values are obtained for
drained modulus corresponding to settlements for 10 years. They obtained assuming that the

vertical stress distributions follow the 2:1 approximation.
Furthermore, some investigations indicate that these values can be 50% lower in silty soil and 50%
higher in gravelly soil. In over-consolidated coarse soils, the modulus can be considerably higher.
When calculating settlements for ground pressures greater than 2/3 of the design bearing pressure
in ultimate limit state, the modulus should be set to half of the values given in this table.

5.2.3.5.2 Results of the Laboratory Tests

The boreholes were conducted at the bridge locations, heavy cutting or embankment location. Both the cohesive
and non-cohesive soil samples were taken. In order to identify particle size distribution of existing soil, particle size
distribution via sieve test were conducted. Based on visual observation of site, test-pits, results of laboratory testing
and processing of materials, the consultant obtained following information:
*  Physical-mechanical properties of clay soils
Chemical composition of soils;
Water chemical composition;
Particle size distribution of soils
Atterberg Limits
Uniaxial &Triaxialtests and shear tests
Consolidation tests

¥ ¥ X ¥ ¥ ¥ %

UCS tests on rock samples
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*  PLI (Franklin) test on rock samples

Under the data of field geotechnical and laboratory tests conducted along the project road profile, the following
layers were identified based on Engineering Geological Elements (EGE). From the Borehole log sheet the following
EGE were established.

EGE- 1, Sand and silt containing sand of medium and high plasticity. It is extended along the road.

EGE- 2, sandy gravel with low plasticity. It is extended along the road.
EGE- 3, Pebble (50 ~ 55%) and crushed stone (20 ~ 25%) with sand. It is extended along the road.

It was identified only in borehole 15.

Due to the detailed laboratory tests, the large quantity of test results made it possible to carry out statistical analyses
of the soil properties determining characteristic parameters for design.

The parameters of the layers are summarized in the table below:

A Sandy clay
min |max. |Avg |Char.v.

Sand content Sa [%] 0,8 39,3 [16,6 |10,9
Silt content Si [%] 8,3 665 |37,3 (29,2
Clay content Cl [%] 258 [68,0 (46,3 |39,8
Natural moisture content w % 11,2 (274 |[19,3 |17,4
Porosity coeffcient 0,5 0,9 0,7 0,7
Degree of Saturation [%] 58,0 (83,7 |70,7 |66,7
Liquid limit wL [%] 32,8 |59,0 |51,4 |47.,6
Plasticity limit* wP [%] 18,3 [30,4 |[26,7 |25,1
Plasticity index PI [%] 145 (29,4 24,7 22,0
Consistency index CI %] 0,9 1,9 1,3 1,2
Inner friction angel O o 14-18
Cohesion* C kPa 30-60
Bulk density” O g/cm? 1,69 (1,99 |1,84 |1,80
Compression module E MPa 14-16

* Due to the high plasticity index expansive clay should be assumed. In the light of the other
test results high quantity of clay minerals could be found in the soil.

** Due to the boring technology the values should be corrected. In the boring process the shale
and hard marl have been grinded.

Sandy gravel
min |max. [Avg |Char.v.

Gravel content Gr [%] 47,6 63,3 |54,7 |519
Sand content Sa [%] 9.4 22,3 155 132
Silt content Si [%] 8,4 27,8 22,2 |189
Clay content Cl [%] 4,5 234 |7,7 4,9

Natural moisture content w [%] 5,0 12,3 |9,1 8,1

Liquid limit wL [%] 25,1 [389 |31,9 |295
Plastic limit wP | [%] 14,6 (229 |18,6 |17.3
Plasticity index PI [%] 6,8 185 |13,3 |11,2




Consisteny index CI [%] 1,3 3,1 1,8 1,5
Inner friction angel 0 o 40
Cohesion c kg/cm? 0
Bulk desnity p g/cm?® 1,98 2,01 2,00 1,95
Module of deformation E MPa 40,03

*

high quantity of clay minerals could be found in the soil.

2

marl have been grinded.

5.2.3.5.3 Empirical soil parameters
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Due to the high plasticity index expansive clay should be assumed. In the light of the other test results

Due to the boring technology the values should be corrected. In the boring process the shale and hard

Strength and compression tests were performed on undisturbed core samples of the cohesive soils. For the
determination of internal friction angle, cohesion and bulk modulus can be used the following relationships
based on the results of other laboratory tests (Atterberg limits).

¢ Internal friction angle and cohesion in case of cohesive soils
The shear parameters of the cohesive soil were calculated from the index of plasticity (PI) and
from the relative consistency (CI). The following empirical equation can be used for the
calculation of the internal friction angle:

¢ =(30-0,4*PI) [°]

e Compression modulus in case of cohesivesoils

The modulus of compressibility of the clays can be calculated from the PI and the CI values,
using the empirical equation of Kopacsy: Es = CI*(16-0,2*PI) [MPa]

Table 5.2.3.5.3.1. Approximate friction angle of cohesive soils

PI e 0]

% Cl~1,2 Cl~1,0 CI~0
silty 1-10 0.5 28° 28° 24°
sand, . 5 o

0.7 26 26 20

sandy

silt

Silt, 10-15 0.5 26° 26° 20°
Siﬁdyy 0.7 24° 24° 18°
Clay 15-20 0.6 22° 20° 15°
0.8 20° 18° 12°
20- 0.7 18° 16° 10°
0.9 15° 12° 8°

5.2.3.5.4 Conclusions and reccomendations

The explored soil structure is matched to the formerly described geological conditions. There is no
significant geotechnical objection to the building or construction of the road. No hazardous geodynamic
processes (landslides, rock fall, etc.) needing significant reinforcement works were identified in the

project corridor or adjacent to it.

Alluvial and Prolluvial deposits were identified in the boreholes. The bearing capacity of the
Quaternary sedimentary deposits layers is suitable to provide embankment and engineering
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structures. A method of little depth foundations (e.g. box culverts, underpasses, etc.) can be used for
the engineering structures. However, most of the levels of foundations of the structures are found
below the embankment.

Generally, outcrops of the ground water levels are not expected up to 2 m from the existing surface.
However, the situation near rivers Algeti and Polit-Arkhi is special and (ground) water level may
exceed the level of the surface of the relief.

No organic grounds are fixed along the given section. Topsoil is necessary to remove from the
borders of the construction area. The disposed topsoil must be stored in piles for further use by the
contractor as per the developed ground treatment plan.

The fill of the embankment should be properly compacted. The maximum thickness of a layer of the fill
must not exceed 30 cm. The compaction should be carried out by single layer. The requested rate of the
density is Try=90%. The density of each layer should be checked according to the approved qualification
and sampling plan submitted by Contractor.

It should be noted that effectively, for the cohesive soils, compaction is highly depend on the moisture
content of the soil. The best results can be achieved if the moisture content is close to the optimum. Due
to the majority of the earthworks being in embankment construction, with the occurrence of only a short
section of cutting, acquisition of some material from soil borrow pits will be necessary.

If the earthworks are performed under unfavorable weather conditions, the local installation of different
kind of geosynthetics may be necessary in some areas where the ability is important to separate, filter,
reinforce, protect, or drain soil layers.

Generally there are two important aspects of implementing geosynthetics in this project:

a.) separate two different layers e.g. subsoil and embankment fill

b.) strengthening the earthworks to be constructed

The required bearing capacity values of the subsoil, of the improved layer and of the subgrade shall be
included in the implementation plan. The purpose of the geosynthetics implementation is to resist the
shear stresses from the embankment (lateral sliding of embankment) and possibly also shear stresses from
the subsoil (extrusion/squeezing).

If an embankment is built on weak subgrade, pore waters in the subgrade are forced to leave by the load,
consolidation takes place and the bearing capacity of the subgrade increases. In case of quick construction
of the embankment, this pore water pressure is suddenly greatly increased and causes a hydraulic soil
break under the embankment and the constructed embankment slips apart.

Embankment foundation is necessary to prevent this type of failure to occur on weak subgrades. To
prevent the slipping apart of the embankment body some kind of reinforcement needs to be installed at
the bottom of the embankment that will hold it together along the embankment toe.
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A structure designed using subgrade parameters, the weight of embankment and its working together with
the geogrids and the tensile strength of the geogrid. By default biaxial or triaxial geogrids are used, but for
higher loads it may become necessary to use uniaxial geogrids placed perpendicular to the axis of the
embankment. Geogrids may be placed at a spacing of max. 40 cm, because in layers exceeding this
thickness the arching of aggregate filling material occurs. The solution is acceptable if consolidation in the
various phases is not excessive, because the elasticity of the embankment foundation with multilayer
reinforcement fully copies the settlements pertaining to the embankment height. This embankment
foundation does not reduce settlement.

Road subbase is very sensitive to impacts during construction. Precipitation, drenching and construction
traffic, and their combined effects, can cause severe damage. As we know, the subbase is subjected to the
greatest load during construction and these loads are not distributed but linear loads, as the construction
equipment move on the surface. Therefore the subbase must be designed to consider these impacts and
must be reinforced to ensure the underlying subgrade does not suffer any rutting, for slack waters in the
rut may cause the quick failure of the substructure of the whole road structure.

e Most suited for subbase reinforcing are biaxial or triaxial geogrids with integral junctions.
Obviously the type of fill on the grid is important too. These types of geogrids do not
function properly with well graded 0/60 crushed stone. It is important that the so called
interlocking effect between the grid and the fill particles is created, i.e. the particles
protrude into the openings of the grid and are locked in place They shall be grappled on
site).

e Based on the bearing capacity of the subgrade, using design charts, the thickness of
subbase course can be determined that will provide the required load bearing capacity on
the top of the subgrade.

e In the construction of roads and railroads an important objective is to ensure access to the
construction site in all weather conditions. This objective is also met by subbase
reinforcement.

e Embankment foundations act on relatively better quality subgrades as subbase
reinforcement, because the objective is to increase the bearing capacity of the structure
from poor to the generally required value of 40 MPa.

e Subbase reinforcement cannot be discussed without the drainage of the soil structure.
New geosynthetic products are gaining ground that can replace drainage blankets and can
be connected into vertical drains made of the same or similar materials. With their joint
use the drainage of earthworks in cuts or embankments can be properly solved. They
ensure both during construction and service that the earthwork will not get drenched
through, ensuring that the bearing capacity realized at the construction will be kept up in
the long run.

e Subbase reinforcement has a special case when railway ballast is reinforced. Tensar
developed a grid type for use in railway ballast reinforcement that doubles the service life
of the structure. It is a good idea to use it for new structures because with low extra cost
longer service life can be achieved.

Other important are where the geosynthetics are wildly use the slope protection either in cut or
embankment. All slope surfaces must be protected against erosion by rainwater. Slope protection basically
means sodding, the roots of the grass prevent the washout of soil particles. Artificial protection protects
the slope until the roots of the grass are developed. Materials most frequently used are natural, biologically
degradable textiles. The geocell described earlier is also capable of erosion control on slope surfaces.
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e The type of protection is normally determined by the angle of the slope, but the soil and
geometrical location of the slope and rain intensity must also be considered.

e For slight slops jute or coconut shuck protection is sufficient onto which grass seed is
sown or grass will grow through it. For steeper slopes some form of spatial geogrid is
required that can be filled with humus or even rubble. For even steeper slopes geocell
protection is recommended that can be filled with soil, but they are typically filled with
stone.

5.2.4 Soil

The soil cover in the project implementation zone is presented by quite diversified types of soil. In the intense
land cultivation area, where the longest section of the design corridor must run, there are Cinnamonic grey-
brown soils spread. The given soils are fertile and are widely used to grow cereal crops and vegetables.

Along the sections of the highway running near the surface waters, alluvial soils also present.
The main problem with soils is weathering and pollution with different substances.

The reason for this is improper use of inorganic fertilizers, destruction of field protection and wind break belts
and faulty operation of irrigation systems on the one hand and wind and water erosion on the other hand.

5.2.5 Hydrology

Algeti-Sadakhlo project highway corridor runs across Kvemo Kartli Plain,In the extreme southern area. The
corridor is crossed by three rivers and 50 nameless gullies. Of rivers, Khrami River crossing village Didi
Muganlo 2 km in the west is noteworthy. Debeda river gets near the project corridor at its last section, but
does not cross it.

The River Khrami (Ktsia-Khrami) heads on the southern slopes of Trialeti Ridge, in Javakheti mountains, 2,4 km
east of mountain Karakaia (2850,8 m), at the altitude of 2422 m above sea level and flows into the Mtkvari River
from its right side, near village Shakhli. The total length of the river is 201 km, its total fall is 2167 m, its average
gradient is 10,7%o; the area of the river water catch basin is 8340 km? The river is flown by 2234 tributaries
with the total length of 6471 km.

The River basin covers the areas in south-east of Georgia and north-western part of Armenia. The relief of the
River basin is mountainous and intensely dissected with the gorges of the river tributaries.

In 1947, near settlement Tsalka, in 117 km from the river mouth, a 33,2-meter-high and 113-meter-long Khrami
(Tsalka) water reservoir of the power generation and complex purposes formed with a stone-fill dam was put to
operation. The total volume of the water reservoir is 313 mln. m? and its useful capacity is 293 mln. m3. The area
of the water catch basin of the Ktsia-Khrami River in the section of Tsalka water reservoir is 1045 km? Khrami
(Tsalka) water reservoir totally regulated the Ktsia-Khrami River runoff in its lower course.

The river is alimented with snow, rain and ground waters. Besides, the role of ground waters in the river
alimentation increases only past Tsalka water reservoir, at the expense of Dambashi springs outcropping
from the volcanic slopes.

The River is alimented with snow, rain and ground waters. However, the role of the ground waters in the river
alimentation is significant only past Tsalka water reservoir, at the expense of Dashbashi springs flowing out of
the volcanic slopes of the gorge. In natural conditions, the water regime of the river depends on the
alimentation sources and is characterized by one spring flood and low-water periods in other seasons of the
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year, which in some years may be disturbed by the freshets caused by summer or autumn rains. In natural
conditions, 38% of the annual runoff flows in spring, 26% flows in summer, 24% flows in autumn and 12%
flows in winter. Past Tsalka water reservoir, the internal-annual distribution of the River runoff totally depends
on the amount of water discharged from the water reservoir for power generation purposes. In terms of total
filing of Tsalka water reservoir, the water is expected to be discharged from the dam flood-control outlet with
its value equaling 500 m?/sec under the project.

Past Tsalka water reservoir, the River is widely used for power generation and irrigation purposes. The water
reservoir supplies regulated water of the River Ktsia-Khrami to Of 113 and 110 MW capacity Khhramhesi-I (Khrami
HPP I) and Khhrambhesi-II (Khrami HPP II), as well as Tetritskaro, Bolnisi and Marneuli agricultural plots of field.

River Suli-Kobu heads at the altitude of 350 m on Kartli Plain and flows across a depression, which is a natural
water intake for the water drained from the irrigation channels and irrigated areas. Due to this fact, the river
bed is bogged. The area of the water catch basin of the river up to the crossing point with the modernization
road is 4,37 km?, the river length is 5,50 km and the bed gradient is 6,7%eo. Despite the fact that the bogged bed
of Suli-Kobu river always has water in it, passages of peak discharges across it is not excluded during the intense
rains.

River Banosha heads on the territory of Armenia, at 1950 m altitude on the northern branch of Loki Ridge and
flows into Debeda river from its left side on the territory of Georgia. The length of the river up to the crossing
point with the modernization road is 19,8 km, its total fall is 1540 m, its average gradient is 77,8%o, the area of
the catch basin is 93,3 km?. The basin of the river with its mountainous relief is located on the eastern slope of
Loki Ridge.

The geology of the river basin is presented by the Quaternary deposits, which are covered with loamy soils.
Forest cover in the river bed grows only on the territory of Armenia. The river bed is moderately winding and is
not branched.

The river is alimented with snow, rain and ground waters. Its water regime is characterized by spring and
summer floods and instable low-water periods in other seasons of the year.
On the territory of Georgia, the river is not used for economic purposes.

Dry nameless gullies, which head on the eastern slopes of the northern branch of Loki Ridge, are the left
tributaries of Debeda River. The areas of the water catch basin of the mentioned gullies up to the crossing point
with the modernization road vary from 0,05 km? to 7,42 km?, their length varies from 0,23 km to 5,90 km and
the gradient of their beds varies from 36,2%o to 157,7%o.

The geology of the dry nameless gullies is presented by the Quaternary deposits, which are covered with loamy
soils. A great majority of the gullies has no forest cover. Of the vegetation cover, only sparse bushes and grasses
grow there. Insignificant forest plantations grow in the upper zone of the basins of the gullies, which head on
the territory of Armenia.

For most of the year, the gullies are dry. Water in the beds of the gullies appears only during the intense rains or
when little snow melts. Besides, runoffs and levels of the freshets caused by rains much exceed those caused by
snow melting. Runoffs caused by freshets flow into Debeda River.

Debeda River, which does no cross the modernization road, but is a water intake of the dry gullies, heads from
the spring at the altitude of 1850 m on the northern slope of Janduri Ridge, on the territory of Armenia and
flows into Khrami River from its left side on the territory of Georgia at the altitude of 295 m.
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The total length of the river is 176 km, its total fall is 1455 m, its average gradient is 8,27%o; the area of the river
water catch basin is 4080 km?. A lower section of the river with the length of 25 km flows across the territory of
Georgia. Along this section, the area of the water catch basin of the river is 290 km? The river has its major
tributaries on the territory of Armenia and has one left-side tributary, Banosha River with the length of 20 km on
the territory of Georgia.

The river basin is clearly divided into the mountainous and lowland zones. The mountainous zone is located on
the territory of Armenia and the lowland zone is located on the territory of Georgia. On the territory of Georgia,

where the river branches and is intensely meandering, a great part of the river basin is used as agricultural plots of
field.

The River is alimented with snow, rain and ground waters. Its water regime is characterized by spring and
summer floods and stable low-water period in other seasons of the year. The low water discharges in the river
occur in winter months.

On the territory of Georgia, Debeda River is widely used for irrigation purposes. There are 7 irrigation channels
across it with their distributing units totally covering the area and floodplains adjoining the River.

In addition to the rivers and gullies described above, Algeti-Sadakhlo modernization road is crossed by a main
irrigation channels and their distributing units. It should be noted that Kcemo Kartli Plain, following its climatic
conditions, needs intense irrigation. As a result, quite a dense network of irrigation channels is provided both, in
this concrete area and all over Kvemo Kartli plain. The conductivity of the irrigation channels is calculated
when developing relevant designs and the passages of water peak discharges across them what would pose
problems to the trouble-free operation of the modernization road, is virtually excluded.

5.2.5.1 Water peak discharges

Of the rivers and gullies crossing Algeti-Sadakhlo modernization road, only Khrami river is studied
hydrologically.

The runoff of the Khrami River past Khrami (Tsalka) water reservoir was studied at different times and with
different durations, near village Dashbashi, at Khramhesi building (diversion channel), Khramhesi settlement
(conductive channel), near village Trialeti, village Kakliani, portal of conductive tunnel, village Tsknari, village
Dagetkhachini, village Imiri and near Red Bridge. The observations at the said hydrological stations stopped in
the 1990s.

Water peak discharges in the level of the crossing point with Algeti-Sadakhlo modernization road are identified
by using an analog method. The data of River Khrami — H/S Imiri located 2,9 km above the modernization road,
against the current, are used as an analog. The observations over the peak discharges in the section of
hydrological station Imiri were carried out for 49 years (1942-3/3, 1985-91), but the data are officially
published only through 1986.

In 1947, as it was mentioned above, Khrami (Tsalka) water reservoir was put to operation, which regulated the
River runoff in its lower course. Therefore, it was decided to fix the peak discharges of the River Khrami in H/S
Imiri section from the moment of putting the water reservoir through 1986.

The 44-year-long variation series (1942-83, 1985-86) of the observation data over the officially published water
peak discharges of the River Khrami in Hydrological Station Imiri section was statistically treated in line with
the effective normative documents of Georgia by using the moments method. As a result, the following
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parameters of the distribution curve were obtained: Many-year value of water peak discharges: Q, = ZQi _165

n
. . (K -1)°*
Variation coefficient C, = 1 =0,75;

The value of the asymmetry coefficient Cs :4'CV =3,00 was obtained by the nearest conjunction of the

m3/sec;

theoretical and empirical points on the probability cell.

The value of the asymmetry coefficient was determined as a function of sloping coefficient S. Its value was
calculated as follows:

= Q5% +Q95% - 2'Q50%
Q5% - Qgs%

As for the average many-year value of water peak discharges, it was calculated by formula:

|
Qo = Qson — P -0
Mean square deviation is calculated as follows:

§:Cv 'Qol — Q5% _Qgs%
q)s% _(D95%

where Q5% , Q50% and Qg5% are the values of water peak discharges of 5, 50 and 95% provisions established by

means of the empirical curve of provision;

O 50 » (D50% and q)95% are rated ordinates of a binomial curve of 5, 50 and 95% provision.

The calculations with the graphical-analytical method yielded the following parameters of the distribution
curve:

|
Average many-year value of peak discharges Q, =170 m3/sec.
Variation coefficient is Cv =0,82;

Asymmetry coefficient Cs =1,90;

Mean square deviation ¢ = 139.

The parameters gained by the graphical-analytical method and rated ordinates of the binomial distribution
curve were used to fix the peak discharge values of different provisions of the river Khrami in the section of
hydrological station Amiri. As the theoretical points obtained by using the graphical-analytical method coincide
best with the empirical points plotted on the probability cell, the design value of the water peak discharge of the
Khrami River in the section H/S Imiri is accepted to be the peak discharges obtained with the graphical-
analytical method.

Transition from the analog section, i.e. Imiri section, to the level of the modernization road is done by using a
transition coefficient with its value gained through the involutio to the degree of reduction of the ratio between
the areas of the catch basins by using the following expression:
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Where Fyg,, is the area of the catch basin of river Khrami in the level of the modernization road, and 4175 km?;

K

F,n - is the area of the catch basin of river Khrami in the analog section, i.e. in the section of the
hydrological station Imiri and equals to 3840 km?;

N — is the indicator of degree of reduction with its value for water peak discharges taken as 0,5.

Consequently, the coefficient for transition from the analog section to the design section will equal to 1,038. By
multiplying the values of water peak discharges obtained in the section of H/S Imiri by the given coefficient, we
gain the values of water peak discharges in the level of the modernization road.

It should also be noted that for 70 years of operation of Khrami water reservoir, no water was ever released from
the dam flood-control outlet and as a result, the amount of water to release from the dam flood-control outlet in
the design section was not considered when calculating the water peak discharges.

Water peak discharges of Khrami River in the design (H/S Imiri) section and in the level of the modernization
road identified by using an analog method are given in Table 5.2.4.1.1.
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Table 5.2.5.1.1. Peak discharges of Khrami River, m3/sec

Section | Method F Q Cyl Cs /s K Provision, P%
km? | 05 [ 1 2 5 |10
m3/sec
Analog  |Graphical- 3840 | 170 [0.82 [1.90 [139 | _ 760 [665 [575 [450 | 350
analytical
Highway _ 4175 | 176 _ _ _ 1.038]1790 [690 [600 [470 | 365

As the table shows, the values of water peak discharge identified in the level of the modernization road are
less the values given in the hydrological literature ( The resources of the surface waters of the USSR, v. 9,
Trans-Caucasia and Daghestan, issue 1, West Trans-Caucasia. Hydrographic description of rivers, lakes and
water reservoirs. Edited by G.N. Khmaladze and V.Sh. Tsomaia, Leningrad, publishing house
Hydrometeoizdat. 1972) what can be explained by the passages of the real water peak discharges during the
period between the observations and resultant non-registration.

Therefore, water peak discharge values of Khrami River in the level of the modernization road are identified
by using the same regional-empirical formula deduced for the middle and lower zones of Khrami River and
possible to use when the water catch basin of a river does not exceed 300 km?.

The given regional-empirical formula, which is given in “The Technical reference of the water peak
discharges of the rivers in the Caucasus” is as follows:

8,15
Qs = |:—(F +1)0 } F m3/sec

Where:
Qswis the value of the water peak discharge with a 5% provision (m3/sec);
Fis the area of the water catch basin in the design section and equals to 4175 km?.

Transition from a 5% provision to different provisions is done by using special transition coefficients given in
the same reference book.

The discharge values of Khrami River obtained through the empirical regional formula are given in Table #2
below.

Other small rivers and dry nameless gullies crossing Algeti-Sadakhlo modernization road are not studied
hydrologically. Therefore, the values of their water peak discharges are calculated by using the method given
in “The Technical reference of the water peak discharges of the rivers in the Caucasus”.

It should be noted that this method yields the water peak discharge values 12-15% higher than the boundary
intensity formula given in SNiP 2.01.14-83 (Determination of Design Hydrological Properties), which was
deduced for the rivers of the former USSR in the 1960s. The boundary intensity formula does not consider
the global climate changes of the recent decades and the resultant increase in the precipitation intensity. This
is why it gives lower values of the water peak discharge. By considering the increased intensity of
precipitations on the background of global climate changes and increased values of water peak discharge as a
result, it was decided to calculate the design values of water peak discharges by using the method referred to
in the Technical Reference. This method is well approved in Georgia and as the practical experience suggests,
it meets the modern conditions resulting from the climate change.

As per this method, the water peak discharges of the rivers and gorges with the areas of their water catch
basins not exceeding 300 km2, are calculated by the following formula:



| 87

125

Vil ik

- — A48 mfs
(L+10)""

Where
R - is a regional parameter. Its value for West Georgia is taken as 1,15.

F - is the area of the water catch basin in the design section, km?.

K - is the climate coefficient of the region, whose value is taken from a specially designed map.

T - is the reoccurrence in years.

- is the balanced gradient of the river or gorge in units from the mouth to the design section.

L - is the length of the river or gorge from the mouth to the design section, km.

IT- is the coefficient characterizing the soil cover in the river basin. Its value is taken from a special map

and relevant table.

A - is the basin forestation coefficient, whose value is calculated with the following expression:
PR

1+0,2- L

F
where Fiis the area of the basin covered with forest, %.
O is the basin form coefficient, with its value gained from the expression:

0= 0,25-%+0,75

sas
Where B__ is the maximum basin width (km).

is the average basin width (km), and its value is taken from expression: B — % .
When calculating the water peak discharges of small gorges with the area of their catch basins less
than 5 sq.km, the formula above additionally includes specially designed coefficients relevant to the areas

of the catch basin referred below.

B

Ave

<1 1 2 3 4 5
0.70 0.80 0.83 0.87 0.93 1.00

F km?2
K1

The values of the morphometric elements to calculate the water peak discharges of the gorges crossing the
modernization road fixed via topographic map scaled 1:25000 and values of water peak discharges (for 200-,
100-, 50-, 20- and 10-year reoccurrences) calculated by the formula above, are referred to in Table
5.2.4.1.2. below.

Table 5.2.5.1.2. Water peak discharges of the rivers and gorges crossing the project corridor

Ls3MmgdBm ghgnbols

Name and numberoff £ || | Al 8] K[II] Kr Peak discharges m%sec

the river/ gorge tm? | km | Bed T =200 =100 =50 =20 =10

years | YIS | years |years | years

River Solu-Kobu 4.37 | 5.50 | 0.0067 | 1.00 | 1.00 | 4.50 | 1.00 | 0.94 | 23.5 19.6 15.1 10.6 8.18
#1

River Khrami#2 | 4135| _ _ _ _ _ _ _ 1920 800 670 525 425
d0Mowobgzo#3 0.46 | 1.75 | 0.0657 | 1.00 | 1.15 | 450 | 1.00 | 0.70 | 6.71 5.59 4.30 3.03 2.33
D-gorge
D-gorge#4 0.07 | 0.23 | 0.1522 | 1.00 | 1.00 | 4.50 | 1.00 | 0.70 | 1.82 1.62 1.25 0.88 0.68
D-gorge#5 2.17 1 2.70 | 0.0759 | 1.00 | 1.16 | 4.50 | 1.00 | 0.84 | 22.6 18.8 145 10.2 7.85
D-gorge#6 0.92 | 2.70 | 0.0841 | 1.00 | 1.07 | 4.50 | 1.00 | 0.70 | 9.91 8.26 6.35 4.48 3.45
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D-gorge#7 0.17 | 0.90 | 0.0633 | 1.00 | 1.05 | 4.50 | 1.00 | 0.70 | 3.24 2.70 2.08 1.47 1.13
D-gorge#8 0.49| 1.28 | 0.0422 | 1.00 | 1.07 | 4.50 | 1.00 | 0.70 | 6.28 5.23 4.02 2.84 2.18
D-gorge#9 256 | 3.45 1 0.0739 | 1.00 | 1.15 | 450 | 1.00 | 0.85 | 24.6 205 15.8 11.1 8.56
D-gorge#10 1.06 | 1.80 | 0.0406 | 1.00 | 1.07 | 450 | 1.00 | 0.81 | 11.9 9.90 7.61 5.37 413
D-gorge#11 2,121 3.90 { 0.0905 | 1.00 | 1.17 | 4.50 | 1.00 | 0.84 | 22.1 18.4 14.2 9.98 7.68
D-gorge#12 1.03 | 3.08 | 0.1166 | 1.00 | 1.12 | 4.50 | 1.00 | 0.80 | 13.1 10.9 8.38 591 455
D-gorge#13 0.49] 225 | 0.0578 | 1.00 | 1.11 | 4.50 | 1.00 | 0.70 | 6.53 5.44 4.18 2.95 2.27
D-gorge#14 1.15 | 3.25 | 0.0828 | 1.00 | 1.14 | 450 | 1.00 | 0.81 | 13.9 11.6 8.92 6.29 4.84
D-gorge#15 1.14 | 3.23 | 0.1142 | 1.00 | 1.14 | 450 | 1.00 | 0.81 | 14.4 12.0 9.22 6.51 5.01
D-gorge#16 0.14 | 0.90 | 0.0389 | 1.00 | 1.11 | 4.50 | 1.00 | 0.70 | 2.83 2.36 1.81 1.28 0.99
D-gorge#17 0.64 | 1.95 | 0.0487 | 1.00 | 1.13 | 4.50 | 1.00 | 0.70 | 7.87 6.56 5.04 3.56 2.74
D-gorge#18 2.20| 3.40 | 0.0932 | 1.00 | 1.18 | 4.50 | 1.00 | 0.84 | 23.3 19.4 14.9 10.5 8.10
D-gorge#19 0.45 | 1.30 | 0.0362 | 1.00 | 1.08 | 4.50 | 1.00 | 0.70 | 5.87 4.89 3.76 2.65 2.04
D-gorge#20 416 | 3.95 | 0.1101 | 0.99 | 1.13 | 4.50 | 1.00 | 0.94 | 37.9 31.6 24.3 17.2 13.2
D-gorge#21 3.22 | 5.50 | 0.0847 | 0.98 | 1.18 | 4.50 | 1.00 | 0.88 | 28.6 23.8 18.3 12.9 9.93
D-gorge#22 3.82 | 430 | 0.0900 | 1.00 | 1.14 | 4.50 | 1.00 | 0.90 | 33.7 28.1 21.6 15.2 11.7
D-gorge#23 0.53 | 1.20 | 0.0475 | 1.00 | 1.09 | 4.50 | 1.00 | 0.70 | 6.86 5.72 4.40 3.10 2.40
D-gorge#24 432|590 | 0.0974 | 0.98 | 1.18 | 450 | 1.00 | 0.94 | 37.3 31.1 239 16.9 13.0
D-gorge#25 2991 5.30 | 0.0904 | 0.99 | 1.17 | 4.50 | 1.00 | 0.87 | 26.4 22.0 16.9 11.9 9.18
D-gorge#26 4.66|5.78 | 0.1019 | 0.96 | 1.19 | 4.50 | 1.00 | 0.95 | 39.6 33.0 254 17.9 13.8
D-gorge#27 0.75 | 1.80 | 0.0667 | 1.00 | 1.10 | 4.50 | 1.00 | 0.70 | 8.92 7.43 5.71 4.03 3.10
D-gorge#28 1.09 | 2.05 | 0.0941 | 1.00 | 1.06 | 4.50 | 1.00 | 0.80 | 13.1 10.9 8.38 5.92 455
D-gorge#29 0.12 | 0.65 | 0.0608 | 1.00 | 1.15 | 4.50 | 1.00 | 0.70 | 2.83 2.36 1.81 1.28 0.99
D-gorge#30 2.40 | 3.90 | 0.1095 | 0.99 | 1.10 | 4.50 | 1.00 | 0.85 | 23.2 19.3 14.8 10.5 8.06
D-gorge#31 1.52 | 4.08 | 0.0931 | 1.00 | 1.08 | 450 | 1.00 | 0.82 | 15.8 13.2 10.2 7.16 5.51

River Banocha 933198 {0.0778 | 0.90 | 1.11 | 5.00 | 1.00 | _ | 229 191 147 104 79.7

#32
D-gorge#33 411 | 475 | 0.0768 | 1.00 | 1.12 | 4.50 | 1.00 | 0.94 | 35.2 293 225 15.9 12.2
D-gorge#34 1.84 | 2.75 | 0.1374 | 1.00 | 1.10 | 450 | 1.00 | 0.82 | 20.2 16.8 12.9 9.12 7.01
D-gorge#35 1.05 | 2.60 | 0.1296 | 1.00 | 1.13 | 450 | 1.00 | 0.80 | 13.8 115 8.84 6.24 4.80
D-gorge#36 0.47]1.20 | 0.0592 | 1.00 | 1.03 | 4.50 | 1.00 | 0.70 | 6.16 5.13 3.94 2.78 2.14
D-gorge#37 0.05] 0.35 | 0.0743 | 1.00 | 1.01 | 4.50 | 1.00 | 0.70 | 1.43 1.19 0.92 0.65 0.50
D-gorge#38 7421 4.80 | 0.0896 | 0.86 | 1.00 | 450 | 1.00 | _ | 434 36.2 27.8 19.6 15.1
D-gorge#39 0.13 ] 0.55 | 0.0909 | 1.00 | 1.00 | 4.50 | 1.00 | 0.70 | 2.74 2.28 1.75 1.24 0.95
D-gorge#40 3.60 | 3.20 | 0.1265 | 0.89 | 1.00 | 4.50 | 1.00 | 0.90 | 27.4 228 17.5 12.4 9.52
D-gorge#41 0.26 | 1.28 | 0.0703 | 1.00 | 1.05 | 4.50 | 1.00 | 0.70 | 4.30 3.58 2.75 1.94 1.49
D-gorge#42 0.09] 0.25 | 0.0600 | 1.00 | 1.00 | 4.50 | 1.00 | 0.70 | 2.05 1.71 131 0.93 0.71
D-gorge#43 286|272 | 0.1305 | 0.89 | 1.00 | 4.50 | 1.00 | 0.85 | 22.6 18.8 145 10.2 7.85
D-gorge#44 1.56 | 2.58 | 0.1318 | 0.98 | 1.12 | 450 | 1.00 | 0.81 | 17.8 14.8 11.4 8.03 6.18
D-gorge#45 0.36 | 0.85 | 0.1059 | 1.00 | 1.08 | 4.50 | 1.00 | 0.70 | 5.88 4.90 3.77 2.66 2.05
D-gorge#46 0.60| 1.45 | 0.1517 | 1.00 | 1.08 | 4.50 | 1.00 | 0.70 | 8.46 7.05 5.42 3.83 2.94
D-gorge#47 0.58 | 1.45 | 0.1393 | 1.00 | 1.09 | 4.50 | 1.00 | 0.70 | 8.26 6.88 5.29 3.73 2.87
D-gorge#48 0.22]0.62 | 0.1129 | 1.00 | 1.03 | 4.50 | 1.00 | 0.70 | 4.09 3.41 2.62 1.85 1.42
D-gorge#49 0.98 | 1.60 | 0.1468 | 1.00 | 1.10 | 4.50 | 1.00 | 0.70 | 11.8 9.87 7.59 5.36 412
D-gorge#50 0.49] 127 | 0.1575 | 1.00 | 1.11 | 450 | 1.00 | 0.70 | 7.68 6.40 492 3.47 2.67
D-gorge#51 0.27 | 1.00 | 0.1050 | 1.00 | 1.09 | 4.50 | 1.00 | 0.70 | 4.86 4.05 3.11 2.20 1.69
D-gorge#52 1.88 | 1.20 | 0.1333 | 0.99 | 1.00 | 4.50 | 1.00 | 0.82 | 19.4 16.2 125 8.79 6.76
D-gorge#53 0.40 | 1.20 | 0.0933 | 1.00 | 1.08 | 4.50 | 1.00 | 0.70 | 6.12 5.10 3.92 277 2.13

The design water conductivity of the water objects envisaged within the limits of Algeti-Sadakhlo
Highway is in line with the data given in the table above.

5.3 Biological environment

The biological study accomplished in the project corridor of Algeti-Sadakhlo Highway incorporated three
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1. Study of floristic environment;

2. Study of fauna and assessment of their habitats;

No territories protected by the national legislation and/or international conventions are identified
near the project corridor. Of near locations, only Emerald candidate site “Gardabani’ is noteworthy. It
is located more than 5,5 km east of so called Sadakhlo interchange. Following the great distance, no
probability of any kind of impact is the case and no detailed consideration of the given issue was
considered purposeful.

The biodiversity studies were accomplished in several stages, including the preliminary study, which
was done at the Scoping stage and detailed study, which was accomplished at the EIA stage. The main
accent during the study was made on sensitive species and habitats. Based on the information given in
the present paragraph, the impact caused by the construction and operation of the road on the
existing habitats/species was assessed.

5.3.1 Flora and vegetation cover
5.3.1.1 General decsription of the vegetation cover

The study area belongs to the geobotanical region of Kvemo Kartli Plain which covers the territory past
the city of Tbilisi (Soganlugi), on the both banks of the river Mtkvari. It is located between Trialeti Ridge,
Somkheti Ridge and Iori Plateau.

A small part of the territory in the region is covered with vegetation (one of the least vegetation covers in
the regions of East Georgia). In addition, the natural vegetation is intensely transformed under the impact
of human activities. This is particularly true with the lowlands, where the natural vegetation was changed
by the cultural crops long ago. the vegetation cover spread on the territory of the region, despite its
limited area, in respect of its typological structure and history of development, as well as modern
successive exchange, is extremely diversified and presents a complex picture.

In a phytocenologic respect, the forest vegetation is diversified. Mountains forests with the dominant
monodominant forests of Georgian oak (Quercus iberica) and Persian oak (Quecus macranthera) are
common at the highest elevation.). It is noteworthy that Persian oak descends quite low in the region (like
in Eastern Trialeti in general). Hornbeam-oak forests (Quercus iberica + Carpinus caucasica) and
polydominnat hardwood plantations ( Georgian and Persian oaks, box elder - Fraxinus excelsior, hornbeam
- Carpinus caucasica, lime- Tilia begoniifolia, field maple - Acer campestre) are also common in this area.

Remnants of sparse arid forests have survived on the territory of the region (mostly in the basins of the
rivers Khrami and Algeti): small plantations of Mt. Atlas mastic tree (Pistacia mutica) and hackberries
(Celtis caucasica) forests. Many species typical to the sparse arid (light) forest are their part: Georgian
maple (Acer ibericum), Balkan maple (Acer hyrcanum), buckthorn (Rhamnus pallasii), Christ’'s Thorn
(Paliurus spina christi), funtic (Cotinus coggygria), sumach (Rhus coriaria), Georgian Honeysuckle
(Lonicera iberica), jasmin (Jasminum fruticans), etc..

In the floodplains of the rivers Mtkvari and Khrami, there are remnants of vast floodplain forests (which
have survived the destruction): willow forest (Salix excelsa, S. alba, S. pseudomedemii) s poplar-willow
forest (Salix excelsa + Populus canescens + P. nigra), species common to their phytocenosis (elm - Ulmus
minor, common oak - Quercus pedunculiflora, mulberry - Morus alba, gaiter-tree - Svida australis,
tamarisk - Tamarix ramosissima, blackthorn - Prunus spinosa, silkvine — Periploca graeca, blackberry -
Rubus anatolicus, sea-buckthorn - Hippophaé rhamnoides, traveller’s joy - Clematis orientalis, etc.).

Hemicryptophyte and xerophilous bushes grow on the slopes of the hillocks and plateaus. They are
presented by many different formations: Bushes of Christ’s thorn (Paliurus spina christi), bushes of spiraea
(Spiraea hypericifolia), bushes of buckthorn (Rhamnus pallasii), bushes of oriental hornbeam (Cazpinus
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orientalis), Mixtofruticeta, etc.

Over the dry eroded slopes, there are bushes of astragalus (Astragalus microcephalus) and prickly-thrift
(Acantholimon lepturoides) spread.

Stepe vegetation is common all over the territory of the region (plains, plateaus, slopes of the hillocks),
mostly on the Chernozem-like soils. Beard-grass (Botriochloa ischaemum) and Artemisia formations-
beard-grass (Botriochloa ischaemum + Artemisia lerchiana) are widely spread.

Common species in the elevated part of the territory are bushes of Jerusalem Thorn and Beard grass
(Paliurus spina christi — Botriochloa ischaemum), feather-grasses (Stipa lessingiana, St. pulcherrima) and
gramineous herb meadow steppe groups Festucavalesiaca, Bromusjaponicus,Phleumphleoides,Ph.
paniculatum, Cynodondactylon,Achilleabiebersteinii, Filagoarvensis,Salviasclarea, Xeranthemum
squarrosum, etc.).

Semi-desert plants are mostly developed in lowland areas, on dark and salt soils. This vegetation is mainly
presented by Artemisia formations (Artemisia lerchiana). Atriplex cana formations (Salsola nodulosa) and
other formations of semi-desert plants are relatively rare. Edifier (wormwood) is often an absolute
dominant of Artemisia formations. Other common species are Caragana grandiflora, Sterigmostemum
torulosum, Torularia torulosa, etc.

Ephemers and ephemeroids: Alissum tortuosum, Gagea dubia, Medicago minima, Pterotheca sancta,
Trachynia distachya, etc. develop in great numbers in the cenoses in spring. Semi-desert with Artemisia
formations are the best winter pastures (mostly for sheep).

Marsh vegetation is developed along the banks of the water reservoirs and rivers, mostly as small sections.
They are dominated by cattail formations ( 7yphalatifolia, T. laxmannii).

One of the most interesting units within the limits of the geobotanical region of Kvemo Kartli is Iagluja
Hillock. It is stretched for 17 km from west to east. The hillock is built with the neogenic conglomerates
drifted from Trialeti and sandstones. The average height of the hillock is not great (max. 766 m asl). The
Hillock is almost deprived of a hydrographic network (it is waterless with only temporal salt springs in it).

The vegetation cover of Iagluja Hillock is very interesting with its genesis and structure. Today, there are
remnants of sparse arid forest survived in the area. In the past, here grew Mt. Atlas mastic tree.
hackberries and juniper plantation phytocenoses. Artemisia formations (Artemisia lerchiana) and beard-
grass-Artemisia formations (Artemisia lerchiana + Botriochloa ischaemum) are widely spread. Steppe
vegetation: beard-grass (Botriochloa ischaemum), Festuca supina-beard-grass (Botriochloa ischaemum +
Festuca valesiaca), feather-grass (Stipa lessingiana, St. pulcherrima), feather-grass-Festuca supina-beard-
grass and xerophilous bushes: Bushes of Christ’s thorn (Paliurus spina christi) and astragalus formations
(Astragalus microcephalus) cover large areas. Ephemers and annual vegetations: Bromus japonicus,
Echinaria capitata, Medicago minima, Poa bulbosa, Salvia viridis, Trachynia distachya, Trifolium arvense
and many others grow in great numbers in hytocenoses (mostly, in grass formations). In early spring, very
beautiful geophytes — lilac (/ris iberica, I. pumila) and Giant Gagea (Gagea commutata), etc. grow in the
phytocenoses.

5.3.1.2 Detailed botanical study of the study area

A field study was undertaken within the limits of the study area. The goal of the field study was to explore
the baseline condition of the plant species in the study area and provide a detailed botanical study of the
territory.

The major goal of the floristic study was to identify the plant species, sensitive habitats and communities,
which will be under the impact in the construction corridor. The distribution of the plant communities
registered in the area was fixed with GPS coordinates.
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The Latin names of the plants referred to in the text will be obtained according to the Second edition of
“Flora of Georgia” (I-XIV volumes, 1987-1996, N. Ketskhoveli, A. Kharadze, R. Gagnidze); Plant
Nomenclature List (2005, R. Gagnidze) and Botanical Dictionary 1991, A. Makashvili).

Floristic assessment covered two components: (1) collection of the detailed data about the diversity of the
habitats common in the project corridors, and (2) field sampling of the vegetation growing in the corridors
to obtain the accurate information about floristic diversity.

Sampling squares of 10x10 m? area were used for the detailed study of the vegetation cover. Sampling was
done from various types of habitats presented in the proposed corridor. Alongside with the inventory of the
generic diversity of the plants, the coverage of each species of the total projection coverage was identified.
Modified Braun-Blanquet Scale converted in percentage terms of coverage of relevant species was used to
identify the coverage of concrete species (See Table 5.3.1.2.1.).

Table 5.3.1.2.1. Traditional Braun-Blanquet Scale (Peet & Roberts, 2013)

Coverage area Braun-Blanquet

One individual T

Small, sparsely distributed H
0-1%
1-2%
2-3%
3-5%
5-10%
10-25%
25-33%
33-50%
50-75%
75-90%
90-95%
95-100%

NN U | W WININ|PR PR~

The field survey identified the percentage coverage areas of various species in the total protection cover for
each sampled section. Tables showing the composition and coverage of the plants were developed for each
described section. The floristic decsription of the project corridor is given below.

1. Vegetation in agricultural settlements and on plots of field 62GE04
Coordinates: X: 0493914; Y: 4582690 - X: 0493914Y: 4582690

Vegetation in agricultural settlements and on plots of field 62GE04 is fixed along the given section of the
study area, in particular, degraded forest fragments, roadside landsape and private plots are fixed along the
given section of the study area.

The following species dominate in the degraded foerst framents: aspen (Populus spp.); oleaster (Elaeagnus
angustifolia), Gleditschia(Gleditschia triacanthos), mulberry (Morus alba), with mixed cherry plum
(Prunus divaricata), willow (Salix spp), nut (Corylus avellana),blackberry (Rubus caesius), hawthorn
(Crataegus spp), dog-rose (Rosa canina), etc.

The following species grow in the wind break belts along the roads: aspen (Populus spp),
Gleditschia(Gleditschia triacanthos)mulberry (Morus alba ), with mixed cherry plum (Prunus divaricata),
nut (Corylus avellana),blackberry(Rubus caesius), dog-rose (Rosa canina), etc. The conservation value of
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the given section is low.

Results of floristic inventory in the corridor

Coordinates: X: 0493914
Y: 4582690 - X: 0493914
Y: 4582690

List of species / projection

coverage 60(%)

Conservation value Low

Populus spp. 3 Prunus spinosa 1
Acacia dealbata 2 Rosa canina 2
Tamarix ramosissima + Corylus avellana 2
Prunus divaricate 1 Salvia viridis 3
Elaeagnus angustifolia 3 Bromus japonicas 1
Morus alba 2 Poa bulbosa 1
Salix spp 1 Taraxacum officinale 2
Rubus caesius 3 Leucanthemum vulgare 2
Crataegus spp + Sambucus ebulus 1

Type of habitat:Vegetation in agricultural settlements and on plots of field 62GE04

2. Vegetation in agricultural settlements and on plots of field 62GE04
Coordinates: X: 0495804 Y: 4583367 - X: 0495803 Y: 4583367

Vegetation in agricultural settlements and on plots of field 62GE04 is fixed along the given section of the
study area, in particular, degraded roadside landscape, private plots and marsh vegetation is fixed along the
given section of the study area.

The following species dominate in the degraded roadside landscape: aspen (Populus spp.); oleaster
(Elaeagnus angustifolia), acacia (Acacia dealbata), Gleditschia (Gleditschia triacanthos),mulberry (Morus
alba) , with mixed willow (Salix spp), cherry plum (Prunus divaricata),blackberry (Rubus caesius), dog-rose
(Rosa canina), etc. Marsh vegetation is dominated by 7ypha Latifolia.

The conservation value of the given section is Medium.



Results of floristic inventory in the corridor

Coordinates: X: 0495804
Y: 4583367 - X: 0495803
Y: 4583367

List of species / projection

193

coverage 50(%)

Conservation value Medium

Populus spp. 3 Rosa canina 2
Acacia dealbata 1 Typha Latifolia 3
Gleditschia triacanthos 2 Salvia viridis 3
Morus alba 2 Bromus japonicas 1
Prunus divaricate 1 Poa bulbosa 1
Elaeagnus angustifolia 3 Taraxacum officinale 1
Salix spp 1 Leucanthemum vulgare 1
Rubus caesius 3 Sambucus ebulus 1

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04
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3. Vegetation in agricultural settlements and on plots of field 62GE04
Coordinates: X: 0492746 Y: 4580490 - X: 0492741 Y: 4580484

Vegetation in agricultural settlements and on plots of field 62GE04 is fixed along the given section of the
study area, in particular, degraded roadside landscapes and private plots. The dominating species in the
degraded landscape are as follows: aspen (Populus spp), oleaster (Elaeagnus angustifolia), acacia (Acacia
dealbata), Gleditschia (Gleditschia triacanthos), mulberry (Morus alba), with mixed willow (Salix spp),
cherry plum (Prunus divaricata), chestnut (Juglans regia), blackberry (Rubus caesius), dog-rose (Rosa
canina), etc.

New chestrun plantations and agricultural crops (onion) are fixed in the private plot.
The conservation value of the given section is Medium.

Results of floristic inventory in the corridor

Coordinates: X: 0492746
Y: 4580490 - X: 0492741
Y: 4580484

List of species / projection

coverage 60(%)

Conservation value Medium

Populus spp. 3 Rubus caesius 3

Acacia dealbata 1 Rosa canina 2

Gleditschia triacanthos 2 Salvia viridis 3

Morus alba 2 Bromus japonicas 1

Prunus divaricate 1 Poa bulbosa 1

Elaeagnus angustifolia 3 Taraxacum officinale 1

Salix spp (906050 1 Leucanthemum vulgare 1
+ Sambucus ebulus 1

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04

4. Vegetation in agricultural settlements and on plots of field 62GE04
Coordinates: X: 0487816 Y: 4578377~ X: 0487809 Y: 4578379

Vegetation in agricultural settlements and on plots of field 62GE04 is fixed along the given section of the
study area, in particular, the following species are fixed along the given section: degraded roadside
landscape and private plots.

The following species dominate in the degraded roadside landscape: aspen (Populus spp), oleaster
(Elaeagnus angustifolia), acacia (Acacia dealbata), Gleditschia (Gleditschia triacanthos), mulberry (Morus
alba), with mixed chestnut (Juglans regia), cherry plum (Prunus divaricata),blackberry (Rubus caesius), dog-
rose (Rosa canina), etc. There are damaged and overdried chestnut trees fixed in the study area.
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There are agricultural crops in the private plots.The conservation value of the given section is Medium.

Results of floristic inventory in the corridor

Coordinates: X: 0487816
Y: 4578377~ X: 0487809
Y: 4578379

List of species / projection

coverage 70(%)

Conservation value Medium

Populus spp. 2 Rubus caesius 3
Gleditschia triacanthos 3 Corylus avellana 2
Acacia dealbata 2 Rosa canina 1
Prunus divaricate 1 Salvia viridis 3
Elaeagnus angustifolia 3 Poa bulbosa 1
Morus alba 2 Taraxacum officinale 1
Diospyros lotus 2 Leucanthemum vulgare 2

Sambucus ebulus
Juglans regiam 2 1 +

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04

5 Symbols used m - Georgian Red-Listed species.
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5. Vegetation in agricultural settlements and on plots of field 62GE04
Coordinates: X: 0489151 Y: 4578835 - X: 0489145 Y: 4578834

Vegetation in agricultural settlements and on plots of field 62GE04 is fixed along the given section of the
study area, in particular, the following species are fixed along the given section: degraded roadside
landscape as a wind break belt and private plots.

The following species dominate in the degraded win break landscape:Gleditschia (Gleditschia triacanthos),
aspen (Populus spp),mulberry (Morus alba), with mixed acacia (Acacia dealbata), oleaster (Elaeagnus
angustifolia),cherry plum (Prunus divaricata),blackberry (Rubus caesius), dog-rose (Rosa canina), etc.

As for the private plots, there are agricultural crops growing in them. The conservation value of the given
section is low.

Areas sowed with agricultural crops

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04

6. Riverside forest

Coordinates: X: 0485585 Y: 4577637 - X: 0485584 Y: 4577637

The following species dominate and various species of willows grow in great numbers in the riverside
floodplain along the given section of the study area: Salix spp. and ash tree - Alnus barbata, with mixed:
Populus spp., Ulmus minor, Morus alba, Acer campestre, Acacia dealbata, Tilia begoniifolia, Svida
australis,Tamarix ramosissima, Prunus spinosa,Rubus anatolicus, Hippophaé rhamnoides, Elaeagnus
angustifolia, etc. Chestnut (Juglans regia) is mixed as some individuals.

Christ’s thorn (Paliurus spina-christi), with mixed Hippophaé rhamnoides Rubus caesius, Corylus avellana,
Crataegus spp, Rosa canina, etc. dominate over the slopes. The conservation value of the given section is
Medium.
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Results of floristic inventory in the corridor

Coordinates: X: 0485585

Y: 4577637 - X: 0485584

Y: 4577637

List of species / projection

coverage 70(%)

Conservation value Medium

Salix spp 4 Rubus caesius 3
Populus spp. 2 Prunus spinosa +
Alnus barbata 3 Rosa canina 1
Acacia dealbata 2 Corylus avellana 2
Prunus divaricate 1 Paliurus spina-christi 2
Elaeagnus angustifolia 3 Hippophaé rhamnoides 1
Morus alba 2 Rhamnus pallasii +
Juglans regiam + Crataegus spp +
Ulmus minor, 1 Sambucus ebulus 1
Acer campestre + Salvia viridis 1
Tilia begoniifolia 1 Taraxacum officinale 2
Svida australis, + Leucanthemum vulgare 1
Tamarix ramosissima, . Urtica spp .

Type of habitat:91E0* Georgian Code: Riverside forest
Habitat sub-type: 91E0Q *01. Stone riverbank vegetation

7. Vegetation in agricultural settlements and on plots of field 62GE04

Coordinates: X: 0485061 Y: 4577414; X: 0485061 Y: 4577414; X: 0485014 Y: 4577329; X: 0484833
Y: 4577128; X: 0484832 Y: 4577123

Vegetation in agricultural settlements and on plots of field 62GE04 are fixed along the goven section of the
study area , in particular, the following species are fixed along the given section: degraded roadside
landscape as a wind break belt and private plots.

The following species dominate in the degraded roadside wind break landscape: Gleditschia (Gleditschia
triacanthos), aspen (Populus spp), mulberry (Morus alba ), acacia (Acacia dealbata), with mixed cherry
plum (Prunus divaricata), lime (Tilia begoniifolia), box elder - Fraxinusexcelsior, pine-tree (Pinus spp.),
cedar (Cupressus sempervirens), blackberry (Rubus caesius), dog-rose (Rosa canina), etc.

As for the private plots, there are agricultural crops growing in them. The conservation value of the given
section is low.
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Agricultural crops growing in the plots

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04

8. Vegetation in agricultural settlements and on plots of field 62GE0

Coordinates: Coordinates:X:0485496Y:4564139;X:0485043Y:4564310;X:0483569Y:
4566195;X:0483569Y:4566195;X:0483032Y:4567885;X:0483031Y:4567885;X:0482695Y:
4569730

Vegetation in agricultural settlements and on plots of field 62GE(04 is fixed along the given section of the
study area, in particular, degraded roadside landscape as a wind break belt, remnants of sparse arid forest and
private plots are fixed along the given section of the study area.

The following species dominate in the degraded roadside landscape: Gleditschia (Gleditschia triacanthos),
aspen (Populus spp)mulberry (Morus alba ), acacia (Acacia dealbata), oleaster (Elaeagnus angustifolia), with
mixed: lime (Tilia begoniifolia), box elder (Fraxinusexcelsior), pine-tree (Pinus spp.), cedar (Cupressus
sempervirens), chestnut (Juglans regia), cherry plum (Prunus divaricata), willow(Salix spp),3900s60 (Cadrus
deodara), blackberry (Rubus caesius), Christ’s thorn (Paliurus spina-christi )dog-rose (Rosa canina),
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nut(Corylus avellana), etc. as some individuals with mixed Celtis glabrata. Damaged and overdried chestnut
trees are fixed in the study area.

Agricultural crops grow in the private plots.Damaged and overdried chestnut trees are fixed in the study area.
In addition, the pines along the roadsides in the study area are bieng damaged and dried. The conservation
value of the given section is Medium.

Results of floristic inventory in the corridor

W o

Coordinates: X: 0485496 Y: i
4564139; X: 0485043 Y: 4564310; o '
X: 0483569 Y: 4566195; X:
0483569 Y: 4566195; X: 0483032 - s

Y: 4567885; X: 0483031 AN
Y: 4567885; X: 0482695 .
Y: 4569730

List of species /
projection coverage

70(%)
e

Conservation value Medium

Gleditschia triacanthos 3 Cadrus deodara +
Salix spp + Rubus caesius 3
Populus spp. 2 Crataegus spp +
Acacia dealbata 2 Rosa canina 1
Prunus divaricate 1 Corylus avellana 2
Elaeagnus angustifolia 2 Paliurus spina-christi 3
Morus alba 3 Hippophaé rhamnoides 2
Juglans regiam 1 Rhamnus pallasii +
Celtis glabratam + Sambucus ebulus 1
Tilia begoniifolia 1 Urtica spp +
Fraxinus excelsior 1 Salvia viridis 1
Pinus spp. 2 Taraxacum officinale 2
Cupressus sempervirens 2 Leucanthemum vulgare 1

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04




9. Vegetation in agricultural settlements and on plots of field 62GE04

Coordinates: X: 0482692 Y: 4569729; X: 0482719 Y: 4596744; X: 0482717 Y: 4571778; X: 0482721 Y:
4571775; X: 0482706 Y: 4573799; X: 0483969 Y: 4575641; X: 0483968 Y: 4575641;

The vegetation of agricultural settlements and plots of field 62GE04 is fixed along the given section of
the study area, in particular, degraded roadside wind break landascape.

The following species dominate in the degraded roadside landscape: Gleditschia (Gleditschia
triacanthos), aspen (Populus spp), mulberry (Morus alba ), acacia (Acacia dealbata), with mixed lime
(Tilia begoniifolia), box elder (Fraxinusexcelsior), pine-tree (Pinus spp.), cedar (Cupressus sempervirens),
chestnut (Juglans regia), cherry plum (Prunus divaricata),willow (Salix spp), blackberry (Rubus caesius),
Christ’s thorn (Paliurus spina-christi), dog-rose (Rosa canina),nut(Corylus avellana), etc. as individual
species with mixed cedar (Cadrus deodara). Damaged and overdried chestnut trees are fixed in the study
area.

Agricultural crops grow in the private plots.Damaged and overdried chestnut trees are fixed in the study
area. In addition, the pines along the roadsides in the study area are bieng damaged and dried. The
conservation value of the given section is Medium.

Results of floristic inventory in the corridor

Coordinates: X: 0482692 Y:
4569729; X: 0482719 Y:4596744;
X: 0482717 Y: 4571778; X:
0482721 Y: 4571775; X:0482706
Y: 4573799; X: 0483969 Y:
4575641; X: 0483968 Y: 4575641

-
List of species / projection
coverage 60(%) K

Conservation value Medium

leditschia (Gleditschi.
¢ 'edltsc 12 (Gleditschia 3 Rubus caesius -blackberry 3
triacanthos),
Salix spp -willow + Crataegus spp -hawthorn +
\Populus spp. -aspen 2 Rosa canina-dog-rose 1




acacia (Acacia dealbata) 2 Corylus avellana - nut 2
Prunus divaricate - cherry plum 1 Paliurus spina-christi -Christ’s thorn 3
lime (Tilia begoniifolia) 1 Hippophaé rhamnoides - sea-buckthorn 2
Morus albamulberry 3 Rhamnus pallasii - buckthorn s
Juglans regiam Walnut 1 Sambucus ebulus - daneworr 1
box elder - Fraxinusexcelsior 1 Urtica spp-nettle +
\pine-tree (Pinus spp.) 2 Salvia viridis- annual grasses 1
cedar (Cupressus sempervirens) 9 Taraxacum officinale - dandelion 9
cedar (Cadrus deodara) . Leucanthemum vulgare - oxeye dais ]

Type of habitat: Vegetation in agricultural settlements and on plots of field 62GE04

5.3.1.3 Red-Listed Species

As a result of the detailed study, two Georgian Red-Listed species were identified in the project area: Walnut
tree (Juglans regia) and Iguana hackberry (Celtisglabrata).

. ) Conservation Basis for including on the Red List of
English Latin .
status Georgia
Iguana hackberry Celtis glabrata VU Small, fragmented area
Walnut tree Juglans regia vu Small, fragmented area

5.3.2 Taxation results of timber resources in the project area

Algeti-Sadakhlo project corridor does not cross naturally forested/Forest Fund territories. Despite this,
the works of registration of timber resources (taxation) were undertaken in the project corridor.

The field works were accomplished in line with Decree #179 of the government of Georgia of July 17, 2013 "On

Approving the Rule of forest taxation and monitoring”. The trees were registered in different quarters. (See Annex
4).

During the taxation of individual trees, all timber species with 8-cm or more diameters were taxed on the
taxation area, depending on the thickness grades. We identified the altitudinal degree and calculated the
volumes for timber wood species. Besides, all bushes and sprouts with the diameter of less than 8 cm were
taxed.

Table 5.3.2.1. gives the list of timber wood and non-timber wood species spread in the study area.

Table 5.3.2.1. Results of taxation undertaken in the project corridor

Name of species Qty, pes. Volume, Note
# English Latin cub.m.
1 Gleditschia Gleditsia caspia 6 0.236
Silver Acacia dealbata 39 1.144
wattle
3 Aspen Populus alba 6 2.436
4 White Populus pyramidalis 13 16.54



https://ka.wikipedia.org/w/index.php?title=Sambucus_ebulus&action=edit&redlink=1

Poplar
5 Mulberry Morus alba 56 22.534
6 Cherry Prunus insititia 6 0.147
plum
< 8 cm diameter
1 Silver Acacia dealbata 275 0.15
wattle
2 Elm tree Ulmus foliacea 30 0.05
3 Mulberry Morus alba 65 0.05
4 Aspen Populus alba 101 0.1
5 Cherry Prunus insititia 125 0.05
plum
6 Dogwood Swida, Thelycrania 55 0.005
7 Blackberry Rubus caesius 1650 0.005
Total 2427 43.447

5.3.2 Fauna and their habitats
5.3.2.1 General description of the project corridor

The major animal species common in the corridor envisaged by the project and in its adjacent area are those
typical to the steppes. The number of forest species is quite reduced as a result of the small forested areas and
strong anthropogenic impact.

The study area covers the section running across the territory of Marneuli Municipality, from Sadakhlo
interchange planned east of village Azizkendi to Sadakhlo checkpoint (Algeti-Sadakhlo section). In a
geographical respect, this territory covers Kvemo Kratli Plain, which is an extreme north-western part of Kura-
Araxes vast Plain. The corridor and its adjoining areas mostly cover the landscapes of arid semi-desert plains and
agricultural landscapes. Mostly plain and valley vegetation dominates in the study area - the beard-and-feather-
grass and thornbush-thorny steppe, sparse hemixelous and floodplain and semi-desert vegetation. Consequently,
the project corridor is quite poor in the number and generic diversity of the vegetation cover. The main component
of bushy vegetation is shibliak (Christ’s thorn, astragalus).

The major part of the study corridor is agricultural plots (See Figures 5.3.3.1.1.), which in respect of biodiversity,
have a low conservative value.
Figures 5.3.2.1.1. agricultural plots
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The study area covers the section crossing river Khrami near village Kurtlari and a section up to the last point of
village Zemo Sarali (left bank zone of river Debeda) (See Figures 5.3.3.1.2.). Intensely degraded derivatives of
floodplain forests survive as individual zones on the territory. At present, major part of them is cut down. The
Scoping Report named them as the sites with a relatively higher risk; great attention was given to the signs of vital
activity of Otter (Lutra lutra) during the field visits. However, no signs of Otter present in bank zone of Debeda
River were found. No species of high conservative value were identified in the gives areas.

Figures 5.3.2.1.2. Floodplain terrace of Debeda River

5.3.2.2 Animal species common in the project corridor and adjacent to it, mammals:

As the literary sources suggest, the following animal species are spread within the project area: Red fox
(Vulpesvulpes), jackal (Canisaureus), European hare (Lepuseuropaeus) and populations of some other small
mammals, such as field mouse (Apodemusagrarius), European water vole (Arvicolaterrestris), Caucasian
Mole (Talpacaucasica), vesper bats (Vespertilionidae), European hedgehog (Erinaceuseuropaeus). As the
local residents inform, a wolf (Canislupus) is present in the floodplains adjacent to the rivers and steppes
in the environs of the study area.

The project corridor itself is not an important habitat for mammals, as it is mainly presented as fields and
arable and sowing lands and there is already a motor road across it. During the accomplished studies, 2 of
the literary known species were identified in the field, including:

Of Muridae, the holes of the Striped field mouse (Apodemus agrarius) were found. (See Figure 5.3.3.2.1.),
This species is widely spread all over the territory of Georgia and mostly lives in the agricultural plots of
field. During the periods of massive propagation, they cause mass destruction of harvest (wheat, barley,
corn, etc.).
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Figure 5.3.2.2.1. Hole of a field mouse
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Besides, the holes of the European water vole (Arvicola terrestris) were found across Debeda River.

European water vole is a mammal with the length of up to 24 cm associated with water bodies (rivers,

lakes). It si spread in Europe, Northern and parially in Southwest Asia. It is common almost all over

the territory of Georgia. It feeds on vegettaion, molluscs and insects.

As alraedy mentioned, during the survey, attention was paid to the study of the coastline of the objects

crossing the corridor and identification of the signs of water-loving mammals (including Otter (Lutra

lutra), which is the Georgian Red-Listed species). However, the survey did not reveal any tracks of this

species or habitats attractive for Otter. Besides, no sensitive sites attractive for numerous bat colonies to

live were identified.

Based on the results of the literary data and field visits, the following mammals were identified within the

project area:

Table 5.3.2.2.1. Mammals common in the project area

Ne | Latin name English Red List g Literary data Identified during
g=!
name é E § the survey
— /M [=]
3
O
1 Frinaceus Hedgehog LC + -
concolor
Martin.
2 Vulpes vulpes Red fox LC + -
3 Canis aureus Jackal LC + _
4 Lepus European LC + -
europaeus hare
5 Apodemus Striped field LC + +
agrarius mouse
6 | Talpa caucasica| Caucasian LC +
mole
7 Arvicola European 4 +
terrestris water vole
8 Canis lupus Wolf LC I + -
9 Dryomys Forest LC i _
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nitedula Pallas. dormouse ’ ‘ ’ ‘

TUCN Red List categories:
CR = Critically Endangered
EN = Threatened.

VU = Vulnerable

NT = Near Threatened.

LC = Least Concern.

Birds:

Georgia is an important area for west palearctic birds, as one of their major immigration routes runs across
the country (Black Sea basin, Javakheti and Dedioplistskaro). However, the study area itself is not an
important migration route, so called “narrow neck”, stopping, resting or wintering place.

The majority of the bird species found in the area are widely spread all over Georgia. Besides, their
populations are numerous.

The majority of the bird species identified in the study area are bush-loving species. There are also species
associated with cliffy places.

Paridae - Great tit (Parus major) was fixed in the area. This species is known to be common for almost all
types of habitats; however, it prefers forest habitat for breeding.
Laniidae - Red-backed Shrike (Lanius collurio) was seen in the field. It lives in the open spaces covered

with bushes and trees (field, recreational forests).
Turdidae - Mistle Thrush (7urdus viscivorus) and thrush (7urdus merula) was seen in the field. These

species are common in different types of forests, gardens, bushes and recreational parks.

Passer - Eurasian tree sparrow (Passer montanus) was fixed in the area. This species lives almost all over

Georgia, in the forests (mostly sparse forests) and fields. Figure 5.3.2.2.2.

Figure 5.2.2.2. Eurasian tree sparrow (Passer montanus)
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Corvidae - Black-billed Magpie (Pica pica) See Figure 5.3.2.2.3, rook (Corvus frugilegus) See Figure 5.3.3.2.4.
and Carrion (Corvus corone) See Figure 5.3.3.2.5. were seen in the study area. These species have wide areas of
distribution and diversified habitats (forest edges, gardens, recreational forests, valleys, wind-break belts and people’s
habitats.

-

Figure 5.3.2.2.3. Nest fo a Black-billed Magpie (Pica pica) Figure 5.3.2.2.4. Rook (Corvus frugilegus)
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Figure 5.3.2.2.5. Carrion (Corvus corone)

Motacillidae - white wagtail (Motacilla alba) was fixed in the study area See Figure 5.3.3.2.6. This species
is widely spread all over Georgia and lives (and breeds) on the banks of the rivers and water bodies.

Figure 5.3.2.2.6. Common Swift (Motacilla alba)

Apodiformes - Common Swift (Apus apus) was found in the area. This species prefers open areas, mountain and
plain steppes, semi-deserves, etc. as its habitats.

Coraciidae - European Roller (Coracias garrulus) was seen in the study area. This species mainly lives in the
steppe forest habitats and rarely in sparse forests.

Cuckoos - Cuckoo (Cuculus canorus) was seen in the area. See Figure 5.3.3.2.7. This specis is widely spread
both, in sparse forests and in the fields covered with bushes. This species is spraed almost all over the territory
of Georgia.



Figure 5.3.2.2.7. Cuckoo - (Cuculus canorus)

over Georgia and lives in the valleys and fields and alpine meadows.

Table 5.3.2.2.2. Bird species common in the project area
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Sturnidae - Flocks of starling (Sturnus vulgaris) were seen during the field studies. This species commonly
nests as colonies in sparse forests, bushes, agricultural plots and people’s dwelling areas.

Accipitridae — Common Buzzard (Buteo buteo) was seen in the area. This species feeds on rodents and
other small animals and chooses both, forests and open fields as its habitat.

Phasianidae — of the Phasianidae, quail (Coturnix coturnix) was seen in the area. This species is common all

Based on the literary data and surveys, we can conclude that the following bird species are common in the
project area:

. Georgian name [Red List a ) Identified during
Latin name o Literary data
g the survey
13 =]
Z o = o]
O g g 2
2 | 25| &
Motacilla Lit data IC |1II YR-R, | + +
alba lterary da M
A LC BB, M
pus apus Literary data " "
M . LC II BB, M -
erops Literary data ’
apiaster
Corvus . LC YR-R | + +
. Literary data
cornix
Garrulus Lit data LC YRR | + +
glandarius Herary éa
Turdusmerul | ., 1LC YR-R | + +
. Literary data
Delichon . IC |1II BB,M | + +
. Literary data
urbicum
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8 Sturnus Starli LC YR-
vulgaris aring RM
9 Columb LC YR-R
.o.um 2 Rock dove
livia
10 | Columb LC YR-R
otumba Stork dove
oenas
11 | Columba LC YR-R
Common wood
palumbus )
pigeon
12 | Hirundo LC II BB, M
. Barn swallow
rustica
13 | Oriolus . IC |1II BB, M
. Eurasian golden
oriolus A
oriole
14 | Turd LC YR-R
.u r' us Mistle thrush
viscivorus
15 | Erithacus . IC |1II YR-R
European robin
rubecula
16 | Fringilla LC YR-R,
coelebs Chaffinch M
17 | Cuculus LC BB, M
Cuckoo
canorus
18 | Phoenicurus LC | 1II BB, M
. common
phoenicurus
redstart
19 | Passer . LC YR-R
Eurasian tree
montanus
sparrow
20 | Carduelis IC |II YR-R,
carduelis Furopean M
goldfinch
21 | Carduelis E IC |II YR-R,
chloris uropean M
greenfinch
22 | Parus major . IC II YR-R
Great tit
23 | Lani LC II BB, M
amu? Red-backed
collurio :
shrike
24 | Turdus LC YR-R,
philomelos Song Thrush M
25 | Aegithalos . LC YR-R,
caudatus Long—ta{led M
bushtit
26 | Falco IC | 1II BB, M
. Common
tinnunculus

Kestrel
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27 | Buteo buteo LC II YR-R, | + +
Common
M
Buzzard
28 | Corvus Rook LC YR-R, | + +
frugilegus 00 M
29 | Pica pica Black-billed LC YRR | + +
Magpie
30 | Coracias LC II BB, M | + +
European
garrulus
Roller
31 | Coturnix Quail LC YR-R, | + +
coturnix M

Species seasonal life history at a given site:

YR-R = Year-round resident; breeder, present throughout the year.

YR-V = Year-round visitor; non-breeder, present throughout the year.

BB = Breeding bird; breeder, absent during non-breeding period.

SV = Summer visitor; non-breeder, present in spring and summer.

WYV = Winter visitor; non-breeder, present in late fall, winter and early spring
M = Migrant; bird of passage; present primarily in fall and spring.

TUCN Red List categories:
CR = Critically Endangered
EN = Threatened.

VU = Vulnerable

NT = Near Threatened.

LC = Least Concern.

Reptiles:
As already mentioned, the project area is quite a poor ecosystem in respect of biodiversity, as mainly

agricultural plots present there. Consequently, the herpetofauna there is very poor as well. The field visits
incorporated visual registration of reptiles. 4 out of 6 literary known species were identified on site.

Grass snake (Natrix Natrix) was seen in the study area (See Figure 5.3.3.2.8.). This is the species associated
with water and lives near the water reservoirs; it feeds on fish and amphibians, rarely on rodents. Of
lizards, Medium lizard (Lacerta media) and European legless lizard (Pseudopus apodus) are spread in the
project area See Figure 5.3.3.2.9). Mediterranean tortoise (Testudo graeca) (See Figure5.3.3.2.10) was also
fixed in the study area.

Grass snake (Natrix natrix)- lives near the rivers lakes, marshes, irrigation channels and water reservoirs, as
well as in wet forests and bushy fields. They are rare in open steppes and mountains without forests. In
summer and autumn, when the soil is humid, the snakes move far from water and dwell under the tree
roots, rodents’ holes, tree fissures, etc. and rarely in basements or garbage piles.
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Figure 5.3.2.2.8. Grass snake (Natrix natrix)

European legless lizard (Pseudopus apodus) — is quite common lizard species in Georgia and its habitats are
dry places. Its area in the construction area covers the project area.

Figure 5.3.2.2.9. European legless lizard (Pseudopus apodus)

Medium lizard (Lacerta media) — this species is common mostly in fields and sparse forests. Medium lizard
may use the agricultural plots in the project area as a corridor during migration.

Mediterranean tortoise (Testudo graeca) lives in sparse forests, on meadows and steppes. Presently, its
habitats are limited at many locations. It is on the Red List of Georgia.

Figure 5.3.2.2.10. Mediterranean tortoise (Testudo graeca).

Based on the literary data and results of field visits, the following reptile species are common in the project
area:

Table 5.3.2.2.3. Reptiles common in the project area

Ne . Georgian name [Red List IUCN . Identified during the
Latin name Literary data
survey
1 Pseudopus NE LC + +
apodus European
legless lizard
2 Anguis fragilis Deaf adder NE LC + -
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3 2 LC DD
Lacerta media Medium lizard + +
4 Vipera . . NE NT + -

. Levantine viper
lebatina

5 T . VU VU

estudo graeca Mediterranean + +
tortoise

6 Natrix natrix LC LC + +

Grass snake

TUCN Red List categories:
CR = Critically Endangered
EN = Threatened.

VU = Vulnerable

NT = Near Threatened.

LC = Least Concern.

Amphibians:
Rivers Khrami and Debeda flow across the project area, which, in respect of biodiversity, are not a

particular reservation.

1 of 3 tailless amphibians known from literature were seen in the field, in the river bank zone of the project
area. Marsh frog (Pelophylax ridibundus) (See Figure 5.3.3.2.11.).

Marsh frog (Pelophylax ridibundus) is the most widely spread tailless amphibian in Georgia with LC (Least
Concern) status worldwide.

Figure 5.3.2.2.10. Marsh frog

Based on the literary data and results of field visits, the following amphibian species are common in the

project area:

Table 5.3.2.2.4. Amphibians common in the project area

Ne . Georgian name | Red List | I[UCN | . Identified during the
Latin name Literary data
survey
1 ‘P?],Op hylax Marsh frog LC LC + +
ridibundus
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Long-1
9 Rana ‘ ong-legged Ic LC . )
macrocnemis [wood frog
3 H)'/]‘q ' Eastern tree LC Ic N )
orientalis frog

TUCN Red List categories:
CR = Critically Endangered
EN = Threatened.

VU = Vulnerable

NT = Near Threatened.

LC = Least Concern

Fish:
Based on the literary data and results of field visits, the following species live in the river: Sevan

khramulya (Capaeta Capaeta), common chub (Leuciscuscephalus orientalis), Kura barbel (Barbuslacerta
cyri), Kura loach (Nemachilus Brandti).

5.3.3 Summary of biological environment survey results

The survey undertaken in several stages made it clear that Algeti-Sadakhlo project corridor is not
distinguished for any component of diversity. The vegetation cover is very poor. Trees mainly grow at
some locations, sometimes as isolated individuals. Mostly grassy, very sparse bushy and cultural/artificially
grown plants grow there. No important animal habitats were identified as a result of high anthropogenic
load on the corridor and low density of the vegetation cover.

The study corridor crosses mainly the habitat with the plants typical to agricultural settlements and plots.
Degraded floodplain-type habitats are found on the sites crossing/running across the water objects (mainly
rivers Khrami and Debeda). The degree of anthropogenic impact of the given habitat is also quite
visible.The project corridor does not cross protected areas. No habitats typical to the said protected areas or
similar to them were identified immediately in the project corridor. None of the studied plots was assessed
as having a high conservative value.

During the field survey, we fixed the following Georgian Red-Listed species in the project corridor and
near it:

Table 5.3.3.1. Red-Listed Species common in the project area

Ne Georgian Latin name Category of protection status
name
Plants:
1 Walnut tree Juglas regia VU
2 I . VU
hiliirl;aerry Celtis glabrata
Reptiles:
3 Mediterranean | Testudo graeca A\48)
tortoise

Despite this, the taxation undertaken in the project corridor did not identify the presence of Red-Listed
plant species immediately in the project impact zone and the need for their delisting consequently.
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5.4 Social-Economic Environment
5.4.1 General

Marneuli Municipality is included within the administrative borders of Kvemo Kartli Region. It is located
in the south-eastern part of Georgia. The area of the Municipality is 935,2 sq.km and its altitude is 420 m
asl. The Municipality has one city and 17 administrative-territorial units including 83 villages.

The administrative-territorial units are: Marneuli, Shulaveri, Kizilajlo, Kulari, Damia-Geurarkhi,
Akhkerpi, Tserakvi, Algeti, Kachagani, Kutliari, Tamarisi, Khojorni, Kapanakhchi, Kasumlo and Opreti.

Marneuli, the center of Municipality, is distanced from Tbilisi by 29 km, by 48 m from the regional center
Rustavi, by 30 km from Azerbaijan border and by 30 km from Armenian border.

5.4.2 Local population

In 2018, the population of Marneuli Municipality was 106,5 thousand people. Azerbaijani, Georgian,
Armenian and other nationalities live in the Municipality.

Based on the officials statistics (source: National Statistics Office of Georgia), the population of Rustavi and
Marneuli Municipality are given in Table 5.4.2.1.

Table 5.4.2.1. Number of Population, Thousand People

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

. 3,847.6 | 3,829.0 | 3,799.8 | 3,773.6 | 3,739.3 | 3,718.4 | 3,716.9 | 3,721.9 | 3,728.,6 | 3,726.4 | 3,729.6
Georgia

Kvemo Kartli 421.2 | 424.0 | 4228 | 4228 | 4215 | 421.0 | 4225 | 4252 | 428.0 | 429.7 | 4323

. . 1183 | 1199 | 1205 1214 | 1220 | 1227 | 1240 | 125.0 | 126.1 126.8 | 127.8
City of Rustavi

Marneuli 1015 | 1025 | 1025 | 1028 | 102.8 | 103.0 | 103.6 | 1044 | 105.2 | 1058 | 106.5
Minicipality

As per the age groups, Marneuli Municipality much differs from average indicators of Georgia. Young and
average aged people are most in number. This may be the reason for higher birth rate in the area and less
migration of the youth to other cities and towns.

The number of population in the settled areas adjacent to the project corridor is given in Table 5.4.2.2.

Table 5.4.2.2. Population of the villages adjoining the project corridor, thous. People

Population, thous. people
) As per 2002 As per 2014 As per
Village census census 2002
census
Azizkendi 2170 1536 -634
Didi Muganlo 1815 1286 -529
Kurtlaro 1711 1413 -298
Kvemo Kulari 628 565 -63
Kirikhlo 1262 1114 -148
Akhali Mamudlo 758 554 -204
Araflo 1118 854 -264
Kvemo Sarali 1745 1370 -375
Zemo Sarali 1135 883 -252
Akhlo Lalalo 805 690 -115
Damia-Giaurarkhi 1815 1939 124
Kirovka 706 663 -43
Sadakhlo 9486 7337 -2149
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5.4.3 Economics

Kvemo Kartli Region has great potential for industrial development. Industrial center is Rustavi. There are
26 large plants in different branches and fields on the territory of the city, including the following large
companies: JSC “Azoti”, JSC “Rustavi Metallurgical Plant”, JSC “Heidelberg Georgia”, JSC “Geosteel”, JSC
“Jazbegi”, etc.

The branch structure of the economy of Maneuli Municipality is as follows: agriculture, industry,
construction, transport trade and other branches.

The leading branches of economy in Marneuli Municipality are flour and bread and pastry production,
dairy and cheese production, fruit and vegetable tinning, including meat mix, cutting and processing
decorative stones, furniture manufacturing and processing sand carriers, etc.

Trade is well developed in the Municipality, with many retail and wholesale trade and service units.

5.4.4 Agriculture

The agricultural land fund of Marneuli Municipality was 57,052,59 ha, including: arable land - 22,271.29
ha; hey-making meadows- 1,724.98 ha; pastures - 30,945.8 ha; area occupied by perennial crops - 2,110.52
ha. The city of Marneuli and communities of Kapanakhchi, Algeti, Kachagani and Kasumlo use 6512 ha of
Iagluja and Babakari pastures on the territory of Marneuli Municipality. 33,230 ha of agricultural land is
privatized.

Common agricultural crops in the Municipality are: wheat, barley, maize, rye, sunflower; common
vegetables are: potato, cabbage, carrot, onion, garlic, beans, cucumber, tomato, etc.

The climatic conditions in the region are extremely beneficial for agricultural production and make it
possible to gain harvest two or three times a year.

Cattle-breeding is a well-developed branch in the Municipality, as well as poultry-raising.

The project road will mainly run across the agricultural plots, which are intensely cultivated. These areas
are used as pastures.
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5.4.5 Tourism, Historical-cultural monuments

Mostly, cultural-recognition tourism is developed in Marneuli Municipality. Agro-tourism is developed on the
territories of Tamarisi and Kulari communities. Akhkerpi has a certain potential to become a resort. The
Municipality has a perspective to develop horse and hunting tourism.

There are 34 historical-archeological monuments in Marneuli Municipality. An old Georgian architectural
monument, Monastic Complex Khujabi (XIII c.) near village Akhkerpi is worth mentioning. A middle-century
monastery Khojorni is also important. Tsopa Fortress is also worthwhile. It functioned in the VI-XIII centuries.
The fortress is built on a cliffy mountain. There is a site of ancient village near Tsopa Fortress. Opreti Fortress
near village Opreti is also worthwhile, which is first mentioned in the literary sources in the X century. The
Tserakvi Monastic Complex near village Tserakvi is also notable.

No facts of historical-cultural monuments were identified in the corridor selected for the project road.

5.4.6 Infrastructure

The length of the central and local roads in Marneuli Municipality is 540 km, with 220 km of central roads and
320 km of local roads. 230 km of the roads is asphalted and 310 km is ground roads.

Marneuli Municipality are totally supplied with drinking water. The village people take the drinking water from
springs and wells.

The audit of the project corridor and adjoining areas identified the following crossing points of the infrastructural
communications with the project road:

e 10,35 and 110 KW power lines;

e International, regional and local roads;

e Irrigation channels;

e Underground pipelines, etc. (See figures)

The objects immediately crossing the project corridor are listed in paragraph 4.10.6.
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6. METHODS, APPROACHES AND EVALUATION CRITERIA USED TO
ASSESS THE ENVIRONMENTAL IMPACT

6.1 Introduction

The principal goal of evaluation of the environmental impact is to identify the kind and value of the

impact of the planned activity on physical, biological and social environment. This must become the basis
for developing the relevant efficient mitigation measures. In order to achieve this aim it is necessary to
identify the criteria so that one should be able to compare the results obtained through calculations and

other methods to it. The comparison difference (quantitative change) allows identifying the value of the
expected impact (scale, limits of propagation).

Following the requirements of the legislation of Georgia and characteristics of the planned activities, the

following types of the environmental impact were considered:

Impact on physical environment — the probability of the atmospheric air quality

deterioration, noise and vibration propagation, risks of changing the qualitative state of
water and soil environment, violation of the stability of the geological state, visual-
landscape impact.

Impact on biological environment — the generic and quantitative decrease of flora and

tree-and-vegetation cover, disturbance of the animal world, deterioration of their habitats
and probability of immediate impact.
Changes in social-economic conditions of the urban zone under the impact, both positive

and negative.
Possible negative impact on historical and archeological monuments.

The evaluation criteria for the each of the above-listed impacts were identified by an individual approach,

e.g.:

The emissions and noise/vibration propagation in the atmospheric air were calculated
based on the relevant methodic and normative documents. The expected changes in the
design points were identified for the most unfavorable conditions. During the calculations,
the background state in the pr area was taken into account. The gained results were

compared to the normative documents effective in Georgia.

The value of the impact on the qualitative state of water and soil environment was
evaluated by considering the distance from the surface waters and specificity of the
technological procedures used during the construction process

The methods of visual-landscape assessment are based on the landscape value and existing
situation of the action site;

In evaluating the impact on the geological environment, the existing engineering-
geological conditions and analysis of the measures necessary for the construction works
are important.

The approach used in evaluating the impact on the biological environment envisages the
comparison of the background state and forecasted change resulting from the project

implementation.
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¢ In evaluation the impact on the social-economic environment, the attention was paid to

various aspects, with the positive impact being most important.
e The method to evaluate the negative impact on the historical and archeological
monuments envisages the identification of the probability of their damage or destruction

by considering the specifics of their location.

All kinds of impacts were classified with a 3-point system, in particular:

1. 1. Significant (high) impact needing high costs to take relevant mitigation measures, the
mitigation measures are less efficient and/or the project/technological process need certain
corrections. The probability of the population’s dissatisfaction is high.

2. Average impact implying that in terms of the relevant mitigation measures, the impact can be

brought to the admissible level.
3. Insignificant (low) impact when in terms of standard mitigation measures, the quantitative or
qualitative change of the environment is not significant; no population’s dissatisfaction is

expected.

It should be noted that some kinds of impact are not expected and there is no need for mitigation

measures.

In order to assess the values of some of the impacts, it is also important to assess the duration of impact and
evaluate how swiftly a natural object can be restored either to its original state, or state nearly similar to

the original one, after the sources of impact are eliminated.

The sub-chapters below give a more detailed description of the criteria used in the environmental impact
assessment.



6.2 Assessment criteria of the impact on the atmospheric air quality
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Assessment criteria

Kind of impact

Significant (high) impact

Average impact

Significant (high) impact

Prop
agation of

combustion

products

The MAC portion of the polluting substance

concentrations in a 500 m zone and at the
border of the populated area exceeds 1 and
exceeds or almost equals 0,8 at other
sensitive receptors (hospital, recreational
zone, etc.). The impact is long or
constant.Population’s dissatisfaction is
inevitable.

Propagation of combustion products

The MAC portion of the polluting
substance concentrations in a 500 m
zone and at the border of the populated
area exceeds 1 and exceeds or almost
equals 0,8 at other sensitive receptors
(hospital, recreational zone, etc.). The
impact is long or constant.Population’s
dissatisfaction is inevitable.

Dust
propagation

The MAC portion of inorganic or organic

dust in a 500 m zone and at the border of the

populated area exceeds 1 and exceeds or
almost equals 0,8 at other sensitive receptors
(hospital, recreational zone, etc.). The
impact is long. The population’s
dissatisfaction is inevitable.

Dust propagation

The MAC portion of inorganic or
organic dust in a 500 m zone and at the
border of the populated area exceeds 1

and exceeds or almost equals 0,8 at other
sensitive receptors (hospital,
recreational zone, etc.). The impact is
long. The population’s dissatisfaction is
inevitable.

Odor
propagation

Objectionable odor spreads towards the
settled area and sensitive receptors (hospital,
recreational zone, etc.) either constantly, or

in the windy weather. Population’s
dissatisfaction is inevitable.

Odor propagation

Objectionable odor spreads towards the
settled area and sensitive receptors
(hospital, recreational zone, etc.) either
constantly, or in the windy weather.
Population’s dissatisfaction is inevitable.

Condition ol

the working
area

(combustion
products, _dust,

odor)

It is impossible to work. Using self-
contained breathing apparatus or other
protective equipment is inefficient.

Condition of the working area (combustion products,

dust, odor,

It is impossible to work. Using self-
contained breathing apparatus or other
protective equipment is inefficient.

Thilisi,2019



6.3 Noise and vibration propagation — Impact Assessment Criteria
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Kind of impact

Assessment criteria

Significant (high) impact

Average impact

Significant (high) impact

Noise
propagation

Noise levels at the border of the settled
area exceed 55 DbA during the day and
45 dBA at night, or exceeds50 dBA
during the day and 40dBA at night at
sensitive receptors. Excess noise levels
are intense. Population’s dissatisfaction
is inevitable.

Noise levels at the border of the settled area little
exceed 55 DbA during the day and 45 dBA at night;
however, the impact is expected only in some cases

or is temporal. The noise levels at the sensitive
receptors are admissible; however, additional
preventive measures are recommended.

The noise background levels have
deteriorated a bit near the settled
areas or sensitive receptors. In any
case, no levels in excess of the
admissible levels are expected. It is
sufficient to take standard
mitigation measures.

Vibration

Due to the use of heavy technique and
other methods, vibration spreads to great
distances. There is a probability of
damage or destruction of buildings and
premises, monuments of cultural heritage
or disturbance of geological stability.

Vibration does not spread to far places, or the
impact is short-term. The probability of damage of
buildings and premises, monuments of cultural
heritage or disturbance of geological stabilityis
very little. Minor and periodic discomfort is
expected.

Vibration propagates only in the
working zone. No damage of
buildings and premises, monuments
of cultural heritage or disturbance of
geological stability is expected. No
addiitonal mitigation measures are
needed.

Conditi
on of the

working
area (noise

and

vibration)

It is impossible to work. Using ear-plugs
or other protective equipment is less
inefficient. It is necessary to change the
service staff frequently.

Noise and vibration is a nuisance in the working
area; but working is possible provided the relevant
protective equipment are used or other measures are
taken (e.g. cutting the working hours and the like).

The noise and vibration levels in the
working zone are not high. No PPE
is needed, or if needed only for short
periods. An 8-hour-long working
day is permitted.




6.4 Assessment criteria of the expected impact on water
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Kind of impact

Assessment criteria

Significant (high) impact

Average impact

Significant (high) impact

Changed flow rate
of the surface

Under the project impact, the natural river
flow rate is strongly changed (either for the
year, or temporarily); it is difficult to
maintain the present state of the water eco-

system. Other water-consuming unit has a

Under the project impact, the natural river flow rate
reduced to 70%(either for the year, or temporarily);
however, the water eco-system is mostly maintained.
The access of another water-consuming unit to water

has not changed,

Under the project impact, the natural
river flow rate reduced to 70% (either
for the year, or temporarily). The
access of another water-consuming

unit to water has not changed, or the

waters limited access to water, ot unit is not used for other purposes.
or Unde.r the project 1m13act, the‘natural river ﬂow The river flow rate will not increase
due to the increased water flow, the risk rate increased to 110%. The risks of developing under the impact of the profect
of developing hazardous hydrological the hazardous - hydrological events are possible to P project.
events has increased. eliminate