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1. Introduction

This document is a scoping report for the construction and operation of a new non-hazardous landfill in Tetritskaro Municipality, by  LLC “Solid Waste Company of Georgia”.
The Ministry of Environmental Protection and Agriculture of Georgia, according to the Environmental Assessment Code of the new Annex I of the planned activities under Article 17 is subject to environmental decision-making. Therefore, it is obliged to submit a scoping statement in accordance with the established procedure, and according to the specifics of the planned activity, a scoping report has been developed based on the decision of the implementer of the activity.
The project aims to improve solid waste management in the Kvemo Kartli region. The project involves the construction of a new sanitary landfill for the five municipalities of the region - Tsalka, Dmanisi, Tetritskaro, Bolnisi and Marneuli.
Taking into consideration the environmental protection requirements and the prospect of development of the enterprise ordered by the LTD Georgian Solid Waste Company in Tsitsskaro village, Tetritskaro, C/C: 84.10.38.046 and 84.10.38.017, a project for construction and operation of a new non-hazardous waste landfill in Tetritskaro Municipality was designed.
The landfill for the construction of the landfill is more than 500 m away (namely 1600m away), from the residential zone, as defined by the norm of the “Technical Regulation on Landfill Construction”. The selected area does not belong to sanitary protection zone I and II, as well as water protection zone.
In order to develop Georgia regionally, the European Bank for Reconstruction and Development (EBRD) has allocated a loan of 7 million euros, and the Swedish International Development Cooperation Agency (SIDA) has issued a 3 million euro grant. These funds will be used for the development of waste management system in Kvemo Kartli, which will be implemented by Georgian Solid Waste Management Company Ltd. In order to implement the project, it is also planned to purchase consulting services, which will be funded by an additional SIDA grant of 1,100,000 euros. In addition, state contributions are provided.General information about the manufacturing facility is given in Table 1 below.

	Table 1. Basic information about the activity of enterprises

	#
	Name of the data 
	At the time of writing the document 

	1
	Name 
	Limited liability company ”Georgian solid waste company”

	2
	Address:
Actual:

Legal:
	Tetritskaro municipality, cadastrial codes 84.10.38.046 and 84.10.38.017 

Anna Politkovskaia st N14 Georgia Tbilisi Vake-Saburtalo district.

	3
	Identification code
	404942470

	4
	GPS Coordinates
	1. X=471624.00; 	Y=4599498.82;
2. X=471573.21; 	Y=4599097.85; 
3. X=472089.85; 	Y=4599059.49;
4. X=472152.87; 	Y=4599356.57;

	5
	Head of fecility:
 Last name , First name 
Telefone :
E-mail: 
	George Shukhoshvili
Tel:  + 995 32 2 43 88 30 
info@waste.gov.ge 

	6
	Distance from the nearest settlement:
	Sttlemeent in 1600m  

	7
	Economic activity:
	Non-hazardous waste landfill 

	9
	Project capacity (Annual):
	70000 tons non-hazardous waste 

	12
	Number of working hours per year:
	8760 hours 

	13
	Number of working hours per day:
	24 hours



2. [bookmark: _Toc39069993]Legislative Basis for Preparing a Scoping Report 

From 15 January 2015, the Law of Georgia on Waste Management is in full compliance with the requirements of the EU Directives provided for in the Association Agreement (AA). The purpose of the Code is to: protect the environment and human health; Creating legal bases in waste management; Prevention and reduction of waste generation and its negative impact; Establish effective waste management mechanisms; Promotion of waste as an efficient use of resources.
According to the Waste Management Code, up to 20 bylaws have been developed and approved by the government to implement waste management best practices in the country.
The country has 57 non-hazardous solid waste landfills, only 4 of which are designed and built according to standards. According to the Waste Management Code, 34 official landfills currently operating from which 31 should be closed by 2024 (except for Tbilisi, Rustavi-Gardabani and BP landfills).
According to the political decision of the Government of Georgia, 8 regional landfills should be built in the country and 10 regional non-hazardous landfills will be fully operational in Georgia.
Landfill construction activities require appropriate environmental decision-making for which appropriate environmental screening and EIA reports as well as other environmental projects will be developed and submitted to the Ministry of Environment and Agriculture.
Planned Activities require Preparation of a Scoping Report under Subpart 17 of the Law on Environmental Assessment Code 1 (Disposal, Incineration and / or Chemical Treatment of More than 100 Tons of Non-Hazardous Waste per Day). According to the decision of the developer, the scoping report will be elaborated for the first stage of the activity and subsequently the EIA report will be prepared based on the scoping report issued by the The Ministry of Environmental Protection and Agriculture of Georgia.
According to Article 6 of the Code, one of the stages of the EIA is the scoping procedure, which defines the list of information to be acquired and to be studied in the EIA and the means of reflecting it in the EIA reportBased on this procedure, a preliminary document (scoping report) is prepared, on the basis of which the Ministry issues a scoping report. The activity developer is required to submit a scoping statement to the Ministry as soon as possible with the scoping report. 
Onbehalf of above mentiond requirements from the Environmental Assessment Code, a scoping report has been prepared by the order of the Georgian Solid Waste Μanagement Company LLC, which includes the following information in accordance with Article 8 of the Code:
· A brief description of the planned activities, including:
· Information about the place of business, design of the facility, principles of operation process, etc.;
· Alternatives to the planning activity and place of implementation;
· General information on the potential environmental impacts and their types to be studied in the EIA process;
· General information on measures to be taken to prevent, reduce and / or mitigate significant adverse environmental impacts;
· Information on the studies to be carried out and the methods required to prepare an EIA report.
On the basis of a scoping report study, the Ministry will issue a scoping report defining a list of studies, information, and studies needed to prepare an EIA report. Consideration of the scoping report is mandatory when preparing an EIA repor
3. [bookmark: _Toc39069994]Planned activities 
3.1 [bookmark: _Toc39069995]Location of the selected site 
Taking into consideration the environmental protection requirements and the prospect of enterprise development, according to the order of the Georgian Solid Waste Μanagement Company LLC, a landfill was selected in the selected area located in Tetritskaro district, C/C: 84.10.38.046 and 84.10.38.017. Of these land plots, C/C 84.10.38.046 represents non-agricultural land which is the property of LLC "Solid Waste Company of Georgia" and C / C: 84.10.38.017 represents agricultural land plow land , Representing the property of Levan Papashvili (PN: 22001002393). Purchase procedures are underway on the latter plot, after which the plot will be replaced by a category and assigned to a non-agricultural purpose.
The area designated for landfill construction has been removed from the residential zone by the approval of the Technical Regulation on Landfill Arrangement, Operation, Closure and Further Care (№421 August 11, 2015, Tbilisi) exceeding 500 m as defined by the Georgian Government Decree, namely 1600 m. In the distance. The selected area does not belong to sanitary protection zone I and II, as well as water protection zone.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24]
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]The distance from the boundary of the site to Shavsakdari is about 1600 m. Shavsakdari in Kvemo Kartli is a village about 1-hour (or 48 km) south-west of Tbilisi, the country's capital town. According to the 2014 census population of Shavsakdari was 253 people. The proposed landfill site is visible from the village, but due to the relatively long distance and the measures that will be adopted (perimeter planting), the visual impacts are not considered significant.

Figure 1:    Distance from Shavsakdari village 
The distance from the boundary of the site to Tsintskaro is about 2150 m. Tsintskaro is a village located in Georgia about 57 km away from Tbilisi (south west). According to the 2014 census population of Tsintskaro is 1857 people.

2150 მ.

Figure 2:   Distance from village Tsintskaro 

In compliance with the International Civil Aviation Organisation (“ICAO”) standards and requirements, a 13 km buffer zone around the airfield must be kept. 
Basic information about the location of the site is shown in Table 3.1.1.
Nitro-Codex Ltd’s warehouse area with buildings and structures is located 650 meters south west of the planned non-hazardous landfill site, cadastrial code 84.10.38.008.
To the east of the parcel lies the state-owned land where the water pump-station was located. As of today, it is not operational, land cadastrial code 84.10.38.031.
Along the north, east and south side of the plot are State-owned land, cadastrial code 84.10.38.052.

	Table 3.1.1: location (Tetritskaro municipality) General characteristics 

	Parameter
	

	Coordinates	
	41°32’38.56” N ; 44°39’42.30” E

	Area (ha) 
	20,8 (2 different parcels)

	Distance from nearest settlement (m)
	2000

	Distance from main road (km)
	1.35

	Distance from natural area (km)
	0.87

	Land use category
	Agricultural and non-agricultural

	Property
	LTD Solid waste Company and second private

	Major infrastructure (e.g. pipeline, high voltage power line)
	High voltage power line 

	Distance from surface water body (km)
	1400 m from river Algeti




Road infrastructure 
Selected location Tetritskaro Municipality 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31]An existing, state owned, unpaved road of about 1800m connects the site with the Marneuli-Tetritskaro-Tsalka secondary road. The Marneuli-Tetritskaro-Tsalka road will be the main access road for the under-construction landfill and no other roads are required.

The existing unpaved road (1800m), which width varies from 4 to 6 meters, is suggested to be upgraded. The minimum standards concern 7m wide paved road and asphalt pavement designed for heavy traffic. It must be mentioned that this road does not go through any settlement.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64]Marabda – akhalkalaki railway line is located within Tetritskaro Municipality territory. The distance from the railway is about 2600m (south of the site).

As mentioned above, the main new requirement is to keep a buffer zone of 13 km from the airdrome in order to comply with ICAO guidelines. The proposed area is more than 13,29km away from the center of the airdrome. A relevant document has been requested in order the distance from the center of the airport to be confirmed. 
 (Please see Annex 17.)

[image: ]
Figure 3:    Distance from the airport 

Energy/irrigation and other systems 
Selected location Tetritskaro Municifality 
Within the municipality there is a farm irrigation servicing more than 15,000 ha. Considering that more than half of the existing channels require cleaning and rehabilitation works, they cannot be completely used.
Because of the agricultural character of the study area there are many irrigation canals near the site. The main canals are presented in the following picture (blue lines).
[image: ]
Figure 4:    Irrigation System in the area (blue lines)

There is also a pumpin station for irrigation purposes which seems abondend. According to the Tetritskaro municipality authorities it is out of use.
After their exact depiction (topographic survey) and the confirmation of their operation, they will be considered, if nessesary, to move.
During the site visits, it was also established the existance of a transmission line within boundaries of the site, as they have been determined so far. The rout of the transmission line is presented in the following picture. Transmission line seems to serve the pumping station.

Figure 5:    Transmission line’s routing 

After the implementation of the topographic survey it has to be decided weather the transmission line needs to be relocated and if so the relocation design has to be prepaterd.

Topography – Morphology 
Selected Location Tetritskaro Municipality 
The area is situated on the Tetritsqaro Municipality at an altitude of approximately 880 m above sea level. The surrounding area is fairly flat with carved river valleys. The plateau shows typical vegetation with shrubs and trees.
The main river in the area of interest is the Algeti River. The Algeti River is coming from the south from Trialeti range, which is its origin. In the south part of Tetritskaro municipality, Khrami River is located, with a well-defined canyon of 20 km length. 

Hydro-Geological Conditions 
Selected Location Tetritskaro Municipality 
The area is situated in the Tetritskaro Municipality and the ground elevation at the ranges from about 695m to about 747m above sea level, with an average slope of 6% to the northeast. 
The site is about 1400m south of the Algeti river. 
According to the geological map of Georgia (Annex 1), in the surrounding area of the site there are:
· calc-alcaline basaltic continental lavas (Akhalkalaki series) of Upper Pliocene – Quaternary age.
· open sea terrigene turbidites, olistostromes of Upper Eocene age and, 
· tufturbidites of Middle Eocene age 
According to the main parent materials of the soil map of Georgia (Annex 2), the surrounding area of the site is on loess, loess loams, clay shales, etc. and young lavas (andesites, basalts, dolerites). 
Based on the seismic hazard map of Georgia (Annex 3), the site belongs to magnitude 8.0 earthquake zone and has dimensionless coefficient of horizontal ground acceleration equal to 0,14.
Considering the landslide – gravitational hazard risk, according to the respective zonation in Georgia (Annex 4), the site belongs to the ‘’low’’ risk zone. 
Similarly, considering the debrisflow hazard risk, according to the respective zonation, in Georgia (Annex 5) the site belongs to the ‘’limited’’ risk zone.
Based on the tectonic subdivision of the Caucasus (Annex 6), the site is situated on the Artvin – Bolnisi subterrain, of the Black Sea-Central Transcaucasian terrain. The Artvini-Bolnisi zone consists of two different tectonic units: the Javakheti zone (in the west) and the Bolnisi zone (in the east). In the greater area of the Bolnisi zone, there is the horst-like Khrami salient of pre-Alpine basement and the territory is covered with Cretaceous and Paleogene volcanic rocks. Brachyanticlines and steep faults of various orientations are developed to the south, in a sedimentary cover, which generally forms a gentle syncline.
According to following figure, it is expected that, that the subsoil profile (from top to bottom) consists of: 0.2m-0.5m vegetative soil cover (humus), delluvial / prolluvial deposits i.e. clay - loam materials, with inclusions of fragmented rocks of various sizes and grit. All these subsoil materials are overlaying the bedrock, that is expected to be the lava layers.
[image: ]

Figure  6. Existing water pipe trench at site

According to the hydrogeological zoning map of Georgia (Annex 7), the site belongs to the hydrogeological region of Artvini – Bolnisi belt, zone (V) and more precisely in the Javakheti East slope, fractured groundwater district (V2), and the water is accumulated in rock discontinuities (joins, fractures, etc).
Ground water, discharged from basalt lava layers is well filtered, clean and clear and usually is used for drinking as well as agricultural purposes. 
It is expected that earthquakes and tremors will be experienced at a low intensity at the site during the landfill construction, operation and post-operation life, as these frequently occur in Georgia. However, overall there is a very low risk of an earthquake that may cause disruption or damage to the proposed landfill site, because of the low intensity of historic tremors and the relevant engineering measures  (low slope angles of the landfill, slope stability analyses considering appropriately earthquake loads, etc) that will be undertaken in the design of the facility. 
According to the aforementioned information, it can be mentioned that geomorfologically the site is stable without any visible signs of instabilities (landslide, debris slides, etc). Further, there are not expected any geological, tectonic (active faults, etc), or seismic risks in the proposed study area. Finally, considering that there is not a significant shallow aquifer at the site, and the fact that all necessary measures according to Georgian and EU regulations will be used in the design, construction, operation and post closure of the landfill facility, the associated risk to the environment is minimal to null.

Meteorological Data 
In general, the Kvemo Kartli region's climate is typical for a transition between moderate and subtropical climate zones. Lower parts of the Kvemo Kartli region have a moderate continental climate, the middle parts of mountain slopes within the region have a relatively cool and humid climate and the upper parts of slopes have a mountain/alpine climate[footnoteRef:1]. [1:  COWI, 2014. Georgia– Kvemo Kartli Solid Waste Management Project– Feasibility Study Baseline Report.] 

The Tetritskaro Municipality is characterized by a warm subtropical dry steppe climate, belonging to the type II climatic zone and II-b sub-zone. The average air temperature during January varies between -10 C to 0 C, and the average temperature during July ranges between +15 C to +24 C, the maximum temperature is 40 C. Precipitation is typically 500-900 mm per year and most rainfall occurs during May, and the least during December. 
Detailed air temperature and precipitation parameters for the Marneuli Municipality are given in the table 3.1.2.

	Table 3.1.2  Air temperature
	

	Months
	Average per annum 

	Jan 
	Feb 
	Mar 
	Apr 
	May 
	Jun 
	Jul 
	Aug 
	Sep 
	Oct 
	Nov 
	Dec 
	12.1

	0.0 
	1.9 
	6.0 
	11.5 
	16.8 
	20.6 
	23.9 
	23.5 
	19.0 
	13.4 
	7.0 
	1.9 
	



Table 3.1.3    Humidity and precipitation parameters

	Parameter
	Value

	Relative humidity of air
	69 %

	Amount of atmospheric precipitations per annum 
	495 mm

	Daily maximum of precipitation
	146 mm 

	Number of days with snow cover 
	17 days

	Snow cover weight 
	0.50 kPa

	slanting rains:
per annum
during warm season
	
207 mm
152 mm


Winds of north, north-west and east directions prevail both in warm and cold seasons. The highest average wind speed values are observed during July (max - 4.5 and min - 1.3 m/sec) and the lowest during January (max - 2.6 and min - 0.6 m/sec). The highest wind speeds that can be expected to occur are as follows:

· Once per annum is 17 m/sec; 
· Once every 5 years is 23 m/sec;
· Once every 10 years is 24 m/sec; 
· Once every 15 years is 25 m/sec; and
· Once every 20 years is 26 m/sec.

Table 3.1.4 Repeatability of wind directions and calms per annum (%)

	Year
	N
	NE
	E
	SE
	S
	SW
	W
	NW
	Calms 

	Station 
	27
	6
	18
	13
	6
	3
	11
	16
	33



The proposed Solid Waste site itself is located in an open area; therefore, it is not protected from winds. The winds around the site are mainly westerly and north-westerly.
The normative depth of seasonal soil freezing is determined by Georgian design standards PN 01.05-08 for different types of soil as follows: 
· Clayey and loamy soils – 0 cm; 
· Fine and dust-like sand – 0 cm; and
· Course and average thickness grit / gravel-like sand – 0 cm.

The coordinates of the corners of the selected location are shown in table 3.1.5.
Table 3.1.5.
	#
	X
	Y

	1
	2
	3

	1
	471572.31
	4599096.96

	2
	471623.11
	4599498.82

	3
	472153.32
	4599356.56

	4
	472131.93
	4599262.15

	5
	472086.32
	4599270.35

	6
	472063.62
	4599184.85

	7
	472107.41
	4599171.31

	8
	472089.53
	4599058.60
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Figure 3.1.1. Situational plan 
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[image: ]Figure 3.1.2. LTD “Solid waste management company”-s Non-hazardous Waste landfill site detaled scheme.Planned landfill territory

2150 m.
Settlment Tsintskaro


State-owned landplot.

Non-hazardous landfill 
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Old water pump station.
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3.2 [bookmark: _Toc39069996]Description of current activities  
The total area for establishment of the sanitary landfill and the necessary infrastructure works (including the perimetric fence) is 20.8 ha. 
The landfill will be constructed in two phases Each phase is divided to sub-phases (cells) limited by internal berms.
The total planned area for disposal is 9.60 ha, 5.54 ha for Phase (cell1 and cell 2) and 4.06 ha for Phase 2 (cell 3 and cell 4).
[image: ]
Phase 1 is divided to sub-phases “cell 1” and “cell2” and phase 2 is divided to sub-phases “cell 3” and “cell4”. All phases and cells are presented at the 

Phase 1: 
Construction of phase 1 includes 
· all necessary auxiliary infrastructures for the operation of the landfill and 
· cell 1 and cell 2 of the disposal area along with part of the circumferential road and ditch

The planned area for disposal is 5.54 ha for cells 1 & 2.
[image: ]
After the construction of earthworks of cell 1 and cell2, liner system along with leachate collection and transfer network of cell 1 is being constructed. 
During disposal in cell 1, in cell 2 also a liner system is being constructed along with the leachate collection and transfer network.
Solid waste disposal is taking place in cell 1 until a certain altitude 712,3 m from water level, in any case not higher than circumferential elevation. 
When landfilling level reaches 712,3 m from water level, solid waste disposal is taking place only in cell 2. After reaching the level of cell 1 landfilling, then the disposal is taking place in both cell 1 and cell 2 until they reach the altitude of +726m.
The total capacity for cells no.1 and no.2 (phase 1) is 500,000 m³.

Phase 2: 
Construction of phase 2 includes:
· all additional auxiliary infrastructures for the operation of the landfill and 
· cell 3 and cell 4 of the disposal area along with the rest of the circumferential road and ditchplanned area for disposal is 4.06 ha for cells 3 and 4. 
During the last months of landfilling of phase 1, cells 3 and 4 are being constructed.
[image: ]
After landfilling of phase 1 reaches the top level (+726), the disposal in cell 3 could start.
During disposal in cell 3, in cell 4 also a liner system is being constructed along with the leachate collection and transfer network.
Solid waste disposal is taking place in cell 3 until a certain altitude 716m. 
When landfilling level reaches that altitude, solid waste disposal is taking place only in cell 4. After reaching the level of cell 3 landfilling, then the disposal is taking place in both cell 3 and cell 4 until they reach the altitude of +726m. 
After reaching that landfilling level, disposal is taking place in both phase 1 and phase 2 areas until they reach top level of disposal 752,2m. 
[image: ]

The total volume of both phases 1&2 (cells no.1-4) is 1,549,000 m³
In the following scheme (Section1), presented both phases of construction and landfilling (see also Drawing PDL.10.1).
[image: ]

The total planned area for disposal is 9.60 ha, 5.54ha for Phase 1 and 4.06 ha for Phase 2. The total capacity for cells no.1 and no.2 (phase 1) is 500,000 m³ and the total volume of both phases 1&2 (cells no.1-4) is 1,549,000 m³ 
The landfill is located in an area with a terrain varying from 728m a.s.l. to 710 m a.s.l. Based on the maximum investigated The upper geological layers consist of silty clay, with plant roots (topsoil) with thickness varying from 0.00m to 1.20m and clayey soils with very high clay content and measured low permeability, and it may be proposed for use as geological barrier of the bottom lining and the top cover systems that will be constructed following the QA/QC procedures. Locally, in the upper 4m, large cobbles - boulders are encountered.
The total lifetime of the landfill is expected to be 9 years for phase 1 and over 18 years for phase 2(total amount of 1,549,000 m3), assuming a waste density of 0.8 t/m3 and daily cover contribution for 10 % of the volume. The calculation was based on the assumptions made in COWI’s Baseline Report and Project Proposal report by considering a more conservative waste density (0.8 instead of 1.0 t/m3) and the new design of the landfill basin prepared by HPC.

Table 3.2.1. The average annual number of landfills expected over the years
	Duration
	m3 of waste per year

	Years 1-12
	57,000

	Years 13-17
	47,000

	Years 18-22
	62,000

	Years 23-27
	64,000

	TOTAL (27 years)
	1,549,000



The landfill will be able to accommodate additional units for waste treatment facilities. There are areas/sections developed during the construction phase prepared for additional future waste handling activities such as crushing and screening of construction and demolition waste, composting facility or temporarily storage of hazardous waste. 
The first phase (including cell 1 and 2) of the sanitary landfill will include the following buildings, facilities, equipment, and supply systems:
· 1,800 m concrete paved access road designed for heavy traffic. The access road is 7 m wide and drain ditches as required (An existing deep trench on the east side of the access road will be used for dewatering of road surface)
· Internal access road network of similar construction, with the exception of the area around the weighbridge where the road becomes 17m wide. The designed internal road network secures access to all the infrastructure predicted for both phases.
· Paved entrance area and various parking areas 
· One weighbridge (50 tons capacity and with a length/width of 18 x 3 m) and area prepared for possible future additional weighbridge; 
· The first landfill cells 1 and 2 (The two first cells with a total volume of 500.000 m³) for mixed household and commercial waste; 
· Leachate collection, transport, storage, treatment (SBR treatment and storage for recycirculation and/or irrigation) and emergency discharge facilities; It should be mentioned that all the possible alternatives of recycirculation was analyzed, based in international experience.  Most of the treated leachate will be used on the site (for irrigation, cleaning, etc.). And the remaining amount will be discharged in the river near the landfill. The exact location will be defined on EIA phase and all the environmental aspects will be considered. 
· Administration, control, offices, laboratory and staff facilities (including cloak rooms, WC) etc; 
· Garage and workshop for machinery and waste transfer trucks including storage rooms; 
· Hangar for the temporary storage of waste from various waste streams and/or the future installation of waste treatment machinery; 
· Control office/guard house for the weighbridge(s) and entrance control; 
· Sampling area for the unloading of waste truck and temporary storage; 
· Landfill compactor and other landfill operation equipment; 
· 2 m high perimeter fence (concrete posts with a 40 x40 mm steel mesh and barbed wire on top); 
· Entrance gate 8 m wide steel bar gate manually operated); 
· Wheel wash facility (at exit lane); 
· Groundwater monitoring wells (one upstream the landfill and two downstream the landfill); 
· Supply systems - sewage water (collection tank), electricity (e.g. on site diesel generator), drinking water (e.g. water tank) and communication (mobile); 
· Fire protection system; 
· Screening circumferential fence with trees and scrubs. 
The bottom of the landfill basin is inclined by more than 1% as required by ''Technical Regulation on the construction, operation, closure and after-care of landfills, Resolution of the Government of Georgia № 421, August 11, 2015, Tbilisi''. All perimeter and interior embankments are sloping at 1v:3h. 

The top cover consists of: 
1. leveling layer, 
2. Impermeable Mineral Layer
3. geological barrier (from onsite excavated clayey soils),
4. HDPE geomembrane as required by the aforementioned Technical Regulation, 
5. runoff drainage layer 
6. top cover layer, and 

The base of the disposal cells is constructed with a liner system consisting of: 
1. a minimum 1.0 m thick geological barrier (from onsite excavated clayey soils), 
2. 2.0 mm HDPE geomembrane, 
3. 0.5m leachate drainage layer, with leachate collection drainpipes, and 
4. the necessary protection/separation geotextiles. 
5. Geomembrane protection layer
6. Recultivation layer 
7. Drainage layer

Roads will be established inside the landfill in the first phase and during the operation of the landfill. The internal roads can be divided into two categories: 
· Roads with permanent traffic (Access road, front gate to landfill cell, reception area, south circumferential road etc.)
· Temporary roads (e.g. service and inspection roads encircling the disposal area from the northern part of the cells, etc.)
Lighting poles will be constructed at gate, at weighbridge, in front of administration building, in front of garage and workshop and along the internal road from gate to first landfill disposal cell.
Landfill gas collection and flaring system as well as top cover for disposed waste will be established during the operational period after the first landfill cell is filled up.

AUXILARY INFRUSTRUCTURE
The facilities that will be constructed for the landfill, reception area and connected activities in phase 1 of the Project are mentioned in paragraph 1.2.
The facilities are described in more detail hereafter.
[bookmark: _Toc22307142]
Perimeter fence and gate
Fence specifications:
· Steel posts with a 50 x 50 mm steel mesh and 2 m high (with barbed wire on top, total height above ground 2.3 m);
· 8 m wide steel bar gate manual operated.
Moreover, behind the fence, a row of deciduous and evergreen trees will be planted with small bushes in their roots, as it is required, in order to minimise the optical nuisance of the surrounding areas. 

[bookmark: _Toc22307143]Entrance area, Garage and Parking Area, lightning
The entrance is located at the north east corner of the site.
Entering the facility two road lanes become 6 in order to serve the need for the weighbridge procedure. The Entrance guard and control building is located at the middle. Two lanes designed to be used as waiting areas in case of heavy incoming traffic load. Two lanes are to be used for the weighbridge for the incoming flow but also for the future weighbridge predicted for the outgoing flow. Finally, two lanes designed for bypassing each weighbridge and avoiding traffic jam and unnecessary delays for vehicles that do not use weighbridge.
Next to garage and workshop there will be enough parking area for minimum 2-3 waste collection trucks or waster transfer trucks, wheel loader/excavator, articulated truck (dumper) and tractor incl. trailer, road sweeper etc. An area south of the garage is concrete paved and can be used storage of containers, additional trucks/machines, construction materials etc.
Lighting poles at gate, at weighbridge, in front of administration building, in front of garage and workshop and along the internal access road from gate to first landfill disposal cell will be established.

[bookmark: _Toc22307144]Weightbridge
One "Build-in" weighbridge is proposed installed in front of control office.
Three lines are proposed in front of control office. The weighbridge will be installed in the middle line. (An additional weighbridge can later be included if required.)
Specification of weighbridge: 50 tonnes capacity and with a length/width of 18 x 3 m. The weighbridge will be with automatic registration system including card reader at weighbridge, suitable computer with software package, printer (of bills) etc. The registration system will include software to generate weekly, monthly and annual reports including statistics etc.

[bookmark: _Toc22307145]Control Office for the Weightbridge-Guard house 
The site entrance can be attended from the control office/guard house. This building will have 2 WC’s (one for public use by the drivers of the vehicles of the customers). The building will be an on-site construction building and the load bearing structure preferably by concrete.

[bookmark: _Toc22307146]Hangar for storage of recyclable materials – Sampling Area 
North of the weighbridge area lies a large asphalt paved manoeuvring area in order to serve the procedures for sampling area and accessing the hangar for temporary storage of recyclable and other waste streams. This area is accessed by the lane that bypasses the weighbridge.
One hangar will be constructed which will be used for temporary storage of recyclables and the future housing of waste treatment equipment (shredder, compactor etc).
The building will be an on-site construction building and the load bearing structure preferably by composite concrete and iron (rust and fire resistant).
Sampling area will be concrete paved with slopes toward the stormwater collection manholes constructed in the middle area. The leachate gathered by this area will be transferred to the leachate collection system.
The area north of the hangar is asphalt paved and will be used as parking area for workers and visitors and also for parking area for facility vehicles.

[bookmark: _Toc22307147]Administrarion, Laboratory, Staff facilities including sanitary facilities 
It will be constructed one staff building at the landfill site which will include all required rooms including laboratory. 
The building will be an on-site construction building and the load bearing structure preferably by concrete. 
Table 3.2.2. Administrative Building 

	Room 
	Facilities and staff for landfill operation
	Facilities and staff for waste transfer activities

	Number of staff
	Regional Manager: 1
Financial Administrator: 1
Secretary: 1
Foreman: 1
Weighbridge Operator: 2
Vehicle operators: 3
Guard at gate: 1
Laboratory: 1
Unskilled workers: 3
	Transfer Manager: 1
Foreman: 1
Drivers: 2


	Administration office
	Included in control office
	Included in control office

	"Canteen" (Room with table, chairs, small facility for storage and preparation food/coffee)
	For 12 persons 
	+4 persons

	Changing room and bathing facilities (for men)
	For 12 persons
	+2 persons

	Changing room and bathing facilities (for women)
	For 2 persons
	(Included for landfill staff)

	Toilet facility for trucks drivers and visitors etc.
	1
	(Included for landfill staff)

	Laboratory 
	1
	-

	Entrance room, storage room, corridors etc.
	As required
	As required



[bookmark: _Toc22307148]Garage and Workshop for machinery and storage rooms
The garage/workshop that will be constructed will include all necessary equipment for the maintenance of landfill operation equipment including storage room and workshop facilities.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The building will be an on-site construction building and the load bearing structure preferably by composite concrete and iron (rust and fire resistant). 
The garage will be connected to the water and electricity grid.
In connection to the garage a fuel tank and pumping facility will be constructed for landfill machinery. It is recommended to install an outdoor semi-permanent tank system with a metallic or concrete leakage safety basin as shown in the relevant drawing. The pump will have a manual pump system to be used during power failure.
An outdoor 10 m3 tank on a steel frame located in a confined metallic or concrete structure with required spill capacity (1 m3) or with double-walled tank and an electrical pump device with fuel meter will be installed. The tank and pump will be equipped with an antifreeze system (tracing).
A concrete area of minimum 10 x 10 m is also established for washing of machinery etc.
Outside the garage an area for parking of machines, waste transfer collection trucks, containers is established.

[bookmark: _Toc22307149]Wheel wash facility
[bookmark: _Toc21723500]A wheel wash facility and disinfection will be established on the exit lane while exiting the disposal area in order to secure that trucks stay clear of possible waste and sludge residues. Trucks required for wheel cleaning must pass the wheel wash facility prior exit from the site and prior the weighbridge if reweighing is required.

Control office for the weightbridge – Guard house 
The site entrance can be attended from the control office/guard house. This building will have 2 WC’s (one for public use by the drivers of the vehicles of the customers). The building will be an on-site construction building and the load bearing structure preferably by concrete. 

Table 3.2.3. Control office for Weightbridge

	Room
	Facilities and staff for landfill operation
	Facilities and staff for waste transfer activities 

	Control office for weighbridge
	3 (1 guard and 2 for weighbridge operation)
	-



Surface water collection and storage 
The geological conditions with clayed soil at the top of the surface imply that surface water run-off will take place during rain. 
Indications of erosion ditches from surface water runoff are present however not of critical size which is mainly due to location of the landfill area in the upper end of the catchment area in the valley.
Surface water ditches will be located along all internal roads and at the toe of the disposal area. The circumferential ditch around the landfill basin will be concrete lined with minimum internal dimensions of 0.30X0.30m. The other internal roads will be drained by triangular unlined ditches.
All collected storm water from landfill plant outside the disposal cells (and from disposal cells when filled and covered) will be discharged to four points south of the landfill area in order to be dispersed and not create erosion downstream or the landfill area. The final receptor of the storm water is a natural surface water pond located south of the landfill area.
Surface water from areas where there is a risk for spillage of oil etc. (e.g. washing and fuel filling area in front of garage) will pass an oil separator before discharge to the surface water pond.
The surface water from the sampling area will discharge to the leachate collection system.

Sewage water, electricity, water (drinking/raw water) and communication
Sewage water from administration building and the entrance guard house will discharge to the leachate management system. 
There is no existing electricity grid in the area. It is foreseen that the site will be connected to the transformer on the south-west of the site (approximately 5 km) or on the substation located on the land plot next to the site. The workin condition of sub statio could not me observed at this stage of survey. 
An alternative as an initial facility or for emergency a diesel generator could be established, and this option is included in the present study.
There are no water networks in the vicinity of the landfill. Installation of abstraction wells in the local aquifers is assumed not convenient due to highly saline groundwater.
It is assumed that connection to an existing water pipe will be in the nearest settlement approximately 5.0 km towards southwest or on the irrigational pipelines which are crossing the site.
The alternative to the connection a local water network is an on-site 10 m3 water tank. A 10 m³ water tank is included in the project either for initial use only or as an emergency facility. 
For irrigation purposes and other industrial use, the treated leachate can be used.
Phone and Internet communication will be established by a wireless (mobile) communication.
	
Fire protection system
A fire protection system will be established in the administration building.
For extinguish of fires in disposed waste an emergency storage volume of soil shall be available close to the tipping area (see area K in drawing no.2 - Part of stockpile for temporary cover of waste).

Additional auxiliary systems 
Additional auxilaru systems will be developed to support the operation of the equipment and protect the environment:
· System for protection from birds
· Weather station
· Fire alarm
· Security cameras and server
· Portable radiation detection device 
· Chemical laboratory etc.


LEACHATE MANAGEMENT
General issues	
Leachate can be attributed to many factors including the water generated as a product of refuse decomposition. However, the main factor contributing to leachate quantity is the inflow water from surface water sources, such as rainfall.
Since at our case, there will not be direct contact between the sanitary landfill and local ground-water, the primary source of water for leachate production will be infiltration of rainfall.
Therefore minimizing the rainfall infiltration into the sanitary landfill the leachate quantity collected and led to leachate treatment will be also minimized.
A basic characteristic of leachate is that they are variable in quantity and quality.
Therefore, a highly polluted liquid, such as leachate, it is required to be treated before discharged to any receiving body (soil, water, etc)
It should be noted here, that the leachate flow is not continuous for all year but periodic. This is very important factor in choosing the proper leachate treatment.
In order to achieve the goals of leachate management in the landfill:
1. The input amount of rainwater must be reduced. Circumferential ditches will be developed in order to prevent the stormwater from entering into the landfill’s body. These works are fully described in Technical Report 04 (flood protection works) 
2. Also, a top cover will be constructed after the closure of each cell, as it is being described in Technical Report 01
3. The collection system will ensure long-term collection of the total quantity of leachate and exclude any admixture with rainwater
For the determination of the volume, the rate of production and the qualitative composition of leachate, the following information will be used:
· the climatic conditions of the region (height and distribution of precipitation. temperature);
· the qualitative composition of waste;
· the age of layers.

[bookmark: _Toc22307155]Leachate management system overview
The leachate drainage system serves the purpose of collecting effectively all leachate generated by the waste. It will be placed on top of the aforementioned protection geotextile and will consist of a drainage layer and a perforated HDPE pipe network. The drainage layer will be 0,50m thick and will consist of gravel (gradation 16/32), with CaCO3 content less than 25%, and may be supplied by quarries that operate within region. The drainage layer will be placed continuously at the base and the side slopes of the perimeter embankments and will ultimately extend to cover entirely the interior embankments. The perforated pipe network will be installed within the drainage layer.
Along the side-slopes, HDPE perforated D200 pipes will be placed, which will be connected downstream with the main D315 perforated pipe which will be placed along the main slope of each cell. This will reduce the maximum leachate depth inside the landfill to less than the thickness of the gravel drainage layer. This pipe will end in a concrete manhole and from this manhole, a non-perforated HDPE pipe will lead the leachate to the respective manhole outside the landfill basin. From that point, a network of pipes will lead the leachate to the central manhole downstream of the landfill. In this manhole all discharges from leachate pipes from the landfill, leachate pipe from the sampling area and wastewater from the buildings will be gathered and with the help of a pumping system they will be transferred (with two sinking pumps – one of them will be peripheral – 50 m3/h) to the leachate treatment plant. All aforementioned pipes will be PN 10 atm class.
It will be possible to carry out high pressure cleaning or flushing of the main drainpipe from a leachate collection chambers located downstream the cells. For cells 3,4,5,6 and 7 which are very long and on the opposite of the flow also from upstream as the drainpipe is connected to a riser which can be accessed from the service road.
Leachate will be collected in the central manhole mentioned above and with a pump they will be lead to treatment. In this manhole, an emergency overflow will be installed which will lead to the storage pond. 
After the treatment plant, the treated leachate will be discharged in a storage pond sealed with a 1.5 mm HDPE liner and a 1.0 mm geotextile and finally a 0,25 m protective sand/gravel layer. The treated leachate can then be used for irrigation, for recirculation or be put for other restricted industrial use. An emergency overflow well will be installed in the leachate pond.
Discharge of water from cell 2 is closed off. Rainwater accumulated in cell 2 shall if required be removed by portable pumps until the cell is taken into operation.

[bookmark: _Toc22307156]DESIGN PARAMETERS FOR LEACHATE TREATMENT PLANT DESIGN
[bookmark: _Toc22307157]Quality 
As far as leachate quality is concerned, leachate is heavily loaded with organic and inorganic pollution and its quality characteristics depend on the landfill’s refuse composition, as well as its degradation stage.
Leachate contains suspended solids, soluble waste components, soluble decomposition products and microorganisms. Most leachate components have the potential to be toxic and could cause the polution of river or lake life, directly (through toxins and BOD5) or indirectly (via eutrophication). They can also contaminate drinking water. Therefore, under no circumstances should the leachate be discharged to surface and underground water. The composition of the leachate produced in a landfill, depends on the type, composition and age of waste, the degree of compression in landfills, etc. A typical composition of the leachate produced from domestic waste landfills are given in the table below.

Table 3.2.4. Composition of produced leachate
	Parameter
	Concentration limits (mg/l)
	Typical concentration 

	BOD5
	2,000 – 30,000
	10,000

	TOC
	15,000 – 20,000
	16,000

	COD
	3,000 – 45,000
	18,000

	Total Suspended Solids
	200 – 1,000
	500

	Organic nitrogen
	10 – 600
	200

	Ammonia nitrogen
	10 – 800
	200

	Nitrates
	5 – 40
	25

	Total phosphorus
	1 – 70
	30

	Orthophosphoric
	1 – 50
	20

	Alkalinity (CaCO3)
	1,000 – 10,000
	3,000

	pH
	5.3 – 8.5
	6

	Total hardness (CaCO3)
	300 – 10,000
	3,500

	Calcium
	200 – 3,000
	1,000

	Magnesium
	50 – 1,500
	250

	Potassium
	200 – 2,000
	300

	Sodium
	200 – 2,000
	500

	Chlorine
	100 – 3,000
	500

	Sulphur
	100 – 3,000
	500

	Total iron
	50 – 600
	60



[bookmark: _Toc22307158]Quantity
It should be noted, that leachate flow is not continuous throughout the year, but periodic.
The leachate generation is assumed to be more or less the same for the entire lifetime of the landfill but this require that only 1 cell is in operation and the previous cell is filled but not necessary with final cover and all older and filled cells are with top cover.
For the calculation of the leachate production rate, the Water Balance Method and the meteorological data were used:

Table 3.2.5. Water balance method and meteorological data
	 
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	P(mm)
	17
	21
	32
	51
	69
	68
	35
	27
	36
	37
	35
	16

	E(mm)
	0,0
	20,0
	45,0
	72,0
	102,0
	150,0
	195,0
	192,0
	129,0
	74,0
	27,0
	15,0

	R1(mm)
	8,5
	0,5
	-6,5
	-10,5
	-16,5
	-41
	-80
	-82,5
	-46,5
	-18,5
	4
	0,5

	R2(mm)
	17
	21
	32
	51
	69
	68
	35
	27
	36
	37
	35
	16

	Area with temporary cover (x1000m2)
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13
	13

	Area with final cover (x1000m2)
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Active area (x1000m2)
	17
	17
	17
	17
	17
	17
	17
	17
	17
	17
	17
	17

	Total leachate produced (m3)
	399,5
	23,5
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	188,0
	23,5

	Mean production rate (m3/d)
	13,3
	0,8
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	6,3
	0,8

	Maximum daily production (m3/d)
	49,9
	5,9
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	47,0
	5,9



Note:  The calculations only cover the area covered by the entire landfill operating area.
The maximum production of leachate as it was calculated is:
Q  50 m3/day
The average flow for a day with high precipitation is supposed to occur in 3 consecutive hours, therefore 
Qh, average  16.7 m3/h
The peak flow for a day with high precipitation is supposed to occur in 1 hour, therefore 
Qh, peak  50 m3/h.
It is selected for the design of the leachate treatment plant the peak(maximum) flow as design flow

[bookmark: _Toc22307159]Effluent quality standards
A. The treated leachate quality will be in accordance to EU Directive 91/271/EEC:
Biochemical oxygen demand (B.O.D5)	≤ 25 mg/l
Chemical oxygen demand (COD)	≤ 125 mg/l
Total suspended solids (SS)	≤ 35 mg/l
Total phosphorus (P)	≤ 2 mg/l
Total Nitrogen (N)	≤ 15 mg/l

B.to the Georgian Legislation for disposal of treated effluent to surface water. 
· Discharges of effluents from wastewater systems, are regulated by Regulation # 431, GOG, 20/08/2018.
· Maximum allowable concentrations of discharging effluent into receiving water bodies is regulated by regulation # 17 GOG 03/01/2014. 
· In the table below, maximum allowable concentrations for regulations 431, 17 and Approximate Working Range regarding UWSCG norms are listed:
Table 3.2.6. Definitely permissible concentrations determined in accordance with Resolutions # 431 and # 17 and the Approximate Working Range Related to USWCG Norms.





	#
	Components
	Max Concentration for discharge effluents in the WW network
GOG Regulation # 431 (20/08/2018)
	Max Concentration for discharging treated effluents in receiving water
GOG Regulation # 17
(03/01/2014)
	Approximate working range
Regarding UWSCG norm

	1
	Temperature
	40C
	 
	40 C

	2
	Total Suspended Solids (TSS)
	300.0 mg/l
	60.0 mg/l
	50-400mg/l

	3
	pH
	6.0-9.5 
	6.5-8.5
	6.0-9.5

	4
	Biological Oxygen Demand (BOD5)
	300.0 mg/l
	25.0 mg/l
	100-400mg/l

	5
	Chemical Oxygen Demand (COD)
	600.0 mg/l
	125.0 mg/l
	400-700mg/l

	6
	Total Nitrogen (TN)
	25.0 mg/l
	15.0 mg/l
	10-30mg/l

	7
	Ammonium Nitrogen
	20.0 mg/l
	---
	5-30mg/l

	8
	Total Phosphorus (TP)
	10.0 mg/l
	2.0 mg/l
	1-20mg/l

	9
	 
	2.0 mg/l
	---
	0.1-5mg/l

	10
	Oil Products
	15.0 mg/l
	5.0 mg/l
	2-20mg/l

	11
	Fats and Oils
	15.0 mg/l
	---
	5-20mg/l

	12
	Superficial active substances
	3.5 mg/l
	2.0 mg/l
	1-5mg/l

	13
	Phenol
	0.25 mg/l
	0.1 mg/l
	0.1-1mg/l

	14
	Cyanides (Calculated on Cyanide ion)
	2.0 mg/l
	---
	0.1-5mg/l

	15
	Arsenic (As)
	1.0 mg/l
	---
	0.1-2mg/l

	16
	Cadmium (Cd)
	1.0 mg/l
	---
	0.1-2mg/l

	17
	Cupper (Cu)
	3.0 mg/l
	---
	0.5-5mg/l

	18
	Chromium (Cr)
	1.0 mg/l
	---
	0.5-5mg/l

	19
	Chromium to equivalent Cr+6
	0.5 mg/l
	0.1 mg/l
	0.1-1mg/l

	20
	Lead (Pb)
	1.0 mg/l
	1.0 mg/l
	0.2-2mg/l

	21
	Mercury (Hg)
	0.5 mg/l
	---
	0.1-1mg/l

	22
	Nickel (Ni)
	1.0 mg/l
	1.0 mg/l
	0.2-2mg/l

	23
	Zinc (Zn)
	4.0 mg/l
	4.0 mg/l
	1-10mg/l

	24
	Formaldehyde
	---
	0.05 mg/l
	0.01-0.1mg/l

	25
	Total Iron
	---
	2.0 mg/l
	0.5-5mg/l

	26
	Tin (Sn)
	---
	2.0 mg/l
	0.5-5mg/l

	27
	Grease
	---
	5.0 mg/l
	1-10mg/l





[bookmark: _Toc22307160]LEACHATE TREATMENT SYSTEM
[bookmark: _Toc22307161]Equalization Tank
Leachate from pumping station will arrive to the equalization tank, which will be equipped with motor operated gate valves and an overflow canal. The equalization tank will be made of reinforced concrete equipped with suitable sluices. A pumping station with two pumps (1 of which spare) will transfer leachate from equalization tank to the inlet of the lamella clarifier. The pumps working time will be 1 hour/day.

The following Table presents the main design parameters for the equalization tank.

Table 3.2.7. Design parameters for Distribution pit W1
	Leachate flow
	50,00
	M3/d

	Minimum retention time
	7,0
	d

	Tank volume (active)
	350,00
	d3

	Dimensions
	 
	 

	Tank length (L)
	20,00
	M

	Tank Width (W)
	10,00
	M

	Tank Depth (active)
	1,75
	M

	
	
	

	Number of pumps 
	1
	(+1 spare)

	Pumps working time 
	1,00
	h/d

	Normalized flow 
	50,00
	m3/h

	Pump capacity
	50,00
	m3/h



Screening
For the removal of coarse solids (diameter > 12mm) a mechanical screen will be installed. The screen will be placed in front of the entrance to the Lamella Clarifier.
Screen will be automated for the collection of screenings with opening width 12mm.
Screenings will be collected and returned to the landfill.


[bookmark: _Toc22307162]Lamella Clarifier
After the equalization tank, leachate will be directed by overflow to an open channel in order to feed the lamella-clarifier. A flow transmitter will be installed in this open channel. The lamella clarifier will have extraction of the sludge by means of sludge pumps. 
The clarifier will be equipped with a bottom scrapper for the removal of sludge, surface modules for the removal of the residual flocs and all necessary accessories, such as inlet nozzles, reaction chamber, automatic sludge extraction and flushing system of the sludge lines with water and remote operated draining system by gravity emptying the clarifier in 10 hours to the sludge tank. Automatic sludge extraction will be controlled by the effluents treated quantity (integration of flow measurement). A sludge detector will be installed for continuous sludge level monitoring. 
The clarifier will be made of reinforced concrete. All metallic parts of the lamella clarifier will be made of stainless steel.
The following Table presents the main design parameters for Lamella Clarifier.


Table 3.2.8 Design parameters for Lamella Clarifier
	Flow rate (Q)
	50,0
	m3/h

	Maximum hydraulic loading
	6,0
	m3/m2/h

	Surface of lamella clarifier
	8,33
	m2

	Width of sedimentation tank
	2,0
	m

	Length of sedimentation tank
	8,0
	m

	Width / length
	0,25
	 

	Depth of sedimentation tank
	0,75
	m

	Area of lamella clarifier
	16,0
	m2

	Hydraulic loading
	3,13
	m3/m2/h

	
	
	

	Installation angle 
	60,0
	deg

	Vertical height
	0,65
	m

	Minimum retention time
	4,0
	min

	Minimum volume of lamella clarifier
	3,33
	m3

	Actual volume of lamella clarifier
	10,39
	m3

	Actual retention time
	12,47
	min

	
	
	

	Depth of fluid
	4,0
	m

	Volume of sedimentation tank
	64,0
	m3

	
	
	

	Inlet zone length
	1,00
	m

	Inlet zone width
	2,00
	m

	Flow velocity
	0,0069
	m/s

	
	
	

	Sludge quantity
	17,5
	m3/d

	Number of pumps
	1
	(+1 spare)

	Pump capacity
	23,00
	m3/h

	
	
	


[bookmark: _Toc21723513]
Sequencing Batch Reactor (SBR)
Sequencing batch reactor is a system based on the biological treatment of activated sludge. All processes (aeration, draw, etc.) take place in the same tank and, also, nitrogen removal is achieved.
The (leachate) treatment in a sequencing batch reactor occurs in five stages. These stages are being referred below.
1. Fill (anoxic): The inlet valve opens, and the tank is being filled in from 25% to 100%, while mixing is provided by mechanical stirrers (no air), aiming to achieve good distribution of the influent liquor. The influent contains substances, which contribute food of the microbes in the activated sludge, creating an ideal environment for biochemical reactions to take place. This stage is also called “anoxic stage”, because anoxic condition is present, promoting denitrification.
2. React (aeration): Aeration of the mixed liquor is performed by the use of fixed or floating mechanical pumps or by transferring air into fine bubble diffusers fixed to the floor of the tank, until complete biodegradation of biochemical oxygen demand (BOD) and nitrogen is achieved. Nitrification and denitrification, also, occur.
3. Settle (sedimentation): No aeration or mixing is provided, and the settling of suspended solids starts. During this clarifying period no liquids should enter or leave the tank to avoid turbulence in the supernatant.
4. Decant (discharge): During this stage the outlet valve opens, and the "clean" supernatant liquor exits the tank. The discharging of the treated effluent must be done without disturbing the settled sludge.
5. Idle: This is the last stage of the treatment cycle, before refilling the tank from 25% to 100%. The time frame between these two stages (first and last) is used to remove excessive sludge and also for some maintenance to the SBR’s mechanical equipment (ex. backwashing, etc.), if needed. This stage is not always essential and sometimes it can be skipped.
Biological treatment will take place in two SBR tanks that operate in line. 
The entire process is performed in the tank and is automatically controlled. Wastewater level is variable and ranges between a minimum and a maximum. These limits are preset by means of two-level sensors (electrodes).
Aeration is provided by means of mechanical aerators with vertical axis. Sludge is removed by submerged pumps. Decanting of supernatant is accomplished by a floating decanter mechanism.
The operating schedule of the two batch reactors as formulated by hygienic calculations is presented in the Table below.
Table 3.2.9 Operating schedule of SBR tanks
	Stage
	Fill
	React
	Settle
	Decant
	Idle

	Aeration
	Off
	On
	Off
	On
	Off
	Off
	Off
	Off

	Process
	Feeding
	Aeration 
	Denitrification
	Aeration
	Denitrification
	Sludge settling
	Effluent removal

	Duration (HRS)
	
	
	
	
	
	
	
	

	SBR 1
	1
	3
	9
	1.25
	3.75
	2
	1
	0

	SBR 2 
	1
	3
	9
	1
	3
	2
	1
	0



The following table presents the main design parameters for SBRs.

Table 3.2.10 Design parameters for SBRs
	Length:
	L
	10,0
	M

	Width:
	W
	5,0
	M

	Height:
	H
	3,0
	M

	Lower liquid level: 
	LLL
	0,3
	M

	Higher liquid level:
	HLL
	2,7
	M

	Liquid volume
	Vl
	120,0
	m3

	Sludge volume
	Vs
	15,0
	m3

	Total volume
	Vf
	135,0
	m3

	Aeration (SBR 1)
	Qaer
	1191
	m3/h

	Aeration (SBR 2)
	Qaer
	86
	m3/h

	Sludge wasting (SBR 1)
	SF
	0,168
	m3/d

	Sludge wasting (SBR 2)
	SF
	0,008
	m3/d



Disolved air flotation (DAF) unit

The Dissolved Air Flotation unit (DAF) will separate suspended solids, grease and oils and heavy metals (if required).
· The main structure is manufactured in high resistance plastic with elements in stainless steel AISI 316L.
· With an appropriate preparation of the water to treat, the equipment will reach this efficiency:
· Removal of BOD5: 40% - 80%
· [bookmark: _Hlk19871489]Removal of COD: 60% - 80%.
· Removal of TKN: 70% - 80%.
· Removal of suspended solids, oils and grease: 90%.
· Removal of Heavy metals 70-95% .
· The unit will be fully automatized, composed of the main flotation unit, a pipe flocculator and an automatic polyelectrolyte preparation plant.
· The flotation unit will comprise of the following:
· Skimmer for floating particles collection, manufactured in stainless steel AISI 316L.
· Adjustable scrapers system manufactured in AISI 316L actuated by a slow rotation motor reducer. Scrapers in plastic material.
· Support and fixation of the scrapers system manufactured in AISI 316L through longitudinal profiles fixed to the main structure of the equipment.
· Height-adjustable clarified water collector manufactured in stainless steel AISI 316L to control the level of the water layer.
· Butterfly valve with pneumatic actuation for automatic drain of the equipment.
· Foldable covers manufactured in transparent material for supervision of the inner part.
· Conductive probe with rods installed in clarified water chamber to control the level of operation.
· Pressurization system for recirculated water composed of:
· Centrifuge pressurization pump
· Pressure transmitter in the pump impulsion
· Venturi injectors for first water-air mixture
· Small air pressure tank with measurement system and pre-installed valves kit
· Pneumatic diaphragm valves for pressurization.
· Pneumatic control panel composed of a pressure regulator and regulator filter (0-8,5 bar), flow switch and a set of control electrovalves.
· Piston compressor for air needs of the whole system.
· Skid for flocculant and pressurization pumps.
· Safety elements for emergency shutdown.
All manual valves required for the correct operation of the system.
· A pipe flocculator will be installed in order to increase the efficiency of the flotation unit. Its long retention time optimizes the flocculation and coagulation processes. The system includes insertion points in line to prepare and control the flocculation process:
· Coagulant and soda injection points.
· Flocculant injection points.
· Insertion point for pH control probe.
· A compact automatic unit for polyelectrolyte preparation will be installed for the preparation and dosing of the polyelectrolyte solution. The main parts of the polyelectrolyte dosing will be:
· A cylindrical tank.
· Polyelectrolyte volume dispenser in granular powder.
· Low level probe in the hopper.
· Ready-mix nozzle in AISI304.
· Electrovalve for filling and mixing.
· Hydrostatic transmitter to monitor operation levels.
· Agitator for polyelectrolyte mixing.
· Flowmeter with analogue output in the filling connection.
· Granular polyelectrolyte hopper (capacity: 25 liters).
· Dosing pump for flocculant.
The DAF sludge flows by gravity from to a DAF sludge pumping station. Two (1 + 1 stand-by) submersible pumps equipped with inverters shall be installed to pump the DAF sludge to a DAF sludge tank in the sludge treatment station.
Table 3.2.11: Design parameters for DAF
	Leachate Flow
	50
	m3/d

	Hydraulic loading <5,0
	5,0
	m3/(m2*h)

	Solids loading <10
	10,0
	kg/m2/hr

	Min.Hydraulic retention time: 
	0,3
	hr

	Hours of operation per day
	15,0
	hr

	DAF unit is designed for equalized flow
	3,3
	m3/h

	Area , based on HL
	0,7
	m2

	Area , based on SL
	1,6
	m2

	Area selected
	2,0
	m2

	Operational Height
	2,0
	m

	DAF Volume
	4,0
	m3

	Hydraulic retention time: >0,3
	1,2
	hr

	Estimated load reduction
	
	

	ΒΟD5 
	75%
	

	COD
	40%
	

	NH4-N
	75%
	

	SS
	85%
	

	Sludge production
	208,3
	kg/d

	Surface sludge (80%)
	166,6
	kg/d

	Surface sludge concentration
	4%
	g/ml

	
	40
	kg/m3

	Surface sludge volume
	4,2
	m3/d

	Bottom sludge
	41,7
	kg/d

	Bottom sludge concentration
	3,50%
	g/ml

	
	35
	kg/m3

	Bottom sludge volume
	1,2
	m3/d

	Total volume of sludge removed
	5,4
	m3/d

	WW volume to next treatment stage
	
	

	Qd =
	45
	m3/d

	Required aeration
	
	

	Air to solids (A/S) = 
	0,12
	

	Air requirement A =
	1,96
	kg air/h

	Temperature
	20
	°C

	Air density at Τ0C
	1,192
	kg/m3

	Required air flow QA = 
	1,64
	m3/h

	
	27,40
	lt/min



Reversus osmosis (RO)
The RO unit will treat the leachate achieving effluent quality for irrigation industrial water use and for disposal to surface water receptor (River Algeti).
In order to secure the membranes a sand filter and a cartridge filter (5 micron) will be installed in front.
The sand pressure filter for Q = 3.34 m3/hr fully equipped with the necessary values and automatic elements (for its operation and backwashing).
The Reverse Osmosis unit is commercialized and has certain configuration depending on the company it produces it. In the present study it is handled as an apparatus with certain design characteristics. These are:
· Q = 50 m3/d 
· Leachate quality as shown above is multiplied by (1 - ei), where ei the pre-treatment efficiency
· Effluent characteristics as set for restricted irrigation use(inside the landfill territory only). 
The proposed R.O. unit will have the capacity to treat leachate for 15hr/d operation. 
The design flow is: Qpeak = 50/15 = 3,34 m3/h
(The unit works 17 hours/d, while for 2 hours/d, backwashing is taken place),  A 30% of the total leachate is the residue of the treatment process which will be driven back to the landfill. The rest 70% is the treated leachate which will go to the storage tank in order to be used for irrigation.
Then Qconcentrate = 0.30 x 3,34 = 1 m3/hr->15m3/d to the sanitary landfill 
and Qpermeate = 0.70 x 3,34 = 2.34 m3/hr -> 35 m3/d to storage pond.
The effluent will be fully treated and ready for use (Irrigation, Industrial water, Fire fighting etc).

Storage – Evaporation Pond
The treated leachate from SBRs will be collected in a storage – evaporation pond. The basin will be rectangular, open, constructed of reinforced concrete. This basin has the purpose to collect and store effluents for reuse. 
A header will be provided connected at two points at the pond to which two pumps (one in automatic standby) will be connected. These pumps will enable the transfer of processed effluents to the recirculation line. 
At the outlet of the pond to the final receiver, measurements of flow, turbidity, pH will be provided for remote indication and environmental measurements. The sample volume and the frequency of sampling will be adjustable and adequate for the wastewater analysis and will comply with the environmental auditing requirements.
The following Table presents the main design parameters for the storage – evaporation pond.

Table 3.2.12 Design parameters for storage – evaporation pond 
	WW flow
	50.0
	m3/d

	Retention time
	45.0
	d

	Pond volume
	2250
	m3

	Dimensions

	Pond Length (L)
	40.0
	m

	Pond Width (W)
	28.0 / 32.0
	m

	Depth of pond
	2.0
	m



Construction works for leachate storage – evaporation pond includes:
· Excavation of soil
· Construct sub-base for embankments 
· Supply and installation of a 1.5 mm geotextile and a 1.5 mm HDPE liner
· Supply and installation of 0.25 protection layer
· Supply and installation of protective concrete slaps
The pond is established by excavation in existing ground. Some additional soil works are required to establish the perimeter embankment. The bottom surface shall be without visible stones larger than 0.1 m. 
The geotextile will be covered with either a layer of gravel (drainage layer) or a layer concrete slab thus after installation the geotextile will be protected against UV-radiation.
Materials used for protection layer shall be fine graded sand/gravel without any content of clay- or silt. The content of organic material shall be less than 2%. Maximum grain size is 20 mm. 
Installation of drainage material on slopes shall commence at the toe of the slope.

Sludge Tank
The sludge from lamella clarifier and SBR tanks will be sent to the sludge tank. The tank will be constructed for easy access of wheel-loaders into the tank for the purpose of cleaning. A pit will be constructed in order to receive the overflow water of this tank. The overflow of the sludge tank will be sent to the inlet of the equalization tank.
The tank will be rectangular, open, constructed of reinforced concrete. The height of the tank will be 4 m. It will be equipped with ramp suitable for trucks, with slope <10% and width 4m, for sludge removal.
The sludge tank will have the following equipment:
· Flanged perforated piping (~200mm), installed at the walls of the tank to ensure uniform sludge distribution inside the tank.
· An overflow pit for collection of supernatant water. The pit will be constructed in such manner as to prevent sludge from entering inside the pit.
· Pumping system for the pumping of liquids from the pit and their transfer to the equalization tank, which will include two submerging pumps (one in automatic standby). The operation of the pumping station will be automatic through a level switch and of adequate capacity. 
The following Table presents the main design parameters for the sludge tank.

Table 3.2.13 Design parameters for Sludge tank T8
	Sludge quantity per day
	1,2
	m3/d

	Retention time (t)
	5,0
	d

	Minimum volume of tank
	5,9
	m3

	Selected volume of tank
	10,0
	m3

	Tank depth (active)
	2,7
	m

	Tank area
	3,7
	m2

	Tank length
	2,0
	m

	Tank width
	1,9
	m

	
	
	

	Solids concentration in sludge
	7,00
	kg/m3

	Solids mass
	0,34
	kg/h

	DS in dewatered sludge
	20,0
	kg/m3

	Sludge specific weight
	1,05
	

	Sludge volume (V=Ds/(SG*Ps)
	0,02
	m3/h

	Overflow to equalization
	0,03
	m3/h


Dewatered sludge will be transferred to the landfill.

Sludge Treatment
The sludge production of the plant is from the following stages:
· Primary sludge from Lamella Clarifier
· Sludge from the dissolved air flotation 
· Secondary sludge from SBR
The sludge treatment line shall consist of a polymer preparation and dosing equipment, a flocculation pit for mixing of sludge with polymer, a belt thickener and a belt filter press.
The sludge from Lamella Clarifier , SBRs and DAF is collected to the sludge tank and through a  feeding pumping station is forwarded to the mechanical thickener. One dry progressive cavity pump (1 + 1 spare) 10 m3/h at 2 bar will feed the sludge thickener.
Pump type is “mono” dry mounted pumps equipped with inverters shall be installed in the sludge treatment station to pump the excess sludge from the sludge tank to the mechanical thickener.
The mechanical thickener shall be installed on a supporting structure including ladders and walkways, while the belt press shall be installed in the ground floor, under the thickener.
The sludge will enter the station at concentration of 0.8-1%, after the thickener it will be about 6% and after the belt filter press it will be at least 20%. 
The dewatered sludge will be routed in a horizontal screw conveyor. The horizontal conveyor will feed an inclined screw conveyor which will be based in 30 degrees to the horizontal. The inclined conveyor will feed a sludge container.
The belt thickener and the belt filter press shall be fully enclosed to prevent from odours and the dirty air shall be collected and blown through a ventilator and ducts to odor control biofilter. 
One air compressor and one washwater pump shall be installed.
The washwater shall be technological (treated) wastewater, which shall be pumped from the final pond to a 1 m3 PE tank inside the dewatering station.
The PE tank shall be used as a storage tank for the needs of polymer preparation and for belt thickeners and belt presses cleaning.
The reject water (drainage) from the belt thickener and belt filter press shall gravitate to the equalization tank for further treatment.
One two-way electric traveling crane shall be installed in the roof of the building to facilitate the removal of mechanical units in case of damage.
Table 3.2.14 Sludge Cleaning
	Mechanical Thickening
	
	
	
	
	
	

	Lamella Sludge Flow (m3/d)
	
	
	
	
	17,5
	

	DAF Sludge Flow (m3/d)
	
	
	
	
	5,4
	

	SBR Sludge Flow (m3/d)
	
	
	
	
	0,2
	

	Days in operation
	
	
	
	
	
	5
	

	Hours per day (h)
	
	
	
	
	
	8,0
	

	Flow SF (m3/d):
	
	
	
	
	
	32,2
	

	Flow SF (m3/hr):
	
	
	
	
	
	4,0
	

	PS (%)
	
	
	
	
	
	
	1,04
	

	Solids Concentration, kg/m3
	
	
	
	
	10,4
	

	Secondary sludge pump
	m3/h
	
	
	
	4,0
	

	DAF sludge pump
	
	m3/h
	
	
	
	2,7
	

	Solids from chemical conditioning, CS
	
	
	
	0,005
	

	Sludge specific weight, SG
	
	
	
	
	1,02
	

	PST (%):
	
	
	
	
	
	
	6,0
	

	Concentration of drainages, Cdr%
	
	
	
	0,050
	

	Max solids loading rate
	
	
	
	
	
	

	SLR (kg/m/h)
	
	
	
	
	
	150,0
	

	Solids loading, (kg/d)
	
	
	
	
	
	182
	

	Dry solids in sludge, DSS (kg/d)
	
	
	
	
	 
	

	Dsolids =
	10 (SF) (PS)
	
	
	
	Dsolids =
	335,7
	kg/d

	PDPSP = 
	Dsolids+(CS) (Dsolids)
	
	
	PDPSP=
	337,4
	kg/d

	Volume of thickened sludge, 
	
	
	
	
	
	

	VSP = PDSPD / 10 (SG) (PST) (m3/d)
	
	
	VSP =
	5,5
	m3/d

	Drainages
	
	
	Qdr=
	Sf-VSP
	
	Qdr=
	26,7
	m3/d

	Belt width 
	WB =
	PDSPD / (hours) (SLR)
	Wb=
	0,3
	m

	Mixing
	
	
	
	
	
	
	
	

	Flow, Q (lt/h)
	
	
	
	
	
	0,032
	

	Retention time, t (min)
	
	
	
	
	20
	

	Speed G (s-1)
	
	
	
	
	
	1000
	

	 μ (Νs/m2)
	
	
	
	
	
	
	0,0013
	

	Tank volume
	
	
	V=
	Q t
	V=
	0,016
	m3

	Mixing power
	
	
	G=
	(P/V μ)1/2
	Ρ=
	20,73
	W

	High speed mixer, Ρ (KW)
	
	
	
	
	0,02
	kW

	Polyelectrolyte
	
	
	
	
	
	
	

	Concentration of polyelectrolyte
	
	
	
	
	0,5
	g/ml

	Specific consumption
	
	
	
	
	7,0
	g/kgSS

	Consumption for max solids loading
	
	
	
	1,28
	kg/day

	Flow of polyelectrolyte:
	
	
	
	Q'poly=
	0,2
	kg/h

	
	
	
	
	
	
	Q'poly=
	31,9
	lt/h

	Dewatering filter press
	
	
	
	
	
	

	Thickened sludge flow, SF (m3/d):
	
	
	
	5,5
	

	
	
	m3/h
	
	
	
	
	0,69
	

	Ps (%):
	
	
	
	
	
	
	6,1
	

	Dry sludge solids
	
	
	
	
	
	
	

	CSC (%)
	
	
	
	
	
	
	20,0
	

	Dry sludge density, CD (kg/m3)
	
	
	
	
	1.100
	

	Hours per day
	
	
	
	
	
	8
	

	Solids loading rate
	
	
	
	
	
	
	

	SLR (Kg/m h)
	
	
	
	
	
	150,0
	

	Dry solids in sludge, DSS (kg/d)
	
	
	
	
	
	

	
	DSS=10 (SF) (Ps)
	
	
	
	DSS =
	337
	kg/d

	Dry sludge, FC (kg/d)
	
	
	
	
	
	

	
	FC=
	100 (DSS) / CSC
	
	
	FC =
	1.687
	kg/d

	Dry sludge, CV (m3/d)
	
	
	
	
	
	

	
	CV=
	FC / CD
	
	
	
	CV =
	1,5
	m3/d

	Press width, WB (m)
	
	
	
	
	
	
	

	
	WB=
	DSS / (hours) (SLR)
	
	
	WB =
	0,3
	m

	Drainages
	
	
	
	
	
	
	
	

	
	Qdr=
	Sf-CV
	
	
	
	Qdr=
	4,0
	m3/d

	Drainage pumps
	
	
	
	Qdr
	Qdr-total=
	30,7
	m3/d

	
	
	
	
	
	
	
	1,5
	m3/h



Sludge Disposal
The dewatered sludge will be transferred to the landfill. The daily sludge flow will be:  Qds = 1,5m3/d. In order to secure the Sanitary conditions of sludge, alternatively a mixing stage can be added in order to mix the dewatered sludge with lime (Ca(OH)2 and maintain an alkaline environment in the sludge (PH > 12) for more than 2-3 months.
Mixing with lime will be done through a mixer, lime dose is 10% (Daily consumption of lime max 170 kg/d) and a lime dosing system, consisting by a dosing screw and a lime storage silo 10 Tn ,equipped with dedusting filter , pneumatic hammer, vibrator and air compressor .
Dewatered sludge is fed to the mixer via a transfer belt and lime is dosed to the mixer via a dosing rotary valve. The solids content of the treated sludge is 30% and can be used as cover material to the landfill.

Instrumentation and control
Pumps will start-stop automatically and will be protected from dry run with appropriate level signals. All pumps will be equipped with local pressure indicators and isolating valves at the discharge side.
A number of analyzers and transmitters for control and monitoring purposes will be installed:
· pH-meters (of self-cleaning type) at the outlet of the storage – evaporation pond;
· Turbidity meters at the outlet of the storage – evaporation pond;
· Flow measurements at the outlet of the storage – evaporation pond and
· Sludge detectors in the lamella clarifier basin ` and SBR.

Future expansion of the leachate treatment system
The composition and quantity of leachate are expected to evolve over time, depending on the development of the landfill. In order to manage the increased leachate flows, as well as variable pollution loads, a future expansion is foreseen for the leachate treatment system. 
The treatment plant is designed to cover also the 2nd phase of the landfill. Nevertheless there will be a need to replace equipment after the 1st phase completion
The future expansion of the leachate treatment system is proposed to include the following:
1.Replacement of equalization mechanical installation (pumps,mixers)
2.Replacement of SBR aerators.
3.Replacement of  dissolved air flotation (DAF) mechanical equipment (pumps,air compresor 
4.Replacement of R/O filters,pumps and membranes
5.Replacement of sludge dewatering equipment(mechanical thickener, belt filter press ,pumps).
6.Replacement of disposal pumps and sludge screw conveyors.

ROAD WORKS
General issues
The scope of road works for the overall Project comprises the following issues:
· Station connection junction with public road network;
· Road corridor linkage of public road to the weighbridge, through the upgrade of existing road and
· Road from the weighbridge up to the installation’s entrance gate.
A small existing dirt road in north-south direction leading to the planned landfill area is suggested to be upgraded to an asphalt paved access road under this project while the existing dirt road in east-west direction is assumed to be upgraded to an asphalt road along with the development of the residential areas towards north. In Error! Reference source not found. the access roads to the future landfill are presented.
[image: ]
Figure 2.1: Proposed future landfill near Tsintskaro village and location of access roads

The existing dirt road will be upgraded to minimum comply with the following standards:
· 7 m wide paved road; 
· Asphalt pavement designed for heavy traffic;
· No lighting is proposed along access road.
The access roads will be connected to the existing public asphalt paved road leading to the village of Tsintskaro.
[image: ]
 Figure 2.2: route that will be used by waste trucks for the access to the landfill 
It must be noted here that the existing public road outside the limits of the present Project should also be upgraded with new concrete pavement and the signage along the route should be enhanced. The interventions in the existing road network outside the limits of the access road discussed in the present paragraph, are not in the scope of the Project.

Design Parameters
The width of the road connecting the public road network with the installation’s main entrance is defined in such a way (7.00 m) that heavy vehicles can circulate simultaneously in both directions without interference. 
In the area of the weighbridge the road splits in two distinct traffic flows, 5.00 m width each.
After the weighbridge the road turns again into a consolidated traffic flow surface with a 10.00 m of width.
The entire road is designed to accommodate garbage trucks of up to 12.50 m length and 2.50 m width.

Description of proposed solution
Τhe starting point of the project’s proposed road network is the node connecting the public road network with the facility.
The new road goes through the existing clay road trail with upgraded geometric characteristics. Apart from the straight sections of the road, the minimum turning radius is 60 m.
The road section beginning from the public network up to the limits of the site is almost straight, although entering to the installation requires one turn approximately 90 degree.
After the weighbridge, the two traffic streams are completely separated, and a 900 turn is required for entry to the facility. 

Grading plan – Stormwater Drainage
The road starts from an altitude of +685.08 m and the slope is slightly uphill up to ch 11+10 for 1110 m on an altitude of +724.16 (average slope 3.52%). than the road goes downhill up to main entrance ch 18+05 on an altitude of +704.83 m for 695 m (average slope 2.78%). total length of road is1805 m 
The main slopes which characterize the road connecting the facilities to the public road network are the following:
· minimum longitudinal slope: 0.5%
· maximum longitudinal slope: 8% for 100 m from chainage 12+00 to 13+00 
The minimum radius of the vertical curves of the road are the following:
· Minimum convex curve:	R = 1200 m 
· Minimum concave curve:	R = 1000 m

Construction specifications - Paving
The access road and the permanent internal roads will be constructed based on typical road pavement of thickness d=0.56 m with traffic load of heavy vehicles (the usual load is equal to full loaded garbage trucks, but heavier vehicles should not be excluded).
Typical pavement thickness consists of:
1. 18 cm top layer of concrete
2. 20 cm Base from crashed material
3. 30 cm Sub-Base from gravel material
Typical construction of concrete pavement of thickness d=0.45m with traffic load of heavy vehicles (the usual load is equal to full loaded garbage trucks, but heavier vehicles should not be excluded) for maneuvering and loading docks and aprons, parking and waiting areas for garbage trucks and private vehicles consists of:
1. Roller compacted concrete circulation surface of category C25/30 of 0.20m thickness.
1. One layer of polyethylene, impermeable between the layer of compacted substrate and the roller compacted concrete of the vehicles’ moving surface.
1. A compacted base layer substrate of the concrete from aggregate materials (sand and gravel) of 0.25m thickness according to the current specifications in use in the region of the works.
1. Geotextile for material separation between the compacted substrate and the current top soil/backfill (category E0 material), in which dynamic soil compaction or vibratory soil compaction will be applied to reach the desirable compaction.
For the temporary road located at the north part of Cell 1 and 2 layout, the construction of a typical two (2) 10cm each width layers aggregate base course on top of a two (2) 10cm each width layers subbase is required. This typical section composition will accommodate the temporary circulation of trucks with adequate durability for the first phase operation period.

Geotechnical Works (Basin construction and sealing systems)
During July and August 2019, a geotechnical investigation was conducted at the site, using 7 boreholes each drilled 10m deep, 2 boreholes each drilled 15m deep and 1 borehole drilled 20m deep. Also, 12 investigating pits were excavated at the landfill area and 7 investigating pits along the access road. The maximum depth of the investigating pits was 4.3m
The factual report that accompanies the present report includes all the findings of the aforementioned investigation. The detailed geotechnical design of the Project, as well as the design of the bottom sealing and final capping of the landfill will be presented in a separate report, that will include: 
1. geotechnical calculations;
2. design of the relief of the landfill basin and the final capping;
3. design of sealing system; 
4. construction sequence and landfill capacity calculation and
5. all the relevant drawings with geotechnical cross-sections and construction details.

Biogas Management
Landfill gas Generation and collection 
Table 3.2.15 The estimation of landfill gas generation on the landgill is based on the following assumption:
	Disposal period: 
	2022-2048

	Waste amounts:
	35,000 –70,000 ton/year
(total 1,390,000 m3)

	Composition of water[footnoteRef:2]: [2:  Waste types used in IPCC landfill gas First Order Decay (FOD) model] 

	Paper and textile 
	17.5%

	
	Garden waste etc.
	1%

	
	Food waste:
	30%

	
	Wood and straw:
	1%

	
	Inorganic waste

	50.5%

	Methane correction factor (MCF)
	(managed landfill with more than 5 m depth)
	1.0

	Fraction of organic waste dissimilated:
	(IPCC default value)
	0.77



Based on the above assumptions of waste composition and amounts of waste disposed on the landfill the estimated landfill gas generation and potential recovery of landfill gas are presented in figure 2.3 
[image: ]

Figure 2.3:  Estimation of landfill gas generation and recovery (Nm3/year) and baseline emissions and emission reduction (ton CO2eq/year)
The basic data are few and introduction of other waste treatment methods e.g. composting of organic waste could alter the estimation of landfill generation in the landfill and the estimate includes a high degree of uncertainty for the landfill gas amounts. The potential emission reduction is presented with +20% bands due to the high uncertainty in the estimation.
Flaring is in the initial phase of landfill operation the only option for handling and treatment of the collected landfill gas. Collection and flaring of landfill gas is possible when the cell 1 is filled with minimum 5-10 m of waste which is estimated to be in 2024. This is not optimal as the gas collection pipes will be in waste but possible. A final gas abstraction system can be installed when cell 1 is filled and with top cover which is expected in 2025.
In 4-5 years after commencing of the landfill operation utilisation of the landfill gas could be considered. As no industry or other potential user of the landfill gas is present in the neighbourhood of the landfill the only obvious option for utilisation of the landfill gas is production of electricity and maybe utilisation of the excess heat in a central heating system if installed in administration building or it may be realistic to utilise excess heat in greenhouses to be established at the nearby farmland. When production of electricity is economically feasible depend on potential amount of gas collection and in the price for selling electricity.
A landfill gas engine and generator unit should have a size of 165 kWel (500 kWprimary) which will require 725.000 m3 landfill gas per year assuming a methane content at 50%. It is assumed that 725.000 m3 of landfill gas can be collected from 2026. If a landfill gas collection and flaring system is already in place in 2027 the economically feasibility for a LFG engine and generator will depend on the price for selling electricity and the installation costs for the LFG engine and generator only. In Error! Reference source not found. the relation between Net Present Value (NPV) for a plant producing electricity and the price for selling electricity is presented. The estimation is based on a 20 years period with one 275 kWpr gas engine in 2027 and additional 500 kWpr gas engines in 2028, 2033 and 2037 and a discount rate at 6%.
Unit price at 0,10 €/kWh (0.315 GEL/kWh) is required before installation of a landfill gas utilisation plant is economically feasible, based on the very rough data included in the estimation. 
The price for purchase of electricity from the grid is at present approximately 0.044 €/kWh (0.14 GEL/kWh). The price for selling electricity to the public grid, as a private electricity generator, is typically considerably lower than purchase price.
The calculation is excluding investment costs for boreholes, gas pipes etc.

[image: ]
Figure 2.4: Net Present Value (NPV) for a landfill gas utilisation plant in relation to price for selling electricity for a 20 years period
With the current price level for electricity utilisation of the landfill gas can be considered as not feasible. The price level for electricity in Georgia is very low and it must be expected that the price will increase the coming years. 
A decision regarding installation of a landfill gas utilisation plant should be based on actual figures of composition and amounts of collected landfill gas, which also will be possible if gas collection boreholes/collection wells, pumps, flare etc. are installed before 2024 and operated some years before installation of a potential utilisation unit.
It is recommended to install a gas flare in 2024 or 2025 depending on waste amounts disposed at the landfill.

Biogas works included in phase 1 of the project
Landfill gas is not sufficient in order to be collected from a new landfill before the first 2-3 years of operation and it is suggested to wait with purchase and installation of flare until cell 1 is completed with minimum 10 m of waste which is expected to be in 2024 or 2025.
During the initial years of operation (~1 year after the finalisation of the construction), the following preparation for a gas collection and flaring/utilisation system will be established:

* Bottom part of gas wells (it is suggested to install stone/gravel gas wells to be lifted as disposal of waste takes place. Only the upper 5-6 m of the gas wells will include slotted gas collection pipe)
* Transport pipes from cells (one individual pipe for each cell 1 and 2) to area reserved for the biogas flare etc. 
* A 600 m2 large area reserved for measure, pumping and registration (MPR) station, flare and gas utilisation plant.
* In phase 2 the biogas system will expand to cover the new cells 3 and 4 and a new flare will be installed.
Table 3.2.16 Drawing list (please see Anexes)
	Drawing no #
	Title
	Scale

	PDL.01.1
	Final plan layout bottom surface (Phase 1)
	1:1 000

	PDL.02.1
	Final plan layout bottom surface (Phase 2)
	1:1 000

	PDL.03.1
	Final top cover layout after rehabilitation
	1:1 000

	PDL.04.1
	Characteristic cross sections 
	1:500

	PDL.05.1
	Typical cross Section of Landfill layers and Downstream end of Leachate Coll. System
	1:100

	PDL.06.1
	Details of leachate collection system
	1:25

	PDL.07.1
	Cross section in Leachate pond
	1:500

	PDL.08.1
	Monitoring well
	1:20

	PDL.09.1
	Gas collection wells 
	1:20



4. [bookmark: _Toc39069997]Analysis of alternatives 
During the implementation of EIA process for Marneuli municipal solid waste landfill project, the alternative options have been analysed in order to select the most appropriate option in terms of environmental and social aspects. The following alternatives were considered: 
1. No-Action alternative 
2. Location alternative 
3. Technology alternative 
4. Designing alternative 

The assessment and comparative analysis of selected, the most rational alternatives are presented below in the chapters.

4.1 [bookmark: _Toc39069998]No-action alternative
The preliminary assessment of the planned activities for implementation of a new landfill project has revealed significant positive aspects, which will not be actualized if the project is not implemented. It should be noted, that the landfill project was designed to improve the basic principles of waste management activities, which on the other hand, will significantly contribute to the improvement of the country’s regional development as well as environmental and social conditions. 

As mentioned above, the project implementation includes the construction of a new landfill considering the waste management services of five different municipalities in Kvemo kartli region. Over the years, these municipalities have been operating small size landfills that did not comply with the existing legal requirements. Therefore, these landfills were the major sources of negative social impact, local environment pollution and anti-sanitary conditions. Apart from the mentioned small-size landfills, number of illegal dump sites were identified within the municipalities. 

The data regarding the generated amount of solid waste is very limited, thus it is practically impossible to demonstrate the volume of realistic amount. During 2012-2016 years, the assessments have been conducted by different consultants in terms of the expected volume of generated waste within 5 different municipalities of Kvemo Kartli region. According to the assessments, the expected trends were identified which enables the gradual increase of expected waste amount within specific time frame. It is obvious, that the existing waste management system cannot meet the recent growing demand and will further increase the negative environmental and social impact, In particular, on the atmosphere, soil, groundwater and surface water, which may lead to serious hazards of human health. 

It has become clear, that if the project is not or cannot be implemented, the situation concerning waste management system in municipalities of Kvemo Kartli region will deteriorate, the safe disposal of recent or increased waste volume cannot be proceeded, the issues regarding the increased number of illegal dump sites will become more serious, which may cause irreversible processes. As a result, it will become more costly and difficult or, in some cases, practically impossible to readdress the degraded situation in long-term perspective as well as to clean the existing dump sites.

4.2 [bookmark: _Toc39069999]Location alternatives
4.2.1. [bookmark: _Toc663512][bookmark: _Toc39070000] Regional alternatives 
Internationally recognized companies have carried out a detailed study focusing on landfill site selection issues for the project’s technical development purposes. The studies were conducted in accordance to the recognized methodology.

The studies have been conducted during the project development stage considering the implementation of a suitable and modernized waste management system in Kvemo Kartli. The aim of the conducted studies was to enable the best acceptable scheme (in terms of environmental and feasibility aspects) that would facilitate the following waste related issues: the disposal of the waste; to meet the increased requirements of the country for waste management and handling processes according to the responsibilities undertaken under the European Association Agreement; compliance with the local and international standards and priorities including the waste handling, reduce of volume, separation and recycling. At this point, it was determined, that the best option to improve the waste management system, that would be acceptable from an economic and environmental point of view, regional landfill should be arranged. 

On the next stage, the studies have been conducted considering the assessment of location alternative options. The assessment of the alternatives can be divided in two groups: 
1. Location alternatives regarding the waste delivery (regional priority) 
2. The selection of the location in micro-district selected by environmental and social point of view 

The studies of location alternatives have shown, that the landfill should be arranged within the territory of Tetritskaro municipality.

4.2.2. [bookmark: _Toc39070001][bookmark: _Toc663513]Micro alternatives 
The four alternatives for landfill location were identified based on the detailed survey. The selected areas for all four alternatives were located in the vicinity of Marneuli city. Furthermore, the selected territories were considered to be appropriate for disposal of real volume of total household waste generated in 5 different municipalities, as it is described in previous subchapter. The alternative options analysis were conducted on the basis of the following criteria:

· Existence of surface water (river, reservoir, lake) on the site, or adjacent to sites; 
· Distance from the nearest settlements; 
· Distance from municipality centres (it is very important for assessment the distance of waste delivery); 
· Existence of the infrastructure on the site (pipelines or other linear constructions) 
· Existence of high voltage line on the site or distance to it; 
· Existence of cultural heritage on site or adjacent to it; 
· Physical characteristics of the site such as topography and the extent of construction related excavations; 
· On site soil stability 
· Site ownership (Municipal, state, private) and land acquisition issues 
· Impact on land use and Land use for agricultural purposes, status 

The location of the landfill should take into account its distance from residential and recreational areas. The construction and operation of the landfill will be considered advisable if it meets international requirements or meets international standards and does not pose a serious threat to the environment.
To conclude, the selected alternative option has an obvious advantage in comparison with other options. 

Selected site  Tetritskaro Municipality 
The distance from the boundary of the site to Shavsakdari is about 1600 m. Shavsakdari in Kvemo Kartli is a village about 1 hour (or 48 km) south-west of Tbilisi, the country's capital town. According to the 2014 census population of Shavsakdari was 253 people. The proposed landfill site is visible from the village, but due to the relatively long distance and the measures that will be adopted (perimeter planting), the visual impacts are not considered significant.

Table 4.1: Mainc Characteristics of the Location

	Parameters

	Coordinates
	41°32’38.56” N ; 44°39’42.30” E

	Area (Ha)
	20.8 Ha (2 different parcels)

	Distance from the nearest sattlement (m)
	2000 m

	Distance from the main road (km)
	1.35

	Distance from the recreational zone (km)
	0.87

	Land use category
	Agricultural

	Ownership
	Ltd Solid Waste Company of Georgia and privte owner 

	Major infrastructure (e.g. pipeline, high voltage power line)
	High Voltage power line owner Energo-pro Georgia

	Distance from the water body (m)
	1400 m from river Algeti
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Figure 4.1:   distance from Shavsakdari village 

The distance from the boundary of the site to Tsintskaro is about 2150 m. Tsintskaro is a village located in Georgia about 57 km away from Tbilisi (south west). Population of Tsintskaro is 1857 people.

2150 მ.

Figure 4.2:      Distance from Tsintskaro village

According to the Tetritskaro municipality authorities the nearest recreational zone is located in the center of the village Tsintskaro. The distance from the project area to the recreational zone is approximately 2500 m.

Location (Nakhiduri)

The distance from the boundary of the site to Nakhiduri is about 3090 m. Nakhiduri in Kvemo Kartli is a village about 1-hour (or 49 km) south-west of Tbilisi, the country's capital town. According to the 2014 census population of Nakhiduri was 4876 people. The proposed landfill site is visible from the village, but due to the relatively long distance and the measures that will be adopted (perimeter planting), the visual impacts are not considered significant.

Table 4.2. Site’s (Nakhiduri) general characteristics
	Parameter
	

	Coordinates	
	41°28’33.42” N ; 44°38’21.10” E

	Area (ha) 
	7.7

	Distance from nearest settlement (km)
	3.38

	Distance from main road (km)
	5

	Distance from natural area (km)
	0.675

	Land use category
	Agricultural

	Property
	LLC Habibco Agricultural

	Major infrastructure (e.g. pipeline, high voltage power line)
	None 

	Distance from surface water body (km)
	1.88 From Khrami River 


	
	
	




Site Nakhiduri Photo Documentation[image: ][image: ]
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Figure 4.3:      Distance from village Nakhiduri

The distance from the boundary of the site to Tashtikulari is about 3582 m.  Tashtikulari is a village located in Georgia about 47 km away from Tbilisi (south west). Population of Tashtikulari is 1706 people.

[image: ]

Figure  4.4:      Distance from Tashtikulari village 

According to the Bolnisi municipality authorities the nearest recreational zone is located near willage Balakhauri. The distance from the project area to the recreational zone is approximately 800 m. Which is showed on Figure 4.5.

[image: ]

Figure 4.5:       Distance from recreational zone to site Nakhiduri

Location (Ratevani)
The distance from the boundary of the site to Village Ratevani is about 1700 m. Ratevani in Bolnisi Region is a village about 1-hour and 25 minutes (or 70 km) south-west of Tbilisi, the country's capital town. According to the 2014 census population of Ratevani was 1370 people. The proposed landfill site is visible from the village, but due to the relatively long distance and the measures that will be adopted (perimeter planting), the visual impacts are not considered significant.


Table 4.3 Site’s (Ratevani) general characteristics
	Parameter
	

	Coordinates	
	41°28’44.02” N ; 44°31’23.03” E

	Area (ha) 
	3.15

	Distance from nearest settlement (km)
	1.65

	Distance from main road (km)
	3

	Distance from natural area (km)
	0.846

	Land use category
	Agricultural

	Property
	Not Registered 

	Major infrastructure (e.g. pipeline, high voltage power line)
	None 

	Distance from surface water body (km)
	3.17 From Khrami River 


	
	
	




Site (Ratevani) Photo documentation
[image: ][image: ]



[image: ]
Figure 4.6:      Distance from Ratevani village 

The distance from the boundary of the site to City Bolnisi is about 2700 m. Bolnisi is a City located in Georgia about 66 km away from Tbilisi (south west). Population of Bolnisi is 53 890 people.
[image: ]

Figure 4.7      Distance from Bolnisi

According to the Bolnisi municipality authorities the nearest recreational zone is located near the site itself. The distance from the project area to the recreational zone is approximately 728 m. Which is showed on Figure 4.8.
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Figure 4.8:      Distance from recreational zone to the Site Ratevani

Location 4 (Kvemo Bolnisi)
The distance from the boundary of the site to Village Qvemo Bolnisi is about 2500 m. Qvemo Bolnisi in Bolnisi Region is a village about 1-hour and 30 minutes (or 71 km) south-west of Tbilisi, the country's capital town. According to the 2014 census population of Qvemo Bolnisi was 17489 people. The proposed landfill site is visible from the village, but due to the relatively long distance and the measures that will be adopted (perimeter planting), the visual impacts are not considered significant.

Table 4.4 Site’s (Qvemo Bolnisi) general characteristics
	Parameter
	

	Coordinates	
	41°25’33.27” N ; 44°33’25.94” E

	Area (ha) 
	88

	Distance from nearest settlement (km)
	2.09

	Distance from main road (km)
	2.68

	Distance from natural area (km)
	Boarder of the site 4 

	Land use category
	Agricultural

	Property
	Municipality 

	Major infrastructure (e.g. pipeline, high voltage power line)
	None 

	Distance from surface water body (km)
	In 1 km irrigation pond  


	
	
	




Site Qvemo Bolnisi Photo Documentation 
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Figure 4.9:      Distance from Qvemo bolnisi village

The distance from the boundary of the site to City Bolnisi is about 2100 m. Bolnisi is a City located in Georgia about 66 km away from Tbilisi (south west). According to the 2014 census population of Bolnisi was 53 890 people.
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Figure 4.10:    Distance from Bolnisi

According to the Bolnisi municipality authorities the nearest recreational zone is located near the site itself. The distance from the project area to the recreational zone is approximately 50-70 m. Which is showed on Figure 4.11.
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figure 4.11:    Distance from recreational zone to the Site Qvemo Bolnisi

4.2.3. [bookmark: _Toc39070002]Road infrustructure
Selected location Tetritskaro Municipality
An existing, state owned, unpaved road of about 1800m connects the site with the Marneuli-Tetritskaro-Tsalka secondary road. The Marneuli-Tetritskaro-Tsalka road will be the main access road for the under construction landfill and no other roads are required.
The existing unpaved road (1800m), which width varies from 4 to 6 meters, is suggested to be upgraded. The minimum standards concern 7m wide paved road and asphalt pavement designed for heavy traffic. It has to be mentioned that this road does not go through any settlement.
Marabda – akhalkalaki railway line is located within Tetritskaro Municipality territory. The distance from the railway is about 2600m (south of the site).
As mentioned above, the main new requirement is to keep a buffer zone of 13 km from the airdrome in order to comply with ICAO guidelines. The proposed area is more than 13km away from the center of the airdrome. A relevant document has been requested in order the distance from the center of the airport to be confirmed.

In the following picture is presented the distance from the center of the airport.

[image: ]

Figure 4.12:    Distance from the airport

Location 2 (Nakhiduri)
An existed unpaved road connects Nakhiduri site to Tbilisi-Bolnisi main road. The length of this unpaved road is 5434 m. Tbilisi-Bolnisi S6 will be the main access road for the under-construction Landfill.

Poladauri railway is located within Bolnisi municipality. The distance from the site to railway station is 5620m. 

As mentioned above, the main new requirement is to keep a buffer zone of 13 km from the airdrome in order to comply with ICAO guidelines. The proposed area is less than 13km away from the center of the airdrome. A relevant document has been requested in order the distance from the center of the airport to be confirmed.
In the following picture is presented the distance from the center of the airport.
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Figure 4.13:  Distance from the airport

Location 3 (Ratevani)
An existed unpaved road connects Ratevani site to Tetritskaro-Dagheti-Topani-Bolnisi secondary road. Tetritskaro-Dagheti-Topani-Bolnisi will be main access road for the under-construction Landfill. The length of the unpaved road from Tetritskaro-Dagheti-Topani-Bolnisi road to Ratevani site is about 1700m.

Bolnisi railway line is located within Bolnisi municipality territory. The distance from the railway is about 3894 m.

As mentioned above, the main new requirement is to keep a buffer zone of 13 km from the airdrome in order to comply with ICAO guidelines. The proposed area is less than 13km away from the center of the airdrome. A relevant document has been requested in order the distance from the center of the airport to be confirmed (see Annexes).

More specifically Marneuli Aerodrome is 21.75 km away from Ratevani site.
In the following picture is presented the distance from the center of the airport.
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Figure 4.14:    Distance from the airport

Location 4 (Qvemo bolnisi)
An existed unpaved road connects Qvemo Bolnisi site to Bolnisi-Sioni Monastery-Tsughrughasheni main road. The length of this unpaved road is 1910 m. Bolnisi-Sioni Monastery-Tsughrughasheni will be main access road for the under-construction Landfill.
Bolnisi railway line is located within Bolnisi municipality territory. The distance from the railway is about 1700m.

As mentioned above, the main new requirement is to keep a buffer zone of 13 km from the airdrome in order to comply with ICAO guidelines. The proposed area is less than 13km away from the center of the airdrome. A relevant document has been requested in order the distance from the center of the airport to be confirmed (see Annexes).

In the following picture is presented the distance from the center of the aerodrome.
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Figure 4.15:    Distance from the airport

4.2.4. [bookmark: _Toc39070003]Energy/irrigation and other systems 
Selected location Tetritskaro Municipality 
Within the municipality there is a farm irrigation servicing more than 15,000 ha. Considering that more than half of the existing channels require cleaning and rehabilitation works, they cannot be completely used.
Because of the agricultural character of the study area there are many irrigation canals near the site. The main canals are presented in the following picture (blue lines).

[image: ]
Figure 4.16:    Irrigation System in the area (blue lines)

There is also a pumping station for irrigation purposes which according to the Tetritskaro municipality authorities it is not in use.

After their exact depiction (topographic survey) and the confirmation of their operation, they will be considered, if necessary, to move. 

During the site visits, it was also established the existence of two transmission lines within the boundaries of the site, as they have been determined so far. The transmission line seems to serve the pumping station.

[image: ]
Figure  4.17:    Transmission line’s routing

After the implementation of the topographic survey and the Conceptual Design, it has to be decided whether the transmission line needs to be reallocated and if so the reallocation design has to be prepared.

Location 2 (Nakhiduri)
Right next to the site 2 (Nakhiduri) on an unpaved rode there is a Natural gas line as a boarder of this road. At the entrance of the site there is an arch of gas pipeline which goes over the road and connects pipeline to the gas pipeline control center station which is shown on the Figure 4.18a &b. Also, the last 500m of this unpaved road is a slope which could be a problem for the future use for trucks to drive on.
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Figure 4.18a: Gas pipline
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Figure 4.18b: Gas pipeline control center station 

Location 3 (Ratevani)
On site there are no visual signs of irrigational or power lines. But very close to Site 3 (Ratevani) in 700m there is abandoned military base with the small aerodrome which can have underground power systems.

Location 4 (Qvemo bolnisi)
Within the municipality there is a farm irrigation servicing more than 200 ha. All around the Site there is strong irrigation network which is active and well functional. Close to site 4 there is water irrigation distribution/division which is shown on following pictures.

[image: ]

Because of the agricultural character of the study area there are many irrigation canals near the site. The main canal and main division point is presented in the following picture (blue lines).
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Figure 4.19:    Main irrigation canal and distribution point

4.2.5. [bookmark: _Toc39070004]Topography-Morphology
Selected location Tetritskaro Municipality 
The area is situated on the Tetritsqaro Municipality at an altitude of approximately 880 m above sea level. The surrounding area is fairly flat with carved river valleys. The plateau shows typical vegetation with shrubs and trees.
The main river in the area of interest is the Algeti River. The Algeti River is coming from the south from Trialeti range, which is its origin. In the south part of Tetritskaro municipality, Khrami River is located, with a well-defined canyon of 20 km length. Distance from River Khrami to Selected location is 5600m.

Location 2 (Nakhiduri)
The study area is situated on the Bolnisi municipality territory at an altitude of 700m above the sea level. The surrounding area is sloped towards north. Surrounding shows typical vegetation with shrubs and trees.
The main river in the area of interest is the Khrami river. Khrami river is 201 km long. It originates in the Trialeti range and flows into a deep valley. Distance from Location 2 (Nakhiduri) is 1800m. 
Around the site where Landfill will be constructed there are no other streams or lakes. 

Location 3 (Ratevani)
The study area is situated on the Bolnisi municipality territory at an altitude of 716m above the sea level. The surrounding area is flat. The plateau shows typical vegetation with shrubs and trees. 
There are two main rivers in this area from the north Khrami river which was mentioned above and distance from mentioned River to this location is 3300m and from the south Mashavera river which originates from Javakheti range and flows into deep valley from which the distance is 3600m. Length of Mashavera river is 66km.
Around the site where Landfill will be constructed there are no other streams or lakes.

Location 4 (Qvemo bolnisi)
The study area is situated on the Bolnisi municipality territory at an altitude of 561m above the sea level. The surrounding area is flat. Surrounding shows typical vegetation with shrubs and bushes. 
The main river in the area of interest is the Mashavera river which was already mentioned for Ratevani site and distance from the River is 1800m. Arround the site where Landfill will be constructed there are no other streams and lakes. 

4.2.6. [bookmark: _Toc39070005]Hydro-Geological Conditions
Selected Location Tetritskaro municipality
The area is situated in the Tetritskaro Municipality and the ground elevation at the ranges from about 695m to about 747m above sea level, with an average slope of 6% to the northeast. 
The site is about 1400m south of the Algeti river. 
According to the geological map of Georgia, in the surrounding area of the site there are:
· calc-alcaline basaltic continental lavas (Akhalkalaki series) of Upper Pliocene – Quaternary age.
· open sea terrigene turbidites, olistostromes of Upper Eocene age and, 
· tufturbidites of Middle Eocene age 
According to the main parent materials of the soil map of Georgia, the surrounding area of the site is on loess, loess loams, clay shales, etc. and young lavas (andesites, basalts, dolerites). 

Based on the seismic hazard map of Georgia, the site belongs to magnitude 8.0 earthquake zone and has dimensionless coefficient of horizontal ground acceleration equal to 0,14.

Considering the landslide – gravitational hazard risk, according to the respective zonation in Georgia, the site belongs to the ‘’low’’ risk zone. 

Similarly, considering the debrisflow hazard risk, according to the respective zonation, in Georgia the site belongs to the ‘’limited’’ risk zone.

Based on the tectonic subdivision of the Caucasus, the site is situated on the Artvin – Bolnisi subterrain, of the Black Sea-Central Transcaucasian terrain. The Artvini-Bolnisi zone consists of two different tectonic units: the Javakheti zone (in the west) and the Bolnisi zone (in the east). In the greater area of the Bolnisi zone, there is the horst-like Khrami salient of pre-Alpine basement and the territory is covered with Cretaceous and Paleogene volcanic rocks. Brachyanticlines and steep faults of various orientations are developed to the south, in a sedimentary cover, which generally forms a gentle syncline.

According to following figure, it is expected that, the subsoil profile (from top to bottom) consists of: 0.2m-0.5m vegetative soil cover (humus), delluvial / prolluvial deposits i.e. clay - loam materials, with inclusions of fragmented rocks of various sizes and grit. All these subsoil materials are overlaying the bedrock, that is expected to be the lava layers.

[image: ]
Existing water pipe trench at site

According to the hydrogeological zoning map of Georgia (Annex 7), the site belongs to the hydrogeological region of Artvini – Bolnisi belt, zone (V) and more precisely in the Javakheti East slope, fractured groundwater district (V2), and the water is accumulated in rock discontinuities (joins, fractures, etc).

Extremely fractured lava layers are permeable to water. Water that leaks down to the discontinuities is usually gathered on the bottom of lava flows, on the surface of the impervious bedrock that underlies the lava layer or, on the top of middle layers of inner-igneous loams where it may form an aquifer of rather varying capacity and finally are appeared as springs at lower elevations in slopes of erosive ravines and rivers.

Ground water, discharged from basalt lava layers is well filtered, clean and clear and usually is used for drinking as well as agricultural purposes. 

It is expected that earthquakes and tremors will be experienced at a low intensity at the site during the landfill construction, operation and post-operation life, as these frequently occur in Georgia. However, overall there is a very low risk of an earthquake that may cause disruption or damage to the proposed landfill site, because of the low intensity of historic tremors and the relevant engineering measures  (low slope angles of the landfill, slope stability analyses considering appropriately earthquake loads, etc) that will be undertaken in the design of the facility. 

According to the aforementioned information, it can be mentioned that geomorfologically the site is stable without any visible signs of instabilities (landslide, debris slides, etc). Further, there are not expected any geological, tectonic (active faults, etc), or seismic risks in the proposed study area. Finally, considering that there is not a significant shallow aquifer at the site, and the fact that all necessary measures according to Georgian and EU regulations will be used in the design, construction, operation and post closure of the landfill facility, the associated risk to the environment is minimal to null.



Location 2 (Nakhiduri)
The area is located in the Municipality of Bolnisi and the ground elevation at the ranges from about 446m to about 522m above sea level, with an average slope of 8% to the northwest. 

The site is about 1800m south-southwest from Khrami river, about 3200m north from Mashavera river and about 7400m west-northwest from an existing well. 

According to the geological map of Georgia, in the surrounding area of the site there are:
· calc-alcaline basaltic continental lavas (Akhalkalaki series) of Upper Pliocene – Quaternary age and
· Pleistocene alluvium, deluvium, proluvium sediments, while 
· shallow marine carbonate rocks of Eocene-Lower Cretaceous age are outcropping to the north of the site. 

According to the soil map and main parent materials map of Georgia , the bedrock at the site consists of young lavas (andesites, basalts, dolerites). 

Based on the seismic hazard map of Georgia, the site belongs to magnitude 8.0 earthquake zone and has dimensionless coefficient of horizontal ground acceleration equal to 0,16.

Considering the landslide – gravitational hazard risk, according to the respective zonation in Georgia, the site belongs to the ‘’low’’ risk zone. 

Similarly, considering the debrisflow hazard risk, according to the respective zonation, in Georgia  the site belongs to the ‘’limited’’ risk zone.

Based on the tectonic subdivision of the Caucasus, the site is situated on the Artvin – Bolnisi subterrain, of the Black Sea-Central Transcaucasian terrain. The Artvini-Bolnisi zone consists of two different tectonic units: the Javakheti zone (in the west) and the Bolnisi zone (in the east). In the greater area of the Bolnisi zone, there is the horst-like Khrami salient of pre-Alpine basement and the territory is covered with Cretaceous and Paleogene volcanic rocks. Brachyanticlines and steep faults of various orientations are developed to the south, in a sedimentary cover, which generally forms a gentle syncline.

According to the investigation trench, opened during the site visit and shown in the following figure, the subsoil profile (from top to bottom) consists of: 0.2m-0.5m vegetative soil cover (humus), delluvial / prolluvial deposits i.e. clay - loam materials, with inclusions of fragmented rocks of various sizes and grit. All these subsoil materials are overlaying the bedrock, that is expected to be the lava layers.
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Investigation trench at site

According to the hydrogeological zoning map of Georgia (Annex 7), the site belongs to the hydrogeological region of Artvini – Bolnisi belt, zone (V) and more precisely in the Javakheti East slope, fractured groundwater district (V2), and the water is accumulated in rock discontinuities (joins, fractures, etc).

Extremely fractured lava layers are permeable to water. Water that leaks down to the discontinuities is usually gathered on the bottom of lava flows, on the surface of the impervious bedrock that underlies the lava layer or, on the top of middle layers of inner-igneous loams where it may form an aquifer of rather varying  capacity and finally are appeared as springs at lower elevations in slopes of erosive ravines and rivers.

Ground water, discharged from basalt lava layers is well filtered, clean and clear and usually is used for drinking as well as agricultural purposes. 

It is expected that earthquakes and tremors will be experienced at a low intensity at the site during the landfill construction, operation and post-operation life, as these frequently occur in Georgia. However, overall there is a very low risk of an earthquake that may cause disruption or damage to the proposed landfill site, because of the low intensity of historic tremors and the relevant engineering measures  (low slope angles of the landfill, slope stability analyses considering appropriately earthquake loads, etc) that will be undertaken in the design of the facility. 

According to the aforementioned information, it can be mentioned that geomorfologically the site is stable without any visible signs of instabilities (landslide, debris slides, etc). Further there are not expected any geological, tectonic (active faults, etc), or seismic risks in the proposed study area. Finally, considering that there is not a significant shallow aquifer at the site, and the fact that all necessary measures according to Georgian and EU regulations will be used in the design, construction, operation and post closure of the landfill facility, the associated risk to the environment is minimal to null.

Location 3 (Ratevani)
The area is situated on the Bolnisi Municipality and the ground elevation at the ranges from about 710m to about 745m above sea level, with an average slope of 5% to the south. 
The site is about 3300m south of the Khrami river and 3600m north of the Mashavera river. 
According to the geological map of Georgia, in the surrounding area of the site there are:
· calc-alcaline basaltic continental lavas (Akhalkalaki series) of Upper Pliocene – Quaternary age, while
· dacite, rhyolite, trachyrhyolite rocks of Jurassic - Cretaceous age are outcropping to the northwest. 

According to the main parent materials of the soil map of Georgia, the site is on young lavas (andesites, basalts, dolerites). 

Based on the seismic hazard map of Georgia, the site belongs to magnitude 8.0 earthquake zone and has dimensionless coefficient of horizontal ground acceleration equal to 0,18.

Considering the landslide – gravitational hazard risk, according to the respective zonation in Georgia, the site belongs to the ‘’low’’ risk zone. 

Similarly, considering the debrisflow hazard risk, according to the respective zonation, in Georgia  the site belongs to the ‘’limited’’ risk zone.

Based on the tectonic subdivision of the Caucasus, the site is situated on the Artvin – Bolnisi subterrain, of the Black Sea-Central Transcaucasian terrain. The Artvini-Bolnisi zone consists of two different tectonic units: the Javakheti zone (in the west) and the Bolnisi zone (in the east). In the greater area of the Bolnisi zone, there is the horst-like Khrami salient of pre-Alpine basement and the territory is covered with Cretaceous and Paleogene volcanic rocks. Brachyanticlines and steep faults of various orientations are developed to the south, in a sedimentary cover, which generally forms a gentle syncline.

At the site, it is expected that the subsoil profile (from top to bottom) consists of: 0.3m-0.5m vegetative soil cover (humus), delluvial / prolluvial deposits i.e. clay - loam materials, with inclusions of fragmented rocks of various sizes and grit. All these subsoil materials are overlaying the bedrock, that is expected to be the lava layers.

According to the hydrogeological zoning map of Georgia, the site belongs to the hydrogeological region of Artvini – Bolnisi belt, zone (V) and more precisely in the Javakheti East slope, fractured groundwater district (V2), and the water is accumulated in rock discontinuities (joins, fractures, etc).

Extremely fractured lava layers are permeable to water. Water that leaks down to the discontinuities is usually gathered on the bottom of lava flows, on the surface of the impervious bedrock that underlies the lava layer or, on the top of middle layers of inner-igneous loams where it may form an aquifer of rather varying  capacity and finally  are appeared as springs at lower elevations in slopes of erosive ravines and rivers.

Ground water, discharged from basalt lava layers is well filtered, clean and clear and usually is used for drinking as well as agricultural purposes. 

It is expected that earthquakes and tremors will be experienced at a low intensity at the site during the landfill construction, operation and post-operation life, as these frequently occur in Georgia. However, overall there is a very low risk of an earthquake that may cause disruption or damage to the proposed landfill site, because of the low intensity of historic tremors and the relevant engineering measures  (low slope angles of the landfill, slope stability analyses considering appropriately earthquake loads, etc) that will be undertaken in the design of the facility. 

According to the aforementioned information, it can be mentioned that geomorfologically the site is stable without any visible signs of instabilities (landslide, debris slides, etc). Further, there are not expected any geological, tectonic (active faults, etc), or seismic risks in the proposed study area. Finally, considering that there is not a significant shallow aquifer at the site, and the fact that all necessary measures according to Georgian and EU regulations will be used in the design, construction, operation and post closure of the landfill facility, the associated risk to the environment is minimal to null.

Location 4 (Qvemo Bolnisi)
The area is situated on the Bolnisi Municipality and the ground elevation at the ranges from about 540m to about 605m above sea level, with an average slope of 7% to the northwest. 

The site is about 1800m south of the Mashavera river and 1600m northwest of the Khachinchay river. 
According to the geological map of Georgia, in the surrounding area of the site there are:
· calc-alcaline basaltic, andesitic dacitic and rhyolitic shallow marine volcanic rocks of Cenomanian – Campanian age, while 
· dacite, rhyolite, trachyrhyolite rocks are located to the west and to the south of the site.

According to the main parent materials of the soil map of Georgia, the surrounding area of the site is on carbonate rocks (limestones, marls) with volcalogenic rocks (sandstones, clay shales, etc) and alluvial, colluvial sediments (sands, pebbles, clays, etc). 

Based on the seismic hazard map of Georgia, the site belongs to magnitude 8.0 earthquake zone and has dimensionless coefficient of horizontal ground acceleration equal to 0,22.

Considering the landslide – gravitational hazard risk, according to the respective zonation in Georgia, the site belongs to the ‘’low’’ risk zone. 

Similarly, considering the debrisflow hazard risk, according to the respective zonation, in Georgia  the site belongs to the ‘’limited’’ risk zone.

Based on the tectonic subdivision of the Caucasus, the site is situated on the Artvin – Bolnisi subterrain, of the Black Sea-Central Transcaucasian terrain. The Artvini-Bolnisi zone consists of two different tectonic units: the Javakheti zone (in the west) and the Bolnisi zone (in the east). In the greater area of the Bolnisi zone, there is the horst-like Khrami salient of pre-Alpine basement and the territory is covered with Cretaceous and Paleogene volcanic rocks. Brachyanticlines and steep faults of various orientations are developed to the south, in a sedimentary cover, which generally forms a gentle syncline.

At the site, it is expected that the subsoil profile (from top to bottom) consists of: 0.3m-0.5m vegetative soil cover (humus), delluvial / prolluvial deposits i.e. clay - loam materials, with inclusions of fragmented rocks of various sizes and grit. All these subsoil materials are overlaying the bedrock, that is expected to be the lava layers.

According to the hydrogeological zoning map of Georgia, the site belongs to the hydrogeological region of Artvini – Bolnisi belt, zone (V) and more precisely in the Javakheti East slope, fractured groundwater district (V2), and the water is accumulated in rock discontinuities (joins, fractures, etc).

Extremely fractured lava layers are permeable to water. Water that leaks down to the discontinuities is usually gathered on the bottom of lava flows, on the surface of the impervious bedrock that underlies the lava layer or, on the top of middle layers of inner-igneous loams where it may form an aquifer of rather varying capacity and finally  are appeared as springs at lower elevations in slopes of erosive ravines and rivers.

Ground water, discharged from basalt lava layers is well filtered, clean and clear and usually is used for drinking as well as agricultural purposes. 

It is expected that earthquakes and tremors will be experienced at a low intensity at the site during the landfill construction, operation and post-operation life, as these frequently occur in Georgia. However, overall there is a very low risk of an earthquake that may cause disruption or damage to the proposed landfill site, because of the low intensity of historic tremors and the relevant engineering measures  (low slope angles of the landfill, slope stability analyses considering appropriately earthquake loads, etc) that will be undertaken in the design of the facility. 

According to the aforementioned information, it can be mentioned that geomorfologically the site is stable without any visible signs of instabilities (landslide, debris slides, etc). Further, there are not expected any geological, tectonic (active faults, etc), or seismic risks in the proposed study area. Finally, considering that there is not a significant shallow aquifer at the site, and the fact that all necessary measures according to Georgian and EU regulations will be used in the design, construction, operation and post closure of the landfill facility, the associated risk to the environment is minimal to null.

Site Selection MCA
[bookmark: _Toc16507174]Description of the Approach

The comparative assessment of the alternative sites, aiming at the selection of the most appropriate site for the Landfill, is based on the principles of Multi-Criteria Analysis (MCA), in order to take into account all different aspects of evaluation. 
Multi-criteria analysis is a helpful tool for decision making among alternative projects, options, scenarios etc. It is a type of decision analysis tool that is particularly applicable to cases where a single-criterion approach (such as cost-benefit analysis) falls short, especially where significant environmental and social impacts cannot be assigned monetary values. MCA allows decision makers to include a full range of social, environmental, technical, economic, and financial criteria.
Taking into account that the present project has different important aspects, the MCA has been used for the evaluation of the four candidate sites. The criteria used are categorized into two broad groups, i.e (A) Environmental and Social Criteria, (B) Technical & Economic Criteria. A weighing factor is attributed to each of the two broad groups.
Each group consists of some criteria. Within each group, a weight is attributed to each criterion. The sum of the weights of all criteria within each group is 100%. By multiplying the internal weight of each criterion with the respective group weight, the final weight of each criterion is produced. 
The estimation of the weights is done according to the Analytic Hierarchy Process (AHR) and with the use of a specified tool (Goepel, 2013). Implementing the Analytic Hierarchy Process as a Standard Method for Multi- Criteria Decision Making In Corporate Enterprises – A New AHP Excel Template with Multiple Inputs, Proceedings of the International Symposium on the Analytic Hierarchy Process 2013 (Goepel, 2013), by a multidisciplinary group formed within the project team, in order to capture different views about the importance of each criterion. By this process the consolidated weights of the criteria are calculated, as well as the Consistency Ratio. In order to consider the process as consistent, the consistency ration should be lower than 10%.
After having determined the weights for all criteria, each site is scored versus each criterion according to a scale of 1-10 (where 10 is the most advantageous). The score is then multiplied by the final weight of each criterion. The sum of all scores for all criteria is the final score for each alternative site. The site with the highest final score is the one that is considered most appropriate for the development of the landfill.



[bookmark: _Toc16507175]Description of the criteria
The groups and the criteria that were used for the evaluation of the four sites are presented in the following table.
Table 4.5 Criteria used for the MCA

	No
	Criterion
	Description

	Environmental & Social Criteria

	1
	Noise impact
	It refers to the noise impacts on the neighboring area during both construction and operation phases. 
It is quantified by the distance from agglomerations and sensitive areas (e.g. hospitals, schools)

	2
	Impact on air quality
	Impacts on air quality during construction and operation phase. It is quantified by the distance from residential areas and wind direction

	3
	Impact on surface water and groundwater
	It refers to the impact by the disposal of treated wastewater. It depends on the ability of the receptor’s dilution (High, moderate, low)

	4
	Impacts on flora / fauna
	It refers to the richness of Flora and fauna of the area (poor, moderate, rich)

	5
	Impacts on protected areas
	It refers to potential impacts on protected zones in the greater area. It is quantified by the distance from protected areas

	6 
	Visual impacts
	It is quantified by the distance from agglomerations 

	7
	Public acceptance
	It refers to the anticipated (High, low or moderated) public acceptance for the said site

	Technical & Economic criteria

	8
	Access 
	Length of access road from the site to the national road

	9
	Airport Distance
	>13 km

	10
	Electricity network cost
	It refers to the length of the necessary electricity network from the plant/grid to the site



[bookmark: _Toc16507176]Determination of the weights of the criteria
By the use of the methodology described in the previous paragraph (Analytic Hierarchy Process), the weights of the criteria of each group were determined. The final weights are presented in the following tables.

[bookmark: _Toc389825926]Table 4.6 Weight factors of the Environmental & Social criteria
	Criterion
	Weights
	Rank

	1
	Noise impacts
	8.3%
	6

	2
	Impact on air quality
	17.4%
	3

	3
	Impact on surface water/groundwater
	18.9%
	2

	4
	Impact on flora - fauna
	15.4%
	4

	5
	Impacts on protected areas
	19.2%
	1

	6
	Visual impacts
	7.1%
	7

	7
	Public acceptance
	13.7%
	5



Table 4.7: Environmental & Social criteria correlation
	Matrix
	Noise impacts
	Impact on air quality
	Impact on surface water
	Impact on flora - fauna
	Impacts on protected areas
	Visual impacts
	Public Acceptance
	Normalized principal Eigenvector

	Noise impacts
	[bookmark: RANGE!C38:J45]0
	1/2
	1/2
	1/2
	2/5
	1 2/7
	3/5
	
		



	8.32%

	Impact on air quality
	1 7/8
	0
	1
	1
	5/6
	2 4/5
	1 1/4
	
	
	17.37%

	Impact on water
	2 1/8
	1
	0
	1 2/7
	1 1/7
	3
	1 1/4
	
	
	18.87%

	Impact on flora - fauna
	2 1/9
	1
	7/9
	0
	3/4
	2 1/5
	1
	
	
	15.40%

	Impacts on protected areas
	2 1/2
	1 1/5
	7/8
	1 3/8
	0
	2 2/3
	1 2/7
	
	
	19.20%

	Visual impacts
	7/9
	1/3
	1/3
	4/9
	3/8
	0
	5/7
	
	
	7.10%

	Public Acceptance
	1 5/7
	4/5
	4/5
	1
	7/9
	1 3/7
	0
	
	
	13.74%

	
	
	
	
	
	
	
	
	
	CR
	0,5%



Table 4.8 Weight factors of the Techno-economic criteria
	Criterion
	Weights
	Rank

	1
	Access 
	26.2%
	2

	2
	Airport Distance
	50.6%
	1

	3
	Electricity network cost
	23.2%
	3



Table 4.9 Techno-economic criteria correlation
	Matrix
	Access
	Airport
	Electricity netw
	Normalized principal Eigenvector

	Access
	0
	3/5
	1
	
		



	26.19%

	Airport
	1 5/7
	0
	2/12
	
	
	50.58%

	Electricity netw
	1
	2/5
	0
	
	
	23.23%

	
	
	
	
	
	CR
	0




Results-conclusions 
For the examination of the alternative sites three scenarios are examined:
· Scenario 1- Basic scenario: it is assumed that the two groups of criteria are of equal importance
· Scenario 2- Environmental scenario: Environmental / social criteria are considered to be more important than the techno-economic criteria, i.e the group weight factors are:
Environmental / social criteria: 60%
Techno-economic criteria: 40%
· Scenario 3 – Technical scenario: Techno-economic criteria are considered to be more important and the group weight factors are:
Environmental / social criteria: 40%
Techno-economic criteria: 60%

Scenario 1

Table 4.10:      Final weights of the criteria – Scenario 1 
	CRITERIA
	 
	 
	 
	

	 
	GROUP WEIGHT
	INTERNAL WEIGHT
	FINAL WEIGHT
	RANK

	Environmental and Social Criteria
	50%
	 
	 
	

	Noise impact
	 
	8,32%
	4,16%
	9

	Impact on air quality
	 
	17,37%
	8,69%
	6

	Impact on water
	 
	18,87%
	9,44%
	5

	Impacts on flora / fauna
	 
	15,40%
	7,70%
	7

	Impacts on protected areas
	 
	19,20%
	9,60%
	4

	Visual impacts
	 
	7,10%
	3,55%
	10

	Public Acceptance
	 
	13,74%
	6,87%
	8

	 
	 
	100.00%
	 
	

	Techno-Economic Criteria
	50%
	 
	 
	

	Access
	 
	26,19%
	13,10%
	2

	Airport Distance
	 
	50,58%
	25,29%
	1

	Electricity network cost
	 
	23,23%
	11,62%
	3

	 
	 
	100.00%
	 
	

	TOTAL
	100%
	
	100%
	



The final scores of the assessment for the 4 alternative sites are:

➢ Location 1 ( Tetritskaro Municipality): 9.27

➢ Location 2 (Nakhiduri): 6.64

➢ Location 3 (Ratevani): 7.25

➢ Location 4 (Qvemo Bolnisi): 6.42




Scenario 2.
With the assumption that the environmental /social criteria more important than the techno-economic criteria, the final weights are as follows:

Table 4.11:    Final weights of the criteria – Scenario 2CRITERIA

	CRITERIA
	 
	 
	 
	 

	 
	GROUP WEIGHT
	INTERNAL WEIGHT
	FINAL WEIGHT
	RANK

	Environmental and Social Criteria
	60%
	 
	 
	 

	Noise impact
	 
	8,32%
	4,99%
	9

	Impact on air quality
	 
	17,37%
	10,42%
	5

	Impact on water
	 
	18,87%
	11,32%
	3

	Impacts on flora / fauna
	 
	15,40%
	9,24%
	7

	Impacts on protected areas
	 
	19,20%
	11,52%
	2

	Visual impacts
	 
	7,10%
	4,26%
	10

	Public Acceptance
	 
	13,74%
	8,24%
	8

	 
	 
	100.00%
	 
	 

	Techno-Economic Criteria
	40%
	 
	 
	 

	Access
	 
	26,19%
	10,48%
	4

	Airport Distance
	 
	50,58%
	20,23%
	1

	Electricity network cost
	 
	23,23%
	9,29%
	6

	 
	 
	100.00%
	 
	 

	TOTAL
	100%
	
	100%
	



In this case, the distance from the airport, the impacts on protected areas and water are the most important criteria. In Addition, it must be noted that the “access” (technical criterion) is ranked 4th.

The final scores of the assessment for the 4 alternative sites are:

➢ Location 1 (Tetritskaro Municipality): 9.21

➢ Location 2 (Nakhiduri): 6.94

➢ Location 3 (Ratevani): 6.91

➢ Location 4 (Qvemo Bolnisi): 7.66

Scenario 3 
For the 3rd scenario, where techno-economic criteria are considered more important, the final weights are as follows:

Table  4.12:    Final weights of the criteria – Scenario 3
	CRITERIA
	 
	 
	 
	 

	 
	GROUP WEIGHT
	INTERNAL WEIGHT
	FINAL WEIGHT
	RANK

	Environmental and Social Criteria
	40%
	 
	 
	 

	Noise impact
	 
	8,32%
	3,33%
	9

	Impact on air quality
	 
	17,37%
	6,95%
	6

	Impact on water
	 
	18,87%
	7,55%
	5

	Impacts on flora / fauna
	 
	15,40%
	6,16%
	7

	Impacts on protected areas
	 
	19,20%
	7,68%
	4

	Visual impacts
	 
	7,10%
	2,84%
	10

	Public Acceptance
	 
	13,74%
	5,50%
	8

	 
	 
	100.00%
	 
	 

	Techno-Economic Criteria
	60%
	 
	 
	 

	Access
	 
	26,19%
	15,71%
	2

	Airport Distance
	 
	50,58%
	30,35%
	1

	Electricity network cost
	 
	23,23%
	13,94%
	3

	 
	 
	100.00%
	 
	 

	TOTAL
	100%
	 
	100%
	 



The final scores of the assessment for the 4 alternative sites are:

➢ Location 1 (Tetritskaro Municipality): 9.32

➢ Location 2 (Nakhiduri): 6.33

➢ Location 3 (Ratevani): 7.59

➢ Location 4 (Qvemo Bolnisi): 7.94

According to the analysis, the Site Tetritskaro Municipalityis ranked in the first position in all three scenarios.  

Table 4.13:    Final scores of the alternative sites
	
	Scenario 1
	Scenario 2
	Scenario 3

	Location 1
(Tetritskaro municipality)
	9,27
	9,21
	9,32

	Location 2
(Nakhiduri)
	6,64
	6,94
	6,33

	Location 3
(Ratevani)
	7,25
	6,91
	7,59

	Location 4
(Qvemo Bolnisi)
	7,80
	7,66
	7,94



4.3 [bookmark: _Toc39070006][bookmark: _Toc663515]Project alternative   
At this stage, design alternative considers the technical evaluation of landfill design. The alternative options include the arrangement of impermeable layers during the design project, which refers to the variety of soil treatment methods in case of clay, gravel or fine-grained sludge - utilization. In addition, the opportunity has been considered for utilization of polymer materials with different type or thickness as well as the need of geotextile or other protective layers / necessity issues. 

The issue regarding construction of geological barrier under the cell has taken too much effort which has included discussion concerning the local and imported soil. It should be noted, that despite the fact, that the local soil is characterized by a high amount of clay content and low permeability, the same soil has some negative features and the improvement of its natural parameters will be needed. 
After the detailed examination of alternative technical parameters, it was decided to use the 1 m thick bentonite enriched with local compacted soil. 

Some particular surveys have been conducted regarding the impermeable polymeric membrane issue considering different alternatives for selection of its thickness and quality. It is important to note, that in 2014 it was proposed to use high density impermeable polyethylene membrane (thickness - 1.5 mm) with minor deviation tolerance of 10%. After the detailed review of international practice as well as active requirements from environmental organizations it was decided to use rather high-quality safe membrane with large thickness. A high quality impermeable polymeric membrane is proposed (thickness – 2 mm) as per design project. 

It is also important to describe the alternatives regarding leakage treatment system. One of the key factors, which leads to an effective functioning of landfill during its lifecycle, is an adequate leachate management system with its treatment facilities. The functioning of leachate treatment plant is included in the project. As an alternative, it was assumed that the reverse osmosis plant may not be necessary during the first 3-4 years, so that the treatment will be based on the recirculation system; the above was assumed considering the fact that, at the initial stage, the leachate will not be highly contaminated and the total volume will not be higher as per the cell gradual closing, low precipitation and other natural conditions. Based on the landfill functioning experience in Georgia, the operation of complete water treatment plant system is very important. According to this, the leachate treatment, recirculation system including reverse osmosis plant and all necessary equipment required for effective system functioning are included within the selected technical decision. 

Surface water management alternatives were included during the design alternative evaluation process. Based on the current experience, the best practice for landfill arrangement considers the surface water runoff management in order to minimize pollution level caused by mix up of different contamination sources. 

One of the alternatives considered on-site surface water collection at initial stage followed by further system integration. 

According to the selected final alternative option, water treatment process will be conducted by utilization of existing natural channels and landscape within landfill area, because water collection in one place and further discharge would lead to erosion processes and additional risk factors. 

Treated water will be collected in 3 different places, later on water will be discharged into natural ponds. An alternative option was related to water treatment with leachate, which is not practical since the total volume of leachate as well as negative environmental effects increase. 

At the initial stage, surface water runoff will be collected and later on discharged into natural ponds, at the second stage while the #3-#7 cell construction is being finished, the arrangement of new ponds will be needed. This issue is also included in the final design project. 

It is also important to mention the covered topics regarding the alternative options of slightly contaminated water management. There are different water management approaches: in particular surface runoff is considered as slightly contaminated since it is generated by vehicle maintenance and oily services (refuelling, leakage, spills) near the service station and office buildings etc. In most cases, such waters are directly discharged into a wastewater streams for dilution purposes; later on, these waters are directly discharged in the wastewater intake facilities. 

According to the decision made after the detailed analysis - slightly contaminated waters will be discharged in the oily water separator, since the major sources of such water contamination are the lubricants, diesel and oily spills. Further treated waters will be discharged in the water collection and treatment plants.

5. [bookmark: _Toc39070007][bookmark: _Toc663516]A brief description of the possible environmental impacts
[bookmark: _Toc39070008]5.1   Environmental and Social Impact Assessment Methodology
This report describes the environmental impacts of the landfill site as a whole and for all phases of construction. Impact assessment shall take into account its extent, duration and reversibility. The report was conducted in accordance with the requirements of Georgian legislation as well as the best international experience and standards. The report covers all infrastructure, including access roads, landfill cell construction, building construction and other ancillary works.

5.1.1 [bookmark: _Toc39070009]Methodology of screening and scoping processes 
Screening
Screening is a procedure that identifies the need for an EIA / Strategic Environmental Assessment.

In the case of the carrying out of an activity provided for by Annex II to this Code, the person carrying out activities may submit to the Ministry a joint screening and scoping application along with the documents provided for by Article 8 of this Code. If the Ministry decides, based on the screening procedure, that the activity shall be subject to an EIA, the Ministry shall, by the same decision and pursuant to Article 9 of this Code, initiate administrative proceedings to issue a scoping opinion.

If a person carrying out activities plans to carry out an activity provided for by Annex II to this Code and considers that an environmental decision needs to be issued for this activity, the person may, under the procedure established by Article 8 of this Code, submit to the Ministry a scoping application (without going through the screening stage). In such case, the requirements for issuing environmental decisions established by this Code shall apply.

Scoping
Georgia's Environmental Assessment Code stipulates that the Ministry will ensure public involvement and information during the public scrutiny of the scoping and EIA report. Upload the material on its official website and post it on the information board of the relevant municipal executive. A person carrying out activities shall submit to the Ministry the documents both in tangible and electronic form.

Within three days after the scoping application has been registered, the Ministry, the Ministry of Labour, Health and Social Affairs of Georgia and the planning authority shall place the application and the attached documents on their official websites, and the Ministry shall also ensure their placement on the notice board of the executive body and/or representative body of a respective municipality. Upon request, the Ministry and the Ministry of Labour, Health and Social Affairs of Georgia shall make printed copies or electronic versions of the above documents available under a procedure established by the legislation of Georgia.

A person carring out the activities shall submit the scoping report to the Ministry both tangible and electronic form.

The public may, within 15 days after the placement of the screening application under the procedure established by Article 8(2) of this Code, submit to the Ministry opinions and comments with respect to the scoping report under the procedure established by Article 34(1) of this Code. When issuing the scoping opinion, the Ministry shall ensure a review of the opinions and comments submitted by the public and, if there are appropriate grounds, take them into account.

Not earlier than the 10th day and not later than the 15th day after the placement of the scoping application under the procedure established by Article 8(2) of this Code, the Ministry shall ensure the holding of a public review of the scoping report. The Ministry shall be responsible for organizing and holding public reviews. Accordingly, it shall ensure the reimbursement of the costs associated with organizing public reviews, including the publication of information on holding public reviews. Public reviews shall be led, and the minutes of public reviews shall be drafted, by a representative of the Ministry. The Ministry shall be responsible for the accuracy of these minutes. Information on the public review shall be published not later than 10 days before the public review is held, in accordance with Article 32 of this Code. If it is planned to carry out the activity within the administrative boundaries of a self-governing community, public reviews shall be held in the building of the appropriate administrative body located closest to the location of the planned activity or in the territory adjacent to the building; or if it is planned to carry out the activity within the administrative boundaries of a self-governing city, public reviews shall be held in the building of the appropriate administrative body determined by the Ministry or in the territory adjacent to the building. Public reviews shall be open and any member of the public may participate in them.

Not earlier than the 26th day and not later than 30th day after the scoping application has been registered, the Ministry shall issue a scoping opinion which shall be approved by an individual administrative act of the Minister. The scoping opinion shall determine a list of studies required and information to be obtained and examined for preparing an EIA report. When issuing scoping opinions, the guideline document on Environmental Impact Assessment may be used.

Before approving the scoping opinion, the Ministry shall ensure the participation in administrative proceedings of the Ministry of Culture and Sport of Georgia, within its competence, as a third administrative body under the procedure established by Article 84 of the General Administrative Code of Georgia.

The scoping opinion issued by the Ministry shall be mandatory for a person carrying out activities in the preparation of an EIA report.

If, within two years after the scoping opinion has been approved, the person carrying out activities fails to obtain an environmental decision in
accordance with the procedures provided for by this Code, the individual administrative act of the Minister approving the scoping opinion shall be
declared as invalid.

After the completion of the scoping procedure, if the grounds provided for by Article 14 of this Code exist, the Minister may make a decision refusing
the carrying out of the activity.

Within five days after the completion of the scoping procedure, the Ministry shall have the scoping report, the scoping opinion and/or the decision
refusing the carrying out of the activity placed on its official website and on the notice board of the executive body and/or representative body of a
respective municipality, and upon request, shall make printed copies available under a procedure established by the legislation of Georgia.

Screening was undertaken at the very early stages of Project concept development to identify potentially significant impacts. The output from screening informs the scoping of the impact assessment, to identify key environmental and social indicators to inform the ESIA scoping. 
Scoping has identified some of the matters to be addressed in the ESIA: 
· Identifying the impacts to be assessed, especially focusing on those that are critical to decision-making by the Project proponents, stakeholders and regulatory authorities 
· Assessing the types of alternatives to be examined including mitigation 
· Gathering information on baseline aspects that requires particular attention 

Meetings were held with stakeholders on an ongoing basis through the ESIA process to identify the key issues and make respective decisions.

5.1.2 [bookmark: _Toc39070010][bookmark: _Toc663518]Public participation  
According to Article 37 of the Constitution of Georgia a citizen of Georgia has the following inviolable rights:
· Every citizen of Georgia has the right to live in a healthy environment, enjoy natural and cultural environment. Everyone is obliged to take care of the natural and cultural environment;
· A person has the right to receive complete, objective and timely information on the state of his work and living environment.
As mentioned in the previous chapter, community involvement is guaranteed at both the screening and scoping stages. All interested parties have the right to express their views on the planned project during the public hearings, and the project implementing party is obliged to consider the comments and comments providedIn this particular case, the project implementation stakeholder is pleased to receive and consider all comments and considerations that provide minimal environmental impact on the site during the construction and operation phase.

5.1.3 [bookmark: _Toc39070011]Methodology for baseline study 
The scoping exercise for the project updates involved a review of available environmental and socio-economic data sources to identify gaps in baseline information necessary to complete the ESIA process. This gap-analysis approach allowed the project to avoid repetition of work already undertaken and maximize the collection of focused, up-to-date baseline data from the project area. 
The detailed baseline surveys conducted for this ESIA were: 
· Soil Pollution survey 
· Air quality survey 
· Ambient water quality survey 
· Botanical brief survey 
· Zoological brief survey 
· Noise and Vibration study 
· Land contamination survey 
· Socio-economic survey including gathering of national, regional and project community-specific baseline information 
· Project-specific community consultation 

5.1.4 [bookmark: _Toc39070012][bookmark: _Toc663520]Impact Identification   
The impact assessment process initially involves identification of the project’s activities and potential environmental and social impacts resulting from each activity during the project phases. A project activity could include site preparation, construction, reinstatement, operation and decommissioning. It would also encompass planned routine activities; planned, but non-routine activities; and unplanned or accidental events. 

Within this ESIA Addendum, an impact is defined as “any change to the physical, biological or social environment, whether adverse or beneficial, wholly or partially resulting from an organization’s activities, products or services”. An impact may result from any or all project activities. 

Project activities give rise to issues, which in turn could then cause an impact to an environmental or social receptor. 
A variety of impacts can occur and are identified as follows: 
· Negative - an impact that is considered to represent an adverse change from the baseline, or introduce a new undesirable factor; 
· Positive or beneficial - an impact that is considered to represent an improvement to the baseline or introduces a new desirable factor; 
· Direct (or primary) - impacts that result from a direct interaction between a planned project activity and the receiving environment; 
· Secondary - impacts that follow on from the primary interactions between the project and its environment as a result of subsequent interactions within the environment (e.g. loss of part of a habitat affects the viability of a species population over a wider area); 
· Indirect - impacts that result from other activities that are encouraged to happen as a consequence of the Project; 
· Transboundary - impacts that extend or occur across a national boundary; 
· Cumulative - impacts that act together with other impacts, from the same or other projects, to affect the same environmental or social resource or receptor; 
· Short-term - impacts that are predicted to last only for a limited period (e.g. during pipeline construction) but will cease on completion of the activity, or as a result of mitigation/reinstatement measures and natural recovery (e.g. temporary employment of unskilled workers during construction); 
· Long-term - impacts that will continue over an extended period, (e.g. operational air emissions) but cease when the project stops operating. These will include impacts that may be intermittent or repeated rather than continuous if they occur over an extended time period (e.g. repeated seasonal disturbance of species); 
· Permanent - impacts that occur during the development of the Project and cause a permanent change in the affected receptor or resource (e.g. the destruction of a cultural artefact or loss of mature forest) that endures substantially beyond the Project lifetime; 
· Accidental - impacts that result from accidental (unplanned) events within the project (e.g. fuel spillage during re-fuelling) or in the external environment affecting the Project (e.g. landslide). In these cases the probability of the event occurring is considered. 
[bookmark: _Toc39070013]5.2. Potential Impacts caused by the Project Development
5.2.1 [bookmark: _Toc39070014]Impacts on Geology and Geohazards
[bookmark: _Toc22307188][bookmark: _Toc663556]Visibality and landscape impacts  
The construction works will take place on the landfill projected territory. The project entails graveling the territory and arranging a fence surrounding the entire territory. An administrative building will be built on the site, and internal roads will be arranged inside the territory. Other infrastructure will include a garage, weighbridge, and other auxiliary infrastructure. During the first phase of the landfill construction, only cell 1 will be constructed. Respectively, it is expected that the visual impact will be caused mainly by the movement of construction vehicles, and transportation of equipment. 

An access road to the landfill already exists, therefore its modification will not cause changes in terms of views and the landscape. 

The polygon fence surrounding the territory will also be less visible during the construction phase. During that stage, only land excavation works, and ditches created as a result will be visible. The construction of the fence will take place prior to the project exploitation phase.

[bookmark: _Toc22307189]Impact on Geology and Geo-hazards 
There are several potential impacts to the land on which the landfill will be located and the ground beneath it, these include: 
· Soil stability and erosion – If the site is prone to landslip there could be potential impacts generate to infrastructure and staff. The project will require the removal of soil from the site and temporary stockpiling before reuse or removal from site. These stockpiles will need to be appropriately engineered and treated to prevent instability and excessive erosion and material loss. 
· Soil Quality – Soil could be impacted as a result of accidental spillage of fuels and oils from site vehicles. Loss of quality of soil and topsoil for vegetation may also occur and need to be addressed. 
· Seismicity – the site will need to be selected and the facility constructed to account for the risk of earthquakes that could impact the infrastructure and potential causing environmental impacts if damaged. 
· Groundwater - If not appropriately managed the preparation of the site and construction activities could introduce pathways for contamination present at the site, or introduced by construction activities, to migrate to lower geological strata and groundwater. 

Given the existing ground surface profile and ground conditions there is considered to be a low risk of shallow slope failure (surface land sliding), and a very low risk of a deeper failure (landslide) within the slope above and within the site footprint. 

Excavation down to a depth of 3 m is expected to be required for the construction of the landfill cell, which may increase the probability of slope instability above and within the site. However, the stability of the slope to be cut has been considered in the initial design stage of the landfill in order that an appropriate factor of safety would be provided to the final cut slope. 

At initial stage, the geotechnical and geophysics studies were performed in the area as described in the baseline conditions description chapter. The design for the landfill was created taking into account geotechnical and geological conditions of the area. 

During construction, the soil and sub-soil down to a depth of up to 3 m within the footprint of the landfill site will be removed and stockpiled. The clay material will be used for daily cover material and the topsoils will be used as final capping material. No further soil stripping will be required for the landfill; The base layer will be arranged with impermeable membrane as described in the technical part of the present report. 

The clay layer immediately beneath the soils of the site has been identified as a potential basal engineered clay liner source. It is proposed to use the clay as the perimeter bund, and it will be removed, stockpiled and compacted following the topsoil strip. 

Given the area of soil to be removed, it is possible that soil erosion may occur by soils mobilising in run-off and impacting the surface water leading to medium environmental impacts. In addition, the removal and stockpiling of the topsoil may result in some losses in the quantity of topsoil, reduced fertility of the topsoil, impoverishment of the seed bank, and changes to the pH and topsoil chemistry and structure. 

Based on the design of the landfill, the impact from soil instability is considered to be Minor; the impacts on soils during the construction, temporary storage of the soil and step by step reuse can be significant if the technical conditions will not be considered. The erosions can be initiated, the soil lost etc. These issues need to be considered and mitigated. 

To mitigate these impacts, the stockpile of topsoil to be used for restoration should be located away from irrigation channels or other sensitive areas. The design of the stockpile for topsoil should be arranged in accordance to the internationally acceptable practice, seeded and re-vegetated as soon as practicably possible. Furthermore, the slope of the landfill is to be designed to minimise soil erosion. With the implementation of the mitigation factors described above, impacts to soil erosion should be negligible. 

It is recommended that potential soil erosion is monitored regularly by visually assessing the amount of sediment within the surface water system downstream of the site and any gully or channel formation as part of the environmental monitoring plan.

[bookmark: _Toc22307190]Impact on soil quality 
Soils could be impacted during the construction phase from the accidental spillages of fuel and oils from the site vehicles during construction. However, the engineered clay layer and lining proposed as part of the landfill site will prevent the release of any potential contaminants present or released within the landfill footprint. 

In addition, any vehicle refueling, or maintenance should only take place on areas of hard standing in designated areas with spill kits available and procedures in place for trained staff to contain and clean up any spillage. 

Each cell will be constructed with a geological barrier at the base. An HDPE (High Density Polyethylene) liner will be placed directly on the clay- as the in-situ clay contains no stones. Waste will be deposited directly into the cell currently operational and waste will be distributed and compacted by an excavator/compactor. Compacted waste will be covered daily with suitable quality clay soil available on site. Cells will be sealed as the cells are filled up, to minimize the potential for leachate leakage. To mitigate the impacts of the loss of existing soils, reclamation and re-vegetation should take place in stages to minimize the area of disturbance at any one point in time. 

Expected impact on hydrological and hydrogeological parameters during the construction phase is negligible, since there are no surface water bodies encountered on or nearby the territory. The risk of contaminating the groundwater is also very low, due to their low water permeability. Contamination of groundwater shall be prevented by constructors employing pollution prevention plan.

[bookmark: _Toc22307191]Soil Stability and Erosion
Considering the existing soil quality on the site, it can be concluded that the landfill projected territory belongs to the low risk category in terms of soil stability. The risk of landslide formation is even lower, due to the given zone’s low relief inclination and geological engineering parameters. 

To arrange the landfill cells, it is necessary to excavate pits with the depth of 3m. This might contribute to decreasing the soil stability especially on a hypsometrically higher zone. Construction works will be carried out with maximum caution, and slopes will be assigned angles of stability. The projected landfill design entails minimum, negligible impact on the soil stability. 

During the construction stage, soil and ground removed to excavate the cells will be stored on the polygon territory and will be used to cultivate the degraded soil. Organic soil material will be used daily to cover the cells, while the topsoil will be used to seal the cells. Other soil removal activities are not planned on the territory. 

The organic clay layer removed on the territory (as retentive layer) is recommended to be stored and compacted along the perimeter of temporarily arranged topsoil. 

Considering that the soil will be removed on the polygon, soil erosion might be instigated, which might influence the surface waters. The removal of topsoil will also partially influence the parameters of soil fertility, pH, chemical and structural indicators, to eventually lead to deterioration in plants’ radicular nutrition. 

To mitigate the above-mentioned impact and to minimize the soil deterioration, the removed soil will be stored on the selected area. The removed soil will be stored away from irrigation system and other sensitive territories. Vegetation re-cultivation works, and other soil rehabilitation works will take place on the site. To avoid washing away a polygon slope and to prevent erosion, grass seeding will be arranged. Considering the above-mentioned mitigation measures, it can be concluded that the excavation works will not lead to soil erosion and that the impact on soil will not be significant. 

Preparation of environmental monitoring plan is recommended to prevent potential soil erosion. The monitoring plan shall monitor the quantity of sediments in surface water streams and shall also include regular visual control and evaluation of any other channel.

[bookmark: _Toc22307192]Seismicity
Based on historical data, the probability of earthquake occurrence that will cause landfill destruction or damage is very low. During the construction phase, the likelihood of earthquakes and tremors is very low. If tremors are observed, they will be of very low intensity. 

Based on the location and design of the landfill, the potential impact from seismic activity in the area is considered to be negligible, therefore no works in this direction are necessary.

[bookmark: _Toc22307193][bookmark: _Toc663561]Impact on fertile soil   
Impact on fertile soil layer during the operation phase is expected to be significant, since the project entails utilization of 20.8 ha territory for arranging a landfill. Removal and protection of fertile soil layer will be necessary on the first stage of the construction phase. This process shall comply with the Georgian legislation and international standards. 

The expected impact on fertile soil layer is also to be considered, since the project entails infrastructural development of the area that has not been previously utilized. Therefore, if soil protection works are not planned and implemented, the fertile soil will be entirely lost and on the later phases of the project development, covering cells will also not be possible. 

The width of the fertile soil layer is about 20-25 cm. Its removal shall be implemented by tractors and graders. Soil removal is prohibited during snow or freezing periods. The removed layer shall be stored in stockpiles arranged in advance. They will be irrigated, aerated and treated periodically to prevent loss or deterioration of soil characteristics. 

A special area, close to the leachate collection reservoir was selected to store fertile soil layer. The mentioned layer will be stored in pyramid-shaped bulks with the maximum altitude of 2 meters, and the distance between bulks of 3 meters. The storage area will be equipped with drainage channels and sedimentation pond to prevent sludge transfer beyond the territory. 

To widen the rehabilitation road, fertile soil layer will be removed only from the sides. According to existing approximations, the layer to be removed will be 1.5 m long and will constitute about 30% of the road’s total width. The mentioned layer will also be stored on temporary storage. 
To ensure the effective management of fertile soil layer, prior to commencing the construction works, a plan for its effective management and protection will be prepared. The plan will include detailed information on removing and storing the mentioned layer. Additionally, the plan will include specifics of storing the layer and its future usage.

[bookmark: _Toc22307194]Impact on Water environment 
[bookmark: _Toc22307195]Groundwater 
Given the poor quality and sporadic presence of groundwater the sensitivity of the groundwater as a receptor is considered low. Additionally, the proposed territory soil contains a layer of natural clay. Each cell bottom will be equipped with soil barriers made of clay or clayey materials in accordance with regulation #421. Bottom will be covered with HDPE layer. 

The risks for contamination of ground water during the construction can be related with operation of heavy machinery involved in excavation of the ground, levelling and movement of the excavated material. It is also considered, that the significant amount of construction materials should be transported to the site from quarries, material supply warehouses and other facilities. The quantity of materials to be transported to site can be significant however this operation will be performed by the standard operation vehicles driving on public roads. This should not cause any impact on groundwater. 

The impact during the excavation can be related with accidental pollution from machinery due to the spills of oil, hydraulic oils and the fuel. This impart cannot be significant because the spill will have local importance and quantity will be limited with maximum size of the fuel tanks and secondly the groundwater is not used due to the chemical composition and availability, so even if accidental spillage happens, this will not have immediate effect on the groundwater and can be effectively mitigated through clean up. 

Anyway, the possibility to impact groundwater will be managed through the pollution prevention management plan for the construction stage which is obligatory for construction crew. 

There is risk of damage of HDPE. Even in such cases, we can assume that the leachate will not be leaked, due to clay barriers. Considering the above, we can conclude that the impact caused by the landfill on the groundwater will not be significant. 

Environmental Management System entails regular monitoring chemical and microbiological characteristics of water. The monitoring will be carried out in the agreed timeline during construction and operation phases.

[bookmark: _Toc22307196]Surface water 
The landfill location was selected based on certain criteria, which included low proximity with surface water bodies. Potential impact on surface water courses during the construction of the landfill should be considered as null, because there are no surface water bodies located close to the development site. 

It is important to say, that despite the polygon’s low proximity with surface water bodies, there is a risk that the surface runoff (precipitation) washes out excavated areas during the construction phase. This might lead to sludging of grained clay masses into natural depressions. The impacts will be managed through pollution prevention and soil management systems.

[bookmark: _Toc22307197]Impact on air quality
Impact on the air quality during construction phase has been estimated considering the expected volume of construction works and estimating the technology to be employed during the process. According to the project design chapter, construction of some additional cells will take place in parallel to the landfill operating cells already in use. Therefore it is difficult to separate construction and operation phases. Construction phase is assumed to be the period, until the landfill receives its first waste batch. After that, the landfill will be considered to be in the operation phase.

Emissions from the construction machinery is taking place during the operation and standby regime, when the engines are running. Calculations were done using the methodological instructions [8,9,10,11]. 
The summary information o qualitative and quantitative from construction machinery is given in the table 5.2.1:

Table 5.2.1 Qualitative and quantitative characteristics of pollution sources related to construction machinery
	Pollutant 
	Maximum emission g/sec
	Annual emission, t/year

	Code 
	Description
	
	

	301 
	Nitrogen Dioxide
	0,0327924 
	0,344714 

	304 
	Nitrogen Oxide
	0,0053272 
	0,055999 

	328 
	Soot
	0,0045017 
	0,047322 

	330 
	Sulphur Dioxide
	0,00332 
	0,0349 

	337 
	Carbon monoxide
	0,0273783 
	0,287801 

	2732 
	The hydrocarbons 
	0,0077372 
	0,081334 


The number of working days considered in calculations equal 270 working days per year; the emissions are calculated for the average atmosphere air temperature. The raw data used in emission calculation is given Table 5.2.2

Table 5.2.2. Raw data used in calculations 
	The type of machinery
	Qty  
	The working hours of one unit in different regime
	Number work days

	
	
	Per day, hour
	In 30 min, min 
	

	Name 
	
	total 
	Without load
	With load 
	Stand by
	Without load 
	With load
	Stand by 

	Bulldozer on track, engine 85-136 HP(61100) 
	1 (1) 
	8
	3,2
	3,46667
	1,33333
	12
	13
	5
	365



Emissions from the road construction machinery (bulldozer g6, g7, g8) 
Air emissions for a bulldozer in operation is the same as for an excavator in operation. Maximum weighted emission is calculated by the following formula: 
G = (Qbull x Qdens x V x K1 x K2 x N)/(Tbc x Kfc), g/sec; 
Where: 
Qbull _ Specific dust emission per 1t. Transfer material g/t -0,74 
Qdens - Rock density (t/m3-1,6). 
K1 – Wind Speed Coefficient (K1=1,2); 
K2 – Humidity Coefficient (K2=0,2); 
N- machinery in operation simultaneously (unit) 
V _ Prism movement volume (m3) 3,5 
Tbc _ Bulldozer cycle time sec, 80. 
Kfc - Rock fertilization coefficient (Kfc -1,15) 
G = (Qbull x Qdens x V x K1 x K2 x N)/(Tbc x Kfc) = 0,74*1,6*3,5*1,2*0,2*1/(80*1,15)=0,011 g/sec

The calculations for the engine emissions are similar to one provided in the previous chapter. The dust generation is calculated as following: 
G = M x 3600 x T x 10-6 = 0.011 (Unit emission) x 3600 sec x 8hours x 365day x 10-6 = 0.116 ton/year.
[bookmark: _Toc22307198]The emissons from trucks operating at the road construction 
The pollutants from the heavy vehicles operating on the territory during the construction is calculated in accordance to the methodology [8,9,10] based on hours worked, engine types, number of vehicles etc. The summary information on such emissions is given below table 5.2.3.	

Table 5.2.3. The emissions from machinery operation at road construction
	Pollutants 
	Maximum emission, g/sec
	Annual emission, t/year

	code 
	Description 
	
	

	301 
	Nitrogen dioxide 
	0,0053333 
	0,027648 

	304 
	Nitrogen oxide 
	0,0008667 
	0,004493 

	328 
	Soot
	0,0005 
	0,002592 

	330 
	Sulphut dioxide
	0,0009 
	0,004666 

	337 
	Carbon monoxide
	0,0101667 
	0,052704 

	2732 
	The hydrocarbons
	0,0016667 
	0,00864 



[bookmark: _Toc663578]Noise
Noise during the construction phase might be caused by vehicle movement and construction works. Increase in the level of noise depends on the type of construction works, on the volume and type of machinery, on the duration and the proximity to the receptors. 
It is notable, that considering the proximity to the receptor, the noise generated during the construction phase will not be significant. Additionally, noise generated in the process of road rehabilitation will not disturb the population, since the mentioned segment is away from the settlements. 
Construction materials will be delivered via public roads. The construction company will manage the expected impact according to the traffic flow management plan.

Impact on Biodiversity
Impact on Flora 
The activities during the construction phase will impact flora on certain areas of the landfill territory. As mentioned above, during the construction phase, works will take place on the territory of cells 1 and 2, and areas where auxiliary infrastructure will be arranged. The flora cover will be completely removed from the territories directly dedicated for the construction. Impact on flora is discussed in detail in the operational section of the present report. 

This territory will be cleaned out by the topsoil stripping. The vegetation cover is very poor in the area including the grass cover, which is also very is limited as described in the baseline section dedicated to the flora and fauna. 

The impact during the construction does not include any tree cutting activities, clearance of bush covers etc. Accordingly, the impact will be very limited. No specific mitigation measures are required to mitigate impacts on flora.

Impact on Fauna 
Impact on fauna during the construction and operation phases is very similar to the impact on flora. However, there is a notable difference, considering the impact on birds expected during the operation phase. 

The detailed information regarding impact on fauna is included in the impact chapter for the operation phase. 

No special mitigation measures are required to minimize the impact of fauna during the construction phase, as the ones planned for the operation phase, fully cover construction stage as well.

Impact on Cultural heritage sites 
Based on the historical data, there are no important archaeological and cultural heritage monuments that will be affected by the polygon during its construction phase. However, it is notable that during landfill arrangement, excavation works will be taking place. According to the internationally accepted practices, accidental discovery of archaeological monuments shall be handled with readiness. 

Prior to starting construction works, the construction company should be ready for accidental discoveries. Consequently, the company should have prepared and approved accidental discovery management plan and procedure, leading operations documents. The mentioned plan should define procedures to be followed by the excavating staff if unordinary object is discovered during the works. Action and notification chain shall also be established, and works shall be paused accordingly. The notification shall be forwarded to the project the impact during the construction does not include any tree cutting activities, clearance of bush covers etc. Accordingly, the impact will be very limited. No specific mitigation measures are required to mitigate impacts on flora.

[bookmark: _Toc39070015]5.3 Potential impacts and impact mitigation during the operation phase 
The main potential nuisances for the neighbourhood caused by the landfill are related to air pollution, geology and geological risks, potential pollution of soil and surface water, noise (waste transportation and disposal), visual impact and social impact. The section below is dedicated to the environmental impact assessment during the operation phase of the landfill on main environmental features having significance for the operation of planned facility and mitigation measures to be taken to prevent or minimize impact.

5.3.1 [bookmark: _Toc39070016]Impact on the area and visual impacts 
The impacts on project implementation area should be considered as significant if the fact that the project is greenfield development is taken into account. Tetriskaro landfill belongs to this category, however the statement above is not true in case of the projected landfill. This is due to the fact that the site for the landfill establishment was carefully selected during a long period of time and best location for the regional waste collection and disposal area was selected. It is also noteworthy that the territory does not belong to the zones with high environmental sensitivity, therefore a more detailed description is not needed in this direction. 

Landfill visibility issue is important. Usually it is better if the landfill is hidden from the main roads and cities in order to avoid anthropogenic and in some cases unpleasant view.

Results of the visual modelling have indicated, that the site will not be visible from of Tbilisi Tetritskaro road but the landfill will be visible from Shavsakdari village. 

The minimization of the visual impact is required in order to mitigate the visual impacts. The first and easiest way for mitigation is selection of the alternative location, however the alternative analysis has confirmed, that the selected area was best in terms of summary effect. Accordingly, the technical solutions were evaluated for mitigation of the main impacts. 

The mitigation measure which can help in this situation is arrangement off visual barrier with high trees. There are few constrains related with the tree planting. The first is that the site is located on the slope, accordingly the barrier can help only to hide administrative buildings and part of the first two cells. Planting of trees inside the landfill territory is not possible due to several reasons (permeability of the liner under the landfill, fire safety etc.). Anyway, this mitigation measure should be employed; 

The second important issue is the soil quality and natural conditions on site. The situation is difficult for the tree growing, because naturally there are no trees on the territory and neighborhood, so the irrigation and probably some additives for soil improvement will be required in order to ensure that the life barrier grows and reaches required height. The special study should be undertaken during the construction for selection of the tree species and methods for the tree planting and irrigation during the operation period. 

The next mitigation measure, which should be used to reduce the visibility conditions of the landfill is the operation methodology for the landfill. Actually, this is the method how the parcel is open and filled up including the interlayers, compaction etc. The suggested operation methodology requires excavation of the landfill in a way, when excavated material will be stored in the stockpiles providing visual barrier from the sensitive point and hiding operation inside the cell. 

All described mitigation measures are included in the environmental management plan and the measures to check its effectiveness are included in the environmental monitoring plan.

5.3.2 [bookmark: _Toc39070017]Impact on Geology and Geo-hazards
The impact on geology and geohazards during the landfill construction stage is discussed in the respective chapter. The chapter includes mitigation measures for preventing erosion, for water management, and soil stability works. 

The expected impact during the operation stage is quite similar to the risks discussed for the construction stage. The largest risk from geological perspective is associated with the damage of the impermeable base of the landfill cells. Other risks also related to geohazards can be erosion, landslides, and consequently the damage of the area where leachate collection/storage place will be located. 

The entirety of the landfill impermeable base is ensured by the right landfill design. The design planning was preceded by a soil study(using drills and boreholes) and a geoengineering study using geophysical methodology. It must be added, that the membrane type, width, the structure of the base layer, specifics of the materials used for water impermeable layer and all other decisions regarding geological geotechnical issues were made based on the above-mentioned studies. During the operation phase, any complications are not expected. It is necessary to ensure regular technical monitoring and the timely discovery of any deviations in the landfill piezometers through correct interpretation of the data. 

It can be concluded that no mitigation measures need to be taken from geological and geohazardous perspective during the landfill operation phase. The minimization of geohazards is ensured by the engineering company. During the operation phase, it is sufficient to follow the instructions regarding waste disposal, compacting and cell sealing processes.

5.3.3 [bookmark: _Toc39070018]Impact on Soil Quality 
During the landfill operation phase, the impact on soil is not expected. This is due to the fact, that the works will be carried out using the existing roads. The impact on soil could potentially take place inside the cell, however the isolation from the environment is ensured there as well. At this stage, there are no significant risks expected on the soil.

Soil can potentially be polluted during emergency situations. Such can be expected in case if pollution is caused by the liquid leakage from leachate system or the excessive amounts of the surface runoff leaving the cell.

5.3.4 [bookmark: _Toc39070019]Soil Stability and Erosion

Inside the territory, the technical design of the project entails covering cells with a special type of construction that ensures irrigation of the waste placed inside the cell. This also ensures that the sediments do not access the cells. Geotextile, HDPE layer and polymeric pipes are used to ensure isolation Will be in accordance with Technical Regulation # 421. Later, the surface is covered with a fertile soil layer, including revegetation.

5.3.5 [bookmark: _Toc39070020]Seismicity
Based on the historical data, we account that the risk of high impact earthquakes is very low around Marneuli area. The probability of earthquakes is generally very low, however the technical design of the project includes expected magnitudes. 

There is no need to carry out specific actions to lower the risks of earthquake during the operation phase. Potential damage caused by an earthquake is discussed in Emergency Response Plan. Respectively, in case of an earthquake, instructions given in the ERP will be followed.

5.3.6 [bookmark: _Toc39070021]Impact on Fertile Soil
Regular management of fertile soil layer is needed during the entire process of the landfill operation phase. This is furthermore important, since new cells will periodically be opened, soil layers will need to be removed, treated and used for re-cultivation for already sealed cells. 
Fertile soil layer will be stored nearby the leachate management system, on a special, designated area . 
Soil management system, including instructions on soil removal, storage, treatment and its use for re-cultivation will be employed during construction and operation phases of the Marneuli landfill. 
The mentioned plan shall be approved by the The Ministry of Environmental Protection and Agriculture of Georgia.

5.3.7 [bookmark: _Toc39070022]Impact on Air Pollution 
According to the Decree of Government of Georgia № 435 of December 31, 2013, calculation of qualitative and quantitative emissions can be done using two methods: 
1. Instrumental measurement methodology 
2. Theoretical or balanced methodology 

Calculation for the project at hand was done used the balanced methodology.

Facility, As an Air Pollutant 
The conceptual project design entails waste compaction, disposal at cells, its coverage with soil (every 2-3 meters). As the cells reach projected altitude, cells will be sealed with an hydro insulation layer and will be re-cultivated. 

At the initial stage of the landfill operation (1-2 years), the waste decomposition will take place through oxidation in upper layers. Later, the decomposition process will continue as a result of natural and mechanical compaction or as a result of layer isolation. During layer isolation, methane is released, and anaerobic processes are accelerated. Methane is the final product produced as a result of bio thermic, anaerobic decomposition of the organic content of waste. 

The air from the landfill is released into the atmosphere from the depths of waste cells and spaces between the isolated layers and leads to its contamination. 

In case if storing conditions remain unchanged, the process of anaerobic decomposition is stabilized through constant emissions that are of homogeneous gaseous composition (in case if morphological composition remains stable). 

There are 5 phases of organic waste decomposition on a polygon: 
· Phase 1 – aerobic decomposition; 
· Phase 2 - anaerobic decomposition without methane release (acid fermentation); 
· Phase 3 - anaerobic decomposition without constant methane release (mixed fermentation); 
· Phase 4 - anaerobic decomposition with constant methane release; 
· Phase 5 - anaerobic processes are complete 

About 80% of air is released during the anaerobic decomposition period (with constant gas release – Phase 4). The rest of the air (20%) is released during the first three and the final phases. During these phases (1-3 and 5), only a certain share of waste (in upper waste layers and during slow decomposition of organic microorganisms) contributes to air emissions. Therefore, it is reasonable to calculate air emissions during the process of stable waste decomposition, when maximum air emissions take place (Phase 4). Also, it needs to be considered that air emission stabilization starts roughly 2 years after waste disposal. 

Air emission from the polygon surface into the atmosphere takes place evenly, without noticeable changes in its qualitative and quantitative constituency. 

Organic parts of household and industrial waste stored in relatively deeper layers of a cell undergo through anaerobic decomposition with the help of microflora exposure. Biogas mainly made up of methane and carbon dioxide is produced as a result. 

Calculation was done using the software «Полигон ТБО». Qualitative and quantitative characteristics of air pollutants released into the atmosphere are given below in the table 5.3.7.1.

Table 5.3.7.1. The quantitive and qualitive parameters of the pollutants 

	pollutant
	Maximum emission, g/sec
	Annual emission, Ton/year

	Code 
	name 
	
	

	301 
	Nitrogen dioxide
	0,3887 
	7,6999 

	303 
	Ammonia
	1,8663 
	36,9733 

	330 
	Sulphur dioxide
	0,2451 
	4,8558 

	333 
	Hydrogen sulphide
	0,091 
	1,8036 

	337 
	Carbon monoxide
	0,8824 
	17,4808 

	410 
	Methane 
	185,2816 
	3670,6281 

	616 
	Xylene
	1,5512 
	30,7302 

	621 
	Toluene
	2,5316 
	50,1533 

	627 
	Ethyl benzene
	0,3326 
	6,59 

	1325 
	Formaldehyde
	0,3361 
	6,6594 

	0000 
	Carbon dioxide
	156,643 
	3103,264 


	
Initial data for air emission are given table 5.3.7.2.

Table 5.3.7.2. Air pollitants – Initial data   
	
		 Component concentration in biogas,Ci:      
	Unit
	Magnitude

	301.  Nitrogen dioxide
	%
	0,111

	303. Ammonia
	%
	0,533

	330. Sulphur Dioxide
	%
	0,07

	333. Hydrogen Sulphide
	%
	0,026

	337. Carbon Monoxide
	%
	0,252

	410. Methane
	%
	52,915

	616. Xylene
	%
	0,443

	621. Toluene
	%
	0,723

	627. Ethyl Benzene
	%
	0,095

	1325. Formaldehyde
	%
	0,096

	Marneuli
	
	

	Average temperature
	°С
	13,2

	Warm days (t > 8°С) 
	-
	180

	Warm months (t > 8°С) 
	-
	6

	Cold days (0°С < t ≤ 8°С) 
	-
	60

	Cold months  (0°С < t ≤ 8°С) 
	-
	2

	Polygon parameters
	
	

	Poligone lifetime
	Year 
	22

	Waste per year
	т
	47500

	Organic ingredients
	%
	55

	Fats
	%
	2

	Carbohydrates
	%
	83

	Proteins
	%
	15

	Humidity
	%
	47



Based on the reference material, the biogas extraction coefficients from the cells vary, however on average the coefficient to estimate quantities of landfill gas delivered to the fleur is 0.8. Accordingly, the quantities of gas burned are recalculated using the following coefficients and are present in the table 5.3.7.3.

Table 5.3.7.3 The quantitative and qualitative parameters of the pollutants burned in the fleur

	
	Pollutants
	Maximum emission, g/sec
	Annual emission, tons/year

	Code
	
	
	

	301 
	Nitrogen dioxide
	0,31096 
	6,15992 

	303 
	Ammonia
	1,49304 
	29,57864 

	330 
	Sulphur dioxide
	0,19608 
	3,88464 

	333 
	Hydrogen sulphide
	0,0728 
	1,44288 

	337 
	Carbon monoxide
	0,70592 
	13,98464 

	410 
	Methane 
	148,2253 
	2936,502 

	616 
	Xylene
	1,24096 
	24,58416 

	621 
	Toluene
	2,02528 
	40,12264 

	627 
	Ethyl benzene
	0,26608 
	5,272 

	1325 
	Formaldehyde
	0,26888 
	5,32752 

	0000 
	Carbon dioxide
	125,3144 
	2482,611 



Methane transferred to the flare system: 2936,502 t/year /0,000717t/m3 = 4 095 54 0 m3/year. 
Organic compounds (Toluene - 40,12264 t/year, Xylene - 24,58416 t/year, Formaldehyde -5,32752 t/year, Ethyl benzene -5,272 t/year), in total 75,30632 t/year, thermal destruction takes place along with carbon dioxide water vapour emissions. 
· 2C6H4(CH3)2 + 21O2 = 16CO2 +10 H2O (Xylene oxidation reaction) 
· C6H5CH3 + 9O2 =7CO2 + 4H20; (Toluene oxidation reaction); 
· CH2O + O2 = CO2 + H2O; (Formaldehyde oxidation reaction); 
· 2C8H10 + 21O2 = CO2 + 10H20 (Ethyl benzene oxidation reaction); 
· CH4+2O2 = CO2 + 2H2O (Methane oxidation reaction); 

1 t Xylene oxidation reaction produces 8 t carbon dioxide 
24,58416 t/year * 8t = 196,673 t/year; 
1 t Toluene oxidation reaction produces 7 t carbon dioxide 
40,12264 t/year * 7t = 280,858t/year; 
1 t Formaldehyde oxidation reaction produces 1 t carbon dioxide 
5,32752 t/year * 1 t = 5,32752t/year; 
1 t Ethyl benzene oxidation reaction produces 0,5 t carbon dioxide 
5,272 t/year * 0,5 t = 2,636t/year; 
CO2 total from organic compounds: 485,495 t/year. 
CO2 total from organic compounds: (485,495 t/year * 106 / 365 * 24 * 3600 = 15,395 g/sec). 

Among inorganic compounds, ammonia oxidation reaction produces nitrogen and water vapor 4NH3 + 3O2 = 2N2 + 6H2O, therefore hazardous substances are not released.
Quantities of carbon, nitrogen and Sulphur remain the same while hydrogen sulfide is converted Sulphur dioxide with the following formula: 
2H2S +3O2 = 2SO2 + 2H2O; conversion coefficient - 1,88; 
0,0728 H2S * 1,88 = 0,137SO2 g/sec;
1,44288 H2S * 1,88 = 2,713 SO2 t/year. 
This way, emission from the flare system (except methane) is given in the table below Table 5.3.7.4.
 
Table 5.3.7.4. Emissions from Flare Systems  
	Code 
	Substance name
	Emission g/sec
	Emission t/year

	301 
	Nitrogen Dioxide
	0,31096 
	6,15992 

	330 
	Sulphur Dioxide
	0,19608+0,137_SO2,   
From-H2S 
	3,88464+ 2,713_SO2, H2S-დან 

	0337 
	Carbon monoxide
	0,70592 
	13,98464 

	0000 
	Carbon dioxide
	15,395+125,3144=140,709 
	485,495+2482,611=2968,106 



4 095 54 0m3/year of methane is transferred to the flare system 
Methane burning emission was calculated by a special software [13] and the main results are given in Table 5.3.7.5.

Table  5.3.7.5. Emissions as a result of burning methane	  
	Code 
	Substance name
	Emission g/sec
	Emission t/year

	0301 
	Nitrogen Dioxide
	0,2590914 
	8,160591 

	0304 
	Sulphur Dioxide
	0,0421024 
	1,326096 

	0337 
	Carbon monoxide
	0,4823 
	15,194453 

	0703 
	Benzo a pyrene
	0,0000004 
	0,000013 

	0000 
	Carbon dioxide
	259,737 
	8191,08 


*note: emission was calculated (4095,54t/year * 2t/t = 8191,08 t/year; 8191,08 t/year * 106 : (365 * 24 * 3600) = 259,737g/sec. 

Based on the given data, calculations were done using the mentioned methodology. The results are given below in the table. 
Total emission from the flare system will be Table 5.3.7.6- 80% of uncontrolled emission)

 Table 5.3.7.6 Summerizing table of emissions from the flare system 
	Code 
	Substance name
	Emission g/sec
	Emission t/year

	0301 
	Nitrogen Dioxide
	0,26+0,311=0,571
	8,160591+6,16=14,32

	0304 
	Sulphur Dioxide
	0,196
	3,884

	0330 
	Carbon monoxide
	0,333
	6,597

	0337 
	Benzo a pyrene
	0,482+0,706=1,188
	13,984+15,194=29,178

	0703 
	Carbon dioxide
	0,0000004
	0,000013

	0000 
	Carbon dioxide(table 3 -table 4) 
	125,314+15,395+259,737=4
00,446
	2482,611+485,495+8191,0
8=11159,19



Calculations assume that the rest of the biogas (20%) can be emitted in an uncontrolled form from the entire polygon surface, therefore, we will have data given in table 5.3.6.3. multiplied by *0.2. Results are given in Table 5.3.7.7.

Table 5.3.7.7 Uncontrolled emission volumes of biogas
	Polluting substance
	Maximum one-time emission, g/sec
	Annual emission, t/year

	code 
	Substance name
	
	

	301 
	Nitrogen Dioxide
	0,07774 
	1,53998 

	303 
	Ammonia
	0,37326 
	7,39466 

	330 
	Sulphur Dioxide
	0,04902 
	0,97116 

	333 
	Hydrogen sulphide
	0,0182 
	0,36072 

	337 
	Carbon monoxide
	0,17648 
	3,49616 

	410 
	Methane
	37,05632 
	734,1256 

	616 
	Xylene
	0,31024 
	6,14604 

	621 
	Toluene
	0,50632 
	10,03066 

	627 
	Ethyl benzene
	0,06652 
	1,318 

	1325 
	Formaldehyde
	0,06722 
	1,33188 

	0000 
	Carbon dioxide
	31,3286 
	620,6528 



table 5.3.7.8. presents CO2 emission results.  

Table 5.3.7.8. Summarizing table of carbon dioxide controllable and incontrollable emissions

	g/sec 
	t/year

	400,446 
	11159,19 

	31,3286 
	620,6528 

	431,7746 
	11779,84 



Along with emissions from the landfill’s main cells, emissions from the auxiliary infrastructure (such as diesel generators, and transport vehicles) were also taken into account. All of this is included in the final emissions model. 
The distribution methodology of air pollutants, and calculating area are discussed in chapter 7.4.1. „УПРЗА ЭКОЛОГ“, version 3,00 (ФИРМА "ИНТЕГРАЛ" Санкт-Петербург) was used for emissions modelling. The above-mentioned software is well-known in Georgia and is recommended for such calculations. 
Calculations were done for each pollutant, except benzo a pyrene. Its quantity according to the feasibility criterion does not necessitate to be included in the calculations table 5.3.7.9.

Table 5.3.7.9. Substances, with feasibility criterion E3=0,01

	Code 
	Name
	Sum  Cm/MPC

	0703
	Benzo a pyrene (3,4- benzo a pyrene
	0,0041057



5.3.8 [bookmark: _Toc39070023]Noise propagation as a result of landfill operation
Acoustic calculations on an industrial and construction site are performed in the following order:
· Noise sources and their characteristics;
· Selection points at the boundary of the protected area are selected;
· Determines the direction of noise propagation from noise sources to reporting points and performs acoustic calculations of environmental elements affecting noise propagation (natural screens, green plants, etc.);
· The expected noise level at the reporting points shall be determined and shall be equal to the allowable noise level;
· Measures to reduce noise levels will be identified as necessary.
The main sources of noise were field construction equipment and vehicles, in particular, when calculating that the center would work simultaneously:
· Bulldozer which’s noise level is 90 db-s,
· Slef unloader truck  (85 db),  
· Hoist mechanism (92 db).
The distance from the construction site to the nearest residential building is 1600 m.The octave sound pressure levels at the calculation point are calculated by the formula:[image: ]   (1)
In which,
Lр – Octave levelof noise source power;
Ф –  The direction factor of the noise source, non-dimensional, is determined by means of a test and varies from 1 to 8 with respect to the spatial angle of the radiation;;
r –  distance from noise source to reporting point;
 – Spatial angle of the sound emitted by:  = 4 in space; When placing  = 2-area on the surface;  =   - at two angular angles;  = /2 - at three angles;

а – Atmospheric noise (dB / km) tabular characteristic of the atmosphere.

	Average geometric frequencies of octave bands, Hz
	63
	125
	250
	500
	1000
	2000
	4000
	8000

	а db/km
	0
	0.3
	1.1
	2.8
	5.2
	9.6
	25
	83



Summary of noise source levels at the noise generation site is as follows:
[image: ]                                                (2)
In which: Lрi –is i noise power level.
Calculations are made to perform the following assumption:
1) If the distance between several noise sources located in one area is less than the distance to the reporting point, the sources shall be united into one group;
2) the distance from the geometric center to the computation point to measure the total noise level of the sources in one group (the shortest distance from the boundary area to the dwelling is 1600 m);
3) For simplicity calculations are performed for equivalent sound levels (dBa) and the octave quenching coefficient of the atmosphere is taken as the mean value of its octave indices: β aver = 10.5 dB / km;
The calculation is carried out for the simultaneous operation of the listed machine, with minimum noise screening.
Summarizing the noise source levels we get the total noise level at the generation location:
[image: ]10lg (100,1x90+ 100,1x85+ 100,1x92)= 94,6 dB.
By inserting data into the formula, we calculated the noise level at the reporting points, nearest receptor.
[image: ]= 94,6 – 15*lg1600+10*lg2–10.5*1600/1000-10xlg2 π=18 dB
According to the calculation results, the noise level at the boundary of the nearest residential zone can reach 18 dB, which is less than twice the standard for night hours. No mitigation planning is required.

5.3.9 [bookmark: _Toc39070024]Impact on water quality
[bookmark: _Toc22307213]
Treated leachate standards

The quality of the treated leachate will be in accordance with EU Directive 91/271 / EEC:
Biochemical oxygen demand (B.O.D5) ≤ 25 mg / l
Chemical oxygen demand (COD) ≤ 125 mg / l
Total concentration of stirred solid particles (SS) ≤ 35 mg / l
Total phosphorus (P) ≤ 2 mg / l
Total nitrogen (N) ≤ 15 mg / l
[bookmark: _Toc405560451]
[bookmark: _Toc39070025]5.4. Impact on Biological Environment
Flora
As mentioned above, the study area is located in the central part of the Tetritskaro Plateau and is currently represented by post-forest vegetation. This event affects the wildlife of the area. During the field research, reptiles, birds and mammals were studied
Large mammals include Tura (Canis aureus), fox (Vulpes vulpes), badger (Meles meles) and others. Small mammals include forest mouse (Apodemus sylvaticus), public (Microtus socialis) and common (Microtus arvalis) meanders and others.
The bird fauna is also characteristic and is represented by the following species. These include: Meadow torola (Alauda arvensis), Cochora torola (Galerida cristata), Upopa epops, Troglodydes troglotyres, Dancing moth (Oenanthe isabellina), Black torus (Oenanthe isola), Black moth Thrush (Turdus merula), Great Sparrow (Parus majior), Sparrow (Parus coeruleus), Common Lanius (Lanius collurio), Lanius minor, Passer montanus, House Sparrow (Passer domesticus), Chitbatuna carduelis), kingfish (Miliaria calandra). Predatory birds have been described as common kakacha (Buteo buteo).
The fauna of the reptiles is rather poor, with common anchors (Natrix natrix), squirrel floating (Coluber najiadum) and serpentine (Ophisaurus apodus).
As for the Ichthyofauna, there are no permanent waterways near the study area, the nearest permanent water body is the Algeti River, which is approximately 1.2 km from the landfill's planning area. Accordingly, the dump cannot affect the Algeti Ichtiofauna dump.
Conclusions 
1. The study area is located in the central part of Tetritskaro Plateau, which is the western part of Kvemo Kartli plain and is completely represented by post secondary forest vegetation.
2. No species of animals included in the Georgian Red List were identified during the study
3. No large mammal and prey bird nests were identified during the study
4. The study area does not represent a bird migration corridor
5. In the immediate vicinity of the study area, there is no permanent reservoir.

Fauna
The general geographical location of the study area is as follows: It covers 30 ha of Tetritskaro municipality, villages of Khaishi and Tsintskaro.
The study area represents the Brettel Wake, which is slightly tilted from west to east. Geobotanical is located in the geobotanical area of ​​Kvemo Kartli plain of Iveria district, Eastern Georgia. The geographically surveyed area is on the Tetritskaro Plateau.
Vegetation is second-hand without exception and has a strong anthropogenic footprint. It is mainly represented by post-secondary (friganoid) vegetation of secondary forest, with a large part of rudellar vegetation. Pastures, agricultural lands are alternated around the area, which are mostly partitioned and degraded. The primary vegetation of the area would be represented by Georgian oak forest.
During the botanical study of the study area, the field route method was applied according to the area indicated on the orthophoto map. Detailed botanical descriptions were made, lists of plants were taken, photographs of different habitats and plants were taken. GPS was used during the research process. The materials obtained in the field expedition were reconciled with existing botanical literature data.

As already noted from a geobotanical point of view, the present site belongs to the Lower Kathleen Plain, more specifically its western elevation, which is represented as the Tetritskaro Plateau, though the primary vegetation in the area is completely disrupted and is represented by secondary jagged fields and steppe vegetation. This is caused by prolonged sex work in the area. Primary vegetation species are not found on the site at all, only a few species of subterranean species are present, including as part of the jagged field. There is a licorice steppe in places that are free of shrubs. Leading species of woody plants are thistle (Paliurus spina cristi), as well as hawthorn (Crategus pentagyna) thyriphthorola bergena (Purus salicifolia), black rhyme (Rhamnus pallasii), asquil (Rosa canina); Blackberry (Rubus sp.) (See Figure 5.4.1)

[image: ]
Figure 5.4.1

Among the herbaceous plants are Tiwakasra (Poa nemoralis), Brachypodium pinnatum; Timothella (Phleum phleoides); And Vatsitsverka (Stipa spicata.), Blue nar (Erungium maritimum), goldfish (Xeranthemum anuum), chicory (Cichorium intybus), chrysotile (Agrostemma githago), fire (Xantium spinosum), pig birch (Xantium strumum) ), Milky Way (Euphorbia orientalis), Lensopha (Hyoscuamus niger), Chrysophyllus (Verbascum thlapsus), Black (Schopularia nodosa), Cleistogenes bulgarica, Elytrigia pseudocaesia, Gout (Dipsacus laciantus), Moth (Dipsacus laciantus), Nari (Chardus nutans); Achillea nobilis, (Falcaria vulgaris), Endro (Galium verum), Ionja (Medicago coerulea), Strawberry grass (Potentilla recta), Golo (Rumex tuberosus); Oatmeal (Avena barbata), Mopitnao (Clinopo dium umbrosum), Blueberry (Eryngium biebersteinianum), Squirrel (Festuca valesiaca), Strawberry (Fragaria vesca), Cress (Hypericum perforatum), Tarragon (Origanum vulgare), Salvia (Salvia) Ambrosia (Ambrosia artemiziifolia); Avshan (Artemisia fragans); Erigeron anuus (see Figure 5.4.2).
[image: ]
Figure 5.4.2.

Conclussions 
1. The study area is located in the central part of the Tetritskaro Plateau, which is the western part of the Kvemo Kartli plain, and is completely represented by further secondary vegetation;
2. No species of Georgian Red List was identified during the study;
3. Endemic plant species of Georgia were not identified during the study;
4. Some species of plants found in the study area (Rosa canina; Achillea et al.) Have decorative and medicinal values;
5. According to the results of the studies of species and communities identified during the studies, no species or cenozoic plants of particular importance for biodiversity were identified in the study area;
6. It is advisable that during the construction of the landfill during construction and subsequent exploitation, consideration is given to the fast growing, proximity to or vegetation permissible landscaping in the surrounding area. For this event it is necessary to consult with florist-decorators.
[bookmark: _Toc405560453]
[bookmark: _Toc39070026]5.5. Impact on human health and safety
During the construction and operation of the design of a non-hazardous landfill, the main recipient of the health an sfety impact is the working personnel of the landfill, as the whole facility is highly protected and strictly controlled by accidental or unauthorized access of the external people (other than staff).
The direct impacts on the health and safety of personnel can be: car accident, electric shock, falling from hight, professional trauma during working with the equipment, poisoning, etc. In order to prevent direct impacts, it is important to adhere strictly the following safety standards and to keep them under constant supervision:
· Training personnel on the safety issues; 
· Provide personnel with individual protection equipment; 
· Arrangement of warning signs in the dangerous zones; 
· Fencing the dangerous zones
· Technical inspection of the machinery/equipment;
· Maximum compliance with safety rules and speed limits during transportation operations;
· Controlling the movement/entrance of people on work sites without permission or without the special protective equipment;
· Keeping the records of the incidents and accidents in the journal. 
It should be noted that the listed mitigation measures should be provided during the construction phase as well as during the operation of the landfill. If this condition are met, the risk of impacts during the operation will be assessed as low.
[bookmark: _Toc39070027]5.6. Cumulative impact 
The objective of the cumulative impact assessment is the identification of such kind of impacts during the project implementation, which doesn’t have a significant affect if it is performed separately, however,  if it acts together with other impacts, it will cause a significant negative or positive impact; 
During the construction and operation of the landfill in Tetritskaro Municipality by Ltd “Solid Waste Management Company of Georgia” depending on the specification and location of the landfill the only noteworthy cumulative impact is noise and impact on the atmosphere air. In the surrounded areas there is no analogical landfills. Besides, in the surrounding area there is no factories, hence cumulative impact can’t be considered as concern in this case. 
Consequently, their joint cumulative impact on environment will not exceed the norms established by law.

6. [bookmark: _Toc39070028][bookmark: _Hlk22218619]Principles of Environmental Management and Monitoring

For reduction of the negative impact in the process of carrying out activities, it is crucial to correctly manage and strictly supervise (environmental monitoring) the planned activities.
Preparation of thematic environmental documents is an important part of the environmental management plan. These documents include: impact on the atmosphere air during the process, impact on the surface and underground waters, impact on every component of the environment, emergency response plan, environmental monitoring plan. Practical implementation of the procedures outlined in these environmental documents are necessary. The quality of implementation of these plans will be monitored by the assigned environmental manager.
Environmental monitoring methods include visual observation, measurements and laboratory studies (if necessary). The environmental monitoring plan developed in the later stages of the ESIA will take into account the following issues:
· Assessment of environmental condition indicators;
· Identification and assessment of indicator change causes;
· Systematic monitoring of the quality and dynamics of the environmental impact of the activities; 
· Compliance with the requirements of the legislation on impact intensity; 
· Controlling established parameters for indicators related to important ecological aspects;
· Prevention or early detection of the violation or emergency situations related to ecological aspects during the activities
In the process of the environmental monitoring, following will be subject to the systemic monitoring:
· Distribution of atmospheric emission
· Noise distribution;
· Quality of water;
· Soil;
· Waste transportation
· Working conditions and compliance with social norms, safety norms, etc. 
[bookmark: _Toc39070029]6.1 Preliminary outline of environmental impact mitigation measures

Avoidance of anticipated impacts and risk reduction during project implementation can be achieved through best practice in design and operation. Mitigation is mainly considered in the post-reconstruction phase of operation.
A preliminary outline of environmental risk mitigation measures during the implementation of the activities is summarized below. The executor of the activities is responsible for the implementation of environmental measures. 

A detailed program of mitigation of potential environmental and social impacts during the implementation of the planned activities will be developed at a later stage of the assessment (EIA report) when the technical details of the project are known.
Table 6.1. mitigation measures  

	Receptor /
Impact 
	Description of Impact
	Mitigation Measures
	Period of implementation

	Spreading inorganic pollutants and dust in the air

Importance:
„Average”
	· Dust produced in the process of soil works;
· Dust produced by the cars;
· Dust produced in the process of transporting, loading and reloading the inert materials and building materials; 
	· Ensuring technical excellence of transportation facilities and other technics related to the building process; 
· Watering non-paved roads or stripped-down areas once every four hours in dry and windy weekdays;
· Adherence to the rules for the storage of bulk construction materials in order to prevent them from being used in windy weather;
· When transporting loose material in trucks, where there is a probability of the blowers covering them with tarpaulin;
· Take precautions to prevent excessive dust emission during loading and unloading of materials (eg prohibiting loading of material from high altitude during unloading);
· Protection of the optimum speed of traffic movement;
· Instruct personnel (especially drivers of vehicles and equipment) before starting work;
· Record / record complaints and respond appropriately when complaints are received.
	During the whole construction period

	Distribution of combustion products in ambient air
Importance:
 „Low “
	· Exhaust of cars and construction equipment;
	Maintenance of machinery;
Selecting the optimal route and speed when moving cars;
turning off engine or running at minimum torque when not in use;
staff instruction;
Record / record complaints and respond appropriately.
	During the whole construction period  

	Noise propagation in the work zone

Importance:
 „average “
	Noise caused by vehicles;
Noise caused by construction / installation work.
	Maintenance of machinery;
Frequent shifts of high-level noise performers;
Monitoring noise levels;
Provide staff with protective equipment as needed;
Instruct personnel before work begins.
	During the whole construction period  

	Soil / Ground Pollution
Importance:
„Low “
	Soil contamination with waste;
Pollution in the event of spillage of fuel, oils or other substances.
	Maintenance of machinery;
Safe storage / storage of potentially polluting materials (oils, lubricants, etc.);
Waste separation Reuse as possible Disposal of waste into containers and disposal;
removal of all potential contaminants after work is completed;
Laboratory soil quality control when needed;
Soil and soil contaminated with petroleum products should be removed from the area for further remediation by a contractor with appropriate permits for this activity;
Staff instruction.
	Systematically

	
Pollution of water environment

Importance:
„Low “


	Pollution due to improper waste management.
Pollution from vehicles and equipment due to oil leakage;
Pollution Improper drainage of sewage from the landfill
	Ensure that machinery is in good working order to avoid the risk of fuel / oil spillage;
Proper materials and waste management;
Waste generated during operation will be collected and disposed of at a specially designated site;
Localization of spilled material in case of fuel / oil spill and prompt cleaning of contaminated site to prevent contamination of water.
Staff instruction.
	Systematically

	
Visual-landscape
Change
Importance:
„Low “
	· Visual-landscape changes with building materials and waste storage and more.
	Place temporary structures, materials and waste in a way that is less visible to visual receptors;
Landscaping and landscape restoration work will be completed after the work is completed.
	Systematically

	
Impact on fauna

Importance:
„Low “
	No direct impact on the fauna is expected
	Minimal use of directional light to reduce light emission;
Proper waste management;
Prohibit the entry of dangerous substances and other poisonous substances into water and soil;
Instruct personnel before work begins.
	Systematically

	
Waste management

Importance:
„Average “
	Construction waste (including hazardous waste)
Household waste.
	Waste (especially construction waste) to be reused as much as possible (for example: when installing vacuum cleaners);
Provide protection against exposure to external factors of waste disposal pits;
Hazardous waste must be properly packed and labeled;
Hazardous waste is managed / received through a contractor with relevant permits for this activity;
Strict control over the waste management process. Production of a special journal for recording the amount, type and subsequent management of waste generation;
Appropriately trained personnel for waste management;
Train and train staff on waste management issues.
	Systematically



7. [bookmark: _Toc39070030]Information about future surveys and necessary methods for ESIA report preparation

During the preparation of the ESIA report detailed study of the project area will be conducted that will include auditing and literature reviews, as well as laboratory analysis and data processing. Information in the ESIA report will be in accordance with the requirements set out in Article 10 of the Georgian Law of “Environmental Assessment Code”. 
Some of the issues that will be paid more attention due to the specifics of the work and the environmental conditions are discussed below. 
Atmospheric air emissions and noise:
During the later stages of the ESIA report preparation the locations and characteristics of main sources of emissions and noise will be identified during the construction and exploitation of the new non-hazardous waste landfill in Tetritskharo municipality by the Solid Waste Management Company of Georgia, Ltd. Reporting points will be identified and noise levels and concentration of atmospheric air pollutants will be modelled using appropriate software. Based on the results of computer modeling, mitigation measures and monitoring plan will be prepared to be implemented during the project activities. In case the emission sources, such as reservoirs and others are used, relevant documentation regarding air protection will be prepared and submitted to the Ministry for approval. 
Water:
On the next stages of the ESIA, during the assessment of impact on the water resources, special focus will be made on the topic of stormwater and household water management. 
During the detailed assessment process, the sources of impact on the water quality will be defined, based on which the specific mitigation measures and environmental monitoring system will be developed. 
Ground and soil quality: 
On the next stages of the ESIA the areas with high risk of ground/soil pollution will be determined and the preventative/mitigation measures will be identified. 

Social issues: 
While discussing the impact on the social environment on the next stage of the ESIA preparation the following aspects will be highlighted: employment opportunities for the communities, impact on human health and safety, traffic streams, etc. 
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Annex 1. Final Plan Layout, Bottom Surface (Phase 1)
[image: ]




















Annex 2. Final Plan Layout, Bottom Surface (Phase 2)
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Annex 3. Non-hazardous waste disposal level Phase 1 and bottom surface phase 2
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Annex 4. The final level of waste disposal at a non-hazardous waste disposal facility
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Annex 5. Characteristics of transverse sections
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Annex 6. Typical Cross Section of Landfill Layers and Leachate Collection System
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Annex 8. Cross Section in Surface Water and Leachate Ponds
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[bookmark: _Toc22307237]Annex 11. Geological Map of Georgia, (Sh. Adamia and G. Gujabidze, 2004)
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Annex 16. Tectonic salivation of the Caucasus, (Gamkrelidze & Shengelia 2005)
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Civil Aviation Agency
To director of Solid Waste Management Company of Georgia
Giorgi Shukhoshvili
Mr Giorgi,

In response to your letter NO4 / 109 dated 14 March 2019 concerning the issue of arrangement
of non-hazardous waste landfill built in accordance with EU standards on the land near Tetritskaro
municipality, Tsintskaro village (cadastral code: 84,10,38,046, 84,10,017), That the agency has no
objections, as the land concerned goes beyond civil aviation, Located 13 kilometers from the airport in
accordance with current standards and recommended practices.

Above mentioned plot is located near the Marneuli Municipality Aerodrome subordinate to the
Ministry of Defense, we consider it appropriate to agree with the Ministry of Defense of Georgia.

Respectfully,

Director Levan Karanadze
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