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DISCLAIMER

An Environmental and Social Impact Assessment (ESIA) is necessarily predictive in that it gets completed
well before the project being assessed is actually implemented. The information on which the assessment
is based comes from multiple sources including the feasibility report, the detailed design document, reports
on studies that were conducted as part of the feasibility investigations, records of meetings, other
publications, various databases, data that is collected by the team conducting the ESIA, anecdotal
information and others. It is extremely difficult to verify the information that is used other than through testing
the logic of that information as well as that can be done. In preparing this document, care has been taken
to ensure that whatever information has been available has been accurately reproduced in the ESIA. Should
information be found in this document that is incorrect then it is respectively requested that the incorrect
information be brought to our attention so that the ESIA can be updated accordingly. We cannot be held
accountable for information that we have accepted and reproduced in good faith regardless of the
consequences of such information being incorrect. Anyone reproducing information contained in this ESIA
does so entirely at their own risk.
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PREAMBLE

This document is the Physical Environment report for the proposed greenfield Armenian
Sisian-Kajaran section of the North-South Road Corridor (the Project). It forms Volume 3 of
the Environmental and Social Impact Assessment Report (ESIA) for the Project.

The ESIA Report consists of several volumes with related annexes, as follows:

T

T

=

Volume 1 i Project Definition including Project introduction, context and rationale,
project description, alternatives, legal framework, and ESIA methodology;

Volume 2 i Biodiversity including baseline analysis, impact / risk assessment
(including Critical Habitat Assessment and Appropriate Assessment) and mitigation;

Volume 3 1 Physical Environment including baseline analysis, impact/risk
assessment and mitigation measures in relation to air quality and climate, noise
and vibration, landscape, etc. (this Report);

Volume 4 i Social Environment including socio-economic, gender and cultural
heritage baseline analysis, impact / risk assessment and mitigation, as well as
stakeholder engagement;

Volume 51 Cumulative Impact Assessment;
Volume 6 7 Environmental and Social Management Plan (ESMP);
Volume 7 i Conclusions and Recommendations.

The ESIA is subject to public disclosure for a minimum period of 120 days according to
international lender requirements. In addition to the ESIA report, the ESIA disclosure package
includes:

1

T

Non-technical Summary (NTS) which is a concise and over-arching document
summarising the results of the ESIA in non-technical language;

Stakeholder Engagement Plan (SEP) that guides information disclosure and
meaningful engagement with Project stakeholders, as well as a grievance mechanism;

Resettlement Framework that guides issues related to Project-induced physical and
economic displacement, land acquisition, compensations and livelihood restoration;

Biodiversity Action Plan (BAP) that articulates actions that can help ensure the
conservation or enhancement of potentially affected habitats and species considered
of particular conservation value; and

Environmental and Social Action Plan (ESAP) that contains actions required to
implement the Project in compliance with international lender requirements.
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1 INTRODUCTION

This report (Volume 3) presents the Physical Environment baseline in relation to the Project
area of Influence and assesses the impacts of the Project on the Physical Environment. It
comprises:

T

=4 =4 4 -4 -4 -4 -5 -5 - -

1

Climate,

Climate change,

Ambient air quality,
Topography,

Geology, geological hazards and processes, and seismicity,
Soil,

Noise and vibration,
Radioactivity,

Surface water,

Groundwater resources,
Waste and spoil, and
Landscape and visual amenity.

Where adverse impacts have been predicted, mitigation measures are presented.
Enhancement measures are proposed where relevant to allow for a greater coverage of
positive impacts. These mitigation measures are taken forward into the Environmental and
Social Management Plan (ESMP) for the Project (Volume 6).

The photos and the maps in this Volume are taken or created by the Consultant unless
indicated otherwise.

The maps in this Volume are drawn by the Consultant unless indicated otherwise.
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2 PHYSICAL ENVIRONMENT: BASELINE

2.1 Climate

The Project is situated in Syunik Region within the administrative boundaries of Sisian and
Kajaran Communities. The climate of Syunik Region is influenced by eastern air masses from
the Caspian Sea and the dry Iranian plateau and is accordingly defined as continental. Humid
air masses are highly transformed and dried as they pass over the Zangezur Mountain Range.
However, the extreme diversity of the relief creates climate diversity too. In general,
temperature decreases with height and rainfall increases with height. The climatic map of
Syunik Region including the Project area is presented in Figure 1.

Mean annual temperatures in the Sisian and Kajaran regions are 8.5°C and 6.9°C, with mean
annual rainfall of 532 mm and 686 mm, respectively®. The annual distribution of precipitation
is highly variable. Most precipitation occurs in the period of March-June with the Sisian region,
experiencing mostly clear weather with a high radiation balance - 60-62 kcal/cm?. The longest
multi-year annual average sunshine period observed in Sisian was 2,660 hours.

MNuyiwhwhywabtn / Legend

UbipdwplLwnwnawht wnuwp wuwnbipny, hudbdwinwpwn dend autnbtpny
Subtropical, warm summers and relatively calm winters

Pupbiuwnt’ nwp wdwelinny, hwuGdwwnwpwn unbwy tGnd autrlibpny
Moderate, with wamm summers, relatively humid calm winters

Qnn Ubpdwplwnwpdwhl' 2ng wdwrlibpny, ubnd autnupny

Arid subtropical, with hot summers and calm winters

Pupbhuwnt’ hwdbdwnwpwp funtiwy nwpyw painp Bnwbwyutphl
Moderate, relatively humid during all seasons

PunGhuwnl’ snp niwp wdwnbipnyg W gnupun adtnlinny

Moderate, relatively dry warm summers and cold winters
PwnBhuwnl’ untwinle gny wiweltpny W gnipn dutnbbpny
Moderate, with short cool summers and cold winters

Pupdn [Grliughl gnun ihdw

High mountainous tundra climate

Road alignment

Source: adjusted from the Water Resources Atlas of Armenia, Yerevan, 2008
Figure 1. Climatic Map of Syunik Region

Snow cover starts at altitudes of 1,200 MASL. The depth of snow cover is 15-20 cm at altitudes
of 1,300-1,500 m and 120-180 cm at 3,000 m and higher. The snow remains for 1-1.5 months
(January-February) a year at altitudes of up to 1,500 m, and 6.5-7 months (predominantly
November-May) a year at altitudes of 3,000 m and higher.

The average annual relative humidity is 60% for Sisian and 70% for Kajaran, with less than
30% at low altitudes (up to 1,000 m) and 60- 80% at higher altitudes - 2,600 m?.

1 Source: North-South Road Corridor Investment Program, Tranche 4: Section Sisian-Kajaran, Detail Design, Final
Environmental Impact Assessment Report and Environmental Management Plan, November 2019.
2RA Construction Norms 11-7.01-2011 "Construction Climatology" (HHShN).
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2.2 Climate Change in Armenia®

2.2.1 Observed Climate Change

Global warming effects are already evident in Armenia. Mean annual air temperature
increased by 1.23AC between 1929 and 2016 (Ar
Climate Change (RA, 2020)). The temperature increase has been more pronounced in more

recent times where nearly a third of the recorded increase (+0.38°C) occurring in the last
decade alone (Republic of Armenia, 2020). Ar mg
in this century (Figure 2). Between 1990 and 2019, mean annual temperature increases

compared to the baseline period (1961-1991) averaged 0.9°C, BUR3 (2021). An increase of

1.5°C from annual average temperature for the period of 1961-1990 was recorded in 2019.

Temperature change in Armenia
Relative to average of 1971-2000 [°C]

d | L Ul 1]

1"' [ 1'r'|'|||'[| n [l

Source: https://showyourstripes.info/c/asia/armenia

Figure 2. Observed temperature change in Armenia (1901-2021) relative to the average
of 1971-2000

Precipitation records show a steady decline for the same period in contrast to the temperature
increases, with a 10% decline in precipitation for the period of 1935-2012 (Figure 3)* The
current average annual precipitation of 526 mm per year is 5,1% less than the average annual
precipitation between 1961-1990, when it was 592 mm per year. The spatial distribution of
precipitation has now also changed from region to region: Since 1935, the northern, southern
and central regions of Armenia have become drier, whereas increases in precipitation in the
Shirak plain, in the Lake Sevan basin, and in Aparan-Hrazdan regions are evident (RA, 2020).

3 Much of the information presented in this section has been sourced from Bernard Gruppe, 2022, Report No. 2

Task 4 Climate Adaptation Review, P012400-PH1-GEN-203-RE.

4 Republic of Armenia. 2020. Ar meni adés 4t h National Communication on Climate
https://unfccc.int/sites/default/files/resource/NC4 Armenia_.pdf
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Figure 3. Observed precipitation change in Armenia (1935-2016)

Temperature and precipitation in the past decades for Syunik Region is shown in Figure 4.
There is no doubt that temperature has increased progressively over the last 120 years (a),
but precipitation patterns during the last 70 years are far less clear (b). Information on the
largest 1-day precipitation annual trend indicates dominant natural variability and ambiguous
trends over the past decades.
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Figure 4. Observed (a) annual mean air temperature and (b) annual precipitation for
Syunik Region

Monthly temperature and precipitation for six meteorological stations that represent the
southern part of Armenia and especially the area of the Sisian-Kajaran road section well in
geographical distribution and altitude, are listed in below pictures.

Mean annual air temperature at the same meteorological stations (Table 1) from 1961 to 2021
is also shown. Not unexpectedly, mean temperature is related to altitude with higher elevation
stations having lesser annual mean temperatures. Nonetheless, mean temperature for all
meteorological stations indicates clearly increasing temperatures over the last 60 years.
Annual precipitation at the six meteorological stations for the period of 1961 to 2021, also
exhibits an association between annual precipitation and station altitude. Low-altitude stations
experience less precipitation while higher-altitude stations experience more precipitation.
There is pronounced natural variability and no clear trends at any of the stations.
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Table 1. Meteorological stations located in the southern part of Armenia

Vorotan Pass 2387 | 39A4106 45A42647
Goris 1403| 39A31 46A20061¢
Sisian 1580 | 39A31¢ 46A10647
Kajaran 1843 | 39A96 46A9633
Kapan 705| 39A124¢ 46A27064/
Meghri 627 | 39A534¢ 46A14633
Vorotan Pass Goris
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Figure 5. Observed annual mean temperature at selected meteorological stations
located in the southern part of Armenia (details regarding location and altitude of

stations can be found in Table 1).
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Figure 6. Observed annual mean precipitation at selected meteorological stations
located in the southern part of Armenia (details regarding location and altitude of
stations can be found in Table 1).

2.2.2 Projected Climate Change

Projected climate change is based on various assumed scenarios that combine so-called
shared socio-economic pathways (SSPs) and representative concentration pathways (RCPs).
The SSPs characterise how socio-economic circumstances may unfold into the future and the
likely associated greenhouse gas emissions while the RCPs indicate the resultant likely
greenhouse gas concentrations (bearing in mind that it is the greenhouse gas concentrations
that are the direct cause of global warming). In combination the two provide future possible
climate change scenarios as follows:

1 SSP1: Sustainability (taking the green road)

T

0 SSP1-1.9: Very low GHG emissions (net zero CO» emissions around 2050)

0 SSP1-2.6: Low GHG emissions (net zero CO> emissions around 2075)

SSP2: Middle of the road

0 SSP2-4.5: Intermediate GHG emissions (CO- emissions around current levels
until 2050 and then falling, but not reaching, net zero by 2100)
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1 SSP3: Regional rivalry (a rocky road)

0 SSP3-7.0: High GHG emissions (CO: emissions doubling by 2100)
1 SSP4: Inequality (a road divided)
1 SSP5: Fossil-fuelled development (taking the highway)

0 SSP5-8.5: Very high GHG emissions (CO. emissions triple by 2075)

Despite advances in the accuracy of climate models, they are always simplifications of very
complex processes that have significant day to day variability either human induced or
naturally driven. As such the focus is the likely exacerbation of natural hazards and within the
context of the project, climate extremes, notably heavy or extreme precipitation. Predicting
site-specific changes in heavy precipitation patterns due to climate change would require high-
guality and high-resolution measurements.

Such measurements are not available in the area for site-specific climate forecasting and so
the results presented here rely on results of the GCM-RCM multi-model ensemble. The
surface temperature in Armenia, including in Syunik Region, is predicted to increase at least
until mid-century and will further increase for most of the climate scenarios (except SSP1-1.9)
(Figure 7). The high-emission pathways SSP5-8.5, result in unabated temperature increases
of almost 6°C by the end of the century (Figure 7 and 9). By mid-century (2040-2059), (the
planned project lifetime), the projected maximum of daily max temperature is expected to be
33.5°C(31.9°Ct035.9°C)and 35 °C (33.8 °C t0 36.6 °C) for SSP1-1.9 ensemble and SSP3-
7.0 ensemble, respectively (World Bank Group 2021).

Republic of Armenia Syunik Marze
28

Projected maximum temperture
development (°C)

Projected maximumum of
daily max-temperture (°C)

= Hist. Ref. Per., 1995-2014 — SSP1-1.9
— SSP1-2.6 SSP2-4.5
— SSP3-7.0 — SSP5-8.5

Source: World Bank Group 2021.

Figure 7. Projected temperature development for Armenia (left panel) and Syunik
Region (right panel) for different socio-economic pathways. Top panel: projected
maximum temperature development; bottom panel: projected maximum of daily max-
temperature

The projected annual, mean maximum 1-day, mean maximum 5-day cumulative rainfall, and
days with more than 20 mm are shown in Figure 8. These projections are especially important
for this project as heavy precipitation would increase the magnitude and frequency of
gravitational hazards, such as mudflow, rockfall and landslides. Projected annual precipitation
exhibits no significant trend, in either Syunik Region (Figure 8, top panel) nor the rest of the
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country. Variability within the ensembles is, however, large. The projected average largest 1-
day and 5-day precipitation (Figure 8, middle panels) increase over time for all climate
pathways as do forecast days with more than 20 mm precipitation (also country-wide and for
Syunik Region). Extreme rainfall days (defined as annual total precipitation when daily
precipitation exceeds the 99th percentile of wet day) are forecast to increase from 22 to 32%
by 2050 (USAID 2017). Heavy precipitation is likely to be more frequent and intense under
future climatic conditions in Armenia and Syunik Region specifically.
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Figure 8. Projected precipitation development for Armenia (left panel) and Syunik
Marze (right panel) for different socio-economic pathways. Top panel: projected
annual precipitation; 2nd panel from top: projected average maximum 1-day
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precipitation; 3rd panel from top: projected average maximum 5-day precipitation;
bottom panel: projected days with precipitation >20 mm

Forecast future temperature and precipitation at the southern portal of the Bargushat tunnel
are illustrated in Figures 9 and 10. Maximum near surface temperatures for all RCPs increase
over time, with RCP8.5 exhibiting a some 5 °C increase by the end of the century. Precipitation
changes over the next decades are highly variable (Figure 10). A key finding of the 6th IPCC
report confirms the modelling data shown in Figure 10. Forecast changes in extreme
precipitation intensity and frequency indicate a 1-day precipitation event that occurred once in
10 years on average would now occur once in a 3-year event) in a world 4°C-warmer than
pre-industrial averages (+30.2 % at 4°C of warming) (IPCC, 2021).
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Source: KNMI Climate Change Atlas

Figure 9. Projected maximum near surface temperature changes in the project region
(Lat. 39 A176350606 (N), Lon. 46A60646@viP5>(scehayiosifleitsed or
part of figure). The boxplots show average temperature over full CMIP5 ensembles for

the period 2081-2100 (right part of the figure)
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Figure 10. Projected precipitation in the project
46A606460606 (E)) based on an ensemble of CMIP5
boxplots show average precipitation over full CMIP5 ensembles for the period 2081-
2100 (right part of the figure)

5 Coupled Model Intercomparison Project 5 is a collaborative framework designed to improve knowledge of climate
change.
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2.2.3 Climate Change Impacts

The projected increase in mean annual temperature of between 1.6°C and 2.2°C by 2050,
would see significant changes to several hydrometeorological phenomena. In addition to the
increase in intense daily rainfall events, increased storminess or more prolonged droughts
could also be expected for Armenia (Figure 11). A changed climate will see quite different
day to day weather patterns with negative effects such as reduced crop yields, damage to
crops and livestock and increased soil erosion through extreme weather events. Reduced
water supply (including reduced hydropower potential) and reduced water quality will provide
additional challenges for water resources management in Armenia. Increases in extreme
weather events causing flood and mudslide damage to roads, power lines, human settlements
and other infrastructure can also be expected (e. g. USAID 2017; WB and ADB 2021).

Future global warming levels
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Source: IPCC 2021, p. 18

Figure 11. Projected changes in the intensity and frequency of extreme precipitation
over land for global warming level 1°C, 1.5°C, 2°C, and 4°C compared to the baseline
1850-1900°

Armeniabés fourth national communication on cl i
changes to frost, precipitation, hail, wind, drought, avalanches, and forest fires. Precipitation

will be a key climate impact with significant risk, for Syunik Region. Avalanches and forest

fires are similarly risky for road infrastructure in mountainous territory (Figure 12).

5 Note to the figure: An extreme precipitation event is defined as the daily precipitation amount over land that was

exceeded on average once in 10 years duri ng strepresertedlsyal i ne per
dot, whereas dark dots indicate years in which the extreme threshold is exceeded, while light dots are not. Bold values

represent the medians and the values in parenthesis represent 5-95% range of the multi-model ensemble from

simulatons of CMI P6. The bars and the ranges displayedd%n the oI
range of the multi-model ensemble from simulations of CMIP6
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Figure1l2. Vul nerability of Armeniad6s southern
hydrometeorological phenomena

2.2.4 Climate Change-related Natural Hazards

In general, Armenia is characterized by a high frequency and magnitude of hazardous
hydrometeorological phenomena that can result in natural disasters with potentially significant
damage to both people and the economy. Such extreme weather events in Armenia have
increased by 23.5% in the period 1975-2016 compared to the period 1961-1990 (RA, 2020)
(Figure 13). These extreme weather events cause mudflows, floods, landslides and other
natural hazards with negative impacts on the different economic sectors of Armenia. Such
risks are further exacerbated in mountain areas. Some 4.1% of the country has landslide risk,
with direct risks to communities and infrastructure. Between 1998 and 2010, weather-related
natural hazards caused losses of some $2.8 billion, averaging $450 million per year (USAID
2017). Climate change is heightening Armeniabs v
severe weather, worsening desertification and land degradation. The most vulnerable
economic sectors are agriculture, human health, water resources, forestry, transport and
energy infrastructure (NC4, 2020).

280

260

240

220 A

200 Z
180 /\

120
100
© O N O A S S P DS D S P N > A
OO A QO N R G R S G

Source: RA, 2020

Figure 13. Cumulative number of cases of hazardous hydrometeorological
phenomena, such as frostbite, hail, strong wind and heavy precipitation, observed
during the period of 1975-2016 in Armenia
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2.3 Ambient Air Quality

Ambient air quality in the Project area is considered to be relatively good, as it is located

largely away from major industrial enterprises, such as the Zangezur Copper-Molybdenum

Combine (a mine in Kajaran Town, see Figure 22). Darbas area of Sisian Community hosts

small polluters including ATatni 0 mineral wat e
and Shamb hydropower plant. Five small hydropower plants (SHPPs) are located within

Lernadzor administrative area of the Kajaran community, far from the Project site. Vehicle
emissionsaresmalli n t he roaddés southern part pofatiomr an)
and low traffic volumes. Vehicle emissions are considered to be larger in the northern section,

due to a bigger population, traffic volumes and economic activities.

Ambient concentrations of sulphur dioxide (SO) and nitrogen dioxide (NO3) in Kajaran are
monitored by the Hydrometeorology and Monitoring Centre State Non-Commercial
Organization (SNCO)’. Concentrations measured during 2021-2022 in Kajaran were below
the 0.05 mg/m*® and 0.04 mg/m? average daily Admissible Concentration Limits (ACLS)
respectively, set by the RA Government Decree No. 160-N8. The results of SO, and NO;
monthly monitoring performed by the Hydrometeorology and Monitoring Centre in 2021-2022
are presented in their annual bulletins®. The diagrams extracted from the 2022 annual bulletin
showing the SO, and NO; actual concentrations compared with the ACLs are presented

below:
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For the current ESIA, ambient SO,, NO,, CO, PM2s and PM1o concentrations were measured
at 22 receptors ident i fiScapingdsee thenrgap in MenexPl).oj ect
Potential receptors were selected from socially important facilities such as residential houses,
schools, shops, churches, museums or other buildings used locally in each village along the
road that could be affected by air emissions and might be sensitive to air quality impacts. Each
location is described in Annex 1. Several measurement points were selected along/near the

“Annual information bulletin on environmental conditions in the Republic of Armenia. Note that no air quality monitoring is
carried out by the state Hydrometeorology and Monitoring Centre in other settlements of the Project area.
8RA Government Decree No. 160-N, 02.02.2006 (https://www.arlis.am/documentview.aspx?docid=86441)
Shttp://armmonitoring.am/page/69.
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existing roads that could be affected negatively by construction and/or operations of the
proposed roadway.

Ambient CO, PM;s and PM;o concentrations were measured using continuous samplers from
3-9 June 2022. To determine the average ambient CO, PM.s and PMio concentrations, three
measurements were conducted at each sensitive point at different times of the day and an
average daily concentration calculated. Ambient SO, and NO. concentrations were
determined using passive samplers (that absorb ambient SO, and NO; over the period for
which they are exposed), which were installed at selected locations for 10-12 days in June
2022. The passive samplers were analysed in the state laboratory of the Hydrometeorology
and Monitoring Centre, SNCO. The measurement results were compared with the ACLs for
SOz, NO2, CO, PM:5 and PMyo that are set out in the RA Government Decree No.160-N and
the WHO Air Quality Guidelines (AQG) (Figure 14 to Figure 17) (please see Box 2 for an
explanation on the validity of these campaign measurements).

Table 2. Locations of the air quality sampling points

Sisian-Shenatagh section

Si1 Intersection of the M2 road with the starting point of the proposed Project Road, Ojax restaurant
S2 Aghitu village

S4 Vaghatin village

S7 In front of Shamb HPP

S10 | Darbas village

S1

2 | Lorvillage

S1

4 | Shenatagh village

ER1* | Aghitu village, near the school

ER2 | Noravan village, near the school

ER3 | Darbas village, near St. Stephan Church

ER4 | Getatagh village, near Holy Mother Church

ER5 | Lor village, near St. Gevorg church and residential houses

ER6 | Shenatagh village, near the Memorial to R. Vasiryan

sl

Unpopulated area located at the distance of approx. 1.5km to the north from the crossing point
of the existing road with the road to Nor Astghaberd

Qirs-Kajaran section

s 3 Geghi settlement

s 5 Geghi (Verin Geghavank) settlement

s 8 Geghi (Geghavank) settlement. After the dam of Geghi Reservoir

s 9 Kavchut settlement

s 1 0| Lernadzor settlement

s 1 1| Lernadzor settlement area. Near Electrical substation / Pump station

ER7 | Kavchut settlement, near the 3-storey multi-residential buildings

ERS8

Near the commercial facility located at the crossing point of M-2 road and the existing road to
Qirs settlement

*ER - sensitive points located along/near the Existing Roads that could be affected negatively by
construction and/or operations of the proposed roadway.
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Figure 14. Ambient daily average NO, concentrations as measured during the ESIA
campaign, for various points along the road routing compared to the Armenian ACL,
and WHO Air Quality Guidelines (2021). Note that there is no hourly limit for NO2 in
the 2005 guidelines. The sampling points are summarised in Table 2
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Figure 15. Ambient daily average PM.s concentrations as measured during the ESIA
campaign, for various points along the road routing compared to the Armenian ACL
and WHO Air Quality Guidelines (2005 and 2021). The sampling points are
summarised in Table 2
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Figure 16. Ambient daily average PMio concentrations as measured during the ESIA
campaign, for various points along the road routing compared to the Armenian ACL
and EU 2008/50/EC standards and WHO Air Quality Guidelines (2005 and 2021). The
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sampling points are summarised in Table 2
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Figure 17. Ambient daily average SO, concentrations as measured during the ESIA
campaign, for various points along the road routing compared to the Armenian ACL
and EU 2008/50/EC standards and WHO Air Quality Guidelines (2005 and 2021). The

sampling points are summarised in Table 2
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2.4

The measured ambient SOz, NOz, CO, PM2s and PMio concentrations at all measurement
points are within the ACLs set by the national regulations and in most instances comfortably
so. The measured concentrations are also seen to comply with the 2005 WHO guidelines but
not with the slightly more stringent 2021 guidelines (see these in Section 3.1). Measured
ambient SO;, concentrations exceed the WHO guidelines in two locations, namely, in
Vaghatin village and at K1 (an unpopulated area located approximately 1.5km north of the
crossing point of the existing road with the road to Nor Astghaberd). Measured concentrations
of CO in Kavchut are more than three times the WHO AQG.

The results suggest that the prevailing air quality is generally good with some localised
pollution sources such as domestic (household) fuel use, resulting in elevated SO
concentrations at some points along the roadway (although most of the measured
concentrations are no more than half the 2021 AQG). The air quality data presented here
must be used with caution, however, as it is a very limited sample representing a particular
time and place and not necessarily representative of the air quality that may prevail for the
entireyear.Thel ogi stics and costs of obtaining a
monitoring data, precludes obtaining such data. The monitoring data must be seen as no more
than indicative for the purposes of the assessment.

Topography

The Sisian-Kajaran road section is entirely located within Syunik Region. The terrain along
the proposed road is highly complex with diverse topography (Figure 18). The topography
combines fold, coulisse-shaped and linearly stretched mountain ranges, volcanic massifs,
upland plateaus, intermountain concavities, and river valleys. Mountain slopes are intensively
weathered (eroded) with steep slopes (35° and more) and fragmented by the Vorotan, Voghii
and Geghi River Valleys. The Bargushat ridge (which will be traversed by the road section) is
located on the hillside of the Zangezur Mountain Range and extends for 42 km amid the
Vorotan and Voghji River Basins. Peaks reach over 3,000 m, particularly Aramazd i 3,392 m,
Geghaqgar i 3,343 m, and Tarkatar i 3,277 m. The mountain Range descends in the south-
east (near Kapan).

Greater Ishkhanasar, located 9 km northeast of the village of Noravan, is the highest point of
the Project region (3,549 m). The Noravan River, the Metsdzor and Vaghatin tributaries of the
Vorotan River and the Shamb River flow from the slopes of this mountain. The mountain is of
volcanic origin and its steep slopes are dissected by deep gorges and crevasses. The relief
of the Project region is shown in Figure 18 and briefly described below:

a) slopes and plateaus (1,500-2,800 m) "armoured" with lava sheets; folded structures
slightly dissected in the base and rugged with disturbances (section of the southern foot
of Mount Ishkhanasar),

b) lava-covered marginal plateaus (1,100-2,200 m) on slightly sloped, folded structures
(from highway M2-Meghri to Vorotan river gorge),

¢) wide valleys with gully and terraces (wide valley of the Vorotan river, a section adjacent
to Shamb reservoir),

d) V-shaped narrow valleys (valley and tributaries of the Shenatagh and Geghi rivers),

e) transverse and oblique mountain ranges and plateaus that are sedimentary-
volcanogenic, with carbonate intensive folded base (the northern mountain slope of the
Bargushat ridge beginning from Aramazd mountain summit),

f) structural erosive relief, high mountains (over 2,800 m), represented by forms of snow-
glacial relief, severely dissected, sharp and rocky crests, sloping sides up to 350m (the
southern mountain slope of the Bargushat ridge beginning from Aramazd mountain
summit),

g) with steep slopes (up to 250-350m), slightly wavy watershed, northern, eastern and
southern mountain slopes of the eastern mountain arm of the Zangezur ridge (to the north
of Kajaran).
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Figure 18. The topography of the proposed roadway

2.5 Geology, Geological Hazards and Processes, and Seismicity

The starting (northern) section of the planned road is characterized by volcanic rocks of the
Greater Ishkhanasar volcanic massif: Upper Pliocene - Eo-pleistocene period represented by
basalt, andesite, dacite, rhyolite, obsidian, perlite, tuff-breccia, travertine (3.3-0.85 the

absolute age in millionyears)!>. v her e

ar e numer ous

v @&neatianed

rocks are mainly covered with quaternary loose deposits: deluvial, proluvial, alluvial, eluvial
colluvial. The bed and washout of the Vorotan River, as well as the terraces are lacustrine,

10 For the geological map of Armenia (2015) refer to Republican Geological Fund of Armenia at

https://www.geo-fund.am/filemanager/maps-02.pdf.
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fluvial proluvial and slope deposits of Upper pliocene - pleistocene age (3.3-0.01 the absolute
age in million years).

Within the section between the Vorotan River valley and the Bargushat mountain slope, the
volcanic - sedimentary rocks, such as andesites, tuff-breccias, tuff sandstones, marl stones,
limestones, clays, argillaceous sandstones, aleurolites and olivine basalts occur. The
Bargushat ridge has comparably large and small granitoid bodies, which become exposed
between the Voghji and Vorotan Rivers, in the central and western boundaries of the mountain
range.

The road section passes through the Shenatagh (northern slope of the mountain range) and
Karut (southern slope of the mountain range) intrusions or their middle part (tunnel section).
The Shenatagh intrusion occupies a larger area (100-120 km?) than the Qirs - Karut intrusion
(about 50km?).

These two intrusions contain similar rocks: gabbro, pyroxenite, gabbrodiorite, monzonite,
granodiorite and pink syenites. Two other intrusions (50-60 km?), Kazangel and Geghi, are
prominent on the southern slope of the Bargushat ridge. They contain porphyrites and
limestones of Lower Jurassic age located in the contacting part of powerful normal granite
and granodiorite massif. The Kazangel intrusion also contains Lower Jurassic porphyrites and
pink porphyrite granodiorites. The valley of the Geghi River contains basalts, andesites, tuff
sandstones, tuff-aleurolites, limestones and alluvial (fluvial) deposits of Upper Jurassic -
Lower Cretaceous age. The right-bank slope of the Geghi river and the left-bank slope of the
Voghiji river up to the entrance to Kajaran contains Lower Cretaceous limestones, aleurolites,
metamorphic laminated limestones, tuff sandstones, basalts, andesite basalts (135-96 million
years), as well as limestones, sandstones, quartz sandstones, clay shales of Devonian -
Lower Carbon age (385-315 million years). Near the entrance to Kajaran, gabbroes,
granodiorites, quartz diorites, monzonites, nephelinic syenites, leucogranites of Upper
Eocene age (42-38 million years) also appear.

Asperthe RA Construction Nor ms ( HidsstaN ronsgugtioahd A Ear t
desi gn YpAomenisisidivided into 1st, 2nd and 3rd seismic zones, with the last the most
seismically hazardous. The magnitudes of expected ground horizontal accelerations per

seismic zones are:

Seismic zones 1st 2nd 3rd

Ground horizontal accelerations magnitudes a, cm/sec? 300 400 500

The road alignment will run through only the 1st (Sisian-Shenatagh section and Bargushat
tunnel) and 2nd (Qirs-Kajaran section) seismic zones (Figure 19). Thus, the Project is not
within the most seismic zones of Armenia.

Uhttps://www.arlis.am/documentview.aspx?docid=148897
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Source: RA Construction Norms (HHShN) 20.04
Figure 19. Extract from the map of zoning of probable seismic risks in the RA territory
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The seismic zones of settlements located along the proposed road alignment are given in
Table 3. The design refers to national standards that guide earthquake resistant construction
and design, and specific measures required for developments in each seismic zone were used

in the Pr

oject design. Accordi

ng

t o

t he

detailed design, additional improvements are recommended to increase the stability of two

retaining walls*?.

Table 3. Seismic zones of settlement located along the proposed road alignment
(Extract from Annex 2 of RA Construction Norms (HHShN) 20.04)

Settlement

Seismic zone Settlement

Seismic zone

Sisian Community

Kajaran Community

Lor village

Kajaran town

Getatagh village

Shenatagh village

Sisian town 1 Kitsk (Qirs) village 1
Noravan village 1 Geghi village 2
Aghitu village 1 Geghavank village 2
Uyts village 1 Nor Astghaberd village 2
Vaghatin village 1 Kavchut village 2
Vorotan village 1 Babikavan village 2
Shamb village 1 Zagikavan 2
Darbas village 1 Lernadzor 2

1 2

1

1

12 Bernard Gruppe. 15.09.2022. Sisian-Kajaran (North-South Corridor) Road Project. Report No.2. Task 7 review of

Detailed Design.
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Erosion is mainly anthropogenic due to mine operations around Kajaran and Ajabaj village in
the Geghi River basin as well as the Loradzor River basin. The slopes surrounding Shenatagh
village are subject to erosion due to the density of earth roads. Soils are highly erodible in the
proposed roadds southern sect i aeeorsthedortemsideaps t c

Erosion caused by livestock husbandry, uncontrolled establishment of earth roads, and use
of fallow agricultural lands are observed on slopes close to almost all settlements within the
Project region. Avalanches are observed upstream the Voghji and Geghi Rivers, at altitudes
of 1,400- 3,400 m. The most damaging avalanche occurred in the Vorotan River basin in 1988,
at a volume of 96,000 m3. The Project is situated in medium and low natural hazards risk
areas in the RA®, Part of the Sisian-Shenatagh road section runs through medium mudflow
risk areas (see the map below).

A stylized map is shown of geohazards known to exist along the prosed road alignment
including flooding, avalanche, seismic and mudflow risks. Two major faults are also shown.
These geohazards prevail in the southern part of the alignment. The mudflow risk evident in
the northern part of the alignment is too far away from the road to be considered a risk in its
own right.

Bwater Resources Atlas of Armenia, Yerevan, 2008.
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Legend
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Road alignment

Source: Drawn basedonthei nf or mati on provided by Technical Consulta

Figure 20. Stylised map of geohazards along the proposed roadway

2.6 Radioactivity and Uranium-Bearing Formations of the Region

According to previous geological exploration'*, Armenia can be conditionally divided into four
ore fields with radioactive elements (see Figure 21).

14p.G. Alayan, Uranium-containing geological formations in Armenia. Engineering Academy of Armenia, Yerevan 2010
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Figure 21. Uranium-bearing ore fields and districts

The Syunik (Zangezur) ore field is situated in the interfluve area of the Vorotan, Vogchi and
Araks Rivers, in a deep fault zone with several regional disturbances (Debakli-Ayriget and
Khustup-Giratagh) trending northwest. The uranium-bearing ore districts in the vicinity of the
Project area are No. 25 (Pakhrut) and No. 26 (Hand).

The Pakhrut fault is located 5-6 km to the east of the Kajaran copper-molybdenum mine, on
both slopes of the Vo g c-bontactRsiripeef irdrgsioncisamoyedhan
1.5km long and 0.6km wide, and stretches northwest, in parallel to the Lernadzor fault. The
ore district has been explored through several horizons using boreholes and underground
drilling. The Vogchi, Lernadzor and Pakhrut deposits were identified in these studies. The ores
of Pakhrut deposit are uranium-molybdenum and silica-carbonated by the content of non-
metallic components and of uranium type by and the nature of their radioactivity. Initial
calculations®®, indicate uranium reserves of the Pakhrut deposit around 20,000 tonnes
including 12,000 tonnes of forecast resources. The average content of uranium in ore is
around 0.2%.

The Hand fault neighbours the Pakhrut-Lermnadzor ore field and contains 22 ore bodies with
only one explored in detail. The fault stretches northeast and has a steep slope. Average
uranium content is 0.2-0.3% reaching 1.0% at some locations. The uranium content ranges
from0.056-0.53% at the other ore bodies.

Faults of the Syunik ore field are hydrothermal uranium-molybdenum types and represented
by veins, column-shaped and nest-shaped bodies with the average uranium content of 0.1-
0.3%. The uranium-bearing deposit nearest to the Project road is the Pakhrut deposit, which

34

The



ESIASisiarKajaran Road Project Ref.N0.46.005

is 5-6km from the Kajaran copper-molybdenum mine. The location of the Pakhrut and Hand
uranium-bearing deposits relative to the planned road is shown in Figure 22.

View of Pakhrut are field from point 2

View of hand ore field from point 1

per

. Kajaran copper. _
. molybdenum mine

‘

Figure 22. Location of the uranium-bearing deposits relative to the Project road

2.7 Soil

The Project region has the following soil types (see also Figure 23), as per the Water
Resources Atlas of Armenia:

a) Mountain-fulvous soils of dry steppes,

b) Brown mountainous-forest soils of dry forests and bushes,
c) Subalpine mountain-meadow brown soils,

d) Mountainous-forest steppe soils, and

e) Alpine mountain-meadow turf-peat soils.
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Source: Water Resources Atlas of Armenia, Yerevan, 2008

Figure 23. Map of Soil Types in Syunik Region and Project Area

The previous EIA of 2019 contained no data on soil quality and composition for the Project
within the study area.

During the ESIA Scoping, ten soil sampling points were identified (see the maps in Annex 1)
of which six were located in Sisian-Shenatagh and four in Qirs-Kajaran sections. The points
were selected as they are located within the settlements (next the residential houses and
commercial buildings (such as Ojax restaurant)), that will be crossed by the proposed road,
hence potentially contaminated during Project construction and operations. Soil sampling was
conducted on 4 and 15 May 2022. Soil samples were analysed using the 1SO 17294-2:2016
standard method in the state laboratory of the Hydrometeorology and Monitoring Centre,
SNCO.

Results of the soil analyses compared to the ACLs for chemical elements in soil set out in the
Sanitary Rules and Norms No. 2.1.7.003-10 "Hygienic requirements for soil quality"!® are
given in Table 4 for the soil samples for the Sisian-Shenatagh section, and in Table 5 for the
soil samples taken from the Qirs-Kajaran section.

Table 4. Concentrations of chemical elements in soil samples taken from the Sisian-
Shenatagh section compared with the Armenian ACLs

No | Chemical | Unit Results of analysis ACL of
elements s1 s2 sS4 S10 s12 S14 Chif]n;'gi?'s

1 |Lithium gr/kg | 0.00134 | 0.00116 | 0.000813 | 0.00843 | 0.00435 | 0.00379 -

2 |Beryllium gr/kg | 0.00205 | 0.00177 | 0.00280 | 0.00192 | 0.00119 | 0.00184 -

3 |Boron gr/kg | 0.0395 0.0463 0.0362 0.0362 0.0330 0.0367 -

4 | Sodium gr/kg 3.56 3.23 5.16 3.11 3.34 3.70 -

5 |Magnesium | gr/kg | 0.0334 <0.01 <0.01 0.303 1.02 0.574 -

6 [Aluminium gr/kg 5.37 1.92 4.57 6.377 8.14 8.556 -

16https://www.arlis.am/DocumentView.aspx?docid=146741
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No | Chemical | Unit Results of analysis ACL of
elements s1 s2 s4 S10 s12 s14 | CNemicals
7 gr?(t)aslphorus gr/kg 1.66 3.38 2.46 1.46 2.42 2.38 -
8 |Potassium gr/kg 14.44 16.46 16.05 11.69 11.80 13.05 -
9 |Calcium ar/kg 0.699 0.713 0.334 0.818 4.15 1.43 -
10 |Titanium gr/kg 3.44 2.96 3.76 3.17 2.44 3.27 -
11 |Vanadium gr/kg 0.101 0.0860 0.127 0.122 0.105 0.146 0.15
12 |Chrome gr’kg | 0.0524* | 0.0380 0.0368 0.0346 0.0294 0.0152 0.006
13 |Iron gr/kg 21.16 12.64 19.95 25.53 18.81 30.40 -
14 |Manganese | gr/kg 0.311 0.386 0.291 0.265 0.250 0.366 15
15 |Cobalt gr’kg | 0.0167 0.0133 0.0162 0.0146 0.0128 0.0168 0.005
16 |Nickel gr/kg | 0.0505 0.0386 0.0433 0.0304 0.0191 0.0165 0.004
17 |Copper gr’kg | 0.157 0.0581 0.0636 0.0454 0.0485 0.0457 0.003
18 | Zinc gr’kg | 0.0870 0.0965 0.0681 0.0509 0.117 0.0675 0.023
19 |Arsenic gr/kg | 0.00955 | 0.00689 | 0.00799 | 0.0139 0.0163 0.127 0.002
20 |Selenium gr/kg | 0.00298 | 0.00266 | 0.00167 | 0.00244 | 0.00295 | 0.00237 -
21 | Strontium gr’kg | 0.0334 | 0.0929 0.0287 0.0417 0.0479 0.0293 -
22 |Molybdenum | gr/kg | 0.00323 | 0.00162 | 0.00212 | 0.00129 | 0.00122 | 0.00330 -
23 |Cadmium gr/kg | 0.000416 | 0.00030 | 0.000280 | 0.000188 | 0.000303 | 0.000224 -
24 |Tin gr/kg | 0.00151 | 0.00140 | 0.00138 | 0.000710 | 0.00240 | 0.00105 -
25 | Antimony gr/kg | 0.000651 |0.000686 | 0.000455 | 0.000358 | 0.00101 | 0.00138 0.0045
26 |Barium gr/kg | 0.0553 0.0279 0.0527 0.0567 0.0644 0.0641 -
27 |Lead gr/kg | 0.0190 0.0181 0.0183 0.0151 0.0439 0.0166 0.032

*Values that exceed the national standards are marked in orange.

Table 5. Concentrations of chemical elements in soil samples taken from Qirs-Kajaran
section compared with the Armenian ACLs

: Results of analysis ACL of

No CnemieE! Unit chemicals

elements K1 K3 K9 K10 in soil
1 |Lithium gr’kg | 0.00348 | 0.00381 | 0.00128 | 0.00361 -
2 |Beryllium gr/kg | 0.00146 | 0.000119 | 0.00129 | 0.00157 -
3 |Boron gr/kg 0.0407 0.0421 0.0379 0.0424 -
4 |Sodium gr/kg 2.65 1.53 1.45 1.54 -
5 |Magnesium gr/kg 0.672 0.287 <0.01 <0.01 -
6 |Aluminium gr/kg 4.13 0.331 1.31 0.548 -
7 |Total phosphorus | gr/kg 2.12 4.87 1.68 2.13 -
8 |Potassium gr/kg 13.21 9.77 12.04 11.19 -
9 |Calcium gr/kg 1.21 6.94 0.259 0.321 -
10 |Titanium gr/kg 4.39 2.46 3.24 3.81 -
11 |Vanadium gr/kg 0.165* 0.0798 0.138 0.120 0.15
12 |Chrome gr’kg | 0.0518 0.0192 0.0335 0.0501 0.006
13 |Iron gr/kg 30.53 1.96 22.08 19.67 -
14 |Manganese gr/kg 0.795 0.580 0.533 0.849 15
15 |Cobalt gr’kg | 0.0265 0.0184 0.0177 0.0203 0.005
16 |Nickel gr’kg | 0.0470 0.0420 0.0296 0.0487 0.004
17 | Copper gr/kg | 0.0903 0.0655 0.0854 0.151 0.003
18 |Zinc gr/kg 0.116 0.142 0.0922 0.0849 0.023
19 | Arsenic gr/kg | 0.0269 0.144 0.0115 0.0122 0.002
20 | Selenium gr’kg | 0.00306 | 0.00209 | 0.00250 | 0.00286 -
21 | Strontium gr’kg | 0.0279 0.0403 0.0216 0.0326 -
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2.8

Chemical _ Results of analysis ACL_ of
No | elements unit g K3 K9 k1o | chemicals
22 |Molybdenum gr’kg | 0.0026 0.0022 0.003 0.0142 -
23 |Cadmium gr/kg | 0.000496 | 0.000399 | 0.000296 | 0.000340 -
24 |Tin gr’kg | 0.00151 | 0.00132 | 0.00123 | 0.00163 -
25 | Antimony gr’kg | 0.00262 | 0.00456 | 0.00145 | 0.00113 0.0045
26 |Barium gr/kg 0.0566 0.0289 0.0177 0.0224 -
27 |Lead gr’kg | 0.0229 0.0233 0.0176 0.0189 0.032

*Values that exceed the national standards are marked in orange.

Concentrations of Cr, Co, Ni, Cu, Zn and As exceed the ACLs set by national sanitary rules
and norms in all ten soil samples. The Project region and specially the Qirs-Kajaran area is
rich in metallic deposits, so the high concentrations of heavy metals in soil samples can be
explained by natural geological processes and are not considered to have been caused
anthropogenically.

No specific soil quality standards have been adopted by the EBRD or other international
lenders. EBRD PR3 specifies that as a signatory to the European Principles for the
Environment, the EBRD and EIB, is committed to requiring compliance with relevant EU
environmental standards, including those related to soil pollution. However, there are no
European Directives dealing specifically with and setting thresholds for soil quality and land
contamination. The overall approach is one of risk management, which means that there are
no generically defined quality standards. Owing to this critical difference between the
Armenian and international approaches to soil pollution management, the Project will apply a
risk-based approach while making sure that the above Armenian minimum soil quality
standards are respected.

Noise and Vibration

Noise and vibration levels were measured in June 20221 at 22 selected points for noise and
25 selected points for vibration (see the maps in Annex 1), according to the sampling strategy
and methodology developed during ESIA Scoping. The points for noise and vibration
measurements were selected as potential receptors in those settlements (near the residential
houses, schools, shops, churches, museums or other buildings) that will be crossed by the
planned road, hence potentially affected during construction and road operations. Some noise
and vibration measurements were additionally conducted in villages along the existing roads
that may be used during Project construction and temporarily impacted. Vibration
measurements were also conducted near the nearest industrial units, mostly SHPPs.

Threshold Limit Values (TLVs) for equivalent (average) and maximum noise/sound levels set
by the RA Sani4lldi3yy"Nod® in the work@®aces, in residential and public
buildings and housing in construction areas"®a n d | Bh@onmental, Health, and Safety
General Guidelines (2007)° are summarized in Table 6. The Armenian noise standards for
workplace and public buildings are more stringent than these of IFC/WHO and thus will be
used as project standard during the impact assessment. The Armenian and IFC/WHO noise

17 The 2019 EIA report did not contain any information on ambient noise and vibration along the proposed road and the
existing; nor such information was found in the public domain. So, the measurements were undertaken during the current
ESIA studies.

Bhttps://www.arlis.am/documentview.aspx?docid=169599

https://www.ifc.org/wps/wem/connect/29f5137d-6e17-4660-b1f9-02bf561935e5/Final%2B-

%2BGeneral%2BEHS%2BGuidelines.pdf?MOD=AJPERES&CVID=nPtquVM
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limits are the same for residential areas. Where there are no IFC/WHO values, the Armenian
standards will be applied and vice versa.

Table 6. Armenian threshold limit values (TLV) for noise and IFC/WHO noise standards

TLV, dBA
National IFC/WHO
No Premises and territories . . One hour
Equivalent to| Maximum S —
sound level |sound level equivaient to
sound level
1 |Workplace 80 85
Shops, trading halls, airport and railway stations waiting
) . . . 60 75
5 [rooms, drop-off points of public service providers
Industrial, commercial 70 ((_1ay and
night)
Territories adjacent to residential buildings, -
clinics, ambulatories, rest houses, care day-time 55 70 55
3 |homes, disabled persons homes, libraries,
kinder gardens, schools and other night-time?* 45 60 45
educational facilities

The noise measurements at the 22 monitoring locations are shown relative to the applicable
equivalent and maximum TLVs set by the national sanitary norms (as these are more stringent
than the IFC guidelines) in Figure 24 - Figure 27. The Laeq Values generally exceed the
Armenian TLVs and the same is true for maximum sound pressure levels which are exceeded
across the entire monitoring domain with more significant exceedances for the actual sound

level equivalent.
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Figure 24. Daytime Laeq NOise measurements (blue bars) compared to the Armenian
Standard (red bars)

20Between 07:00 and 23:00 (for IFC, 07:00 and 22:00)
21Between 23:00 and 07:00 (for IFC, 22:00 and 07:00)
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Figure 25. Night time Laeq NOise measurements (blue bars) compared to the Armenian
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Figure 26. Daytime Lmax Noise measurements (blue bars) compared to the Armenian

Standard (red bars)
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Figure 27. Night time Lmax Noise measurements (blue bars) compared to the Armenian

Standard (red bars)

The noise monitoring indicates a generally rural setting but with the occasional presence of
very loud noise sources most likely - agricultural vehicles, implements (Figure 28) and indeed
motor cars and trucks. Many of these vehicles are very old and poorly maintained making
them unduly noisy. The effect is further exacerbated at night with the movement of such
vehicles in a generally quieter setting and with more stringent noise standards.

T T,

Figure 28. An example of many old and poorly maintained agricultural vehicles that
operate in the villages and are the likely episodic noise sources

TLVs for the corrected (equivalent corrected) values for the different categories of the vibration

acceleration are given in Table 7 (basedonthe RAHYy gi eni ¢

N 0-008%86 "Vibeatio .
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in the workplaces, in residential and public buildings"??). As the international lenders have no
established thresholds for vibration for human and structural receptors, lender-funded
developments may apply the Directive 2002/44/EC, UK British Standards BS 5228-2:2009
and BS 7385-2:1993 and ISO 4866:2010 (for details refer to Section 3.2.2). However, the
national thresholds and international values are not directly compatible, and thus the national
standards are used in the below analysis.

Table 7. Nati onal TLVs for vibration acceleration
No Whole-body general vibration? TLV for cr(:]r/rsezcted and equivalent corrchted values
1 |Transport-technological (2nd category) 0.28 109
2 | Technological (3rd category a) 0.1 100
3 | Technological (3rd category b) 0.04 92
4 |Technological (3rd category g) 0.014 83
5 | Residential buildings, clinics, rest houses 0.004 72

The average corrected (equivalent corrected) values of vibration acceleration (average value
of three instrumental measurements at the same point at different times during a day)
compared with the relevant national TLVs are given in Table 8. The baseline vibration
acceleration levels within the Sisian-Shenatagh section are mostly below national TLVsS. At
points S1 and ER4 the vibration acceleration levels slightly exceed the TLV (by 0.1 and 0.3
dB, respectively). At point K10, near Dzagikavan settlement, the vibration acceleration level
is 77.8 dB,5.8 dB higher than the TLVs due to the high traffic density of heavy vehicles on the
M2 road. At points K3, K5 and ERS, vibration acceleration levels exceed the TLVs by 1.1, 0.6
and 0.4 dB, respectively. The main sources of baseline vibration are heavy vehicles on the
existing roads. At points located near rivers, the water flow also contributes to vibration levels.

Table 8. Corrected (equivalent corrected) values of vibration acceleration compared

withTLVs for ' humans in buildingsd receptors

No | Points Corrected (equivalent corrected) values, dB

Average values (measured) TVL
1 S1 72.1 72
2 S2 70.0 72
3 ER2 69.2 72
4 ER1 68.4 72
5 S4 67.2 72
6 S5 64.3 72
7 S7 64.3 100
8 S10 64.9 72
9 ER3 66.6 72
10 ER4 72.3 72
11 ER5 67.7 72
12 S12 67.7 72
13 S14 62.8 72
14 ER6 67.2 72

22https://www.arlis.am/documentview.aspx?docid=163276

2Transport-technological (2nd category) vibration ooccurs in the workplace from machines and mechanisms.
Technological (3rd category) vibration generates from stationary machines in workplaces or can be transferred to a
workplace without vibration source:

- imposes on workplaces located in production facilities (3rd category a))

- imposes workplaces in facilities without vibration sources (3rd category b))

- imposes on workplaces in administrative, office and other non-production facilities (3rd category g)).
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No | Points Corrected (equivalent corrected) values, dB
Average values (measured) TVL

15 [K1 65.8 72
16 |K3 73.1 72
17 |K4 68.8 100
18 (K5 72.6 72
19 (K6 72.0 100
20 |K8 66.9 72
21 |K9 64.4 72
22 |K10 77.8 72
23 |K11 70.6 100
24 |ER7 68.0 72
25 ER8 72.4 100

2.9 Surface Water

2.9.1 River Network

The proposed road passes through the valleys of the Vorotan, Loradzor (Shenatagh)®,
Karut, Geghi and Voghji Rivers and crosses some of these rivers (Vorotan, Shenatagh,
Karut, and Geghi) and their tributaries (Noravan, Vaghatin, Aghbashget, etc.) (Figure 29).
The rivers are typically mountainous with fractured relief and hydrographic networks in the
catchment basin. The rivers are steep and fast flowing, with narrow riverbeds at places.

& s - v :\; . Go

Project road
alignment

Source: Water Resources Atlas of Armenia, Yerevan, 2008
Figure 29. Hydrological Map of Syunik Region?®

The Vorotan River is the largest tributary of the Araks River in the Zangezur area (Figure
30). The river originates in the North-Eastern Syunik plateau and eastern slopes of the

24The Loradzor River is also called &henatagho .
25Some tributaries within the Project region are not shown in the map.
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Zangezur Mountain Range from small lakes and springs, and flows into the Araks river beyond

the Armenian border. The total length of the river is 178 km (111 km within the RA), with a
5,650 km? catchment area, including 2,597km? within the RA. The main tributaries of the
Vorotan river are the Sisian, Loradzor and Goris Rivers. The Pr oj-ghenatdgh Si
section runs along the right-bank mountain slope of the Vorotan River for about 10 km at
100-1,000 m from the river and then crosses the Vorotan river in the northern part of the
Shamb water reservoir, near Vorotan village.

The 23 km Loradzor River (also called Loraget, Lernashen and Shenatagh) originates in the
south-west slopes of the Bargushat mountain range, flows through Shenatagh, Lor, Getatagh,
Darbas, and Ltsen villages and enters the Shamb reservoir via a 2 km long tunnel. After
crossing the Loradzor river, the existing Sisian-Shenatagh road section runs adjacent to the
river for about 8 km.

After intersecting the Bargushat ridge, the Qirs-Kajaran section runs along the Karut tributary
of the Geghi River for about another 8 km, crossing the upper part of the tributary. The Geghi
River (30 km) originates in the eastern slopes of the Zangezour mountains at 3,130 m altitude
and joins the Voghji River from the left. The 1.8 ha Gazana lake occurs in the headwaters of
the Geghi River at 3,150 m. The lake was included in the list of RA Natural Monuments in
2008 and has a catchment area of 308.3 km?,

The Voghji River is the second largest river in the Zangezur area. The Kaputjugh River,
originates from the melt waters of Mount Kaputjugh (3,905 m), joins the Kajaran River and
forms the Voghji River, a tributary of the Araks River. The Voghji River's total length is 82 km
(52 km within the RA) and its catchment area is 2,337 km? (1,240.47 km? within the RA). The
largest tributary is the Geghi River. Another important river in this basin is the Tsav River.
The relief of the basin forms a dishevelled network of hills, with the surface of the basin incised
by canyons, valleys and meadows. The basin of the Voghji River is characterized by strong
fragmentation and relatively moderate water-permeability.

Voghji River (near M2 road) Geghi River (near Geghi village)
Figure 30. Rivers located in the Project region
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2.9.2

Table 9. Main rivers in the Project area®

- Name of | Length, Catchment area in Crossed by the
rivers kr?\ the RA, km? Flow rate, min. m?lyear proposed r)(l)ad?

1 | Vorotan 178 2597 716 Yes

2 | Loradzor 23 118 13 Yes

3 | Voghii 82 1241 366 No

4 | Geghi 30 308 145 Yes

The proposed road crosses surface water courses ten times, of which six are in the Sisian-
Shenatagh section and four in the Qirs-Kajaran section. Information on the rivers/tributaries
crossed by the proposed road, as well as the numbers and locations of the respective bridges
are givenin Table 10. Please also see Section 2.9.3 of this Report for maximum and average
flow data for these rivers.

Table 10. Water streams to be crossed by the Project road

: Name of rivers/ tributaries LeEgth, NI O B a_brldge Location of the bridges
m over the river
1 | Noravan (tributary of Vorotan) 20 BR002 km10+250 - km10+500
2 | Vaghatin (tributary of Vorotan) 12 BR0O04 km11+580 - km11+750
3 Vorotan 178 BR0O05 km12+650 - km13+150
4 | Unknown (tributary of Vorotan) - BROO7 km15+750 - km16+000
5 Loradzor 23 BR008 km18+200 - km18+450
6 | Aghbashget (tributary of Loradzor) 10 BR0O16 km26+250 - km26+500
7 | Karut (tributary of Geghi) ~20 BRO17 km36+280 - km36+500
8 | Karut (tributary of Geghi) ~20 BR018 km37+430 - km37+540
9 | Kiladara/Karakhan (tributary of Geghi) - BR020 km45+310 - km45+750
10 | Geghi (tributary of Voghji) 30 BR021 km49+350 - km49+570

River flows are variable during the year as a function of snowmelt and rainfall intensity. More
than half the flow occurs during spring (March-June), while the lowest flows are observed in
the winter period (8-17%). About 30% of total annual river flows occur in summer-autumn.

Water from the rivers in the Project area are not used for drinking purposes. Several HPPs
use the water of the Vorotan, Loradzor and Geghi Rivers and these are strictly regulated by
the State regulatory bodies and MoE (including monitoring of ecological flows). Amateur
fishing occurs in the Vorotan and Loradzor Rivers (refer to Volume 4, Section 3.3.4).

Lakes and Reservoirs

There are no natural lakes near the proposed road, tunnel, bridges and/or connecting roads.
Some small mountain lakes, found at 2,300-3,500 MASL, are located far away from the
proposed road.

There are two reservoirs located close to the proposed road: Shamb and Geghi reservaoirs.
The Shamb reservoir is fed by the Vorotan River and has a total capacity is 13.6 min.m? and
usable capacity of 11.8 min.m?*, while the water table surface area is 11 ha. The reservoir is
used for hydropower generation and fish production. The proposed road runs for about 2 km
along the reservoir between 100 m in the north and 2,000 m in the south (see Figure 6 in
ESIA Volume 1).

26 "Hydrometeorology and Monitoring Centre" SNCO.
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2.9.3

Shamb reservoir Geghi reservoir

Figure 31. Water reservoirs within the Project region

The Geghi reservoir is located on the Geghi River with a capacity 15 min.m3, with current
utilisation of 12 min.m3, and water surface area of 35 ha. The reservoir is used for hydropower
generation, fish farming and irrigation. In addition, Zangezur Copper Molybdenum Combine
CJSC abstracts water from this reservoir during low flow periods. The reservoir is about 40-
80 m from the proposed road (see Figures 8 and 9 in ESIA Volume 1).

Hydrological Survey

A hydrological survey using multi-year flow monitoring data was conducted on the main
surface water systems (rivers) that would be crossed by the planned road alignment. These
rivers are the Vorotan and Loradzor in the Northern section and the Geghi and its tributary
Karut in the Southern section of the Project area. These rivers are mostly fed by snowmelt
and rainfall as well as underground sources, and hence have high flooding potential,
especially during spring. The hydrological surveys were conducted for all 4 rivers crossed by
the Project road at points under the planned bridges 005 (Vorotan river), 016 (Loradzor river),
018 (Karut tributary) and 021 (Geghi river) that are considered as having flooding potential by
the local hydrologists. The points where hydrological surveys were conducted relative to the
proposed road alignment are presented in Figure 32.
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Figure 32. Maps indicating hydrological survey points
The main parameters studied during the hydrological survey are:
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1)
2)
3)
4)

Water sources;

Ice period;

Average and maximum flows;

Water hydraulic calculations for spring floods (flood risk assessment).

2.9.3.1 Hydrological point - Vorotan River

The Vorotan River is a type of mountain watercourse mostly fed by snowmelt, however,
groundwater and rainwater also play an important role (Table 11). The water regime of the
river has the following phases: spring floods that also occur in early summer, rainy floods,
summer-autumn and winter low levels. Annually, the upper streams of the Vorotan River are
covered with a stable layer of ice, which lasts for an average of 50-60 days in winter. The
thickness of the ice layer is 5-10 cm.

Table 11. Ratio of the Vorotan River water feeding sources (% of total flow) during the
spring flooding season

Hydrological o SCUICES 0
A . Characteristic year for snowmelt .
monitoring station water rainwater groundwater
Average water flow 30 57 13
Vorotan Excessive water flow 17 70 13
Low water flow 50 41 9

Annual and monthly average water flows in the Vorotan River were sourced from multi-year
monitoring data (1959-2021) from the "Vorotan" station. The data is assumed fully
characteristic of the water regime at the selected hydrological point (under Bridge 005). The
monthly mean flow is summarized in Table 12.

Table 12. Water annual and monthly average flows, m3/sec

1959-2021 Months Annual
period | T m v [ v v [vn v x| x [ xi [ xu
Average | 4.75 | 4.84 | 5.00 | 4.99 | 5.70 | 4.87 | 4.65 | 4.68 | 4.93 | 4.66 | 472 | 494 | 4.90

Source: Multi-year hydrological monitoring data from the Hydrometeorology and Monitoring Centre

The water flow in the Vorotan River basin is markedly seasonal. Some 65% of the annual
water flow occurs from April to July. For the Vorotan River, 1992 was an average year, 2002
excessive, 2000 low and 1999 extremely low water flow years. Monthly water and average
annual flow for the extreme years are presented in Table 13. Annual average flow in excessive
year is 5.59 m%/sec and in extremely low water year, 3.2 m3/sec. The highest water flow during
the excessive year occurred in May 2002 at 27.6 m®/sec, while the lowest flow was in January
1999 at 2.95 m®/sec.

Table 13. Annual and monthly average water flows in excessive, average, low and
extremely low years

. Months
Units Annual
o wm [v v [wve v [vin | oax [ ox | x| oxa

Excessive water year (2002)

% 4.7 4.7 4.7 7.7 41.2 8.2 4.5 4.6 4.9 5.0 5.0 4.9 100

m3sec | 3.14 | 3.12 | 3.16 | 513 | 27.6 | 550 | 3.04 | 3.07 | 3.28 | 3.35 | 3.35 | 3.31 5.59

min.m® | 8.41 | 755 | 8.46 | 13.3 | 739 | 143 | 814 | 822 | 850 | 8.97 | 8.68 | 8.87 | 177.3
Average water year (1992)

% 7.4 7.4 7.3 7.7 7.7 | 100 | 85 8.8 9.7 8.6 8.6 8.4 100

m3sec | 3.87 | 3.86 | 3.79 | 400 | 402 | 524 | 444 | 458 | 5.09 | 4.49 | 4.48 | 4.39 4.35

min.m® | 104 | 9.3 | 10.2 | 10.4 | 10.77 | 136 | 119 | 12.3 | 13.2 | 12.0 | 11.6 | 11.8 | 137.3

Low water year (2000)

% 7.1 7.1 7.8 9.3 9.7 8.9 84 | 7.9 9.9 8.9 7.8 7.2 100

m3sec | 3.06 | 3.08 | 3.39 | 402 | 419 | 3.84 | 3.61 | 3.43 | 4.28 | 3.84 | 3.36 | 3.13 3.60

min.m® | 8.20 | 7.45 | 9.08 | 10.4 | 11.2 | 995 | 967 | 9.19 | 11.1 | 10.3 | 8.71 | 8.38 | 113.6

48



ESIASisiarKajaran Road Project

Ref.N0.46.005

Extremely low water year (1999)

% 7.7 7.9 7.9 8.4 9.9 9.7 8.6 7.8 8.1 8.1 8.1 8.0 100
m3sec | 2.95 | 3.03 | 3.02 | 3.22 | 3.82 | 3.74 | 3.31 | 299 | 3.10 | 3.10 | 3.11 | 3.06 3.20
min.m®* | 7.90 | 7.33 | 8.09 | 835 | 10.2 | 9.69 | 887 | 8.01 | 8.04 | 8.30 | 8.06 | 8.20 | 101.1

Maximum flows in a 27-year data record (1990-202127) at the "Vorotan" hydrological
monitoring station occur during spring and early summer, mainly due to intensive snow melting
(Table 14).

Table 14. Water maximum flows in the Vorotan River
Years Q, m3/sec Years Q, m3/sec Years Q, m3/sec
1990 4.26 2003 39.5 2012 17.6
1991 9.72 2004 26.0 2013 11.5
1992 12.0 2005 4.29 2014 3.97
1997 27.6 2006 4.00 2015 4.17
1998 24.5 2007 6.42 2016 4.08
1999 5.00 2008 10.8 2018 11.1
2000 5.40 2009 3.40 2019 12.1
2001 6.45 2010 5.91 2020 18.2
2002 67.2 2011 9.98 2021 14.3
Average - 13.5 m3¥sec

Average maximum flow is 13.5 m?¥sec; however, 67.2 m¥sec was recorded in 2022 during
the spring flood. The lowest averaged maximum water flow was registered in 2009 at 3.4
m?3/sec.

Hydraulic calculations of water level increase during the spring flooding season are given in
Table 15 and shown in Figure 32. The 0.1% and 1.0% availability of maximum water flows
using the riverbed cross-section under bridge 005 were derived.

Table 15. Maximum water flow hydraulic calculations under the planned bridge 005

Water level, MASL

Riverbed width, m

Catchment area, m?

Velocity, m/sec

Water flow, m3/sec

1373.10 10.00 0.50 0.29 0.14
1373.20 20.00 2.00 0.50 1.01
1373.30 30.00 4.50 0.70 3.17
1373.40 40.00 8.00 0.89 7.15
1373.50 50.00 12.50 1.07 13.4
1373.60 60.00 18.00 1.25 22.5
1373.70 70.00 24.50 1.42 34.8
1373.80 80.00 32.00 1.58 50.7
1373.90 90.00 40.50 1.75 70.8
1374.00 100.00 50.00 1.91 95.3
1374.10 103.33 60.17 2.16 130
1374.20 106.67 70.67 2.40 170
1374.30 110.00 81.50 2.63 214
1374.40 113.33 92.67 2.85 264
1374.50 116.67 104.17 3.06 318
1374.60 120.00 116.00 3.25 377

2’Data from 1993 to 1997 are missing.
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During Spring flooding, the water level in the Vorotan River under bridge 005 could increase
by 1.8 m (from 1373.0 to 1374.8), which must be provided for in the bridge design and
construction.

1375.00
1374.80
1374.60
1374.40
1374.20
1374.00
1373.80
1373.60

Water level, MASL

1373.40
1373.20 ¢

1373.00
0 100 200 300 400 500 600

Water flow, m3/sec

Figure 33. Calculated water level increase during the spring flooding season under
the planned bridge 005

2.9.3.2 Hydrological point - Loradzor River

As with the Vorotan, the Lernadzor is a typical mountainous river fed by snowmelt,
groundwater and rainwater (Table 16). Spring floods that also occur in early summer, rainy
floods, summer-autumn and winter low levels characterise an annual flow cycle. The upper
streams of the Lernadzor River are covered with a stable layer of ice annually, which lasts an
average of 50-60 days in winter. The thickness of the ice layer is 5-10 cm.

Table 16. Ratio of the Lernadzor water feeding sources (% of total flow)

Feeding sources, %

Hydrological monitoring

station snov_vmelt e groundwater
rainwater
Ltsen 70 30

Annual and monthly water flows from the "Ltsen" monitoring station (1934-1981) have been
used to calculate the cross-section (hydrological point under Bridge 016) also using data
(1982-2021) from the "Gorhayk" station. The results are summarized in Table 17.

Table 17. Water annual and monthly average flows, m3/sec

1934-2021 Months
period | 1 1 v \Y VI VIL | VI | IX X Xl Xl
Average |[0.12|0.13|0.15/0.43|0.93|0.64|0.29|0.19 (0.17|0.15| 0.15 | 0.13 0.29

Annual

Like the Vorotan, the annual water flow in the Lernadzor River basin is strongly seasonal.
Some 65% of the annual water flow occurs from April to July. The historical record shows
1984 as average, 1988 as excessive, 2011 as the low and 1961 as extremely low water flow
years (Table 18). Annual average flow in an excessive water year is 0.33 m®/sec and in
extremely low water year 0.15 m®/sec. The highest water flow during the excessive water year
was in May 2002 at 0.92 m?/sec, while the lowest flow registered in 1999 was 0.08 m?/sec.

Table 18. Annual and monthly average water flows in excessive, average, low and
extremely low years

| Units | Months |Annua| |
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| el w v v v ve v [ oix [ox [oxi [oxi ]
Excessive water year (1988)
% 3.8 3.7 4.2 17.8 | 23.3 | 15.8 55 3.9 6.4 55 5.0 5.3 100
md/sec | 0.15 | 0.15 | 0.16 | 0.70 | 0.92 | 0.62 | 0.22 | 0.15 | 0.25 | 0.21 | 0.19 | 0.21 0.33
min.m® | 0.40 | 0.35 | 0.44 | 1.82 | 2.45 | 1.61 | 0.58 | 0.41 | 0.66 | 0.58 | 0.51 | 0.55 10.3
Average water year (1984)
% 4.0 4.0 4.1 174 | 32.7 | 20.6 3.6 2.9 2.2 2.1 2.5 3.9 100
md/sec | 0.14 | 0.14 | 0.15 | 0.62 | 1.16 | 0.73 | 0.13 | 0.10 | 0.08 | 0.08 | 0.09 | 0.14 0.30
min.m® | 0.38 | 0.34 | 0.39 | 1.60 | 3.11 | 1.89 | 0.34 | 0.27 | 0.20 | 0.20 | 0.23 | 0.37 9.33
Low water year (2011)
% 3.2 3.2 3.2 3.8 321 | 29.0 | 6.8 4.3 3.9 3.9 3.3 3.2 100
m%/sec | 0.10 | 0.10 | 0.10 | 0.11 | 0.95 | 0.86 | 0.20 | 0.13 | 0.11 | 0.12 | 0.10 | 0.10 0.25
min.m® | 0.26 | 0.23 | 0.26 | 0.29 | 255 | 2.23 | 0.54 | 0.34 | 0.30 | 0.31 | 0.26 | 0.26 7.81
Extremely low water year (1961)
% 4.9 4.6 4.7 14.2 | 29.0 9.8 6.8 5.8 5.8 4.9 4.7 4.6 100
m/sec | 0.09 | 0.08 | 0.08 | 0.25 | 0.51 | 0.17 | 0.12 | 0.10 | 0.10 | 0.09 | 0.08 | 0.08 0.15
min.m® | 0.23 | 0.20 | 0.23 | 0.65 | 1.38 | 0.45 | 0.32 | 0.27 | 0.27 | 0.23 | 0.22 | 0.22 4.67

The 48-year (1934-1981) data from the "Ltsen" hydrological monitoring station were used to
determine the parameters of maximum flow in the catchment area. The maximum flows are
observed during the spring-summer floods, mainly due to intensive snow melt (Table 19).

Table 19. Water maximum flows in the Loradzor River

Years Q, m¥/sec Years Q, m¥/sec Years Q, m¥/sec
1934 10.1 1952 4.70 1968 15.0
1935 2.92 1953 3.16 1969 22.7
1936 2.58 1954 5.90 1970 4.07
1937 7.97 1955 4.25 1971 2.80
1938 6.25 1956 4.42 1972 6.66
1941 5.05 1957 5.35 1973 6.11
1942 14.1 1958 4.85 1974 4.58
1943 6.16 1959 8.40 1975 6.53
1944 5.25 1960 7.70 1976 10.6
1945 8.10 1961 3.48 1977 8.53
1946 7.10 1962 3.44 1978 6.78
1947 5.51 1963 6.00 1979 5.77
1948 5.40 1964 16.4 1980 2.23
1949 8.00 1965 20.6 1981 3.36
1950 5.46 1966 6.14

Average - 7.38 m3/sec

Average maximum flow for the studied hydrological point is 7.38 m®/sec, however, 22.7 m%/sec
was recorded in 1969 during the spring flood. The lowest averaged maximum water flow was
registered in 1980 at 2.23 m®/sec. Hydraulic calculations of water level increase during the
spring floods are given in Table 20 and shown in Figure 34. The calculations were conducted
for the 0.1% and 1.0% maximum water flows taking into account the Lernadzor River bed
cross-section under proposed bridge 016.

Table 20. Maximum water flow hydraulic calculations under the planned bridge 016

Water level, MASL Riverbed width, m | Catchment area, m?| Velocity, m/sec Water flow, m3/sec
1795.10 5.000 0.250 0.286 0.07
1795.20 10.000 1.000 0.507 0.51
1795.30 15.000 2.250 0.708 1.59
1795.40 20.000 4.000 0.897 3.59
1795.50 25.000 6.250 1.079 6.75
1795.60 26.500 8.825 1.368 12.1
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Water level, MASL | Riverbed width, m | Catchment area, m?| Velocity, m/sec | Water flow, m%/sec
1795.70 28.000 11.550 1.634 18.9
1795.80 29.500 14.425 1.880 27.1
1795.90 31.000 17.450 2.112 36.8
1796.00 32.500 20.625 2.330 48.1
1796.10 34.000 23.950 2.538 60.8
1796.20 35.500 27.425 2.735 75.0
1796.30 37.000 31.050 2.923 90.8
1796.40 38.500 34.825 3.103 108
1796.50 40.000 38.750 3.275 127
1796.60 41.500 42.825 3.441 147
1796.70 43.000 47.050 3.599 169
1796.80 44.500 51.425 3.752 193

As per the projection given in Figure 34, during the spring flood, water level in the Loradzor
River under the Project bridge 016 can potentially increase from 1795.0 MASL to 1796.8
MASL and must be provided for in Project design and construction.
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Figure 34. Calculated water level increase during the spring flooding season under
the planned bridge 016

2.9.3.3 Hydrologic

al point - Geghi River

The Geghi River is a typical mountain river with a mixed feeding, mainly from snowmelt,
groundwater and rainfall (Table 21). The Geghi is characterized by pronounced spring-
summer water abundance, caused by snowmelt and precipitation during the winter season.
The peak flow occurs in the second half of May or June. In the Geghi basin, maximum flows
are observed mainly during spring-summer floods. Minimum discharges occur mostly in winter
and summer (end of July - August). Upper reaches of the Geghi River are covered in winter
with a stable ice layer of 2-4 cm that lasts 15-20 days on average per annum..

Table 21. Ratio of the Geghi River water feeding sources (% of total flow) during the
spring flooding season

Hvdroloaical itori Year that Feeding sources, %
ydrological monitoring characterizing ST _
station il water rainwater groundwater
Geghi Average water flow 70 15 15
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Excessive water 71 13 16
flow
Low water flow 60 15 25

Flow data from the "Geghi" hydrological station were used for the hydrological point under the

bridge 021. Thecross-sect i ons of the Geghi Riverds catchm
the "Geghi" hydrological station are similar enough for monitoring data from "Geghi" station to

be acceptable for the water flow calculations.

Annual and monthly water flows (1948-1987) were sourced from the "Geghi" station, with
water flows for 1988-2021 based on data from "Kapan" station. These data are summarized
in the below table.

Table 22. Water annual and monthly average flows, m3/sec

1948-2021 Months
period | Il 1l \Y \Y VI VIl VIl IX X Xl Xl

Average 1.14 115|169 | 476 | 10.1 | 100 | 5.39 | 256 | 1.68 | 1.55 | 1.39 | 1.22 3.55

Annual

Flow in the Geghi River basin is highly seasonal. 80% of the annual water flows in the Geghi
isfrom April to July. 1960 represents average, 1985 excessive, 1990 low and 2014 as
extremely low water flow years Table 23. The annual average flow in the excessive flow year
is 5.43 m®¥/sec and in the extremely low water year - 1.69 m*/sec. The highest flow during the
excessive water year was in June 1985 at 17.2 m*¥/sec, while the lowest flow was in January-
February 2014 at 0.65 m®/sec.

Table 23. Annual and monthly average water flows in excessive, average, low and
extremely low years

Units Months Annual
ol v v v v v [ oix | x| oxi | xn
Excessive water year (1985)

% 34 | 35 | 39 | 124 | 259 | 264 | 94 | 39 | 32 | 28 | 27 | 2.6 | 100

msec | 2.19 | 2.29 | 256 | 8.06 | 169 | 17.2 | 6.11 | 253 | 2.07 | 1.82 | 1.77 | 1.68 5.43
min.m® | 5.87 | 554 | 6.86 | 20.9 | 453 | 446 | 16.4 | 6.78 | 5.37 | 4.87 | 459 | 450 | 1715
Average water year (1960)
% 2.9 2.9 33 | 123 | 268 | 188 | 140 | 7.1 3.1 2.8 3.1 2.9 100
m¥sec | 1.17 | 1.2 | 1.35 | 500 | 109 | 765 | 5.7 | 2.88 | 1.26 | 1.15 | 1.26 | 1.16 3.39
min.m® | 3.13 | 2.90 | 3.62 | 13.0 | 29.2 | 198 | 153 | 7.71 | 3.27 | 3.08 | 3.27 | 3.11 | 107.3
Low water year (1990)
% 2.3 24 29 | 102 | 356 | 246 | 84 3.7 2.3 2.6 2.6 2.5 100
m3sec | 0.63 | 0.64 | 0.80 | 2.78 | 9.71 | 6.70 | 2.28 | 1.02 | 0.62 | 0.72 | 0.70 | 0.67 2.27
min.m® | 1.68 | 1.56 | 213 | 7.2 | 26.0 | 174 | 6.10 | 272 | 1.61 | 1.93 | 1.83 | 1.79 71.9
Extremely low water year (2014)
% 3.2 3.2 46 | 170 | 243 | 20.0 | 85 3.8 3.3 3.9 3.9 4.3 100
m3sec | 0.65 | 0.65 | 0.93 | 3.44 | 492 | 404 | 1.72 | 0.76 | 0.67 | 0.79 | 0.80 | 0.86 1.69
min.m® | 1.74 | 1.58 | 249 | 8.9 | 13.2 | 105 | 461 | 2.05 | 1.73 | 2.11 | 2.07 | 2.31 53.3

A 40-year (1948-1987) data record from the "Geghi" and "Kapan" hydrological monitoring
stations shows maximum flows during spring-summer floods, mainly due to intensive snow
melt (Table 24).

Table 24. Water maximum flows in the Vorotan River

Years Q, m¥/sec Years Q, m¥/sec Years Q, m3¥/sec Years Q, md¥/sec
1948 19.0 1959 21.5 1970 29.7 1980 21.7
1949 9.00 1960 33.4 1971 16.0 1981 17.8
1950 22.5 1961 9.00 1972 12.8 1982 18.4
1951 10.5 1962 13.5 1973 27.2 1983 30.9
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1952 18.0 1963 30.7 1974 22.3 1984 31.6
1953 17.1 1964 21.7 1975 16.6 1985 29.9
1954 20.9 1965 20.4 1976 18.1 1986 30.9
1955 11.7 1966 21.6 1977 35.1 1987 37.3
1956 122 1967 29.5 1978 30.3 1988 35.7
1958 18.0 1968 37.7 1979 30.8

Average - 25.7 m¥sec

The averaged maximum flow for the hydrological point is 25.7 m3/sec, however, 37.3 m%/sec
was recorded in 1987 during spring flooding. The lowest averaged maximum flow was
registered in 1949 and 1961 at 9.0 m®/sec.

Water level increase during spring flooding is given in Table 25 and shown in Figure 35. The
calculations were conducted for 0.1% and 1.0% maximum water flows as a function of the
Geghi River bed cross-section under the planned bridge 021.

Table 25. Maximum water flow hydraulic calculations under the planned bridge 021

Wa;/«laz\lselj/el, '\?JI\GE;Lb?E Catchment area, m?> | Velocity, m/sec | Water flow, m%/sec
1414.10 1.427 0.071 0.280 0.02
1414.20 2.854 0.285 0.495 0.14
1414.30 4.280 0.642 0.691 0.44
1414.40 5.707 1.141 0.876 1.00
1414.50 7.134 1.783 1.054 1.88
1414.60 8.561 2.568 1.225 3.15
1414.70 9.987 3.496 1.392 4.87
1414.80 11.414 4.566 1.555 7.10
1414.90 12.841 5.778 1.714 9.90
1415.00 14.268 7.134 1.870 13.3
1415.10 15.694 8.632 2.023 17.5
1415.20 17.121 10.273 2.173 22.3
1415.30 18.548 12.056 2.320 28.0
1415.40 19.975 13.982 2.465 34.5
1415.50 21.401 16.051 2.607 41.8
1415.60 22.828 18.262 2.746 50.2
1415.70 24.255 20.617 2.883 59.4
1415.80 25.682 23.113 3.017 69.7
1415.90 27.108 25.753 3.149 81.1
1416.00 28.535 28.535 3.278 93.5
1416.10 29.962 31.460 3.404 107
1416.20 31.389 34.527 3.528 122
1416.30 32.815 37.738 3.649 138
1416.40 34.242 41.090 3.768 155
1416.50 35.669 44,586 3.884 173
1416.60 37.096 48.224 3.997 193
1416.70 38.522 52.005 4,108 214
1416.80 39.949 55.929 4,216 236

As per the projection given in Figure 35, it may be concluded that during the spring flooding
season, water level in the Geghi River under the Project bridge 021 can potentially increase
from 1414.0 MASL to 1416.8 MASL, which must be considered during the Project design and

construction.
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Figure 35. Calculated water level increase during the spring flooding season under
the planned bridge 021

2.9.3.4 Hydrological point - Karut River

The Karut River, a tributary of the Geghi River, is also a typical mountain river with mixed
sources, mainly from snowmelt, groundwater and rainfall (Table 26). The water regime of the
river, unlike other watercourses of the region, is characterized by smooth, long-term flooding
(March-July), caused by snow and ice melting. During winter, the upper streams of the river
are covered with a stable ice layer.

Table 26. Ratio of the Karut River water feeding sources (% of total flow) during the
spring flooding season

n L Year that Feeding sources, %
Hydrological monitoring characterizing 0
station il snvc\)l\;vt?re rainwater groundwater
Average water flow 70 15 15
Excessive water
Karut flow 71 13 16
Low water flow 60 15 25

There are no hydrological monitoring stations along the Karut River, so all hydrological
parameters were sourced from the "Geghi" hydrological monitoring station and adapted to the
Karut. The data were available from 1950 until 1987 from the State hydrometeorological
service and data from the "Kapan" monitoring station were used from 1988 to 2021 (see these
summarized in the below table).

Table 27. Water annual and monthly average flows, m3/sec

1950-1987 Months Annual
period | T m v v [wviwvn v x| x [ xi [ xu
Average | 022|022 032|091 193|192 103|049 ]|032]|030]| 027 | 023| 068

Water flow is highly seasonal with 80% of the annual water flows from April to July. 1960
represents average, 1985 excessive, 1990 low and 2014 as extremely low water flow years (
Table 28). The annual average flow in an excessive water year is 1.04 m%sec and an
extremely low water year - 0.32 m%sec. The highest flow during the excessive water year
occurred in June 1985 at 3.29 m%sec, while the lowest flow was registered in January-
February 2014 at 0.12 m®/sec.
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Table 28. Annual and monthly average water flows in excessive, average, low and
extremely low years

Months

units L Jwm [wv ] v v v v ] ix [ x [ xi [ xu Annual
Excessive water year (1985)
% 34 | 35 [ 39 [ 124 [ 259 | 264 [ 94 | 39 [ 32 | 28 [ 27 | 26 | 100

m3sec | 0.42 | 0.44 | 0.49 | 1.54 | 3.24 | 3.29 | 1.17 | 0.48 | 0.40 | 0.35 | 0.34 | 0.32 1.04
min.m® | 1.12 | 1.06 | 1.31 | 4.00 | 8.67 | 8.54 | 3.13 | 1.30 | 1.03 | 0.93 | 0.88 | 0.86 32.8
Average water year (1960)
% 2.9 2.9 33 | 123 | 26.8 | 188 | 140 | 7.1 3.1 2.8 3.1 2.9 100
m3sec | 0.22 | 0.23 | 0.26 | 0.96 | 2.09 | 1.47 | 1.09 | 0.55 | 0.24 | 0.22 | 0.24 | 0.22 0.65
min.m® | 0.60 | 0.56 | 0.69 | 2.48 | 5.59 | 3.80 | 2.92 | 1.48 | 0.63 | 0.59 | 0.63 | 0.60 20.6
Low water year (1990)
% 2.3 2.4 29 | 102 | 356 | 246 | 84 3.7 2.3 2.6 2.6 25 100
m¥sec | 0.12 | 0.12 | 0.15 | 0.53 | 1.86 | 1.28 | 0.44 | 0.19 | 0.12 | 0.14 | 0.13 | 0.13 0.44
min.m® | 0.32 | 0.30 | 0.41 | 1.38 | 498 | 3.32 | 1.17 | 052 | 0.31 | 0.37 | 0.35 | 0.34 13.8
Extremely low water year (2014)
% 3.2 3.2 46 | 170 | 243 | 20.0 | 85 3.8 3.3 3.9 3.9 4.3 100
m¥sec | 0.12 | 0.12 | 0.18 | 0.66 | 0.94 | 0.77 | 0.33 | 0.15 | 0.13 | 0.15 | 0.15 | 0.17 0.32
min.m® | 0.33 | 0.30 | 0.48 | 1.71 | 252 | 2.01 | 0.88 | 0.39 | 0.33 | 0.40 | 0.40 | 0.44 10.2

Extreme spring floods occur once every 10-20 years when there is snow in the upper zones
of the basin and when the sharp increase of air temperature in combination with intensive
rainfall occurs over large areas of the watershed. Between 1956-1977, three very strong
mudflows occurred in the Voghji River basin (the Geghi is tributary of the Voghiji). The mudflow
in 28.08.1956 covered the entire basin of the Voghji River, including its main tributary, the
Geghi. The amount of precipitation that caused the flood was 70-80 mm. Numerous tributaries
and ravines from steep slopes carried powerful limestone flows into the Voghji and Geghi
rivers. The mudflow simultaneously flowed into the beds of the Voghji and Geghi rivers
destroying bridges and buildings.

Massive damage was caused in Kapan. The maximum flow at the "Kapan" monitoring station
was 270 m®/sec, at the "Kajaran" station - 100 m?¥/sec and at the "Geghi" station - 122 m®/sec.
The second and third mudflows occurred in the lower parts of the Voghji River in 1959 and
1960.

A 40-year (1948-1988) data record from the "Geghi" and "Kapan" hydrological monitoring
stations illustrate maximum flow in the catchment area notably during the spring-summer
floods, mainly due to intensive snow melt (Table 29).

Table 29. Water maximum flows in the Vorotan River

Years Q, m¥/sec Years Q, m¥/sec Years Q, m3¥/sec Years Q, md¥/sec
1948 19.0 1959 21.5 1970 29.7 1980 21.7
1949 9.00 1960 334 1971 16.0 1981 17.8
1950 22.5 1961 9.00 1972 12.8 1982 18.4
1951 10.5 1962 13.5 1973 27.2 1983 30.9
1952 18.0 1963 30.7 1974 22.3 1984 31.6
1953 17.1 1964 21.7 1975 16.6 1985 29.9
1954 20.9 1965 20.4 1976 18.1 1986 30.9
1955 11.7 1966 21.6 1977 35.1 1987 37.3
1956 122 1967 29.5 1978 30.3 1988 35.7
1958 18.0 1968 37.7 1979 30.8
Average - 25.7 m3/sec

Hydraulic calculations of water level increase during spring floods are given in Table 30 and
shown in Figure 36. The 0.1% and 1.0% maximum water flows taking into account the Geghi
River bed cross-section under the planned bridge 018, were calculated.
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Table 30. Maximum water flow hydraulic calculations under the planned bridge 018

Water level, MASL | Riverbed width, m| Catchment area, m?| Velocity, m/sec | Water flow, m3sec
1995.10 1.100 0.055 0.293 0.02
1995.20 2.200 0.220 0.519 0.11
1995.30 3.300 0.495 0.724 0.36
1995.40 4.400 0.880 0.919 0.81
1995.50 5.500 1.375 1.105 1.52
1995.60 6.600 1.980 1.285 2.54
1995.70 7.700 2.695 1.459 3.93
1995.80 8.800 3.520 1.630 5.74
1995.90 9.900 4.455 1.797 8.01
1996.00 11.000 5.500 1.960 10.8
1996.10 12.100 6.655 2.121 14.1
1996.20 13.200 7.920 2.278 18.0
1996.30 14.300 9.295 2.432 22.6
1996.40 15.400 10.780 2.584 27.9
1996.50 16.500 12.375 2.733 33.8
1996.60 17.600 14.080 2.879 40.5
1996.70 18.700 15.895 3.023 48.0
1996.80 19.800 17.820 3.163 56.4
1996.90 20.900 19.855 3.301 65.6
1997.00 22.000 22.000 3.437 75.6
1997.10 23.600 24.280 3.513 85.3
1997.20 25.200 26.720 3.596 96.1
1997.30 26.800 29.320 3.684 108
1997.40 28.400 32.080 3.775 121
1997.50 30.000 35.000 3.868 135
1997.60 31.600 38.080 3.963 151

During the spring flood, water level in the Karut River under the Project bridge 018 can
potentially increase from 1,995.0 MASL to 1,997.8 MASL, which must be considered during
design and construction (Figure 36).

Figure 36. Calculated water level increase during the spring flooding season under
the planned bridge 018
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quality categories for the river basins of Armenia (Class 1 - excellent; Class 2 - good; Class 3
- fair; Class 4 - poor; and Class 5 i bad). The "Hydrometeorology and Monitoring Centre"
SNCO regularly analyses water quality in the Vorotan, Loradzor and Geghi Rivers. The results
show that the water quality is fair (Class 3) in the Vorotan River 3 km downstream from Sisian
Town, good (Class 2) in the Loradzor River, and fair (Class 3) at the confluence of the Geghi
River.

Ten water samples were taken from the rivers and their tributaries potentially affected by the
Project, i.e., flow under the bridges (points S3, S6, S8, S9, S11, S14 and K7), near the tunnel
(point K2) and along the planned road (points K10 and K12). Six samples were from streams
along the Sisian-Shenatagh section and four samples along the Qirs-Kajaran section (see the
maps in Annex 1). The water samples were analysed in the state laboratory of the
Hydrometeorology and Monitoring Centre. The streams of the Sisian-Shenatagh section
belong to the Vorotan River Basin, hence, the environmental norms set for the Vorotan River?®
were used for the assessment of the quality of the respective six water samples (bodies).
Similarly, the environmental norms set for the Geghi River® were used for the assessment of
the quality of the four water samples (bodies) along the Qirs-Kajaran section as all four water
bodies belong to the Geghi River basin. The quality of water in the water bodies along the
Sisian-Shenatagh and Qirs-Kajaran sections are presented in Table 31 and Table 32,
respectively.

Table 31. The results of water quality analysis of six water samples taken along the
Sisian-Shenatagh section

S3 S6 S9 S11 S13 S14
> > > > > >
No Analysed Unit Result | 5 | Result | 6 | Result | & | Result | & | Result S | Result | &
parameters of 3 of 3 of ? of g of g of §
analysis 8 analysis 8 analysis 8 analysis 8 analysis 8 analysis 8
1 |Colour rank 15 3 10 3 15 3 15 3 15 3 20 3
2 |Smell points 0 1 0 1 0 1 0 1 0 1 0 1
3 |Transparency cm 31 * 31 * 31 * 31 * 31 * 31 *
4 fc‘jlf‘dpse“ded mg/l | 19.7 136 | 2 | 247 14.7 217 | 2 | 220 | 2
5 |pH - 8.3 1 8.1 1 8.1 1 8.2 1 7.9 1 7.8 1
6 [Mineralization mg/| 412 * 212 * 157 * 143 * 172 * 82 *
7 |El.conductivity | € s/ q 634 2 327 2 241 2 219 2 264 2 126 2
8 |BODs mgO./| 2.38 1 2.76 1 2.25 1 2.57 1 2.31 1 2.22 1
9 |COD mgOl/l 5 1 10 1 5 1 5 1 10 1 15 2
10 |Phosphate ion | mg/l 0.173 2 0449 | 3 | 00612 | 1 | 0.0401 | 1 0.0745 1 |0.00972| 1
11 |Sulphate ion mg/l 103.75 | 3 63.71 | 2 19.57 2 18.30 2 21.68 2 9.95 2
12 |Chloride ion mg/l 7.46 2 5.75 2 4.12 2 3.74 1 4.60 2 2.71 1
13 |Nitrate ion mg/l 14247 | 2 4.031 | 3 1.08 2 0.74 2 0.81 2 0.96 2
14 |Fluoride ion mg/l 0.296 * 0.128 * | 0.0870 | * | 0.0890 | * 0.103 * | 0.0846 | *
15 |Bromide ion mg/| 0.0435 | * <0.03 * <0.03 * <0.03 * <0.03 * <0.03 *
16 |Nitrite ion mg/l 0.0179 | 2 | 0.0345 | 2 | 0.0291 | 2 | 0.0220 | 2 0.0275 2 | 0.0200 | 2
17 |Ammonium ion| mg/I 0.116 1 0.084 | 1 0.089 1 0.109 1 0.266 1 0.066 1
18 |Silicate ion mg/| 19.87 2 25.08 | 3 6.98 1 5.64 1 6.61 1 4.26 1
19 |Carbonate ion | mg/l 21.0 * 15.0 * 10.5 * 10.5 * 10.5 * 6.0 *
20 |Lithium mg/l 0.0271 | 5 | 0.0183 | 5 | 0.0111 | 4 | 0.0107 | 4 | 0.0184 5 ]0.000408| 1
21 |Beryllium mg/l | <0.0001 | 1 |<0.0001| 1 |<0.0001| 1 |<0.0001| 1 |<0.0001| 1 |<0.0001| 1

28Annex 20 of the RA Government decision No 75
291hid
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S3 S6 S9 S11 S13 S14
> > > > > >
NoO Analysed Unit Result o | Result o | Result o | Result o Result o | Result o
parameters of 3 of 3 of ? of g of g of 5
analysis 5 analysis 5 analysis 5 analysis 5 analysis 5 analysis 5
22 |Boron mg/l 0.264 2 0.101 2 0.118 2 0.115 2 0.192 2 0.0153 2
23 |Sodium mg/I 33.70 2 11.83 2 5.13 2 4.64 2 5.87 2 2.20 1
24 |Magnesium mg/l 18.46 2 8.43 2 5.03 2 4.55 2 5.54 2 2.36 2
25 |Aluminium mg/l <0.01 1 0.034 1 0.079 1 0.069 1 0.053 1 0.090 1
26 |10t mg/l | 0123 | 2 | 0274 | 3 | 00454 | 1 | 00239 | 1 | 00780 | 1 |0.00608| 1

phosphorus

27 |Potassium mg/l 7.13 2 5.39 2 1.58 1 1.39 1 1.69 1 0.786 1
28 |Calcium mg/l 52.07 2 26.45 2 29.28 2 28.08 2 33.32 2 16.40 2
29 |Titanium mg/l | 0.00582 | * |[0.00622| * |0.00414| * |0.00360| * | 0.00302 | * |0.00372| *
30 |Vanadium mg/I 0.0443 4 | 0.0350 | 4 |0.00115| 1 |0.000836| 1 |0.000814| 1 |0.000659| 1
31|Chrome mg/l [0.000673| 2 [0.000445| 1 |0.000187| 1 |[0.000103| 1 |0.000130| 1 |<0.0001| 1
32 |lron mg/I 0.0258 1 100482 | 1 | 0.0878 | 2 | 0.0663 1 0.0765 1 0.0734 1
33 |Manganese mg/l 0.0286 4 | 0.0144 | 3 |0.00735| 2 |0.00476| 2 | 0.00980 | 3 |0.00400| 1
34 |Cobalt mg/l [0.000173| 2 [<0.0001| 1 |0.000165| 2 |[0.000123| 1 |0.000160| 2 |0.000102| 1
35 |Nickel mg/l | 0.00179 | 2 [0.000670| 2 |0.000839| 2 [0.000806| 2 |0.000905| 2 |0.000508| 2
36 |Copper mg/l [ 0.00127 | 1 [0.00166| 1 |0.00223| 2 |0.00212| 2 | 0.00249 | 2 |0.00169| 1
37 |Zinc mg/l [ 0.00145| 1 | 0.0108 | 2 |0.00228| 2 |0.00202| 2 | 0.00400 | 2 |0.00299| 2
38 |Arsenic mg/l | 0.00659 | 2 [0.00387| 2 |0.00215| 2 |0.00190| 2 | 0.00264 | 2 |0.000312| 1
39 |Selenium mg/l [0.000273| 1 [0.000240{ 1 |0.000142| 1 |[0.000333| 1 |0.000692| 2 |0.000598| 2
40 |Strontium mg/I 0.355 * 0.157 * 0.209 * 0.195 * 0.245 * 0.0847 *
41 |Molybdenum mg/l | 0.00777 | 4 [0.00260| 3 |0.00151| 2 |0.00150| 2 | 0.00155| 2 |0.000865| 1
42 |Cadmium mg/l | <0.0001| 2 [<0.0001| 2 |<0.0001| 2 |[<0.0001| 2 |<0.0001| 2 |<0.0001| 2
43|Tin mg/I <0.001 1 [ <0001 | 1 |<0.001| 1 |<0001]| 1 <0.001 1 <0.001 1
44 |Antimony mg/l [0.000116| 1 [<0.0001| 1 |<0.0001| 1 |[<0.0001| 1 |<0.0001| 1 |<0.0001| 1
45 |Barium mg/| 0.0164 3 00114 | 2 | 0.0231 | 3 | 0.0236 | 3 0.0266 4 0.0157 3
46 |Lead mg/l | <0.0001 | 1 |0.000268| 2 |0.000232| 2 |0.000141] 2 |0.000166| 2 |0.000267| 2

*no water quality criteria are set for these parameters

Table 32. The results of water quality analysis of four water samples taken along the
Qirs-Kajaran section

K2 K7 K10 K12
lvsed = = = =
No pgr:rg:teers Unit | Resultof | S | Resultof | & | Resultof | & | Resultof | &
analysis | g | analysis | £ | analysis | & | analysis | &
O O O O
1 |Colour rank 5 3 15 3 15 3 15 3
2 |Smell points 0 1 0 1 0 1 0 1
3 | Transparency cm 31 * 31 * 31 * 31 *
4 | Suspended solids mg/| 6.5 1 10.9 2 31.0 3 24.8 2
5 |pH - 8.3 1 8.2 1 8.3 1 8.2 1
6 |Mineralization mg/| 150 * 97 * 243 * 171 *
7 |Electrical conductivity | € s / @ 230 2 149 1 375 2 263 2
8 |BODs mgO/| 1.61 1 1.84 1 1.95 1 1.85 1
9 |COD mgO/I 15 2 15 2 15 2 20 2
10 |Phosphate ion mg/| 0.00527 1 0.00770 1 0.0555 1 0.0130 1
11 |Sulphate ion mg/| 18.10 2 10.66 1 71.00 2 35.36 2
12 |Chloride ion mg/| 1.97 1 2.01 1 7.93 2 4.50 1
13 |Nitrate ion mg/| 0.0807 1 0.502 2 4.01 3 2.18 2
14 |Fluoride ion mg/| 0.0910 * 0.0860 * 0.0940 * 0.0910 *
15 |Bromide ion mg/| <0.03 * <0.03 * <0.03 * <0.03 *
16 | Nitrite ion mg/l 0.00770 | 2 0.0182 2 0.0957 3 0.0500 2
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K2 K7 K10 K12
Analvsed > > > >
No pap;rgesteers Unit | Resultof | & | Resultof | & | Resultof | & | Resultof |
analysis | & | analysis | & | analysis | £ | analysis | £
@) O O O
17 | Ammonium ion mg/| 0.0509 2 0.0951 2 0.370 2 0.252 2
18 | Silicate ion mg/l 3.40 1 3.86 1 5.08 1 4.36 1
19 | Carbonate ion mg/l 13.5 * 10.5 * 15.0 * 135 *
20 |Lithium mg/l 0.00404 1 0.00295 1 0.0113 3 0.00648 2
21 | Beryllium mg/l <0.0001 1 <0.0001 1 <0.0001 1 <0.0001 1
22 |Boron mg/l 0.0157 2 0.0268 3 0.106 4 0.0634 4
23 | Sodium mg/l 4.03 1 3.20 1 7.89 2 5.78 2
24 | Magnesium mg/| 5.35 2 3.38 1 11.64 2 6.93 2
25 | Aluminium mg/| <0.01 1 0.039 1 0.097 1 0.078 1
26 | Total phosphorus mg/I 0.0116 1 0.00813 1 0.0375 2 0.0203 2
27 | Potassium mg/I 0.870 2 0.748 2 1.947 2 1.328 2
28 | Calcium mg/I 34.79 2 20.73 1 42.72 2 30.94 2
29 | Titanium mg/l | 0.000890 | * 0.00176 * 0.00725 * 0.00678 *
30 |Vanadium mg/l | 0.000408 | 1 | 0.000545 | 1 0.00129 3 0.00105 3
31 |Chrome mg/l | 0.000196 | 1 | 0.000308 | 1 0.000685 | 2 | 0.000525 | 2
32 [lron mg/I 0.0189 1 0.0467 1 0.177 3 0.150 3
33 | Manganese mg/I 0.00185 1 0.00279 1 0.0147 3 0.0124 3
34 | Cobalt mg/I <0.0001 1 <0.0001 1 |0.0003142| 1 |0.0002157| 1
35 | Nickel mg/l | 0.000416 | 1 | 0.000258 | 1 0.00108 2 | 0.000640 | 1
36 | Copper mg/I 0.00101 1 0.00191 1 0.0173 2 0.0111 2
37 | Zinc mg/l 0.00160 2 0.00149 1 0.00303 2 0.00186 1
38 | Arsenic mg/l | 0.000264 | 1 | 0.000392 | 2 0.00226 2 0.00126 2
39 | Selenium mg/l | 0.000181 | 1 | 0.000272 | 2 0.00608 2 0.00243 2
40 | Strontium mg/l 0.235 * 0.125 * 0.436 * 0.263 *
41 | Molybdenum mg/l 0.148 5 0.0158 3 0.0931 4 0.0540 3
42 |Cadmium mg/l | 0.000457 | 2 <0.0001 2 0.000302 | 2 | 0.000178 | 2
43 [Tin mg/l <0.001 1 <0.001 1 <0.001 1 <0.001 1
44 | Antimony mg/l 0.00254 | 4 | 0.000176 | 1 0.000293 | 1 | 0.000262 | 1
45 | Barium mg/l 0.0335 2 0.0185 1 0.0232 2 0.0221 2
46 |Lead mg/l | 0.000348 | 2 | 0.000843 | 2 0.00106 2 0.00131 2

*no water quality criteria are set for these parameters

The results of the chemical analyses of water samples taken from the Vorotan, Loradzor,
Geghi and Voghii rivers indicate that water quality in the streams mostly complies with the
criteria of 1st (excell ent) and 2nd (good)
concentrations. In terms of lithium, vanadium, manganese and molybdenum content in
samples from the Vorotan River, the water quality is related to the bad and poor classes. The
concentration of molybdenum and antimony in the Geghi River is relatively high (bad and poor
classes) and in terms of Mo and Sb content the water quality there is classified as bad and
poor. This may be related to the abundance of ore deposits in the area (see Section 2.6).
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2.10 Groundwater Resources

2.10.1 Overview

Ref.N0.46.005

As per the map of the groundwater resources monitoring network in Armenia® there is no
groundwater resource monitoring in the Project area (Figure 37). Groundwater occurs in the

weathering crust of various rocks and deep cracks, as well as in the pores of a
formations along riverbeds. The groundwater reserve of 429 min.m?3/year

lluvial-prolluvial
exists for the

Vorotan River and 185.1 min.m3/year for the Voghji River Basin, according to the multi-year

average values (Table 33). The major springs are spread in the Vorotan Ri

slopes of the Syunik volcanic plateau, in the upper and middle reaches of
Geghi Rivers.
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Source: Water Resources Atlas of Armenia, Yerevan, 2008

Figure 37. Groundwater resources monitoring network
Table 33. Groundwater Resources?!

iver valley and
the Voghji and

- River basin Groundwater resources by flow components, min.m3%year Ground water
Total Spring Drainage flow level, m

1 Vorotan 429 118 208 107

2 Voghji 185.1 72.2 26.5 86.4

OWater Resources Atlas of Armenia, Yerevan, 2008

3INorth-South Road Corridor Investment Program, Tranche 4: Section Sisian-Kajaran, Detail Design, Final Environmental

Impact Assessment Report and Environmental Management Plan, November 2019
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2.10.2 Springs

The

of natur
are with
points):

T

RA Gover nme n tN2Mheludédd6 sprimgs in $yumk Region into the RA list
e monuments (so-called "water springs of national significance"). Two of the springs
in the administrative boundaries of Project-affected settlements (Figure 38., dark blue

"Vorotan" spring, in the northern part of Vorotan village, 1,000 m from the planned
road,

"Sevjur" spring, within the administrative boundaries of Geghi village, 800 m west of
the planned road,

SEINVED

0. 10km *20km

{5 » §M12’(
= \Vatel ‘ Goris Qnpht)
| _}V,\,{gt‘er’sprm )

Khndzoreskihuldnptu
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" Waterlspring 4
Darbas dwppwiu Harzhis'wndhu

Water'spring,5
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Shurnukh*&nLnUntfu

Davit Bek
VerinsKhotanan dtnhu tunuinwiwl

Spring GPS cooridanates Spring GPS cooridanates
"Ananun’ 39°34'20.17"N | 45°59'41.95"E | "Tsortsor" 39°33'18.15"N | 45°59'56.06"E
"Vorotan" 39°29'37.97"N | 46° 8'29.60"E "Sevjur" 39°13'38.17"N | 46° 8'5.32"E

Figure 38. Springs in the Project region

Two other springs are within the administrative boundaries of Sisian Community, in the

vicinities
road.

of Shaqi village. Both are located 3.8 km west of the starting point of the planned

Almost all villages in the northern (Sisian-Shenatagh) section of the proposed road have at

least 1-2

springs of local significance that were observed during site visits to the Project region

32https://www.arlis.am/documentview.aspx?docid=157090
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(Figure 38, light blue points). Most of these springs occur along the existing road, are marked
by cross-stones and are considered by local people as spiritual sites.

Springs 1 and 2 (, a) and b)) are situated within the administrative area of Vaghatin settlement,
water springs 3, 4 and 5 (Figure 39, c), d) and e)) in Shamb, Darbas and Lor settlements,
respectively, and "Ttu jur" spring (Figure 39, f)) in Shenatagh village. All springs of local
significance are 200-300 m from the proposed road alignment. The water from the springs is
used only occasionally for drinking by the population of Vaghatin, Shamb, Darbas, Lor,
Getatagh and Shenatagh settlements and by visitors / drivers, approx. 2,500-3,000 people.
These are not the main water source in the villages but rather places of gatherings and
occasional collection of water in bottles.

) Spring 3 (Shamb) d) Spring 4 (Drbas)

e) Spring 5 (Lor) f) "Ttu jur" spring 6 (Shenatagh)

Figure 39. Photos of the springs in the Project region

2.11 Landscape and Visual Amenity

The planned road passes through six vertical landscape zones: low and middle mountain
below forest level, low and middle mountain forest, middle mountain steppe, middle mountain
meadow steppe, high mountain subalpine, high mountain alpine and will have direct and
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