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SECTOR 1. INTRODUCTION

The current program - ,,Energy Development Plan for Small Hydropower Plants in RA”™ - is carried out by
request of Foundation for Armenian Reconstructive Power Engineering and Energy Conservation. The
program has been developed under the grant of World Bank (WB) and Globa Environment Facility (GEF)
(grant GEF-CS-4/2006).

The program is procured by , Armhydroenergyprogect” CJSC. Construction of SHPPs is recognised as
nationd priority within the energy sectior. The development plan for SHPPs, which is the only complete
document in the energy sector, was designed in 1997 by ,, Armhydroenergyprogect”. However, the document
does not comply with the current requirements of the sector and fails to reflect the latest changes in
hydropower and adjacent sectors (irrigation, water supply). Moreover, the plan does not incorporate currently
available technical (water turbines of local and foreign production) and funding options (private means, credits
and loans.)

The current project is expected to present the main regulations of the 1997 plan, define the number of
incorporated but not appropriated SHPPs, afterwards, update the existing data, taking into consideration the
changesin hydrological and hydropower subsections.

The project foresees broadening and updating the plan by exploring and investigating new options for SHPP
construction through exploration of river basins and on situ investigations. It is planned to develop this project
in two main directions:

Collection, analysis and ranking of data from appropriate RA organizations
On-situ investigation of RA river basins in order to collect information on hydro power resources and
verification of existing information.

For the objectives of the current project the Client will provide the Contractor the following data: ,, Updated
and verified development plan for Gegharkunik Marz SHPP, RA” (EuropeAid 120653/C/SV/AM) and
»Development of geographical and information system for rehabilitated energy sector of Lori Marz, RA’
(GEF/WB PPG TF053910).

The updated plan for devel opment of small power plantsin Armeniawill enforce preparation of business plans
and technical and economic substantiations for new SHPPs.

It is expected that this project will contribute to stability of national economy and increase the energy safety
level.
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SECTION 2. PROJECT: OBJECTIVESAND FUNCTIONING

The The main objective of the present project according to technical specifications (Annex 1), isto update
verify and broaden the 1997 plan for devel opment of small power plansin Armenia

The project aso envisages:

1. Collection and analysis of recent (10-15) yearsx data in hydro-power and adjacent sectors, including
hydrology, indicators of mechanical equipment aswell as changesin financia sustainability of projects

2. Carry out on-situ investigation of SHPP construction sites under consideration, applying Globa
Positioning System equipment

3. Cadculation of main technica and economic indicators of all SHPPs under consideration
4, Design of SHPPs scheme and general location plan as well as mapping by AutoCAD
5. Mapping of verified and justified SHPP plan according to RA marzes by AutoCAD

6. According to methodology assigned in the Client plan, there are 6 working groups that carry out
collection, verification, ranking and appropriate presentation of the corresponding sector data.

7. The collection of on-situ data relating to hydrology and water economy sub categories as well as
estimation of hydro power potential were carried out by three working groups. These groups carried out
their investigations by means of GPS equipment with succeeding mapping of the collected and analyzed
data

8. Datarelating to hydro power sector was collected from water resources and water economy sectors.

9. Taking into consideration the specifications pertaining to al the sectors, presentation modes were
developed by means of tables and were agreed upon by corresponding specialists.

10. It is noteworthy that the following institutions were used as sources for program implementation: RA
Ministries of Energy Resources, Environmental Protection, Local Governance (Armwatergovcom); RA
Committee for Socia Services, Hydro-Meteorological and Monitoring State, Water User Unions of RA
Marzes and Didtricts, corresponding international projects and consulting companies as well as various
internet resources.

SECTION 3. CURRENT HYDROPOWER POTENTIAL OF RA ANDITS
IMPLEMENTATION PROJECTSIN THE NEAREST FUTURE

Armeniais considered atypicaly mountaneous country with complicated and diverse relief. 90% of the coutry
is located on the atitude of 1000m and above. All Armenian rivers belong to Kaspian Sea basin and fall into
River Kur or itsinflow - River Araks, except for those riversthat fall into Lake Sevan from nearest slopes. The
source of large hydropwer potential of Armenian riversis due to their high fall. Water regieme of theriversis
conditioned by uneven flow distribution with spring inundations and severe drought period.

Practically there are no energy carring minera resources in Armenia. Within this respect the only source of
energy, except for aternative energy sources, is hydro-power. The poterntial hydro-power resources of
Armenia are estimated 21.8 mird. kv.hour, including large and medium rivers « 18.6 mird. Kv.h and small
rivers- 3.2 mird. Kv.h.

The largest energy potentia is contained in River Hrazdan with Sevan Lake, Vorotan, Debed, and Araks
Rivers.

Presently, only River Debed with its Dzoraget inflow and Araks River are left unused from the hydro-power
perspective. There are three hydro power stations designed on Dzoraget and Debet Rivers. HPP Loriberd 1,2
are constructed on Dzoraget River with 65 mwt joint capacity while Shogh HPP is constructed on River Debet
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with 75 mwt capacity with 200 and 300 min kwt power production accordingly. The construction of Meghry
HPP is planned on River Araks on the border between Iran and Armenia, the HPP will have the capacity of
128 mwt and and 74 min. Kwt/h energy production.

»Armhydroenergyprogect” designed The Development Plan of Small Hydropower Sector in Armeniain 1991
and updated it in 1997. This plan included the whole territory of the country. According to this plan there
should be constructed 325 small HPPs with 274 mwt capacity and 833 min kwt/h annual energy production.
Thus, the potential hydro power production in Armenia according to country<s technical and economic
capacitiesis about 380 mwt capacity and about 1.6 mird. Kwt/h production, this amount can cover 25-30% of
overal energy demand of the country.

This potential is presented in the Table 1 based on the following indicators.

Table 1. RA Power Potential in the Nearest Future

Initial ot

HPP Name . production
capacity mwt

min. Kwt/hour

HPPsin exploitation

1. Sevan-Hrazdan cascade 556

2. Vorotan Cascade 404

3. Dzorashen HPPs 25

4. Small HPPs, including SHPPs under 75*
construction

Overall 1060.0

Envisaged HPPs

1. Megry HPP 128

2. Loriberd HPPs 65

3. Shnokh HPP 75

Middle sized HPP ready for exploitation (Pambak 20.3
HPP)

Small HPPs ready for exploitation 59.6*

Small HPPs (included in 1997 plan) 146.9

Total 1554.8

SECTION 4. PECULARITIES OF SHPP DEVELOPMENT PLAN - 1997

The objective of the development of small hydropower sector is to explore the potential of small rivers. This
rivers have strong inclination which detemines exploitation of water resources for extracting hydro power.
However, when it comes to water resources, it should be taken into consideration that they are limited and
highly unproportional.

In order to determine the potential of small HPPs, 11 river basins were investigated. To use the hydro power
potentiad of the rivers derrivational HPPs will be constructed. It is considerede to construct SHPPs next to
exigting race channels and reservoirs (close to dams) as well as next to reservoirs and water channels that are
in the design state.

For the construction of SHPPs it is planned to use rivers sections that have sighnificant inclination and
therefore derivationa inclinations are maximally short.

Productive exploitation of water resources is a complex problem where the priority is given to public utitlities
aswell astechnical and irrigation water supply.
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Derivation length of desighned SHPPs equals 1.5-5.0 km and therefore the given river section is drained. In
order not to drain the river bed according to @[T - 3907-85, the daily average minimal discharge value is
accepted as annual envoronmental protection value with 95% guarantee.

Taking into consideration, that during the design period there was no information on irrigation water demand
of the particular marzes, the corresponding economic calculations render the discharge for summer i.e. July-
August periods as no demand periods which means the SHPPs are closed for the mentioned periods.

Heardworks will be constructed on the river sections where SHPPsc headwoks are located next to dams. The
natural river flow is determined based on hydrological data. The discharge of July and August is derived from
this flow of indicators and values for environemntal flow and the rest of the flow value is used as energy
resource.

In the 1997 hydro power development scheme, the river was divided according to stages based on the
following principles:

The Headworks of SHPPs were installed after the inflows joined the main river bed.

Derivation length was defined according to static pressure of SHPPs, within 40-125m limits, which is
conditioned by the type of hydro-turbines which are mainly produced by St. Pitsburg factory " ~ [
according to standards for unified radius-axis tree types of hydro agregates

Type Pressure, m Discharge,
m3/sec

PO 115 « 40 40«75 10,12, 14

PO 230 « 40 75« 125 0.4; 0.6, 0.8
PO 230 « 20 70«95 0.12; 0.2; 0.35

In case if between the headworks of SHPPs thereis no or little lateral flow and there are no water usersin
the area, then the derivation system of the SHPPs serves as headwork structure for the next one. Under this
curcumstances working regieme of SHPPS is highly interdependent.

Hydro-economy indicators for SHPPs are defined with 50% average guarantee for the whole year.
Average annua water discharge indicators in winter are 5-10 times less than the spring discharge. Thus, it
is natural that in order to use the normaised discharge indicators, the design discharge of SHPPs was
determined based on the spring 2-3 mouth guarantee indicators.

Open channel or closed pipeline were chosen as derivation options, taking into account the pecularities of
the given area.

There are no reservoirs forseen on SHPPs headworks as the expences are not paid off.

SECTION 5. VERIFICATION, UPDATE AND EXPANTION OF 1997 PLAN

In 1999 hydro-energy sector started its rapid development. This was explained mostly by the growing interest
of private investors, particularly in the area of SHPP construction. Therefore, at this period the process of
obraining permission from the authorities for construction of SHPPs begun. As a result, technica and
economic substantiontion was carried out for SHPPs under question, the outcome was the update of indicators
and data of 1997 plan for SHPPs.

As to the present day, out of the number of SHPPs indicated in 1997 plan, the most productive SHPPS are
being contructed. The desicion to construct particular SHPPs is based on the large volumes of produced
energy aswell asfavorable conditions for construction. This conditions include such cliteria as the dtitude up
to 2000m, location near existing highways, corresponding infrastructure and communications.

Based on the technical specifications of the present project, it is nesessary to define and estimate the potentia
and other properties of the SHPPs that have not been appropriated in order to verufy and update 1997 plan.
Therefore, comparative anaysis of 1997 plan and the data of SHPP under exploitation or under the
construction has been carried out. Additional comparative anaysis of SHPP design data starting from 1997
from severa design insisution of RA has been carried out.
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Asaresult thelist of unapropriated SHPPS was compiled together with number of technical and economic
properties. The plan of unaproprited SHPPs can be found in the Attachement 1 of the present report together
with hydro-power and technical properties. Hydro-power and technical properties are shown on the table 2
below, classified according to main river basins of RA

Table2. Water Enerqy and Technical | ndicators of Unappropriated SHPPs Accordingto Main
RiverBasins

RA River Basins Number of total allocated total average annual Capacity coefficient
SHPPSin the power production
basin Kwt min. Kwt/hour Hour /year %

F

Debed 55 17496 57.41 3281.3

Aghstev 51 33360 89.75 2690.3

Akhuryan 9 5495 17.09 31101

Kasakh 13 7505 18.41 2453.0

Hrazdan 7 4350 13.22 3039.1

Lake Sevan 15 10075 25.24 2505.2

Azat and Vedi 17 15855 48.65 3068.4

Arpa 0 0 0 0

1
2
3
4
5
6
7
8
9

Vorotan 3 1650 51 3090.9

Vogji 35 14707 47.43 3225.0

Meghri 1 750 2.40 3200.0

TOTAL 111243 324.7 2918.8

According to main RA river basins, the most of unused SHPP potentia is contained in Aghstev (about 33
mgw additiona energy production with annual 90min kw per hour) and Debed (about 18 mgw additional
energy production with annual 57mln kw per hour) river basins. Azat-Vedi and Vogji river basins also have
considerable potentia: 49 and 47 min kw per hour correspondingly.

It is clear that for Tavush Marz the uapropriated maximal potential of SHPPs is about 34mwt of tota initia
capacity and 90mln Kwt/hour annua capacity. Thereis a significant potential of Lori and Syunic Marzes with
annual production of 57 nad 54 min kwt/hour accordingly.

The following changes are to be carried out in 1997 plan for unapropriated SHPPs:

1. Hydrological indicators: water supply and irrigation changes besed on observations of the natural river
basins during the last decade.

2. Within the values of perspective water supply from water basins.

3. The location plan of headworks, derivation and station section of SHPPs under question can be changed
after on-situ investigations for platform location. The change will affect the perspective SHPPs on the
givenriver.

4. From the technica perspective, there will be separate headworks for SHPPs on the same river, so that
working regimes of stations are not interdependent.

5. The main static pressure changes of SHPP indicators to be carried out based on technical capacities of
local production companies as well as foreign hydrological equipment. The list of factories producing
hydrological equipment can be found in Attachement 2.

6. The normative environmental discharge is also subject to change according to RA Governmental Decree #
592 due from May 22, 2003, the enviromenta protection discharge is considered the value of river
considred as 95% gurantee, 75% form (see Attachement ).

7. The planning of new SHPPs not included in 1997 version: on natural water channels, existing and
perspectibe water channels, dams and water supply channels.
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10.

11

12.

13.

Water economy calculation will be carried out based on survey of local water user unions and after
receiving data on water supply requirements. Based on these caculations and data thechnical
characteristics of dl unapropriated SHPPs will be updated.

Main hydraulic equipment of SHPPs will be purchased from CIS countries as well as other foreign
countries. Those factories are mainly located in St. Peterburg, Sizran, Ekaterenburg, Kiev, including
Check Republic factories ,MAVEL", ,ZINK". Local hydraulic equipment will aso be used.

Theinitial price for hydro aggregate equipment is cal cul ated as 250-500 USD (excluding VAT) depending
on integration and delivery services.

The basis for capita investments into SHPPs is the the booklet: ,, Price formation analysis and information
center” by RA Ministry of Civil Construction asfor 01 January 2008.

During calculation of investment effectiveness the prime cost for eectricity was adopted by RA Social
Services regulating commitiee decision N598-" as of 30.11.2007 (Attachement):

The basis for schematic rel ocation plan of the SHPPs were the 1:25000 scale maps

Verifications are underway. It will be possible to use the whole potential of SHPPs as a result of ongiong
verifications, changes and constant update this will also increase the attractiveness of SHPPs for potentia
investors.

SECTION 6. SHPP PRODUCTIVITY CHARACTERISTICS

The maximal productive use of hydro potentia inluding water basins, irrigation and waer supply will carried
out with strict maitenance of environmental norms based on the following princeiples:

6.1. Technical characteristics:

The division of rivers into sections should be carried out

SHPP headworks will mainly be situated on the sectiond where river inflos already join the main river bed
in order to use the the river potential to the fullest.

River section of SHPP construction should have the inclination exceeding 25m per 1 km which resultsin
short distance derivation.
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The construction sites atitude for SHPPs should be no more that 2600m, taking into consideration the
depth of soil freezing (the pipeline is located in a closed trenches, for effective exploitation the depth of
covering soil should not exceed 1.5m)

Main premises will be located news the existing roads, sub-stations, communication systems.

Taking into consideration that local and foregn factories produce sny type of hydroagregates the technical
capabilities allow to act without strict regulations when it comes to SHPP equipment and parameters.

6.2. Finantial characterisitcs.
1. Finantial sustainability and indicators.

Internal Rate of Return - IRR
Net Present Value - NPV
Payback Period - PB

During finatitiol sustainability analysis of NPV valueis considered if comparative interest (discount indicator)
are 8.10,12,14%, which means that income norm is compared with the mentioned interest rate. The desision
on finantiol sustainbility of the project is taken based on ca;culation data and sucseeding anaysis.

Thus, if NPV indicator in case of the abovementioned interest rates is negative, it means that the IRR project
under question is less than the comparative interest rates. In case if IRR is less than 10% investment pay back
period exceeds 10 years. Thus, after the analysis of this datais becomes clear that this project is not attractive
for investors.

2. During finantia anaysis of the designed SHPPs the design period is accepted 30-40 years starting from
exploitation date of SHPPs, this is the proposed standard according to normative acts and hydro power
literature.

3. While calculating finantia sustainability the taxes are calculated according to active RA
legiglation:

Profitstax - 20% of the taxable income
Inventory tax - 0.6% of depreciated cost
Value Added Tax (VAT), within construction-assembling works and equpment costs: - 20%

4. Prime cost value of 1kwt.h power production (annua exploitation expenses and annua power production
ratio.)

5. One of the main criteria for SHPP sustainability is the spacific investments per 1kwt capacity and
1kwt/hour power.

»Armhydroenergyproject” CJSC carried out technical specification and design of mny (about 65) SHPPs,
some of them are aready in exploitation other are being constructed. According to the above mentioned
research the average value for specific investment capacity for 1 kwt for SHPPs constructed on natura flow
rivers as well as water supply and irrigation shannels and  reservoirs, is 825 and 470 USD accordingly
(without VAT), and the average vaue for specific investment capacity for 1 kwt of hydro power is 0.225 and
0.12 USD accordingly.

The analyis shows that the project is proficatble for investors (pay off period is very short) if the specific
investment value islessthan 0.3 USD per 1kwt/h. (in case of present tariffs).

6. Taking into consideration that armenian rivers are mountaneous then from annual perpectibe they are quite
uneven. The SHPPs constructed on rivers like this are working during the spring floods which means only
three mounth. The analyis of the procjects leads to conclusion that using the mentioned potentia of hours
(Plant Factor) which if more than 3000 hours/year (or more than 34%) is considered productive from finantial
point of view.
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SECTION 7. MAIN TECHNOLOGICAL SOLUTIONS

7.1. The choice of location scheme for SHPPs

There are 3 types of SHPPsin the updated scheme: derivational, water supply on the inclinations of the water
routes and those located next to dams/reservoirs.

a) The derivationa SHPPs are planned to construct for using the energy potentia of rivers. All SHPP
buildings were located on the previoudy planned section. The main knots of derivationa SHPPs are:
headworks
derivationa water carrier
station knot
discharge channel

Headworks
The headworks section consists of :
concrete water discharge channel, which is constructed for creating the necessary protection level from
water supply and the discharge up to 3% probability design flood overflow,
SHPPs are classified as |1l category congruction (2.06.01-86), therefore, the maximal exceeding
capacity of annua design discharge on the river section with the headworksis
for the main case 3%,
for the verifying case 0.5%.
water receiving together with waste water tank is forseen for receing design the design discharge,
waste water tank: for firther water purification,
diverting cleaning passage for purification of waste water tank sediment.

Derivational Water Carrier
Derivationa water carrier is a high pressure copper pipeline that starts from the water receiver and reaches till
SHPP, located on theriver bank.

It is planned to locate the pipeline in a trench pass which is covered by reverse filling. The pressure pipeline
next to station building ramifies towards pipelines leading to hydro aggregate that has automatic gates.

Station Works

Station works include.
SHPP buildings where hydropower aggregates are |ocated,
Installation site,
Outdoor switchgear sub-station.

Discharge channel starts immediately from SHPP building. The processed water discharges into the river by
means of the channel.

) Itis planned to use the SHPPs located on channel inclinations and on the reservoirs with different water
level for hydro power purposes.

The main sections of SHPPs are:
Water receiving section,
Pressure basin,

Station section,
Discharge channel.

") The SHPPs to be constructed on water supply channels are planned for using the power potential of water
channel springs

The main sections of SHPPs are;
Inflow channdl,
Station knot,
Discharge channel.
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7. 2. Preliminary decisions on energy supply

After the construction of SHPPs, it is planned to incorporate the produced energy into state energy
system.

The hydro aggregates located on the SHPP are supplied by synchronic generators. These generators
can work within the energy system as well as for separate load, however, are foreseen for working
with energy systems. The whole power potential of the station is aimed at supplying energy system.

The station has the following scheme: the generators are linked to one general tire which is linked to
transformation. As far as the tension of the network and the SHPP are different, therefore it is
planned to locate a transformer near the station building in order to amplify the tension.

SECTION 8. ESTIMATION OF ENVIRONMENTAL IMPACT OF SHPPS

The design resolutions of SHPPs and the environmenta influence of planned construction and exploitation
works aswell as socia and economic influence were estimated according RA law ,, Environmental influence of
designed constructions.”*

According to investigation carried out on design and construction of SHPPs (up to 10mwt), thiskin™ of hydro
technical constructions are more perspective from environmental point of view as during their construction
and exploitation the environmental impact is minimal.

The potential environmental impact and influence have been considerer taking into consideration possible
dangerous and unfavorable condition that may comes up during the construction of exploitation of SHPPs.

During SHPP construction and exploitation there is no waste, no toxic waste. The possible influence:
Occupation of certain areafor SHPP construction
Temporary influence of construction works on local flora and fauna
Diminishing of the natural flow in the river bed along the derivational pipeline.

The channel excavated for pipeline installation will be covered by soil without atering the natura state on the
environment.

SHPP congtruction does not endanger the valuable vegetative and geological examples. The insignificant
extraction of bushes (of no value) is compensated by planting of new trees. By carrying out the reconstructive
requirements the location is brought back to its state before the construction. It should be taken into
consideration that there is an option for migration of wild species because of construction works. However, the
wild animals come back to the old habitat after construction ends. In order to preserve the fish species of the
basin a staircase fish channel will be constructed according to RA Minister Committee decision as of
16.12.1991 #687 (see Annex 5).

Water intake for energy purposes will take into consideration environmenta filtration which preserves
normative water quality and prevents negative conditions for hydromechanics constructions.

There are constructive isolating units in SHPP buildings against the noise from hydro aggregates in the
neighborhood.

Therefore it can be concluded that SHPP construction and exploitation will not have a negative effect of the
local environment. SHPPs are ecologically clean and safe constructions that have a positive social economic
effect.

! Accepted 20 Nov. 1995.
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SECTION 9. IN-SITU INVESTIGATIONSAND ESTIMATION OF HYDRO POWER
POTENTIAL OF RA RIVER BASINSACCORDING TO MARZES

In-situ investigations were carried out by working groups in 9 marzes and 14 river basins of RA. Location
plans of unrealized SHPPs were verified in the result of this investigations and measurements as well as data
on irrigation and water supply systems was collected.

The working group specialists carried out the following:

a) Defined hydrologic water meter stations for river network of RA marzes that served as analogues for
the SHPP Rivers section hydrologica descriptions.

b) Researched currently active observation points, the data includes short description and exploitation
timeline as well as general and main data on RA Rivers. The provided data includes water meter
station data: average annual flow, maximal and minimal flow with different probabilities. This datais
shown in Annex 6.

c) Each working group focused on agiver river basin. The basis for this investigation was the 1997 plan.
The main goas were to verify construction options for unrealized SHPPs, location plan as well as
existence of current and perspective reservoirs aswell asirrigation and water supply channels.

d) Working groups carried out substantial amount of work in determining the data of perspective,
exigting and designed reservoirs. The specialists used data from State Water Economy Committee as
well as from programs on reconstruction and devel opment of reservoirs.

€) During in-situ investigations while choosing construction sites for SHPPs specialists took into
consideration geological, geomorphic and other properties of the site.

f) After thorough investigation of the site the geographic properties were defines aswell:

a. Hydro technica working group designed station plan, longitudina section and other
appropriate sections based on SHPP geographical coordinates according to M1:25000 scale

maps.

g) After verifying design sections of SHPP headworks was proposed to the working groups to verify
average monthly discharge with 25,50,75% probability, and average daily minimum discharge for
maximum 3, 0.5% probability and observed 95% guarantee.

h) The working groups conducted collection of characterizing data related with irrigation and water
supply system for administrative division of RA (marzes). Inquiries were made to RA Stare Water
Economy Committee, Water Users Organizations of appropriate administrative bodies as well as
»Grmugh-Koyughi” organizations to clarify detail about water intake for irrigation and water supply
water intake from SHPP section works river section.

i) Water energy working groups carried out water economy and energy caculations based on the
previous information on SHPPs.

j) Capital investments into SHPP construction were estimated based technical information on each of
SHHP as well as,, Information Center for Price Formation Anaysis” (01.01.2008) of RA Ministry of
Urban Construction.

k) Technical substantiation working group carried out technical effectiveness calculation based on SHPP
energy and technical properties. The primary cost for the n\power unit was estimated according to RA
Socia Services Committee decisions as of 30.11.2007. The financial analysis was carried out along
two scenarios.

I) The verified schemes were documented through GPS system during in-situ investigations carried out
by , Georisk” Research Company.

SECTION 10. GENERAL DESCRIPTION OF RA TERRITORY

The Republic of Armenia is situated in the south of Trans-Caucasus and occupies north-east of Armenian
mountain chain. Its northern and eastern parts are surrounded by Small Caucasian mountain chain. The
republic occupies 29.8 thousand km?. Due to its mountai nous nature the altitude varies within 4095 and 450m,
the average dltitude equals 1800m. The country stretches for 360km from north-west to south-east. The
ultimate width from west to east does not exceed 200 km.

Northern part of Armenia borders with Georgia, from south - borders with Iran and Turkey - from south-west
and west.
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Freshwater Sevan is a high dtitude lake situated in the geographical center of Armenia, closer to its eastern
border. Volcanic section of Aragats Mountain is located to the west from the northern edge of the lake. The
highest peak of Aragats is 4095m. The 3000-3500m high mountains divide the republic into severa regions
that are connected by deep river basins.

It is possible to divide the territory of Armeniainto four main relief types that differ by origins and properties
such as accumulative, volcanic, tectonic-vol canic, tectonic, and erosive, glacier.

Accumulative type of relief is characteristic of flat territory, which is usually located in the downstream of
river basins (Akhuryan, Kasakh, Vedi, etc.). However, volcanic and tectonic type of relief is highly
characteristic of Armenia. Thus, well preserved volcanic cones are situated on Aragats massive and on its
bordering areas. Geghama, Vardenis, Zangezur mountain chains and Karabakh area. Carved-tectonic, erosive
mountains are characteristic at the folded relief borders of Small Caucasus.

Glacier relief is characteristic of high mountainous areas. Particularly, in the areas that were subjected to
intensive glacier invasions. After melting, these glaciers form moraine lakes, which represent most typical
types of glacier relief.

Types of soil vary greatly. Meanwhile, their distribution in the area is characterized by cincture of high
altitude.

There are semi-deserted aress, in the lowest sections of Araks basin, on the altitude of 7000-1000m. In the
foothills there are dark brown soils, while fruitful black soils of volcanic origin are characteristic of mountain
ravines and intermountain concavities (1500-2200m altitude). In the high altitude regions there are Alpine
(2200-3400m) pastures and meadows, underneath there are brown al pine meadows.

Deserted prairies - with low inclusions of organic substance - are prevailing in the north«west of Ararat
valley. Meanwhile, cultivated and irrigated lands are prevailing in the lower parts of Ararat valley, closer to
the Araks River bed. On the border of Armavir and Ararat marzes, where ground water leve is close to the
surface, large areas are occupied by salt-marshes and soils with high salt content. Salt-marshes and soils with
high salt content are also present on the margina areas of Ararat valley, where ground waters are situated
deeper from the surface.

At the foothills dark brown soils prevail, which differ from deserted prairies of Ararat valey by higher
concentration. Most of the river valleys, including Arpa, Akhuryan, Azat, Meghryget, sit on the dark brown
soils, with reach organic composition.

Mountainous prairies are located on the dtitude of 1300-2000m sometimes even higher, they occupy large
territories of Gyumri plateau, Sevan Lake basin, Zangezur and Nagorno-Karabakh bordering territories. Here,
the top soil levd is represented by mountainous black earth and itsc subtypes.

The highlands are located above 2200 m and occupy Aragats massive as well as upper section of Geghama,
Vardenis and Zangezur mountain chains. Vegetation is represented by thick cover of apine and sub alpine
grass. Thiskind of vegetation forms a thick cover making it possible to form mountainous meadows in severe
climate conditions.

The following types of soil are characteristic for basin of River Kur: mountain-meadows in the upstream;
mountain-forests in the downstream changing into forest-prairies and prairies followed by lowlands and
turning into black-brown and grey prairie and semi-desert soils.
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Armenia has diverse vegetation. Desert vegetation is characteristic of plain lands closer to River Araks. Most
of Sub-Araks plain is occupied by absite semi-desert. It includes talus hills in the foothills that spreads over
alluvial sections.

The main plant of wormwood semi-desert is fragrant wormwood. Pyramida poplars and oleasters are typica
representatives of wormwood semi-desert landscape. The phrygana type vegetation characteristic of Sub-
Arakslowlands and its foot hillsis more xerophyte. It is characteristic for land-starved, rocky and stony slopes
of Araks ravine foothills of the semi-desert zone, before 1500m atitude. Overwhelming part of phryganatype
vegetation is represented by pillow-shaped, dwarfish bushes and small trees. Prairie vegetation is typica for
Armenian highlands. Prairies are located on average dtitude of 1500-220m and occasionally on 2700m and
occupy significant territories.

Forest vegetation occupies comparatively dam niche compared with deserts, semi-deserts, phrygana and
prairies. Forests are characteristic to basins of Vorotan, Voggh, Meghriget, Debet, Aghstev and Kur river
streams. Forest vegetation is practicaly absent on low-lands, mountain slopes and ravines. The forests are
composed of the following tree types: oak (35%), beech trees (32%) and other (18%).

The Sub-Alpine meadows are located above forest and prairie areas on the atitude of 2200-2800m. Sub-
Alpine vegetation can occasionaly be observed on lower atitudes of northern slopes. Vegetative structure of
Sub-Apine meadows is very diverse: with 120-130 types of plants. Alpine meadows form well defined Alpine
zones by occupying significant mountainous areas. These zones are located within 27700-3500m average
altitude and are located up to 4090m on Aragats Mountain.

Alpine vegetation forms a thick and short grass cover. The most characteristic elements of this zone are
»carpets’. These are distributed over concave relief where earth cover iswell devel oped and has high moisture
content. The carpets aso consist of dwarfish double-finger-sized grass. Grains exercise secondary role and are
characterized by insignificant inclusions of turf. Typica upper Alpine carpets differ by defined colorfulness
and are mosaic-like. Alpine meadows and carpets are a perfect summer pastures and execute an important role
in cattle-breeding.

SECTION 11. RA CLIMATE CONDITIONS

Armenia has a diverse climate, conditioned by geologica location between Black and Caspian Sea, separate
elements of gtrictly divided relief compose mountain chains of Small Caucasus. Strict continental climate of
Sub-Araks lowlands is combined with climate of mountainous tundra of Armenian highlands. In winter, high
pressureis prevailing and is conditioned by invasions of large masses of cold air coming from the east.

In the beginning of spring the influence of counter cycloneis still quite significant. In the second half of spring
the transition of cyclone becomes more frequent. Comparatively moist air warms up during penetration,
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becoming unstable, which results in precipitations. In summer, low pressure prevails over the area. In the
beginning of September, penetration of arctic air is noticeable, which explainsfirst autumnal frostbites.

The main actors of climate formation are sun radiation and atmosphere circulation. The solar radiation is
influenced buy latitude and elevation. Air transparency changes with elevation consequently the solar radiation
varies within significant range over the given territory. The largest number of sunny days is encountered in
July and August; the least amount of solar radiation is encountered in winter months.

Fluctuations of average annua air temperature are from 13.80C (Meghri), to 2.70C (Aragats). From February
to March there is arise in temperature. The highest temperature is usualy encountered in July « August. The
temperature intensively decreases starting from September. The lowest average monthly temperature is
encountered in January and fluctuates within the following range: in the north-east, Gyumry mountain plateau,
from 8.7°C (Mardik) up to 12.7°C (Shushanabad), Sevan basin from 4.6°C (Shorgha) up to 9.0°C (Sevan
HMS), in the average section of River Araks ravine, starting from 3.5°C (Vedy), up to 6.6°C (Aragats railway).

The borderline of south-east differs by warm winter season. Average air temperature in January fluctuates
from 0°C (Ghapan) up to 0.9°C (Meghry). The ultimate lowest temperature is encountered in January and
February; the fluctuations are significant starting from 20°C (Shnokh, Meghry), up to 40°C (Shushanabad).
The summer is overall warm in River Araks basin and occasiondly hot in some of basins (the temperature in
July fluctuates within the range of 22-26°C in the downstream and the middle section of River Araks.)

Sevan river Basin and Shirak mountain plain have chilly climate in summer on the atitude of 2000m. For
example the average July temperature of Sevan Lake basin is 13-16°C, whilein Shirak mountain chain it alters
from 14°C (Shushanabad) to 20°C (Gyumry).

The highest air temperature is observed in July and August and fluctuates within 31°C (Shushanabad) up to
42°C (Yerevan, Ararat).

In hydrology the shift from 0°C is of great importance. This shift is related to floods and snow melting.
Average daily air temperature of 0°C aso defines the beginning of winter or the end of it. On the altitude of
1500-2000m this shift takes place from 20™ of March till 5" of April, while on the atitude of 2000m it takes
place after the fist decade of April.

The temperature is shifts over 0°C threshold, in autumn on the atitude of 1500-2000m, takes place during
second and third decades of November and on 2000m altitude « during the fist decade of November.

The winter lasts for 21 days in Ghapan and 221 days in Aragats highlands. Medium freezing of soil in winter
time varies from 18 cm in Y erevan (agro) up to 68cm in Sevan. The minimum 2cm in Y erevan up to 21cm in
Sisyan and maximum from 12 up to 169cm in Eratmber. Yearly resilience of water evaporation is at its
minimum in winter monthsin January and February and is at its maximum in July. It decreases with atitude.

In Ararat valey, in the mid-stream of Araks River, its intensity is high in winter and summer: 3.4-4.8mb in
January and 11.0-16.5mb in July. Air moisture content - on Shirak mountain plateau, Sevan river basin and
northern sections of Zangezur - on January-Fabruary is within 2.5-3.0mb and 11.5-13.0mb in July.

Average monthly moisture content of Araks mid-stream varies within 59-80% in winter (November « March)
and within 42-69% in summer season (April-October).

The comparative average moisture content of Sevan lake basin and Shirak mountain plateau is 65% in winter
and 45-55% in summer. In the highlands this fluctuations are not significant. The utmost quantity of days with
high moisture content (30%) is observed in mid and downstream of Araks River while in case of Sevan Lake
Basin the number of days with high moisture content is the smallest.

In summer there is a high moisture shortage especiadly in dry regions. The highest denominators of this
shortage are observed in daytime, especially in the afternoon, and the lowest « at night after the sunset.

The complex relief of the basin and high range of dtitudes conditions the presence of significant temperature
gradients between high and average mountain ravines as well as over water and land surfaces. This conditions
loca air circulation as well as mountain ravine winds and breeze over Sevan Lake bank.
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Mountain ravine air circulation is devel oping over Araks River basin, which spreads over Aragats foothills and
Geghama Mountains. The wind direction does not have defined annual flow and is defined by the direction of
theriver ravine.

Northern winds prevail in Shirak mountain plateau. Annual flow of well defined wind can be traced in Araks
basin and its inflows. Hrazdan, Arpa as well as Lake Sevan shore line. In winter southern, south-western
winds blow in Hrazdan basin whilein summer « northern and north-eastern.

In summer western, south-western winds blow in Araks basin while in winter « eastern and north-eastern.
Average annua wind flow varies greatly. Thus, in Kapan it equals 1m/sec, while in Sisyan mountain pass
8m/sec. Ararat and Zangezur mountain chain river valleys are characterized by small wind speed up to 2m/sec.
Average annual wind flow in Sevan lake basin varies within 1.8 (Gavar), up to 4.5m/sec (Sevan, HMS).

The annua speed of winter flow is well defined on stations located on open mountain plateaus (Eghvard),
open ravines, Sevan Lake basin with well developed air circulation.

In summer wind speed strengthens in Shirak mountain plateau and Araks mid-flow. In Sevan River Basin
except for Masriki plain the maximum wind speed takes place in winter months (January-February). It is
noteworthy, that Sevan Lake Basin isthe windiest part within Araks borders. Here the most stable winds are at
south-west. Thisis characteristic from October till April.

The winds blow from mountains to Lake Bank through narrow plain of Argishi River. There are strong winds
in summer aswell. In the area of Mazra Hydrometer Station mountain winds cause strong waves over the lake
surface.

Maximal wind speed is present a Sisyan Mountains, where average monthly values exceed 6-8km/sec. and
maximal values reach up to 9m/sec. in February. For the observed territory there is an interconnection between
the volume of precipitations and the atitude. The precipitations rise with atitude. In case of cold fronts, which
come from west, there are strong precipitations especially on eastern slopes of Ghavakheti mountain chain and
northern slopes of Aragats.

When air masses intrude from the east, the main moisture is preserved over eastern dopes of Sevan, Karabakh
and Zangezur. The territories located beyond the mentioned mountains have low precipitation rate. Annual
precipitations are unevenly distributed. Most part takes place during the warm period: April - October. The
minimal precipitation rate is 250-350mm annually in the Araks river basin and nearest territories up to 700-
1000m altitude.

In the foothills and Shirak mountain plateau up to 1500m atitude the precipitations are 350-500mm.
On the dtitude of 1500-2000m and Sevan Lake basin the amount of precipitations is 400-500mm and over
Zangezur mountain chain on the same dtitude - 600-900mm.

On the dtitude of 2000-2250 meters the amount of precipitations is approximately the same 600-900mm. The
dominant part of the precipitations discharges in Shurak mountain plateau, Ararat valley and adjacent foothills.
This discharge takes place in Zangezur basin in May and in Lake Sevan basin in June. During the same
months amount of precipitations, on the western and south-western banks of Sevan Lake, is 88mm on average
and 66mm on eastern and south-eastern banks.

In the middle of River Araks the largest amount of monthly precipitations reaches 46mm, in the upper streams
of Kasakh River as well as Hrazdan, Akhryan and Zangezur rivers it reaches 100-1200mm and 95mm in
Shirak mountain plateau.

The lowest amount of annual precipitations in Sevan Lake basin and Shirak mountain plateau takes place in
January and December while in the downstream of Kasakh, Hrazdan and Araks rivers as well as basins of
Zangezur rivers it takes place from August to September. Thus, particularly in the nearest banks of Araks
River the average precipitations in August are 8-10mm. The minimum days when precipitations are above
0.1mm are characteristic of Araksvalley (80 days are 0.1 and above precipitations).

In the flows of Kasakh and Hrazdan Rivers the number of days with precipitations reaches 138, on Shirak
mountain-plateau - 130, Gorisarea - 121, Sevan basin - 110, Zangezur Mountains about 100.
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Large amount of precipitations (10mm and more) are observed on dopes of Zangezur Mountains that are
affected by eastern wind flows.

Maximal days with 10-20mm precipitations are more often in summer months, particularly its characteristic
for Sevan Lake basin when in case of thunders.

The length of precipitations on Shirak Mountain Plateau is approximately 550-600 hours annually, while on
Ararat valley, Zangezur and Sevan Lake basin it is « 400-500 hours.

When the length of precipitationsis prolonged its intensity is decreased. The maximal magnitudes of the latter
areindicated on the high atitude slopes with strong winds and their adjacent valleys (Goris 3.4mm/minute).

Non-intensive precipitations are observed on Sevan shores and in the middle of River Araks, where it reaches
1.3-1.5mm/min and 1.4-2 mm/min on Shirak mountain plain.

2
#
4
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The maximal gquantity of precipitations is affected by slope exposition. It increases on slopes exposed to wind
(Goris, 42mm) and decreases over dopes with no wind (Shorja, 27mm). Daily maximum precipitations are
abruptly decreased over closed mountain valleys.

In Sisian and Eghegnadzor metrological stations its average indication is 24 and 26mm. In the River Araks
mid-stream the maximum recorded daily precipitations equals 22mm on average in Shirak « 28m, west shore
of Lake Sevan « 33mm while 28mm on the east shore. The daily maximum of precipitations may reach
significant indicators on the mountainous west-eastern part of the basin. On the mountainous side of the basin
the snow layer is formed annually and may be significantly thick. There is a stable snow layer formed every
year on the second decade of December that meltsin the end of March of beginning of April, except for Ararat
valley and Megry region.

In winter time the average number of days with snow cover varies depending on the location. Thus, on the
river upstream it is 135 days, in Shirak- 97 days, north of Zangezur « 85 days, mid-stream of River Araks 45
days, Megry and Kapan « 25 days. The snow cover is one of the most important factors in the formation of
spring floods. Maximal evaporation equals 450-500mm annually and is observed at northern regions with high
moisture content (Bagratashen, Shnokh, Sevkar, etc.) as well as in the south-east of the Republic (Goris,
Khotanan, Kapan). The minimal (400-450mm annually) is observed at regions with low elevation such as
Ararat valey (Eghmiatsin, Artashat, Yerevan, etc.) The lowest evaporation of high altitude zones is observed
in December: 208mm annually.
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SECTION 12. WATER REGIME OF RA RIVERS

Rivers of Armenia belong to basins of Araks and Kur rivers and serve as water suppliers that have mixed
feeding, however, the main source is melted snow waters. Ground waters play a significant role in feeding the
rivers; rain waters have their contribution depending on the season.

The following stages are important for river water regime: spring floods, which include some part of summer
period; rain floods which are added up at the general wave of river floods or are considered aresult of autumn
drought and summer-autumn, winter drought periods.

The main river channels are conditioned by geographical location and elevation of river basins, their feeding
type aswell as geographical, hydro-geographical, loca and other factors.

However, except for natural factors there is the factor of high elevation zoning that stands out and conditions
the magnitude of river basins which constitute water balance and distribution of the flow through annual
seasons and the territory.

The elevation of Armenian river basins varies within 1100 m to 3500m and higher, this is why almost al
characteristics for hydrological regimes are conditioned by altitude.

Water regime is affected by presence of vast territories with mountainous volcanic rock types with porous
structure (mainly andesites, basalts and andesite-basalts).

This rock types change the impact of precipitations, over distribute surface and ground water streams and
change the formation conditions even where climate is tedious.

Therivers can be classified into several:

mainly snow water feeding

snow-rain water feeding

mainly melted water and ground water feeding;

mainly ground water feeding;

rain, snow melting, ground water feeding;

snow melting, glacier waters, ground waters and rain water feeding
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The given classification does not incorporate the whole diversity of feeding options as their interconnection is
not stable but changes with time and depending on elevation zones of river basins. It is not possible to make a
strict classification of river basins to fit the above mentioned classification, because most of the rivers have
diverse feeding sources depending on the season and location. The correlation of feeding sources does not
remain stable while observed during several years.

The most of mountainous river beds belong to those rivers, which feeding is carried out mainly by melted
snow. Thus, these rivers feed on the elevation from 1200-1500 meters up to 3000-3500 meters.

Part of the melted waters of mountainous rivers constitutes 50-80% of annua flow. Rain feeding of the rivers
is of relatively stable nature and congtitutes on average 10-15% of annual river flow, conceding snow water
and ground water feeding.

Ground waters are essential for feeding certain rivers, for example River Sevghur mostly depends on ground
water feeding.

Spring flooding is one of the main stages of river regime. It is observed as a well defined wave aong rivers
formed as a result of snow melting, rain waters and ground waters, thus having a mixed origin. The maximal
water discharge is observed at this very period. At the simultaneous snow melting the flooding is strong with
maximal water levels and takes place within a short period of time, has one uneven wave with sudden
intensive rise and smoother fall.

In case of early snow melting and following long spring, the decrease of the snow layer is carried out owly
and melting waters reach the rivers with interruptions which conditions slow and prolonged melting.
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Comparatively large inflow volumes (up to 60-80%) during spring floods are observed in the rivers starting on
the slopes of Vardenis and Zangezur mountain chains and Karabakh mountains. The minimal inflow of floods
(25-35%) is observed in therivers that mostly depend on ground water feeding.

Rain flow during flooding in different rivers varies greatly and is about 5-25% and in separate cases within
30%. The ground water component of overall spring flow is about 30-40% and in some rivers « 90%. Thetime
of floods and prolongation manly depends on feeding and elevation. This is why floods are not simultaneous.
Significant role is played by meteorological conditions, while particular spring properties is of great
importance, thus the spring may be standard or prolonged, early or late. The dightly late beginning of spring
floods usualy coincides with higher air temperature and its stable gradation to higher temperatures in the
zonesthat feed therivers at the flood start.

For most of the rivers flooding begins in the second decade of March « begging or April, may vary for few
days depending on year. The earliest start isin mid march with the rise of water horizons that have low height
of river basins.

The prolongation of flooding for many rivers is 20-30 days with dight deviations depending on hydro-
meteorological conditions of the given year. For high atitude mountainous rivers that are feeding from melted
snow and glaciers this period is prolonged up to 35-45 and sometimes 60 days.

Maximal annual water discharge, except for separate cases is observed during spring floods. The date of
maximal water inflow is conditioned by elevation of the main water basin and few other natural variables.

There are tree types of maximal water discharge:

1. melting
2. mixed (snow and rain)
3. rain

In comparison with flood rising, the fall takes longer and is mainly conditioned by the type of river feeding as
well as the geological and hydrological properties of water collecting basin and its altitude. For mgjority of
rivers the length of flood falling is 60 days on average, and its end mainly takes place at the end of June or
beginning of July.

The length of spring flooding for most of the rivers is about 100 days on average. The rains are often for
spring flood season (during the peak or fall); this conditions the mixed nature of the floods.

The readings of short floods, with smooth peaks, when being applied on flood hydrograph give it a comb like
shape.

Rains that follow spring floods, during summer-autumn draught, cause most of the rivers to flood. However,
these floods are comparatively moderate as strong rains are seldom during this season.

The strength of inundations that take place directly after flood falls is noticeably higher than inundations of
summer-autumn draught period and in some cases even exceed the level of floods caused by melting snow.
The summer-autumn floods on most of the rivers usually take place as short term inundations. The
prolongation of such inundations varies from few hours to one day, however, sometimes, during heavy floods,
it could be significant.

The evaporation of precipitation and the degree of instauration by the river bed has a great effect on the
volume of rain flow; thisis of great significance during summer period.

There are occasional violent mudflows that often have destructive consequences. This takes place as aresult of
heavy rains over smal and medium water carriers of the basin such as Shahverd, Getar, Grvegh, Dalar,
Meghriget, Lake Sevan inflows, Debed, Aghstev, Kasakh as well as rivers flowing from Kharabakh and
Zangezur mountains.

After the end of inundations, dry regime is established on the rivers which is the longest stage (for most of the
rivers, it lasts 8-9 months). This period is divided into to well defined seasons: summer-autumn and winter
drought. The feeding and regime of riversis determined by the volume and origin of ground water flow.

Armhydroenergyproject CJSC 28



Update of the existing RA SHPP Plan

During simmer-autumn draught, rains play a crucid role for river feeding. Accordingly, during winter drought,
rivers sometimes receive additional source from melting snow that originate from warm weather. Summer-
autumn drought usually lasts up to the beginning of November or Mid-November until river startsto freeze. At
this period river feeding partially depends on inundation waters caused by rain. However, rain waters are far
less than ground water feeding at the particular period. For most of the rivers the minimal summer outflow is
usually observed from the second decade of July to September. However, amost everywhere its volumes are
altered by irrigation discharges.

Winter drought is usually established from the end of November to the beginning of December and lasts up
until the first spring inundation. The beginning and the end of this period is aso strictly conditioned by the
dtitudeif the given territory.

In winter the river discharge is preserved due to the penetration of ground waters into the river bed, therefore,
the rivers that do not freeze have low water level and stable flow. The short -term rise of water horizons
caused by snow melting is possible only in the downstream of certain rivers (Kasakh, Hrazdan, Araks) as well
ason the small water routes by means on reservoirs located on small altitudes.

During winter the draught period lasts about 25-30 days. Winter draught component is about 10-20% of annua
water flow.

SECTION 13. INDICATIONSOF HYDROLOGICAL STATIONS

During the last 15 years the destruction of large forest territories brought to environmental changes, these
changes explain the drought during 90-tees and 2000-s while for 1998, 1999 floods were typical.

This is why it is not acceptable to caculate the indicators of hydrologica stations on RA Rivers until 1988
without taking into consideration the data from recent years.

The definitions of hydrological characteristics should be based on hydro meteorologica observations which
are officialy disseminated by ,, ArmHydromed” as well as unpublished observations of previous years that can
be found at: , State Hydromed Foundation’, archives of various research and design organizations.

When there is no previous data on hydrological observations it is necessary to carry out hydrologica
observations on the anticipated site. For these purposes the list of water meter stations has been prepared. This
list has been submitted to State Hydrometric Service.

According to observation results the following stations are presently in the state of exploitation: r. Tanjut-
Vanadzor, r. Eghngjur-Garndich, r. Azat-Garni, r. Azat-Garni, r. Vedi-Urcadzor, r. Masrik-Tzovak, r.
Martuni-Geghhovit and r. Kiranc-Hacharkut.

Factual observations of the above mentioned stations were obtained by , Armhydroenergyproject” CJSC. The
observations were used, after normalizing results into natural conditions, for calculation of hydrological
characteristics of horizontal sections.

The hydrological conditions of the Small Hydropower Plants (SHPP) design sections are calculated according
to 2 schemes for the rivers with developed water use network that alters the natural hydraulic regime of the
rivers.

The first design scheme proposes to bring the factual hydrologica rows to natural, homogeneous, stable
conditions by means of water balance and other methods. Taking into consideration economic factors, there is
an adjustment in design values of hydrological characteristics which is based on natura rows of outlets. The
numerical value of monthly adjustments includes the difference between agricultural/domestic and natural
flows. Design growth of probability is calculated by adjustment distribution curve.
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Table3. List of water meter stations

Water meter station

Belongsto Basin

Water collecting surface,
km?

Aver age elevation of

Observation period.

Flow Norms

Water discharge
m3/sec
Water module
|/sec, km2

2

3

Sy

1| water collecting basin,
m

6

Chichkhan « Getik

Debed

1946-1987y.y.

Lernaghur-L ernapat

Debed

1964-1987y.y.

Tandzut - Khndzorut

Debed

1946-1987y.y.

Chanakhchi - DebedD

Debed

1959-1957y.y.

Dzoraget - Kartnarat

Debed

1948-1987y.y.

Urut « M. Gorki

Debed

1955-1987y.y.

Gargar - Kurtan

Debed

1960- working

Marciget-Atan

Debed

1952-1963y.y.

Alaverdi-Alaverdi

Debed

1960-1980y.y.

[Eny

Aghstev-Fioletovo

Aghstev

1948- working

[EnY

Flo|o|o|N|o|a|s|w bk

Agstev-Dilijan

Aghstev

1948- working

[Eny
N

Bldan-Dilijan

Aghstev

1970-1987y.y.

[Eny
w

Shamlukh « Dilijan

Aghstev

1960-1987y.y.

[Eny
&

Getik «Chambarak

Aghstev

1948- working

[Eny
o

Getik - Alachuk

Aghstev

1948- working

[Eny
@

Paghjur «Getahovit

Aghstev

1955-1988y..

-
~

Kiranc « Achakut

Aghstev

1959- working

[y
@

Hakhum « Tsaghkavan

Kur

1948- working

JEny
©

Karmnrajur

Akhuryan

1960-1987y.y

N
©

Heghnaghbur

Akhuryan

1960-1999y.y.

N
=

Mantash « Mets Mantash

Akhuryan

1961-1972y.y.
1974-1979y.y.

N
N

Gomur « Meghradzor

Hrazdan

1936- working

N
wWIT

Dalar « Arzakan

Hrazdan

1936- working.

N
E

Ulashik

Hrazdan

1970-1987y.y.

N
o

Araidet « Aragyugh

Hrazdan

1949-1987y.y.

N
IS

Vardenis « Vardenis

Lake Sevan

1927- working

N
~

Gegharkunik « Sarukhan

Lake Sevan

1961-1987y.y.

)
©|:

Masrik-Tsovak

Lake Sevan

1966- working

N
©

Masrik -Torf

Lake Sevan

1953- working

w
o

Marmuni-Gehgahovit

Lake Sevan

1955- working

w
=

Artsvanist- Artsvanist

Lake Sevan

1950-1987y.y.

w
N

Azat « Garni

Azat

1936-working

w
Wt

Vedi-Urcadzor

Vedi

1937- working

w
N

Elegis « Hermon

Elegis

1957- working

[
SE

Meghri-Meghri

Meghri

1945- working

w
IS

Meghri-Lichk

Meghri

1950-1987y.y.

w
~

V oghji-Kagharan

Voghji

1950- working

w
©|:

Vachagan « Ghapan

Voghji

1970-1988y.y.

w
©

Geghi-Geghi

Voghji
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The hydrologica rows examined by means of the second design scheme result in domestic flow based on the
assumption that the complicated economic structure including the real plan of national economy was there
from the very beginning.

The decision about designed hydrologica descriptions should be carried out by means of uniform observation
set. Evaluation of hydraulic row uniformity is carried out based on genetic and static analysis of the primary
data. Conditions for genetic data analysis of river flow formation depend on investigation of physical factors.
Thelatter is conditioned by heterogeneity of primary data.

The design definition of hydraulic characteristics is carried out by means of annual distribution of possible
growth, applying safety curve anaytic functionsin case there is along term water meter observation data.
Observation period s considered sufficient if the time period is representative and if the relative average sguare
ateration of the investigated hydrological properties does not exceed 10% -per annum and per season, and
20% for maximal and minimal flows.

When there is no sufficient data, the hydrological characteristics of distribution curve aswell as main elements
of design hydrograph should be brought to multi annum period using data from analogue-stations. Therefore,
the exploitation of severa fulcrum hydrologic stations, which were stopped before 1988, have been prolonged
based on 33-101-2003 requests. When choosing anadogue « stations, it is necessary to take into consideration
the specid links between the observed hydrological descriptions that give numerical description by means of
temperature coefficient correlation matrix or by means of stereometric correlation function that shows the
dependence of river flow temperature correlation factor on the distance between gravity centers of catchment
basins.

The average perennia value of uninvestigated rivers to be estimated based on average elevation of catchment
basins with territorial flow relation, acceptable for the investigated river. Based on these very requirements,
the network of water meter stations has been devel oped to be used in further hydrologic calculations.

SECTION 14. GENERAL DIRECTIVESFOR DEFINITION OF DESIGN WATER REGIME

Data from 43 observation stations was used for defining design sections of 100 Armenian SHPP (see the table
3) to define the design hydrol ogic descriptions including the normal flow, annual flow distribution (25, 50 and
75% guarantee) aswell as maximal and minimal flow data.

There are additiona observation points used as partial imitations, to obtain the flow norms. The data on flow
was obtained from hydrologica year-books, XIl1 volume, | part. Similarities are referred to in construction
norms 2.01.14-83. Design hydrologica observations are defined according to factual water discharge data
from yearbooks that had been brought to natura conditions taking into consideration al of the intakes.
Calculation of main hydrological characteristics for headwork sections is carried out based on the following
data: catchment basin, river length, average dtitude of the basin, standard flow, maximum and minimum flow
data (if thereis no data on flow volume, the data from similar water meter station is used).

Occasiondly, to obtain the norma flow indications, local interdependence curves between flow module and
average elevation of the basin are used. This data is shown by means of tables classified according to river
basins.

Annua flow distribution is carried out by choosing the design year from annua observational data. Annual
distribution is carried out for caendar year. Annua flow distribution tables for SHPP-s headworks are
classified according to river basins.
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SECTION 15. SHPP VERIFIED AND UPDATED PLAN
FOR RA RIVER BASINS

PART 15.1 SHIRAK MARZ

AKHURYAN RIVER BASIN
VERIFIED AND UPDATED SCHEME FOR SHPPs

r. Akhuryan

r. Karmravan

SHI RAKI MA
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GENERAL INFORMATION

According to 1997 scheme it was planned to construct 14 SHPPs in the Akhuryan River Basin river basin: 2
SHPP near Kaps and Akhuryan reservoirs, 3 SHPPs « on the inclination of Talin channels and 9 derivationa
SHPPs. Presently Ghradzor SHPP, Akhryan «Talin SHPP (on Talin channel) and derivationa Heghnaghur
SHPP (on Chingil River) are under construction. Private investors have ordered technical substantiation from
SHPPs located new dam. Technical-economic substantiation is being carried out for Talincs right wing
channel, which was not incorporated into the earlier plan.

After in situ investigations the water energy indicators of Karmravan (Kizil), Matash, Geghadzor Rivers were
verified.

Kaps reservoir congtruction is planned to construct on Akhuryan River according to Millenium Devel opment
Goals program. Kaps reservoir volume is foreseen to be 6.0min.m? (instead of 84min.m°). Asfar asthere are
no final data on Kapsreservoir there is any SHPP planned in the neighborhood.

15.1.1. SHORT DESCRIPTION OF AKHURYAN RIVER BASIN

River Akhuryan is the large left inflow of river Araks and falls into the latter at 708km from the river mouth
and flows in the western direction. Akhuryan basin islocated in the west section of RA but most of theriver is
flows outside of the borders of the republic.

River length is 186km; catchment basin is 9670km® average elevation till Haykadzor observation point is
2010m, average inclination of theriver is 5.6%, forest « 2%.

The river basin borders with Chorokh river basin from the west (Chaldri mountain chain - 2914), from the
north « Kur River basin (Somkheti mountain chain « 3010m), from the north east « Debet River Basin
(Khonav mountains « 3202m), from the east Kasakh river basin (Aragats slopes).

The upstream flow of the river starts in Armenia, and afterwards, it serves as national border between Turkey
and Armenia.

River Akhuryan starts from Lake Arpy that was turned into a reservoir, on the eevation of 2023m and is
located on the lowest point of Ashotsk mountain plateau.

The river mainly flows aong deep twisting valley that reaches to wide Shira mountain plateau that stretches
to the west from Aragats.

The valley has a diverse earth cover in the upstream there is mountainous black earth and in the downstream
black earth and in the zone of Ani station « brown earth mixed with rocks. Grey earth is observed in the
downstream towards the river mouth. The vegetation is not so diverse. There are aimost no forests the high
elevation mountainous zones are covered by apine and sub apine soils. In the downstream the zones are
covered by dry, short grass and after Ani station thereis almost no grass cover.

Theriver valey has a wide vessd-like ravine surrounded by low mountains. The slopes of the valley used to
be the bottom of dried out lake and currently have a dight indication towards the river, which occasionally
bogged and covered by thick grass.

Only near Shurabad the slopes come close and meet the river. The valley width at this point is 1.5-2.0km, with
sope height of 10-15m. The nature of the valley changes very strictly, starting from Ddiget inflow. The river
changes direction from eastern to southern and the mountains come closer and Akhuryan starts to flow along
thin, deep, gorge that isfull of stones.

The height of the slopes varies from 50m to 300m. The slope inclination is 30 « 60", and near Kaps village is
varied within 2-3 km the river turn into gorge with vertical sopes.

The valey width in the upstream is 100-500m. The slopes are mild and ailmost horizontal. Gyumry water line
passes pardle to the river on the height of 40-50m.
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The valley becomes wider near Gyumry city the mountains become lower and create wide Shirak mountainous
plateau.

Starting from Keghach village the river falls into volcanic rock types creating narrow and deep valley. In the
begging the dope height is 10-20km and valley width is 0.5km. In the downstream the valley depth reaches
200-300m, and the valley width equals 150-200m. The mountains are located far from the river for about
10km at the river mouth section and the valley becomes terrace-like while the bed of the river valey equals 1
km. The terraces are located on the 40-50m one on top of another. The valley slopes are steep and occasionally
pardlel, a the begging composed of tuffs and after Ani station « basalt and andeside basalts. There is no
vegetation on the slopes and on the river mouth terraces there are fruit gardens and willows. Near village
Bakhchalar there areirrigated sections and there are rich fruit gardens and wine yards.

At the beginning the inundation area is double sided stretching for 0.5-0.8km, close to the inhabited areas it
becomes narrower and completely disappears. It is moist al year long. The river covers the inundation are
when water leve rises for 0.-1.4m. In the gorged areas the inundation are disappears. When water covers
inundation area it occupies the whole area and occasionally flows along several branches. While this
temporary river beds constantly change their location, when the river enters the gorge near Kharkov village the
inundation area disappears.

The climate of Akhuryan basin is dry and very continental. The winter is cols for most of the basin, which is
the result of constant anti cyclone. In the north the temperature in north is very mild while is the south is it
very high. Average annua temperature in Shurabad equals 1.8C, and 9.0C in the north.

15.1.2 GEOLOGICAL COMPOSITION OF AKHURYAN RIVER BASIN

From geological point of view the basin is mainly composed if mountainous volcanic rocks with
overwhelming basdts and andesite basalts. The exception is the neighborhood of Shishtapa village with
undivided aluvium and talus with underlying lime stones. There are lake « clay layers in Shira mountain
plateau that cover the tuffs.

In the upstream of Akhuryan river on the Voskeghur and Eghnaghur inflow there are quaternary volcanic
sedimentary rock types. The volcanic rock types of lower Miocene are represented by andesite-basalts,
andesites, dacites liparites etc. These are strong highly permeable cracked rock types.

The quaternary age rock types are represented by talus, proluvial and alluvia sand clays and rock sediments.
In the basin of Mantash inflow upper Pliocene volcanic rock types are represented by doleritic and olivine
basalts, andesite basalts, partially tuff breccias and tuffs. These are strong highly permeable cracked rock
types.

Volcanic rocks are occasionally covered by up to 5m talus and colluvia sediments.

15.1.3. WATER REGIME OF AKHURYAN RIVER BASIN RIVERS AND DESIGHN DATA

The river is of typical mountainous nature while the hydro physical network of the river is highly developed
only in the upstream and right side of the midstream section.

The water regime iswell developed up to Haikadzor and thereis no verified data on the part located in Turkey.

The river has diverse feeding: lake, ground water, surface (snow and rain). Taking into consideration the fact
that in 1947 the Arpy Lake was turned into reservoir it has a well defined regulatory characteristic. Thus, it
collects spring waters and rel eases them in summer from irrigation and energy means.

The water regime of theriver is described by heavy spring floods and stable droughts that last from July up to
March. The floods start at the end of March or begging of April the water horizons rise rapidly and reach their
peak at the end of April and begging of May. The rise lasts no more than one month and the fall is milder and
more gradual. Spring rains in the upstream do not affect water regime. Winter phenomena are diverse and are
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presented in al the aspects. The ice sections create a block section that cause water level to raise and
sometimes this rise of horizons exceed the levels of spring floods.

The upper stream section of the river completely freezes the ice layer reaches 0,2-0,32m. In the gorge sections
there the speed is high there are no ice covers. There are large ice bergs and floating ice that often interferes
with Len SHPP exploitation. The same related to the section flowing near Gyumry.

The systematic observations of Akhuryan river basin were carried out from the following observation points.
The main hydrological observations are shown on the table 4.

Table. 4. Akhuryan River Basin Discharge Observation Results

Distance from Average Catchment

Water meter theriver bed, elevation of area, km?
Station km. reservoir, started terminated BS
m.

Exploitation timeline DCAltitude

Karmravan-

Kizilkend 1.0 2550 . 01.01.60 21.12.87

For average water flow indicators and annua distribution data the abovementioned observation results were
used by rehabilitating the natural state of the river. The Table 2 shows annua distribution of Akhuryan river
basin flow for characteristic years.

Graph. 1. Annual Digtribution of Akhuryan River Basin Flow (m®/sec)

=== High water “ 25% 1966¢«. —#— Average “ 50%1984«. Drought * 75% 1995«.

15.1.4. TECHNICAL ECONOMIC SPECIFICATION OF SHPPSTO BE CONSTRUCTED
ON AKHURYAN RIVER

15.1.4.1. KARMIRAVAN SHPP

INTRODUCTION

According to development scheme it was planned to construct 2 SHPPs on the river. However, as a result of
in-situ investigations it is planned to construct one derivational SHPP. Karmravan SHPP uses inclination of
River Karmravan from 2225.0 till 2065.0.
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The length of derivation from Karmravan River is 2.75km by copper pipeline 530mm in diameter with design
pressure of 138.5m and design discharge 0.40m*/sec. After construction and exploitation Karmravan SHPP
will have 0.443mwt capacity and will produce 1.58min kw/h electricity annualy.

SHORT DESCRIPTION OF KARMRAVAN RIVER BASIN

Karmravan (Kizil) river fals into Arpy Lake on the elevation 2020m. The river length is 14.0 km and
catchment area is 40km?, average elevation of the basin is 2550m, with no summer. Karmravan River starts on
the elevation of 2800m from Turkish-Armenian national border. The river starts from 2 springs underneath
mountain rocks which join and form a stable and strong flow i.e. river Karmravan. The average inclination of
the river is 57%. In the upstream the river has northern direction and then turn to the east till it discharges into
the lake.

The geological structure of theriver basin is represented by vol canic andeside-basalts, covered by black soils.
The vegetation of the river valley is very poor, represented by apine meadows and different crops mainly
grain. The river valley is a V-shape gorge before it reaches village Kizilkend. This gorge has a strong
inclination, with rocky slopes that are a result of weathering rocks and the bottom of the valley is covered by
rounded stones. Water regime of Karmravan River is characterized by large spring maximum, during the
inundation period that starts at the beginning of April. The maximal level of the water is observed during May
or June months. The drought period is stable starting from August. There are no autumn floods.

The ice regime of the river is characterized by ice crust of the river banks starting from November until
complete freezing in December. The river does not freeze till the very bottom. The average thickness of the
ice reaches 20-25cm. The ice starts to move from the begging of April together with floods and the river is
free of ice a the end of April. The climate iswith short summer and cold winter.

Climate condition data of the SHPP region is based on Amasia meteorological station observations. According
to this observations the average annual temperatureis 4.1 C, the maximal is +32 C, and the lowest is 36 C.
The maximal freezing of the soil is 104cm. The moisture content of the air is 65mb with comparative moisture
varying within 61-80%. The quantity of average muli-annual precipitationsis 686mm, the maximal caseis 43.

Average annual wind speed varies 3.0m/sec, the wind direction is generaly northern. With 5% guarantee the
maximal wind speed may reach up to 27m/sec.

HYDROLOGY

The observation data from river Karmravan - Kizilkend water-meter station is used to define the hydrological
properties of Karmravan SHPP headworks and the design river section.

Graph. 2. Annual Distribution of Karmravan SHPP Water Regime

0 High water “ 25% 1966 m Average “ 50%1984 O Drought“ 75% 1995

/\
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In the design section of Karmravan SHPP the catchment area is 19.2km?, average yearly flow value of is
0.20m?/sec.

The table below shows hydrologica properties of design river section for 3 typical years, necessary for the
SHPP.

Maximal design discharge for Karmravan SHPP headwork river section for the genera case equal 3% -
3.23m%sec, for verifying case - 0.5%-3.86m°/sec, the observed average annual discharge value with 95%
guarantee equals 0.029m>/sec.

WATER ECONOMY AND ENERGY SECTOR

The upstream pool elevation of Karmravan SHPP is 2225.0m, downstream - 2060.0m. According to data of
Shirak Marz WUA there is no water intake for irrigationa use from Karmravan River. Karmravan SHPP is
derivational SHPP. In order not to drain the river where 2750m derivational pipeline is the environmental
discharge is designed according to RA laws and 0.02m%sec. All natural flow without irrigational demands and
environmental flow values can be used for energy purposes. Hydro-power properties of Karmravan SHPP are
calculated with 50% guarantee per annum (1975).

Table. 5. Average monthly dischar ge Geghadzor SHPP (m®/sec)

Average monthly
discharge
Karmravan SHPP
(m®/sec)

SHPP average

monthly capacity
(mwt)

SHPP «average
monthly energy
production (min
kwt/hour)

INVESTMENT EFFICIENCY
Capital investmentsinto Karmravan SHPP construction

The capital investments into hydropower station are 569.7 thousand USD (without VAT) and 684 thousand
USD with VAT.

Annual Exploitation Expenses- Prime Cost of Power Production by Karmravan SHPP

Annua exploitation expenses for power production on Karmravan SHPP are composed of depreciation
expenses and exploitation expenses. Depreciation is accepted as linear with 3.3% annually.

Annual exploitation expenses for Karmravan SHPP (according to 2008 rates)
Expenses USD thousand

1. Depreciation 18.8
2. Exploitation expenses
Salary

Renovation

Other Expenses
Tota
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Power indicators of Karmravan SHPP

Indicators

Derivation capacity, kwt

Average multi annual production of energy, min kwt/hour
Capita investments into SHPPS(without VAT), thousand USD
USD thousand

USD / kwt

USD / kwt/hour

Prime cost of power production, cents/kwt hour

Financial analisis

The construction period for Karmravan SHPP is 12 months while design period is 30 years. Karmravan SHPP
financial sustainability is determined by means of investment options:

Private investments only

30% of private capital and 70% credit

Prime cost for selling electric power is accepted as 5.4cents per kwt/hour. Credit percents are accepted as 10%
annually.

The results for financia sustainability based on the main option -30% of private capital and 70% credit « are
shown on the table below.

Table. 6. Calculation results according to finantial scenarios

Scenario 1 Scenario 2
INDICATORS 100% fully self - 30% capital & 70%
financed option credit

Prime cost cent, kwr/hour 54 54
Indicators
IRR, % 85 8.8
NPV, thousand USD
8% 29.3
10% -29.1
12% -68.6
14% -95.9
PB, years 15.3
(without discount)

Deadline for credit return,  years

Armhydroenergyproject CJSC 38



Update of the existing RA SHPP Plan

APPENDI X. 1. KARMRAVAN SHPP
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15.1.4.2. MANTASH SHPP

INTRADUCTION

According to development scheme it was planned to construct 5 SHPPs on the river, which were located on
theinternal bief of, below 2500m till 2000m. The volume of the Mantash reservoir is 7.9min.m°, the regulation
is seasona and is constructed for water supply of Artik city and neighboring villages (250l1/sec). The water
supply pipeline startsimmediately from the reservoir.

The on-situ investigations have shown that during the whole period of exploitation there are only few years
when the reservoir was filled up completely.

During May-June of the current year the reservoir was half full (due to little precipitations) and the river bed
was completely drained.

Thus, due to investigations and calculations it has been decided that it is not appropriate to construct a SHPP
on Mantash river asit would be possible to useit only during high water years.

15.1.4.3. GEGHADZOR SHPP

INTRADUCTION

According to development scheme it was planned to construct 1 SHPPs on the river. During in-situ
investigations the location of the SHPP was clarified.

It is planned to construct Geghadzor SHPP in the north of RA within vicinity of Geghadzor village, which is
from administrative point of view belongs to Aratsotn Marz but is located in the Akhuryan river basin. The
station works of Geghadzor SHPP is located above the headworks of water supply pipeline.

Geghadzor SHPP uses inclination of River Geghadzor from 2465.0 till 2365.0. The length of derivation from
Geghadzor River is 1.40km by copper pipeline 530mm in diameter with design pressure of 83.0m and design
discharge 0.50m%sec. After construction and exploitation Geghadzor SHPP will have 332mwt capacity and
will produce 1.20mln kw/h eectricity annually.

SHORT DESCRIPTION OF GEGHADZOR RIVER BASIN

Geghadzor (Gyuzaldara) river basin is located on the northern part of Aragats volcanic part and belongs to
Akhryan river basin. Geghadzor River is the right inflow of Karkachun (Karangu) river and falls 23km from
the river mouth. The catchment area of the river is 144km?, river length is 34km, the average inclinations on
the observation point is 123[] average height of the basin is 2980m, the average inclination is 3000
Summer cover is absent. The river starts on the western peak of Aragats mountain from 3500m. The river
source is represented by two strong springs that flow from basalt cracks. The river flows to the north and
afterwards turns to the west and fallsin to Karkachu River.

Gaghadzor river valey is anarrow, mountainous and uninhabited gorge with 200-500m slopes with inclination
45-60°.

There is insignificant vegetation and soil cover. The upstream of the basin is covered with apine meadow,
except for mountain area peaks. Below the Geghadzor River the river fals into mountain plateau with 10-15°
inclinations.

On the internal streams the dopes are cultivated and at some places used as pastures. The main water carried
which is 400mm in diameter starts from the main source and two small water carriers start from left inflow
springs, the diameter of these water carriersis 150mm.

There is inundation are only below Geghadzor village. IT is double sided and is covered by grass.
Occasiondly the width if the inundation area reaches 1-1.5km. The river bed in the upstream is twisted the
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bottom is stony. The river basin is composed of highly permeable andesite « basalts that filter the river bed. In
the downstream there is occasionally no water at al, the more downstream the stronger is permeability.

Geghadzor river water regime is typical mountainous and is characterized by sudden rise, short term peaks and
long term falls. The inundation begins at the end of April-begging of May and ends ar August-September.

The draught is stable except for rise of water horizons during winter which is conditioned by icing. There are
sometimes strong deformations of the river bed which alters the normal flow: the river freezestill the bottom.
All these phenomenafollow one another from December-March.

The climatic description of SHPP region have been carried out according to Geghadzor « Artik meteorological
station data, According to this data the average annual temperature varies 3-4 C, maxima +29 C, minimal -
35 C

The utmost depth of soil freezing is 115-120cm. Comparative moisture content of the air varies within 73-
80%. Average precipitations equal 785mm. Average annual wind speed varies within 3-4m/sec, maximal wind
direction isto the east. of wind flow speed with 5%guarantee may reach 30m/sec.

HYDROLOGY

The water regime of Geghadzor river has been investigated in Geghadzor observation point 1936,37, 43, 45-
47. The observation data quality is low. The absence of long term and high quality research hinders the
definition of flow indicators as there is no observation point in the vicinity.

Thisiswhy the only solution is the construction of interdependence curve of regiona annua flow module and
dependence of average basin elevation. The curve was formed according to data from 11 inflows of Akhuryan
and Kasakh River. The curve is quite dependable and the data taken corresponds the dam river section which
equals 2.11/sec.km?.

Graph. 3. Hydrological properties of design river section for 3 typical vears, necessary for the SHPP

O High water “ 25% 1966 @ Average “ 50%1984 0O Drought “ 75% 1995

The maxima flow is calculated according to extreme intensity equation and the minimal flow is based on
factual observations of Geghadzor observation point and recalculated for design river valley of SHPP<s
headworks. In the design section of Geghadzor SHPP headworks the catchment area is 16.5km? average
yearly flow value of is 0.35m®/sec.
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WATER ECONOMY AND ENERGY SECTOR

The upstream pool elevation of Geghadzor SHPP is 2465.0m, downstream - 2365.0m.

According to data of RA State Committee for Water Economy there water intake for irrigation purposes for
Geghadzor river is carried out below the station works, and the water demand for the territory till the
headworks, according to WUA, is 1.89mIn.m>(60l/sec), annually. Geghadzor SHPP is derivational SHPP. In
order not to drain the river where 1400m derivationa pipeline is the environmental discharge is designed
according to RA laws and 0.014m?sec. All natural flow without irrigational demands and environmental flow
values can be used for energy purposes. Hydro-power properties of Geghadzor SHPP are calculated with 50%
guarantee per annum

Table. 7. Average monthly dischar ge Geghadzor SHPP (m®/sec)

Average monthly
discharge
Geghadzor SHPP
(m®/sec)

SHPP average

monthly capacity
(mwt)

SHPP «average
monthly energy
production (min
kwt/hour)

INVESTMENT SUSTAINABILITY
Capital investments into Geghadzor SHPP construction.

The capital investments into hydropower station are 380.5 thousand USD (without VAT) and 317.1 thousand
USD with VAT.

Annual Exploitation Expenses - Prime Cost of Power Production by Geghadzor SHPP

Annua exploitation expenses for power production on Geghadzor SHPP are composed of depreciation
expenses and exploitation expenses. Depreciation is accepted as linear with 3.3% annually.

Expenses USD thousand

1. Depreciation 12.6
2. Exploitation expenses 19.4
Saary
Renovation
Other Expenses
Total
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While power economic indicators have singled out the following levels.

Indicators

Derivation capacity, kwt

Average multi annual production of energy, min kwt/hour
Capita investmentsinto SHPPS(without VAT),

thousand USD

USD / kwt

USD / kwt/hour

Prime cost of power production, cents/kwt hour

Financial analisis
The construction period for Geghadzor SHPP is 12 months while design period is 30 years.
Geghadzor SHPP financial sustainability is determined by means of investment options:
Private investments only /Scenario 1/
30% of private capital and 70% credit /Scenario 2/:

Prime cost for sdlling electric power is accepted as 5.4cents per kwt/hour. Credit percents are accepted as 10%
annually.

The results for financia sustainability based on the main option -30% of private capita and 70% credit « are
shown on the table bel ow.

Table. 8. Calculation results according to finantial scenarios

Scenario 1 Scenario 2
INDICATORS 100% fully self - 30% capital & 70%
financed option credit

Prime cost cent, kwr/hour 54
Indicators
IRR, % 7.1
NPV, thousand USD

8%

10%

12%

14%

PB, years

(without discount)

Deadline for credit return,  years
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APPENDIX.. 2. GEKHADZOR SHPP
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PART. 15. 2LORY MARZ.

DZORAGET, PAMBAK AND DEBED RIVER BASIN.
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GENERAL DATA

Out of 30 previously planned SHPPs the following SHPPs have been constructed and are under exploitation:
Kurtan (Gargar SHPP), Doraget SHPP-5, Karakala SHPPs 1-7. There is permission for construction of Joltaya
SHPPs 1-4, aswell asthereisatechnical substantiation design carried out for Dzoraget 3, 4 SHPPs.

15.2.1. SHORT DESCRIPTION OF DZORAGET RIVER BASIN AND CLIMATIC
CONDITIONS

River Dzoraget is the largest left inflow of river Debet and falls into the latter at 84km from the river mouth.
The river starts from Ghavakheti mountain chain and flows to east and south-east. River catchment basin is
1460km?, length is 67km; average elevation of the river basin is 1860m, average inclination of the river is
20%. Dzoraget basin is surrounded by Somkheti mountain chain from the north, Bazumi mountain chain from
the south which divides Pambak and Dzoraget river basins and Ghavakheti mountain chain from the west. The
highest point of the river basin is Agka Mountain with 3196m elevation. The northern part of the basin as
opposed to mountainous western and southern parts is represented by Lori mountain valey with average
elevation 1400m. It has awide valley bottom that has a dight inclination towards south-west and is covered by
small lakes and ponds especially its north-west section from which many rivers originate.

The earth cover of the river valey is diverse. The upper section fully consists of sub-alpine, light brown
mountain soils. The middle section is represented by black mountain soils and moist prairie black soils that are
partialy dissolved and thick, here there are also meadow-swamp soils. In the downstream the soils are
represented by mountainous and moderately moist, carbonated black soils. There is also weakly developed
thin layer of black soils. Moreover there are mountain-forest, prairie soils.

There is adiverse flora of the river basin. It the upstream it is represented by internal apine meadows. There
are large prairies for the interna sections of the basin with occasional swamps and bogged areas. In the
downstream there is grain as well as diverse grain vegetation with occasional tragacanth inclusions. There are
thick forests composed of different tree types including pine trees, oak trees that are located near Gyulakarak
village and in the south of Stepanavan city. There are small forest areas on the northern slopes of Azumi
mountain chain.

During last 15-20 years the forest areas strictly decrease due to the fast that they are the main source of heating
in those areas. The rest of the areais occupied by grains and technica vegetation. There are fruit trees to the
downstream of Stepanavan city.

The river Dzorashen at its source is small uncultivated V-shaped gorge. In the upstream the inclination of the
slopes 15-20° and their height is 100-150m, which gradually merges into the surrounding mountainous area.
The width of the valey in the upper part is 200-3000m. The slopes are covered by apine and sub-alpine
meadows. The in the downstream the river flows aong the southern border of Lori valey, that is covered by
grass and split by multiple drainage springs. Along the length of the Dzoraget River flow the Lori valey is
box-§haped, has an inundation area with middle height, gentle slopes and tidy bottom. The dope inclination is
5-10".

Starting from the Stepanavan city the river Dzoraget flows through a deep gorge which upper parts are
mountainous and very steep, occasionally amost vertical up to 100m height. Towards downstream the dope
inclination decreases reaching 40-50°, with height of 120-130m. On the separate small sections near the river
mouth the valley becomes more like a gorge with slope height of 100-120m.

The inundation areais located on the Lori Mountain plain. The inundation valley is flat with dight inclination
towardstheriver. The river bed is dightly twisting with no considerabl e branches.

From the climatic point of view the area has a comparatively moist climate, The winter is mild, long with thick
snow layer that is present starting from November, /the climatic conditions of the basin are supplied according
to the nearest meteorological station 1602m data. According to Katnarat meteorologica station data the
average multi annual air temperature equals 6.5 C, absolute minimum -34 C, and absolute maximum +33 C,
the maximal freezing of the soil is 62cm. The absolute air moisture content is 7.8mb, comparative moisture
content is 74%.
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Average multi-annum precipitations are 879mm. The ten-day snow cover is 1m. Average annual wind speed
equas 2.4m/sec; the main wind direction is western. The maximal wind speed with 1% guarantee is 35-
36m/sec.

15.2.2. Geological Composition of Dzor aget River

Dozraget river basin has a complicated geological composition with volcanic rock types being the main item.
Lori mountain plain is composed of tuffs up to the city of Stepanavan; there are basalts and andesite-basaltsin
the middle of the basin with occasiona granite layers.

The basins of Sarvanget and Chknagh inflows are composed of dark, yellow-grey, occasionally hydro-thermal,
cracked and occasionally withered, dightly permeable porphyries, tuff breccias tufts tuffs, lime stones and
dolomites.

On foathills of the slopes with low inclination there are contemporary diluvia colluvia sediments, represented
by clay-sand and gravely soilsthat are 2.5m thick. The river bed and the inundation area are represented by 5-
6 m of contemporary aluvia sediments consisting of pebbles and rounded rocks.

The basin of Karakalainflow is represented by effusive rock lavas of upper Miocene. They are represented by
andesine basalt, dacites, and other rock types that are firm, cracked and highly permeable. The valey slopes
are covered by 3-5m of talus sediments. Alluvial sediments are not well devel oped.

15.2.3. Water Regime and Design Data

River Dzoraget presents a typica mountainous river with seasonal water regime; the river has a mixed
feeding: snow, rain, ground waters.

The annud flow distribution is characterized by spring-summer inundations during April July months that are
conditioned by heavy precipitations. During the spring inundations the maximal rise of the water level starts
from the second half of April and beginning of may. The drought season starts from July that last up to march.

The maximal flow discharge is observed during the spring inundations and is conditioned by snow melting
and rains. The periodical observations of the river flow were carried out on the following observation points:
Katnarat, Stepanavan, Urut, Tashir, Kurtan water meter stations.

For receiving average flow as well as average annua distribution data the above mentioned rows were used by
restoring the natural state of the flow. In order to calculate the design characteristics of the river section for
SHPPs the data from the following observation point was used r. Dzoraget-Katnarat and r. Urut-M. Gorky (see
the table).

Table. 9. Hydrologic Description of the Analogous Water M eter Stations

Flow norm

River-Observation Point

Distance from
theriver
mouth, km

Catchment
areof the
basin km?

Aver age
altitude,
m

Observation
time

Water
lischar ge,

m°>/sec

Flow
modul,
I/sec,km?

r. Dzoraget-Katnarat

46.0

140.0

1949-1987

2.66

19.0

r. Urut « M. Gorky

5.7

130.0

1955-1975

0.89

6.85

Annua flow distribution based on the data of R. Dzoraget « Katnarat and Urut and M. Gorky_water meter
stations for characteristic yearsis shown on the table 10.
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Table. 10. Annual distribution according to R. Dzoraget K atnarat and Urut and M. Gorky water
meter stations/ m°/sec/

1. r. Dzoraget - Katnar at

Water abundant « 25%

524 | 101 | 748 | 384 | 212

Average« 50%

454 [ 681 [ 720 | 303 | 176

Drought « 75%

427 | 664 | 557 | 2.65 | 147

2. r.Urut - M. Gorky

Water abundant « 25%

045 ] 3.09 | 249 | 0.80 |

Average« 50%

125 | 305 | 226 | 0.70 |

Drought « 75%

15.2.4. TECHNICAL ECONOMIC SPECIFICATION OF SHPPSTO BE CONSTRUCTED
ON Dzoraget RIVER

15.2.4.1. Dzor aget SHPP-1

I ntroduction

According to development scheme it was planned to construct 5 SHPPs on the river. As a result of in-situ
investigations it was decided to use the potentia of combining the derivations of Dzoraget SHPP1 and 2.

The station works of Dzoraget SHPP-1 is located on Dzoraget River 500m from the headworks of Doraget 4
SHPP. Dzoraget SHPP uses inclination of River Dzoraget from 2045.0 till 1910.0. The length of derivation
from Dzoraget River is 2900m by copper pipeline 1020mm in diameter with design pressure of 117.1m and
design discharge 2.20m%sec. After construction and exploitation Dzoraget SHPP will have 2.06mwt capacity
and will produce 6.58min kw/h eectricity annually.

HYDROLGY

The observation data from river r. Dzoraget-Katnarat water-meter station is used to define the hydrological
properties of Dzoraget SHPP-1 headworks and the design river section.

In the design section of Dzoraget SHPP-1 the catchment area is 51.1km?, average yearly flow value of is
1.0m%sec. The graphic below shows hydrological properties of design river section for 3 typica years,
necessary for the SHPP.

Maximal design discharge for Dzoraget SHPP-1 headwork river section for the general case equal 3% -
56.2m%/sec, for verifying case - 0.5%-35.9m%sec, the observed average annua discharge value with 95%
guarantee equals 0.227m°/sec.
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Graph. 4. Annual flow distribution
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WATER ECONOMY AND ENERGY SECTOR

The upstream pool elevation of Dzoraget SHPP-1 is 2045.0m, downstream - 1910.0m. According to data of
Marz<s WUA there is no water intake for irrigational use from Dzoraget River. DzoragetSHPP-1 is
derivational SHPP. In order not to drain the river where 2900m derivational pipeline is the environmental
discharge is designed according to RA laws and 0.17m%sec. All natural flow without irrigational demands and
environmenta flow values can be used for energy purposes. Hydro-power properties of Dzoraget-1 SHPP are
calculated with 50% guarantee per annum (1986 see table 11).

Table. 11. Monthly water energy indicators

Average monthly
discharge Dzoraget
SHPP-1 (m*/sec)
SHPP average
monthly
capacity (mwt)
SHPP «average
monthly energy
production
(mlin kwt/hour)

INVESTMENT SUSTAINABILITY

Capital investmentsinto Dzoraget-1 SHPP construction

The capita investments into hydropower station are 1977.4 thousand USD (without VAT) and 2372.9
thousand USD with VAT.

Annual Exploitation Expenses - Prime Cost of Power Production by Dzoraget-1 SHPP
Annua exploitation expenses for power production on Dzoraget-1 SHPP are composed of depreciation
expenses and exploitation expenses. Depreciation is accepted as linear with 3.3% annually.

Annual exploitation expenses for 2008 rates are as following:
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Expenses USD thousand

1. Depreciation 65.3
2. Exploitation expenses 41.0
Salary 20.2
Renovation
Other Expenses
Total

Power indicators of have the following level

Indicators

Derivation capacity, kwt

Average multi annual production of energy, min kwt/hour
Capita investmentsinto SHPPS(without VAT),

thousand USD

USD / kwt

USD / kwt/hour

Prime cost of power production, cents/kwt hour

Financial analisis
The construction period for Dzoraget SHPP-1 is 12 months while design period is 30 years.
Geghadzor SHPP financial sustainability is determined by means of investment options:
Private investments only /Scenario 1/
30% of private capital and 70% credit /Scenario 2/:

Prime cost for selling electric power is accepted as 5.4cents per kwt/hour. Credit percents are accepted as 10%
annually.

The results for financia sustainability based on the main option -30% of private capital and 70% credit « are
shown on the table bel ow.

Table. 12. Calculation Results According to the Finantial Scenarios

Scenario 1 Scenario 2
INDICATORS 100% fully self - 30% capital & 70%
financed option credit

Prime cost cent, kwr/hour 54
Indicators
IRR, % 12.8
NPV, thousand USD
8% 964.6
10% 486.02
12% 1275
14% -147.7
PB, years 7.6
(without discount)

Deadline for credit return,  years
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APPENDIX. 3. DZORAGET SHPP-1
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15.1.2.2. SARVANGET SHPP-1,2,34,

INTRODUCTION
I ntroduction
Sarvanget SHPPs are located on the inflow of Dzoraget River « Sarvanget.

According to the development scheme it was planned construct 9 SHPPs. After in-situ investigations it was
planned to construct derivational SHPP type 4.

Sarmanget SHPPs use the inclination of Sarmanget from 2275.0 elevation up to 1675.0.
Short description of Sarmanget River basin

Sarmanget is the left inflow of Dzoraget that falls into the river 46 km from the river mouth. Genera length of
the river is 13km; catchment area equals 28km?. It starts from the eastern parts of Khonav mountain slopes
from 2550m, in the glacier zone.

River valley is dightly cultivated with a V-Shaped gorge. The slopes are composed from volcanic rock types.
They are steep (30-607), covered by alpine and sub apine vegetation layer. In the midstream the river passes
through Lori mountain zone, has low shores and the sl ope steepness decreases up to 20-30°.

The geologica composition of the river basin is represented by basdts and tuffs. The vegetative layer is
mainly represented by meadow and mountainous black earth. The river bed twists at the beginning the sopes
are very steep 0,2-0,5m high, stony, covered by rounded stones and sand. The inundation are appears where
the river turnsinto a mountain. It is double sided while the bottom is pebble-sand.

Sarvanget water regime is not yet investigated. According to interview data spring inundations start at the end
of March and beginning of April, reaching their peak at may and then gradually decrease. The drought starts at
the end of June beginning of July and has stable horizons and water discharge. In winter water level is very
stable as during that period river feeding is based on ground waters and is extremely stable. The freezing
regime is very grict as well. In the upstream the river is frozen from December till March and closer to the
river mouth the freezing changes into shoreline ice cover that is comparatively unstable, which means they
freeze and then unfreeze during winter.

15.1.2.3. SARVANGET SHPP-1

INTRODUCTION
I ntroduction

Sarvanget SHPP-1 uses the inclination of Sarvanget River 2275.0 to 2150.0. The length of derivation from
Sarvanget River is 2600m by copper pipeline 530mm in diameter with design pressure of 113.4m and design
discharge 0.30m®/sec. After construction and exploitation Sarvanget SHPP-1 will have 275kwt capacity and
will produce 0.86mln kw/h el ectricity annually.

HYDROLGY

The observation data from river r. Dzoraget-Katnarat water-meter station is used to define the hydrological
properties of Sarvanget SHPP-1 headworks and the design river section.

In the design section of Sarvanget SHPP-1 the catchment area is 6.3km? average annua flow value of is
0.12m?/sec.

The graphic below shows hydrological properties of design river section for 3 typical years, necessary for the
SHPP.
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Maximal design discharge for Sarvanget SHPP-1 headwork river section for the genera case equa 3% -
15.4m%sec, for verifying case - 0.5%-24.2m°/sec, the observed average annua discharge value with 95%
guarantee equals 0.016m>/sec.

Graphic 5. Annual flow distribution
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WATER ECONOMY AND ENERGY SECTOR

The upstream pool eevation of Sarvanget-1 SHPP is 2275.0m, downstream - 2150.0m. According to data of
Marz<s WUA there is no water intake for irrigational use from Sarvanget River. Sarvanget-1 SHPP is
derivational SHPP. In order not to drain the river where 2600m derivational pipeline is the environmental
discharge is designed according to RA laws and 0.12m%sec. All natural flow without irrigational demands and
environmental flow values can be used for energy purposes. Hydro-power properties of Sarvanget-1 SHPP are
calculated with 50% guarantee per annum (1986 see table 13).

Table. 13. Average monthly discharge

Average monthly
discharge
Sarvanget SHPP
-1(m®/sec)

SHPP average
monthly capacity
(mwt)

SHPP «average
monthly energy
production (min
kwt/hour)

INVESTMENT EFFECIENCY

Capital investments
The capital investments into hydropower station are 302.1thousand USD (without VAT) and 362.5 thousand
USD with VAT.

Annual Exploitation Expenses- Prime Cost of Power Production

Annua exploitation expenses for power production on Sarvanget-1 SHPP are composed of depreciation
expenses and exploitation expenses. Depreciation is accepted as linear with 3.3% annually.

Annual exploitation expenses for 2008 rates are as following:
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Expenses USD thousand

1. Depreciation 10.0
2. Exploitation expenses 194
144
3.0
2.0

Power indicators of have the following level

Indicators

Derivation capacity, kwt

Average multi annual production of energy, min kwt/hour
Capita investmentsinto SHPPS(without VAT),

thousand USD

USD / kwt

USD / kwt/hour

Prime cost of power production, cents/kwt hour

Financial analisis
The construction period for the SHPP is 12 months while design period is 30 years.
Financial sustainability is determined by means of investment options:

Private investments only /Scenario 1/

30% of private capital and 70% credit /Scenario 2/:

Prime cost for selling electric power is accepted as 5.4cents per kwt/hour. Credit percents are accepted as 10%
annually.

The results for financia sustainability based on the main option -30% of private capital and 70% credit « are
shown on the table bel ow.

Table, 14. Calculation results according to finantial scenarios

Scenario 1 Scenario 2
INDICATORS 100% fully self - 30% capital & 70%
financed option credit

Prime cost cent, kwr/hour 54
Indicators
IRR, % 6.5
NPV, thousand USD
8% -40.9
10%

12%

14%

PB, years

(without discount)

Deadlinefor credit return, years
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APPENDIX. 4. SARVANGET SHPP -1
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Sarvanget SHPP-2

Introduction

Sarvanget SHPP-2 uses the inclination of Sarvanget River 21455.0 to 2000.0. The length of derivation from
Sarvanget River is 1800m by copper pipeline 630mm in diameter with design pressure of 132.8m and design
discharge 0.60m®/sec. After construction and exploitation Sarvanget SHPP-2 will have 638kwt capacity and
will produce 2.13mIn kw/h electricity annually.

HYDROLGY

The observation data from river r. Dzoraget-Katnarat water-meter station is used to define the hydrological
properties of Sarvanget SHPP-2 headworks and the design river section.

In the design section of Sarvanget SHPP-2 the catchment area is 14.0km?, average annua flow vaue of is
0.26m°/sec.

The graphic below shows hydrological properties of design river section for 3 typical years, necessary for the
SHPP.

Graph. 6. Annual flow distribution
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Maximal design discharge for Sarvanget SHPP-2 headwork river section for the general case equal 3% -
21.2m¥sec, for verifying case - 0.5%-33.2m%sec, the observed average annual discharge value with 95%
guarantee equals 0.036m°/sec.

WATER ECONOMY AND ENERGY SECTOR

The upstream pool eevation of Sarvanget SHPP-2 is 2145.0m, downstream - 2000.0m. According to data of
Marz<s WUA there is no water intake for irrigational use from Sarvanget River. Sarvanget SHPP-2 is
derivational SHPP. In order not to drain the river where 1800m derivational pipeline is the environmental
discharge is designed according to RA laws and 0.027m®/sec. All natural flow without irrigational demands
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and environmental flow values can be used for energy purposes. Hydro-power properties of SarvangetSHPP-2
are calculated with 50% guarantee per annum (1986 see table 13).

Table. 15. Monthly water energy indicators

Average monthly
discharge
Sarvanget SHPP-
2 (m?/sec)

SHPP average
monthly capacity
(mwt)

SHPP «average
monthly energy
production (min
kwt/hour)

INVESTMENT EFFECIENCY
Capital investments

The capital investments into hydropower station are 700.9 thousand USD (without VAT) and 584.1 thousand
USD with VAT.

Annual Exploitation Expenses - Prime Cost of Power Production

Annual exploitation expenses for power production on the SHPP are composed of depreciation expenses and
exploitation expenses. Depreciation is accepted as linear with 3.3% annually.

Annual exploitation expenses for 2008 rates are as following:

Expenses USD thousand

1. Depreciation 19.3
2. Exploitation expenses 211
Saary 14.4
Renovation 4.7
Other Expenses 2.0
Total 404

Power indicators of have the following level

Indicators

Derivation capacity, kwt
Average multi annual production of energy, min kwt/hour

Capita investmentsinto SHPPS(without VAT),
thousand USD

USD / kwt

USD / kwt/hour

Prime cost of power production, cents/kwt hour
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Financial analisis
The construction period for the SHPP is 12 months while design period is 30 years.
Financia sustainability is determined by means of investment options:

Private investments only /Scenario 1/

30% of private capital and 70% credit /Scenario 2/:

Prime cost for selling electric power is accepted as 5.4cents per kwt/hour. Credit percents are accepted as 10%
annually.

The results for financia sustainability based on the main option -30% of private capita and 70% credit « are
shown on the table below.

Table. 16. Calculation results according to finantial scenarios

Scenario 1 Scenario 2
INDICATORS 100% fully self - 30% capital & 70%
financed option credit

Prime cost cent, kwr/hour 54
Indicators

IRR, % 13.0
NPV, thousand USD

8% 293.7
10% 150.9
12% 43.9
14% -38.2
PB, vyears 75
(without discount)

Deadline for credit return,  years
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