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BACKGROUND

This is the Final Report dhe Assessment Study of Groumdter Resources dhe Ararat Valley
implementecdbythe @ nsorti um of @A Hay joseddankSoekg@ompany (CIsC)t i t u
and -MBe bimited Liabilty Company (LLC) from 01.02.2013thru 15.03.2014 The
Assessment Study wasupported by theUSAID-funded Clean Energy and WaterProgram
(CEWP) which is implemented bylendez England & AssociateEhe Final Report waprepared

under the Subcontractgheement signed between the Armenian branch of Mendez England &
Associatesfi Hay j r nak ha CiJtSEC lamddto ividMedetldiased on the analysis,
correlation and summary of observatiarfsthree interim reprts. The Final Reporincludesthe

following:

1 review ofpreviously conducted assessments (1966 and 1984¢ Afarat Valley

grou ndwater resources;

1 observations and findings of the impacts of current and future water use under various
proposed develapent scenariodasedon the balancedepletion andrecharge rates of
groundwater resources thfe Ararat Valley;
proposaldor future assessment of groundwater resourcéisedfrarat Valley;
proposaldor future measures aimed at sustainable mamagt of groundwater resources of

theArarat Valley.

The findings andecommendationpresented in thénterim andFinal Repors are based on the
review and analysis of archive materials and repaats,well asdocuments received from

governmentaagencies and other stakeholder institutions. These include

1 Results of hydrogeologicaxplorationworks conducted in the Ararat Artesian BaghAB)

in 1966 and 1984 with estimation of resources;

1 Results of groundwater sources inventorytied Ararat Artesian Basin conducted in 2006
2007;
1 Results of groundwater monitoring data conducted within Ararat AneBiasin in 2009

2012 b ygeoiogicaldMmiot o r i n JHMCeState don-Gommercial Organization
(SNCO)of the Ministry of Nature Protectioof the Republic of Armenia (MNP)

1 Resluts of measurements at the blemark points othedrainagemonitoringnetwork Ararat
Artesian Basirby conducted in 1992013 byifiAmeliorationMe | i or at si ao CJSC




Committee of Water SystesiSCWS)of the Ministry of Territorial AdministratiofMTA)
of the RAfrom;

1 Data on groundwater absiction within the Ararat Artesian Basinfrom 19832013
according to archive materiadsid WaterUse Permits (WUPs)issued by théVINP of to the
various water users;

1 Other archive materials (see list of literagur

In order tocrosschecksome ofthe existing data and supplement missirigrmation datawas also

used fromvisits made bythe Consortium members the regional authorities and communities of

Armavir and AraraMarzes as well asrom theresults ofcontinuousobservations conducted 64

randomly selectedvells of Ararat Artesian Basimuring thevegetation season: spring (May)

summer (August) and autumn (November)

The presentreport does not include Ha&ssessment ofolumes ofgroundwater resources in the

AraratArtesianBasin as this was notquired by the Statement of Work



1. GENERAL CHARACTERISTICS OF THE ARARAT ARTESIAN BASIN

1.1 Hydrogeologicalconditions

The Ararat Artesian Basin (AAB) is located in the middle stream of Araks River wilti@irarat
DepressiorValley and extends ithe northhwest and soutieastdirection for about 120.0 km with a
width ranging from10.0to 30.0 km(Figure 1) The depression is located at the elevatamging
from 800 m to J000 mabovethe sea levelnd occufes an area of about 1,300 nit is a natural
groundwaterstorage argaand water enters intodlstorageareafrom the surrounding Ararat and

Aragats mountains arfdoom theGedhama and Armenia Paidges.

Legend Marzes | Lo
I:I State border E Aragatsotn D Shirak

@ Marz centers || Ararat | syunik

Main rivers C Armavir C‘ Tavush
E Main lakes and wetlands [j Gegharkunik Ij Vayotz Dzor "
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Figurel. Location ofArarat Artesian Basin.




Geomorphatgically, the Ararat Valley represents an interountain depression associated with the
valleys ofthe Araks River and its tributariethe Akhuryan, Sevjur, Kssakh, Hrazdan, Azat and
Vedi. The ancient buried valleysf those riverscovered bythe volcanic lava and sulsurface
deposits of moderthe drainage network(rivers) serve aghe routes through which water enters
into Ararat groundwater basin. Frommhydrogeologicalperspectivethe Ararat Depression is a
typical closed intemountain artesian basiwith groundwaterrecharge,storage and discharge

ared.

AAB hasa complex tectonic and geologielaydrogeological structurd.he depression represents a
superimposed intemountain trough othe Ar a k s  Rdtonie zoredivided bythe subsequent
folding process into the following five stdiructures(structuresof second ordgrin westto-east

direction:

1 Hoktemberyan depression;
1 Sovetashen uplift;

1 Artashat depression;

1 Khor Virap upliftand

1 Arazdayan depregm.

The @ove mentioned tectongtructurediffer in their geologicacomposition thickness of water
bearing rocksnumber of aquifers and impermeable layers #rar hydraulicproperties. The
borders of tk structuresnearly coincide with administrative lhumdariesof Armavir and Ararat

Marzes of ArmenidFigure 1)

The goundvaterresourcef AAB are developed from precipitation, condensatidischarge of
deep artesian inflowsand partially from surface flows within the @&¢s catchment baswith an
area of 31,500 kfn including 14,900 krhof Armenian territory and 16,600 Kmof Turkish

territory.

Two groundvater layers (complexes) may be identified in thbsurfaceof AAB: unconfined
aquiferand confined (artesian) watdrearing complegs which may beconditionally divided into
two aquiferdAnnex 3)

The unconfinedaquiferis found nearlyeverywhere withirthe AAB. It is located at depth of 0.5
60.0 m. The flow direction coincides with the terrain inclination andrextbd towardshe Araks

River. Groundwateis containedy sandy loam, loam sand and graseiall pebble deposits




Based on their origirthe confinedaquifers of the intermountain depressionh&Ararat Valley are
conditionally divided into porousgroundwvater associated with dastine deposits and fissure
porous and fissurgroundvater associated with lava rocks.

Based on thgroundvater evel, theconfinedaquifers of AAB are divided into:

a) artesiareone withwater levels belowheland surfacerfegdive waterlevel)i these are

located within the outskirts afhe Ararat Valley;

b) artesiarzonewith water levels above the land surfapeditive watetevel) covering the

central part othe Ararat Valley. The wells in this zone are flowing.

The following Table 1 presenthie main hydrogeological characteristics thie aquifers ofthe

Ararat Valley.

The twoconditionallydivided artesian aquifers are connected with successive complexes of folded
systems made of permeable asemipermeable rocks specified by unstable thicknesses and
permeability, and they create a singlaterbearingsystem. The recharge conditions and formation

of usable ¢peratioml) water resources in these two artesian aqudezslso similar. The AAB is
marked by a gradual increase ddrtesianpressure with depth, which is associated with upward

discharge of groundwater most parts of depressiamea

The area of AAB isalso markedby extreme instability of geologicéithological and
hydrogeol ogi cal p ar a me speeadimgand ithicknegsa vatietycof Wweder aq
bearing rocks and themydraulic conductivity transmissivityproperties, water temperature and

mineralization.

The description, analysis and summary ofugidwater layers of AAB allowsneto conclude that
geological and hydrogeological conditionstloé Ararat Valley are very complicated and they vary
both between hydrogeological structures and within the same structisés Tlearly showrfrom

the geolgicathydrogeological and technical geological sections of boreholes drilled within the

hydrogeological structures (Annexes 2 and 3)

1.2. Natural (recoverable) groundwater resources

According to V.T.Vehuni (1975)the deep groundwater discharge or recoverable (dynamic) natural
resource in the AAB is 64.1 ¥s or 2,021.5 Mrilyear, of which 42.8 fts or 1,349.7 Mrilyear
enters from the Turkish territory (Kars Plateau), and 213% mor 671.7 Mn¥year - from the

Armenianterritory [13].




Tablel. Main hydrogeological characteristics of aquifersthafArarat Valley

o Vield Drawdown, | Specific vield Hydraulic Transmissivity
Aquifer type Depth to thetop, Efficient Level, H-m ’ . ' P 4 conductivity, Km=qx130
m thickness, m Q-1l/s Sim g- I/s.m 2
K-m/day m-/day
Unconfined 1.7-33.2 7.559.2 -0.5--33.2 1.0-30.0 1.9210.0 0.1-5.86 0.95149.5 13.0761.8
Hoktemberyan depression
st - -0.57--18.0
1° confined 2.071.0 13.459.5 7.2-80.5 2.412.0 0.87-21.3 2.53115.37 113.31079.0
+0.85- +12.8
-7.2--90.0 13.3234.0
nd : . a 7
2" confined 32.0174.7 44.0232.7 10.68- +14.7 up to 600.0 1.2-14.3 3.7-24.39 3.97-21.93 481.03170.7
Sovetashen uplift
st , -0.8--20.0
1° confined 28.7-140.0 12.7-87.0 1754126 1.56-80.0 7.512.6 0.2-8.42 2.0437.97 26.01094.6
, -0.68--92.5 2.3252.0
nd
2" confined 40.5176.0 28.5141.4 +4.7-+15.4 up to 800.0 2.0-14.89 1.0917.8 0.8929.98 141.72158.0
Artashat depression
1% confined 59.7244.0 15.1:152.2 +0.2- +8.5 7.640.0 3.659.62 2.145.48 2.81-30.56 408.06712.4
Arazdayan depression
st . -3.2--33.8 up to
1° confined 46.0150.0 24.8136.5 118 8.429.8 3.2-6.72 1.255.1 2.696.66 162.5663.0
nd , -2.1--12.0
2" confined 83.0190.0 15.4254.0 +1.65- 432 7.7-37.7 2.6511.4 2.399.15 1.9253.43 310.7#1189.5




According to H.A. Aghinyan, (1976 [14], the deep groundwater discharge macoverable
(dynamic) natural resource 1.5 ni/s or 1624.1 Mnfilyear, of which 35.9 Afs or 1132.1
Mm?3year enters from the Turkish territory (Kars Plajeand 15.6 ris or 492.0 MYyear- from

the Armenian territory, including:

South-western slopesf Mt. Aragatsi 0.4m*/seg
Kassakh River Basiih 11.46m*/seg

Hrazdan River Basin 2.61m%/sec

Azat River Basiri 0.13m?sec;

Vedi River Basiri 1.0m’/s.

= =2 4 A -

The natural groundwater resources comprise 7333em including:
1 Deepinflow i 51.5 ni/sec,
§ Drainage flowi 8.08 n¥/sec,
§ Springdischarge 14.29 ni/sec.

The concentrated flows entering into AAB from Armeniarritory were assessed in 198889 by

the WaterProblems and Hydraulic Engineering Institute under the management of R.S. Mjnasyan

using amathematical modeling method. The flow was estimateD.29 ni/s or639.9 Mm®year

[19].

The deep groundwater discharge or natural groundwater resaifrtes AAB (the inflow into

aguifers) weressesselly several researchers in various pesjad particular:

1954, A.O.Ohanyahn 71.7 ni/s or 2,261.1 Mrilyear;
1966, A.E.Amroyari 107.32 ni/s or 3,384.4 Mrifyear;
1974, Z.V.Davletshina 70.8 ni/s or 2,232.7 Mrifyear;
1974, M.S.Torgomyarh 30.12 ni/s or 949.9 MriYyear;
1975, V.T.Vehuni 64.1 ni/s or 2,021.5 Mrifyear;
1976, H.A.Aghinyari 51.5 ni/s or 1,624.1 Mrilyear.

== =4 4 4 A -2

The Group of Experts conducting tlassessmerstudy ha accepted the average arithmetical value

(57.8 nils or 1,822.8 Mnilyear) of the deep groundwater discharge or recovergdignamic)
natural resource ahe AAB by the last two authorgVehuni and Aghinyanpssessedsing the
balance methodndbasd on thedetailed data.
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2. REVIEW OF PREVIOUS ASSESSMENTSOF GROUNDWATER RESOURCES

2.1.Assessment of gpundwater resourcesand their usein 19661984

The operational resources of AAB were assegsedarious authors withii9661984, and the
results were approved by the State Commission of Reserves (SCR). The assessment results are

summarized in Tabl2 and Figure 2.

Table2. Operational groundwater resources of AAB approved in 11%@3! by categories

Including
Apprqved SCR
Approval | - operational protocol CategoryA+B* | CategoryC,* | CategoryC,* Usable
year resources No. Sor wel wells, wells, resource
m-/s F:;'ggs’ me?, /s” m/s m/s m/s
1966 25.0 4901 19.1 0 5.9 0 25.0
1966 38.4 4949 19.5 4.9 6.0 8.0 30.4
1974 61.8 7252 19.5 8.8 11.6 21.9 39.9
Maximal Maximal
51.7 73.6
1984 95.3 9475 21.9 Average 0 21.7 Average
annual annual
34.7 56.6

* Category A- Minimal water discharge based on contns hydrogeologal monitoring during three and

more yearsrgliable/usable resource).

Cate@ry B - Minimal water discharge based on continuous hydrogezdbgionitoring during at least one

year (eliable/usableresource).

Categories €and G - The difference between the natural resources and resources of categories A+B, the
suitability of which is determined as a result of additional investigatibhe.category Cis acceptedoy

SCR as usable resource.

The approved operationadsources of AAB were estimated based on springs and well clusters.

There are several spring groups associated with the groundwatbe éfarat intermountain
depression. Their resources make up 21,921.2 /s or 690%ydarincluding:

1)  MetsamorAknalichi 17,765.3 I/s or 560.2 Mifyear;
2)  Areviki 671.0 I/s21.Mm?%/year,

3) Blue Lakei 2,604.2 |/s or 82.Mm?/year,

4)  Sarvanlaii 165.5 l/s or 5. Mm°/year,

5)  Uchkerpii 490.7l/s or 15.5Mm?/year,

6) Novruzlui 224.5 I/s or 7.Mm3year

1,593 wells were drilled as of 1984, of which 878 were artesiis, and the remaining 715 were

operated by pumps.

11




Operational and used groundwater resourse of AAB, s
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Figure2. Operational and eslgroundwater resources of AAB approved in19&4.

The following Table3 and Table4 presentthe dischargef springs and major wells of AAB and
information on their purposef use

Table3. Discharges of springs of AAB as of 1984 and their purpbsise

Discharge of spring Approved
Name of spring I/s, 1984 Is used s Purposeof use rgspources
groups maximal average maximal average potable and irrigation category
minimal minimal household A+B, /s
Hoktemberyan depression
Metsama- 28300.0 | 26100 | 22200.0 | 10500 420.0 21780 17765.3
Aknalich group 24370.0 420 Armauvir,
Metsamor
NPS
Arevik group 712.0 700 500.0 375.0 - 500 671.0
674.0 250.0
Sub-total 29012 26800 22700 10875 420.0 222280 18436.3
25404 670
Sovetashen uplift
Kapuyt Lake - 2700 2740 2675 2700.0 - 2604.2
group 2615 Technical
water supply
of Yerevan
Yerakamurj (Uch  542.0 520 500.0 400.0 - 500.0 490.7
Kerpi) group 490.0 300.0
Sis(Sarvankar 221 200 200.0 190.0 - 190.0 165.5
group 172 180.0
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Discharge of spring Approved
Name of spring I/s, 1984 Is used l/s Purposeof use resources
groups maximal average maximal average potable and irriqation category
minimal % minimal 9| "household 9 A+B, /s
Sub-total 3420 3440.0 3265 2700.0 690 3260.4
3095.0
Artashat depression
Novruz group 250.0 235 250.0 215.0 - 215 224.5
220.0 180.0
TOTAL 30455 | 26390.0 | 14355 3120.0 23185.0 21921.2
4115.0
Table4. Yield of major wellgroupsof AAB.
Operational yield as of | Number of wells and purposeof
Number of wells 1984 I/s use Aoproved
Drinking 1 P
Maximal maximal householdand L c resourcsz
Minimal minimal average irrigation of private Irrigation ategory
lands
1 2 3 4 5 6
1. Hoktemberyan depression
a) Western sitd 39 communities
488 17898.0
157 3470.0 10117.0 153 335
b) Eastern sité 26 communities
610 19059.0
422 49310 12364.0 188 422
Total in Hoktemberyan depressjon 31880.8
in Ga-Haykashen deposit 5063.6
with Ga-Haykashen deposit 36944.4
2. Sovetashen uplift 18 communities
285 9613.0
266 7908, 8455.0 88 197 9601.8
3. Artashat depression7 communities
131 3057 3056.7
118 640 2220.0 33 98
4. Arazdayan depressierb communities
79 2140
o4 436 1505.0 22 57 2138.9
Total in Ararat 51757
Depression _16393 34661.0 484 1109 51741.8

Therecoverabldusable resourcef 51,741.8 l/s 061.7m/s, or 1,630.4 Mrilyear verified by wells

correspond to the maximal abstraction during vegetation season {Apdl i October). The

minimal abstaction is observed from November to rgril and makes ud6,393.0 I/s 0r16.4

m%s, or 517.2 Mmyear. Thus, the actual average alestion by wells from AAB made up

13




34,661.0 I/s or 34.7 ffs, or 1,094.3 Mrilyearon average as of 1984, and that value was set by the
SCR as the average annual pétad usableabstraction foran unlimited period.This is because
waterabstractionn such volimes does not distort the AAB groundwater balaaoelabstadion of
groundwateresources is within the approveetoverabl&isableresources (category A+B) without
violating the stipulated groundwater opevatiregime. Hence, the stipulated usable resources for
AAB shall be:

- by wells:34.7m%s or 1,094.3Mm°/year,
- from springs21.9m*/s or 690.6Mm°/year,
total: 56.6m/s or 1,784.9Mm°/year

Regime observations conducted within 19883 showed that the groundwalevel is loweredby

up to 3.0 min the case ofmaximal abstractionof 51.7 ni/s or 1,630.4 Mm?®/year during the
vegetation season. The water level is restored during the miabstaction ofl6.4 ni/s or 517.2
Mm?3year Based on these findingthe SCR approved the average annual abstractiéa.afni/s,

or 1,094.3 Mniyear.

The following Table 5 summarzes the operational resources of AAB Blarzes estimated by

springs andvells.

Table5. Operationatesources of AAB byarzes as of 1984 estimated by springs and wells.

Marz name Approved operational resources by categoried's

A | B | C | AB | ABHC
Springs
Armavir 14676.0 3760.3 - 18436.3 18436.3
Ararat 3484.9 - - 3484.9 3484.9
Sub-total by springs 18160.9 3760.3 - 21921.2 21921.2
Wells

Armavir 21410.8 15533.6 4551.0 36944.4 41495.4
Ararat 11701.3 3096.1 17124.0 14797.4 31921.4
Sub-total by well 33112.1 | 18629.7 | 21675.0 51741.8 73416.8
Total AAB 51273.0 | 22390.0 | 21675.0 73663.0 95338.0

Approved operational resources by categories,

m*/s
Total AAB 513 | 224 | 217 | 737 | 953

The following Figure 3 presents the diagram of groundwater resources of AAB and permitted

usable resources as of 1984 by hydrogeological structutkse sécond order.

14




Figure3. Diagram of AAB groundwar resources approved as of 1984 apdrovedpermittedusable resources.
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By its chemical composition, thAAB groundwaterin 1983referred mainly to hydrecarbonate,

sodiumcalcium, sometimes magnesium, sulphated sodium types of water. It should be noted

that varioushydrogeologicaktructures are specified by different types of water. This is due to the

variable lithological and petrogphical composition of both groundwatexchargeand transport

areas.

Table6 presents quality characteristics of AAB groundwater as of 1983.

Table6. Quality characteristics of AAB groundwater as of 1983.

Name of hydrogeological structure

purpose

Catchmentarea, chemcal type, mineralization and use

Mineralization up to 1.0 g/l

1. Hoktemberyan depression

Akhuryan catchment area
Hydrocarbonatesodium 0.350.7 g/l
PHWS

2. Sovetashen uplift

SevanHrazdan catchment area
Sulfatesodium 0.7-1.0 ¢/l
PHWS

3. Artashat depression

Ararat catchment area
Hydrocarbonate, sodiwtalcium 0.50.8 g/l
PHWS

4. Arazdayan depression

Ararat catchment area
Hydrocarbonate, sodiwtalcium 0.4-1.0 g/l

PHWS
Mineralization1.0-3.0¢/I
. Akhuryan catchment arehydrocarbonatsodium,
Hoktemberyardepression ITWS* andl*
Sovetashen uplift SevanHrazdan catchment aresulfatesodium,
ITWS* and F
. Ararat catchment arelAydrocarbonatsulfatesodium
Arazdayan depression .
calcium,
ITWS* and F

5. Ga-Haykashen deposit

SevanHrazdan catchment area
Hydrocarbonatecalcium 0.20.6 g/l
PHWS

*PHWST potable and household water suppipWS i industriattechnicalwatersupply; | T irrigation

2.2.Analysis of groundwater springs and wellsinventoried in 20062007

In May-December 200@ 007 t he #Alnstitute of Water

after Academician 1.V.Yeghiazarov conductedn inventory of wells and springs in Ararat and

Pr obl

Armavir Marzes of ABB, investigated their tadcal stateand prepared a cadastre of wells and

springs.

81 springs and 1,993 wells wesarveyedin Armavir Marz, cards were prepared for 1,794 wells

and they were included into thaventory cadastre. 199 wells drilled within the area of 12

communites were surveyed.

16
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74 springs and 1,471 wells wesarveyedn Ararat Marz, cards were prepared for 1,156 wells and
they were included into thaventorycadastre315 wells drilled within the area of 15 communities

were surveyed.

All the surveyed wellsvere drilled manually or by drihg rigsto a depth of 8.622.0 m witha
diameter of 13251 m. The wells were equipped with d=1P46 mm steel casings. Tleapacity
of those wells varied between 0-320 I/s. The wells were drilled withihomestead plotandwere
used for household purposes. Tladgtracteavater from thaunconfinedaquifer.

Results of thenventoryof wells in 20062007 and analysisf the inventorydataconducted byhe
Teamof Expertsarepresentedn Table7.

Table7. Analysis ofinventory results conducted in 2062607

Inventory of springs and wells Analysis of inventory data
Name including including
AAB Ararat | Armavir AAB Ararat | Armavir
Marz Marz Marz Marz
Total number of counted well 3464 1471 1993 3466 1473 1993
including:
- surveyed unconfined water, 514 315 199 514 315 199
wells
- wells accounted in cadastrg 2950 1156 1794 2952 1158 1794
- artesianwells 1280 712 568 1286 682 604
Number of wells with negative level 1670 444 1226 1666 476 1190
Number of operational wells 1952 800 1152 1986 792 1194
Number of noroperational wells 998 356 642 966 366 600
Number of wells drilled: 794 302 492 796 304 492
- until 1966
- within 1966 1984 1507 634 873 1507 634 873
- within 1984 2008 649 220 429 649 220 429
Purposeof use 1874 803 1071 1874 803 1071
- irrigation
- fishery 276 102 174 299 102 197
- technical 354 135 219 358 135 223
- potablehousehold 438 116 322 421 118 303
Intake by operational wells, 1} 58519.9| 21130.2 | 37389.7 | 55826.0* | 20787.0* | 35039.0*
including:
- irrigation 24846.1| 8606.5 | 16239.6 - - -
- irrigation and potable 9482.8 | 1604.2 7878.6 - - -
- fishery 11781.7| 4627.1 7154.6 | 12702.2 | 4952.8 | 7749.4
- technical 2640.8 953.5 1687.3 - - -
- potablehousehold 9768.5 | 5338.9 4429.6 - - -
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Inventory of springs and wells Analysis of inventory data
Name including including
AAB Ararat | Armavir AAB Ararat | Armavir
Marz Marz Marz Marz
Number of liquidated wells 105 105 - 114 105 9
Number of wells subject { 234 127 107 348 141 207
liquidation
Number of temporarily shut dow| 452 27 425 301 27 274
(conservejlwells
Number of wells subject { 207 97 110 203 93 110
rehabilitation

As it can be seen frorthe table, there are some discrepancies between inventory results and
analyzed data. lopinionof the Team of Expertshis is due to inaccuratalysis ofwvell inventory
cadastrecards. Furthermore, lte inventory didnot account for514 surveyedunconfinedwater

wells.
The TableB presents theaventoryof AAB groundwatembstractiorconducted in 2002007 .

It should be noted that as a result of detailed analysis of well inventory cards conducted by the
Team of Experts, it was identified that total discharge of the artesian wells makes up 30,028.0 I/s
(Table 8), and the discharge of wells operated with pus8s449.0 |/srather than25,798.0 I/s,

(i.e. one farrth), as the pumps operate only three months a year. Thus, the actual intake-in 2006
2007 was 30,028.0+6,449.0=36,477.0 /8615 ni/s, orl,151.1 nyear instead of 55,826.0 I/s or

55.8 ni/s orl1,7597 ntlyear (Tables 7 and 8).

According to inventory results, 649 new wells were drilled between 1984 and 2008 for irrigation,
potablehousehold, technical and fishery purposes. Out of the existing 2,952 wells, 1,986 wells with
an abstraction of 36,477.0 l/s 86.5 ni/s, or1,151.1 Mnilyear were operated as of 2007, which
exceeeédthe permitted level of 198484.7 ni/s, or 1,094.3 Mrilyear)

2.3. Analysis of groundwaterlevelfluctuation s basedon historical and recent monitoringdata

Observations of groundwater level in AAB were conducted by various researchers in various

periods.

According to observations conducted by A.E. Amroyan for assessment of groundwater resources of
ABB as of 01.01.19666], variation of static grounslaterlevelsin the boreholeghangedrom -

36.0 m to +6.4 from ground surface.
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Table8. Inventoryof AAB groundwatembstractiorconducted in 2002007.

Number of well Operation Operation purpose Drilling year Abstraction, I/s L5

o2

including _ % - L .'8

© L N = v 3

N Name 5 5 3 c I 2| 8 2 8 = s
o I o with T § k) S| g 3 § S S = 2 =
S = N — [@)] 5 =

S| £ |mewa| &8 5| S| 5|5 sz 8| 3| ¢ g2 | 3%

g 8 tive ;’ < E h e = 5 3 2 = E3S

level 7 S E E Z=

Armavir Marz
1 |Bagramyan area| 64 - 64 27 37 31 - 18 15 1 36 27 797.4 - -/9
2 |Armavir area 766 93 673 392 374 | 510 3 85 | 168 | 264 | 407 95 10243.6 14.0 9/119
3 |Echmiadzin area | 964 511 453 775 189 530 194 | 120 | 120 | 227 430 307 23998.0 | 7735.4 -I79
Subtotal Armavir Marz | 1794 604 1190 | 1194 | 600 | 1071 | 197 | 223 | 303 | 492 873 429 35039.0 | 7749.4 9/207
Ararat Marz
1 |Masis area 689 614 75 571 118 | 445 82 52 | 110 | 220 340 129 15210.7 | 4507.6 -/189
2 |Artashat area 215 47 168 113 102 150 4 58 3 45 132 38 2481.2 238.0 45/22
3 |Ararat area 254 21 233 108 146 208 16 25 5 39 162 53 3095.1 207.2 60/30
Subtotal Ararat Marz 682 476 792 366 803 102 | 135 | 118 | 304 634 220 20787.0 | 4952.8 | 105/141
Total 1286 | 1666 | 1986 | 966 | 1874 | 299 | 358 | 421 | 796 | 1507 | 649 | 55826.0* | 12702.2| 114/348
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According to Y.l. Zaysev and B.G. Logino\8], the piezometric levels in the boreholestioé
Arevabuyr and Marmarashen siteave stabilized atthe levels from+8.5 m to +21.8 m above

ground.

Afterwards in 197073, Z.V. Davletshina and Y.l.Zaytsev conducted hydrogeological
investigations aimed at substantiation of the Master Water Use [PlarAccording to these
investigations the piezometric levels within the eastern part of Hoktemberyegssienstabilized

at + 20.0 m above ground level.

Investigations conducted in 191883 (S.B. Panosyan, VKh. Ghazaryarj12]), showed that the
piezometric level of theonfined aquifewas from +12.7 m to +16.63 m above ground level under

the distorted regime.

On assignmentrom Yerevan WateiSupplyand Sanitation CJSC, specialized investigations were
conducted in 2005 (. Prazyan, VA. Meltonyan[15]) for efficient utilization of Gi-Haykashen
drinking groundwater depositControl yield and level weremeasuredn 38 wells under these

investigations

The following Tabled shows comparative results oeie measurements in 198ad 2005

Table9. Comparison of wll yield and levemeasurements Ga-Haykashen deposit alfrinking
groundwater deposita 1981 and 2005

No. | Wel Yield, lis Water ";‘l’ﬁ]!atfe'o"rx ground [J)rlﬁfne(;re;e?;e
number - reduction
Initial 1981 | Actual 2005 | Initial 1981 | Actual 2005 | Discharge | Water level

1 1/3 256 250 16.54 12.2 -6 -4.34
2 2/3 190 162 15.48 10.64 -28 -4.84
3 3/3 170 132 15.43 9.7 -38 -5.73
4 4/3 137 78 15.31 8.85 -59 -6.73
5 5/3 130 94 13.63 9.5 -36 -4.13
6 6/3 225 143 13.31 7.8 -82 -5.51
7 713 187 180 13.03 10.2 -7 -2.85
8 8/3 130 70 13.5 8.49 -60 -5.04
9 9/3 178 150 13.85 8.96 -28 -4.89
10 10/3 200 175 13.96 10.15 -25 -3.81
11 11/3 200 172 14.36 9.11 -28 -5.85
12 12/3 192 172 14.88 8.72 -20 -6.16
13 13/3 210 180 15.93 9.68 -30 -6.25
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o | Wel Yield, /s Water 'i‘;‘;ﬁabcee'o"r;’] ground Elﬁfnecrre;acsee
number - reduction
Initial 1981 | Actual 2005 | Initial 1981 | Actual 2005 | Discharge | Water level
14 14/3 187 175 16.30 13.82 -12 -2.48
15 15/3 155 136 16.7 13.61 -19 -3.09
16 16/3 80 59 16.51 9.77 -21 -6.74
17 17/3 164 140 12.98 9.76 -24 -3.22
18 18/3 231 160 12.7 7.8 -71 -4.9
19 19/3 132 95 13.98 9.36 -37 -4.62
20 1/4 185 141 15.62 9.2 -44 -6.42
21 2/4 160 115 14.91 8.45 -45 -6.46
22 3/4 180 140 15.02 9.72 -40 -5.3
23 4/4 180 142 15.59 9.2 -38 -6.39
24 5/4 142 122 1541 11.2 -20 -4.21
25 6/4 163 129 15.24 10.53 -34 -4.71
26 714 116 100 15.6 11.6 -16 -4.0
27 8/4 83 67 15.6 10.7 -16 -4.9
28 9/4 108 66 16.53 9.13 -42 -7.4
29 10/4 136 68 14.14 7.96 -68 -6.18
30 11/4 120 102 14.07 9.85 -18 -4.22
31 12/4 124 95 13.01 7.71 -29 -5.39
32 13/4 69 58 14.86 9.4 -11 -5.46
33 14/4 104 90 15.16 10.25 -14 -4.91
34 15/4 244 233 15.3 10.2 -11 -5.1
35 16/4 120 84 15.39 8.6 -36 -6.79
36 17/4 125 90 16.4 104 -35 -6.0
37 18/4 185 170 16.42 12.0 -15 -4.42
38 19/4 142 135 16.63 12.16 -7 -4.47
6040 4870 -1170

The table shows that the groundwater piezometric level has reduced from 2.5 m to 6.8 rihavithin
period 0f1981-2005 which was accompanied Iayyield reduction from 6.0 I/s to 82.0 I/s.

In addition tothe Ga-Haykashenarea the samehas beenobserved in recent years in the
communities of Taronik, Zartonk, Gripedov, Apaga, Aknashen, Lusagyug, Jrarat, Metsam
Haykashen, Araks, Ranchpar and Noramarg located vitlieikletsamor RiveBasin.Fisheries are
concentrated mainly in the low hypsometric levels of the central parts of AAB, and the piezometric
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levels and theyields of 303 artesian wells hawdecreasedlue toa sharp increasen abstraction
(12,702.2 I/s or12.7 ni/s, or400.5 Mni/year in 2007 and 36,477.0 l/s 86.5 ni/s, or1,151.1
Mm?®/year in 2013). The discharge of those artesian wells was only 604.0 I/s ¥2@D2Wwhile in

1990it was 6,118.6/k.

Depletion ofthe confinedwater layer in AAB is accompanied laygradual reductiomf capacities
in all wells, which provides evidence that in the central part of the basin the outibddwthe
groundwater balance excedtisinflow.

Groundwater reigne observations in AAB were resumed in 2009HMWC SNCO after a 15-year
interruption. There were 17 artesian wellsiizonfinedwater wells and 2 springs in the monitoring
network of HMC SNCO in 2009 (21 observation stations in total). Two springs awitital
discharge of 37.7 I/s were removed from the network in 2010. Measurements of water discharge,

level, pressure and temperature at observatairoas were conducted six timasnonth.

The review of monitoring data for 20@®12 provided by HMC SNCQlemonstratedhat a
considerable reduction of both groundwater discharge and level was observed in AAB. For
example, tk average annual discharge of drfesianwells in 2012(10.5 I/s)decreasednore than
five times compared to 2009alues (59.4 I/s) which is due toa sharp increasen intake

corresponding witlthedevelopment of fiséry industry.

Within the same period, HMC SNCO took samples from 9 specific observation stations for testing
the quality characteristics of ABB groundwater. In 2030 thesampling was carried out four
times a year, and in 20220127 once a yearData on groundwater chemical compositfoom

1981 and 2012 was comparetihe chemical analgs do not indicateessential changes in
groundwatercompositionexcept forin the Sovetashen upliffMasis region)where some increase
mineralization up to 0.3 gt observed in the sulfatgpe of groundvater (Table 10).

Table 10. Dataon groundwater chemical analysis for the period of 12812

community, N: 195

Location and Number of Date OT the Parameters mg/l Mineraliz -
the Well chemical ation, mg/l
analysis | Na+K | Ca Mg HCO; | SO, |cCl » Mg
Masis region, Arevabuyr 10.1981 175.0 | 146.3 | 81.5 | 292.8 | 556.8| 184.6 1490.4

09.2009 356.9 | 120.2 | 58.1 | 274.6 | 687.5| 215.2 1731.0

10.2012 358.2 | 132.3 | 46.5 | 284.4| 699.4| 239.7 1799.5

Masis Region, Sis 06.1989 38.1 36.0 | 29.2 | 219.6 | 41.1 | 49.7 435.0
community, N: 78

06.2009 1772 | 48.1 | 146 | 213.6 | 210.4| 88.3 763.1
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Location and Number of Date O.f the Parameters mg/l Mineraliz -
the Well chemical i i
ewe analysis | Na+K | Ca Mg | HCO;|SO, |CI ation, mg
Echmialzn region, 10.1983 85.3 36.1 26.2 | 183.0| 187.4| 35.5 567.0
Aknalich community, N:
108 10.2012 93.6 36.1 28.8 | 238.0| 83.8 | 70.5 552.7
Armavir region, 11.1984 63.4 321 | 29.2 | 305.0| 30.0 | 42.6 507.0
Vardanashen community,
N: 192

Since 2011the HMC SNCOChascarried out monitoring of wateabstractiorand temperature ithe

fisheries of ABB. The following Tabl&1 presents summiaed monitoring data for 20:2012.
Table1l1. Monitoring data conducted 2011-2012 in selected fisheries of AAB

: Number of | Average annual| Number of Average
No. Community wells abstraction, I/s wells annl_JaI
name abstraction, I/s
2011 2012
Armavir Marz
1 Gai 40 1886.0 44 2393.3
2 Apaga 16 278.7 16 243.0
3 Araks 9 430.5 12 523.8
4 Jrarat 29 1226.2 33 1121.1
5 Griboyedov 3 61.0 - -
6 Aknashen 2 61.9 3 79.2
7 Jrarbi 1 19.0 1 19.0
8 Lusagyug 15 587.2 14 440.1
9 Metsamor 15 963.2 13 655.7
Subtotal in marzes 130 5513.7 136 5475.2
Ararat Marz
1 Sis 23 1884.0 27 1334.5
2 Ranchpar 22 1580.5 15 1313.0
3 Armash 5 314.5 5 292.0
4 Arevabuyr 2 60.0 2 29.5
5 Hovtashat 25 1599.2 39 2942.3
6 Sipanik 8 966.0 12 1300.7
7 Dzorak 9 936.0 9 1199.9
8 Noramarg 20 970.5 20 1222.1
9 SayatNova 22 3097.3 20 3007.8
10 Hayanist 1 108.0 1 99.0
11 Marmarashen 2 546.0 6 791.3
12 Masis 2 262.5 2 241.1
13 Darbnik 2 149.5 3 157.4
14 Dashtavan - - 2 184.7
Subtotal in marz 143 12474.0 163 14115.3
Total in AAB 273 17987.7 299 19590.5
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The table shows that in 2012 monitoring was conduftednly 299 wells witha total abstraction
of 19,590.5 I/s 0orl9.6 ni/s, or 618.1 Mnilyear, which already exceed the average annual
consumptiorof 12,919.0 I/s 02.9 ni/s, or406.8 Mni/year by 878 wells approved in 1984.

470 wells were actually used in AAB as of 2013 for fishery purposes anwithal discharge of
35,497.3 |/or 35.5 ni/s, orl,119.4 Mni/year,which exceeddthe annual abstraction 84.7 ni/s

or 1,094.3 Mnilyear (see Tabld) permitted for wells in 1984. This quantity does not include the
total discharge a20,052.7 I/s by 1,311 wells operating in AAB for variaiBerpurposes.

The use ofjroundwater under distorted regime (exceedingatleage annual permitted abstraction
specified for wells in 1984) negatively affects both tapacityand piezometric level of water in

wells.

Considering that the main water sourcelef unconfined watetayer is the upward flow from the
artesian aquifer of AAB, continuous abstraction by artesian wells drilled for fishery purpakes in
artesian aquifer under distorted groundwater balance causes depletion of confined aquifer levels and

unconfined waterdvels inthe Ararat Valley resulting irareduction ofthe capaciy of wells.

The following Table 2 presents data of groundwater level dynamics based on 30 wells out of 455
observation w e | Amslioratiom/Melioraistae dC JISyC #2043, RhixH abe

consideredo bethe most specific for each region.

Table12. Groundwatelevel monitoring data 2012013

Groundwater level during vegetation season Difference of levels
Well number
2010 2011 2012 2013 20102013

Armavir region
98 1,93 2,42 2,59 2,74 -0,81
114 2,43 2,34 2,70 2,95 -0,52
162 2,52 2,79 3,03 3,17 -0,65
173 2,30 2,82 3,10 3,03 -0,74
175 1,36 1,79 1,81 1,92 -0,57

Echmiadzin region

209 1,91 2,74 2,93 3,22 -1,32
214 2,03 3,19 3,61 3,71 -1,69
224 3,20 3,31 4,11 4,67 -1,47
225 2,81 3,14 3,58 4,25 -1,44
266 1,11 1,58 1,64 2,18 -1,07
269 2,02 2,28 2,58 3,18 -1,16
279 1,71 2,32 2,65 2,80 -1,09

Masis region
362 5,55 6,05 6,63 7,31 -1,77
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Groundwater level during vegetation season Difference of levels
Well number
2010 2011 2012 2013 20102013
366 2,88 3,09 2,92 4,50 -1,62
368 3,95 4,46 4,90 5,21 -1,26
369 4,02 4,36 4,86 5,06 -1,04
375 4,19 4,99 5,10 5,20 -1,02
436 1,81 2,50 2,83 2,99 -1,18
481 1,68 2,33 2,80 3,20 -1,52
483 1,15 1,51 1,80 2,36 -1,21
Artashat region
555 0,94 0,86 1,54 2,14 -1,2
584 1,49 2,28 2,51 2,87 -1,38
608 1,77 2,15 2,30 2,44 -0,67
621 1,64 2,09 2,07 2,48 -0,84
654 1,60 1,65 2,17 2,20 -0,60
Ararat region
685 3,75 4,12 4,40 4,43 -0,68
730 3,94 4,72 4,74 4,96 -1,01
732 2,99 3,71 3,55 3,65 -0,66
762 4,74 5,42 5,52 5,7 -0,96
765 2,36 2,74 2,89 3,06 -0,69

The table shows that groundwatevelsin 2013 hae dropped by 0.8..8 mfrom 2010 levels
Under tke givenconditions,a lack of water is observed ihet drainage network within the AAB

regions (to the north and nosttest from fisheries at comparatively high hypsometric elevations).

The consortium of | ocal firms -Hiddawyjtbh@khagidcas
continuous observations @ randomly selected 64 wells of AAB und#re contract with the
USAID Clean Energy and Water Program covering the entire vegetatisonsespring (May);
summer (August) and autumn (November). Observations were conductedfreitfuencyof three

observations per month. Results are presented in Annex 4 of this Report.

The resuls of continuous observations were compared with similar tesfil1981 based on which

the SCR approved operational resources of AAB. The comparison of 1981 and 2013 results is
presented furthein this Report According to theseresuls he gr oundwater 6s pi ¢
the wells of the Echmiadzinarea has decreasedby 2.511.7 m (Haykashen W), which was
accompanied by 34.0169.0 I/s reduction o¥ield (Haykashen vi). The level in Masisarea
decreasety 3.915.0 m (Sipanik vil.)accompanied by 44.0-199.0 I/s reduction ofield (Sipanik

vil.). The level andcapacityhave decreaseth wells located mainly within the central part of AAB

coveringthe Echmiadzinand Masisareas
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3. DESCRIPTION OF PAST AND CURRENT TRENDS OF GROUNDWATER USE

3.1 Trends of groundwater abstraction in 19782013

Based on thedata of hydrogeological investigations conducted in 1P9&3 in ABB it was
identified that there were 2,003 wells as of 1983, of which 1,593 were operatinrtalf those
1,593 wells, 878 were flowing artesian welsid the remaining 715 were operated by pumps. The
abstractiormade up 12,919.0 I/s or 12.9/s) or 406.8 MrYyear and 2,1742.0 I/s @1.7 n¥/s, or
685.7 Mnt/year, correspondingly.

According to regime observations conducted withine period of 19781983 the maximal
consumptionin those years was ithe vegetation season (midpril i October) andeachedb1.7
m%s or 1,630.4 Mrifyear, and the minimal (Novembér mid-April) made up 16.4 rifs or 517.2
Mm?®/year. The average annual abstractieached34.7 ni/s or 1,094.3 Mrifyear. In 1983 his
value was set bthe SCR instructioas the groundwater uimit notto be exceeded

According to groundwater sources inventory data conducted during2Z@6in AAB, 1,986 wells
were used in 2007 withnaverage discharge of 36,477.0 I/s or 36%snor 1,151.1 Mrilyear. Out

of thesel,986 wells, 1,145 were artesian wells wathaverage discharge of 30,028.0 I/s or 30.0
m3/s, or 946.1 Mnyear, and341 wells withan averageabstractiorof 6,449.0 I/s, 6.4 ni/s, or
201.8 Mnt/year were ograted by pumps.

Outof the3,318 wells existing in AAB as @f1.07.2013, 1,78Wvellswere actually operatnal with
a total abstractiornf 55,550.0 /s or 55.6 s, or 1,753.4 Mriiyear 440 wells witha consumption
of 35,497.3 I/s or 35.5 ffs, or 1,119.5 Mrilyear were used for fishery purposes, ar@il1 wells
with an abstractionof 20,052.7 I/s or 20.1 fs, or 633.9 Mr¥year were used for irrigation,
industrial and potablbousehold purposes. Tigewere 895artesan wells with a dischargeof
47,149.3 I$ or 47.1 nils, or 1,485.3 Mniyear. 886 wells were operated by pumps wih
abstractiorof 8,400.7 l/s or 8.4 fifs, or 264.9 Mnilyear. The absiction of water by fisheries is
implemented from the high qualithva and undelava watetbearing rocksi.e. from aquifers

having strategic importance for potable and household water supply.

The following Table 3 summarizes the past use of groundwater in AAB before development of
fisheries (1983) and receménds 20062013).

As may be seen fronTable B, the averagedotal abstractionof wells in 20062007 already
exceededy 1,816.0 I/s or 1.8 s, or 56.8 Mniyear the permitted annual abstractior84f661.0
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I/sor 34,7 I/s or 1,094.3 MnVyear approved in 1984. The increase of abstraction took place mainly

within the most water rich places of arteskmei in the Echmiadzin and Masigreas

The abstraction in AAB as 0f01.07.2013made up 55,550.0 I/s, which exceeded the permitted
average annual abattion of 34,661.0 I/s approved in 1984 by 20,889.0 I/s or 23/, ror 659.1
Mm?®/year. Thus, there was a Fdid excessand a factor off.5 excess ithe Masisareaalone

The abgraction in AAB as of 01.07.2013 has increased by 190078.or 19.1 ni/s, or 601.5
Mm?3year compared with the 2007 inventory results (36,477.0 I/s), although the number of
operating wells haslecreasedy 205. This is mainly due to larggbstractios from the newly
drilled artesian wells (100-250.0 I/s).

Due to intensivedevelopment of fish farms in the lasi87years, abstraction of water for fishery
purpose®nly made up 35,497.3d/or35.5 ni/s, or 1,119.4 Mn¥year out of 55,550.0 /s abstracted
from AAB, which is 22,795.1 I/s or 22.8%m, or 719.0 Mn¥year greater than was used for the
same purpose in 2007 (12,702.2 /s or 12*Bnor 400.5 MriYyeay).

This situation caused sharp depletion of levels anthpacities ofthe artesian wells of AAB,
including a decrease in thdischarge ofthe SevjurAknalich springs. Accordinghe Armenian
Hydrometeorological Monitoringervice[4], theflow of the Sevjur River (whichcomesfrom the

average discharge of Sewjiknalich springsdropped dowrto the following levels by year

1983i 26.1 ni/s or 823.1 Mriyear,
1990- 11.7 ni/s or 369.0 MriYyear,
20037 9.8 nt/s or 309.1Mniyear,
200571 10.9 n'/s or 343.7 Mnyear,
2007i 9.8 /s or 309.1 MrYyear,
2008i 8.1 nt/s or 255.4 MYyear,
2009i 8.7 nt/s or 374.4 Myyear,
20137 3.0 /s or 94.6 Mniyear.

The Armenian Nuclear Power Plant is cooled by water from groundwater sources: main and stand

= =4 4 4 A4 A4 A -2

by pumps installed oMetsamor / 8vjur River. Due tothe sharp reduction ahe Sevjuii Aknalich
springs dischargeurrently the nuclear plant can take only 500.0 I/s (water requirer3&t0 I/s),
which endangers normal operation of the pldihie $iarp reduction of water discharge in springs

raises serious concerns as it endasffee safety oMetsamom ucl ear power pl antd
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Table13. Analysis of past and curregtoundvater use in AAB.

Number Number of operating |  Difference Wells actually used as| Difference Difference Difference Number /
wells 20062007, between between .
of wells/ | . T of 01.07.2013 and between between yield (I/s) of
.| included in inventory 2007 and . 2013 and :
abstractio yields, I/s 2013 and 01.07.2013 artesian
Area name I/s 1983 2007 for
n (I/s) (- decrease 1983 and 2007 fisheries wells as of
operated including : including | (- decrease | (- decrease 01.07.2013
in 1983 Total fisher + increase) total fisher + increase) | +increase) (- decrease
y total y + increase)
Baghramyan and 488 419 3 -69 280 3 -208 -139 0 0
Armavir 10117.0 | 2900.0 14.0 -7217.0 2747.0 48.0 -7370.0 -153.0 +34.0
Echmiadzin 610 775 194 +165 584 173 -26 -191 -21 282
12364.0 | 16990.0 | 7735.4 +4626.0 12571.0 6163.3 +207.0 -4419.0 -1572.1 9901.0
Sub-total Armavir 1098 1194 197 +96 864 176 -234 -330 -21 282
Marz 22481.0 | 19890.0| 7749.4 -2591.0 15318.0 6211.3 -7163.0 -4572.0 -1538.1 9901.0
Masis 285 571 82 +286 651 281 +366 +80 +199 564
8455.0 | 14680.0 | 4507.6 +6225.0 37969.0 | 28959.7 +29514.0 +23289.0 +24452.1 36700.0
Artashat 131 113 4 -18 124 0 -7 +11 -4 33
2220.0 952.0 238.0 -1268.0 979.0 -1241.0 +27.0 -238.0 205.0
Ararat 79 108 16 +29 142 13 +63 +34 -3 16
1505.0 955.0 207.2 -550.0 1284.0 326.3 -221.0 +329.0 +119.1 343.3
Sub-total Ararat 495 792 102 +297 917 294 +422 +125 +192 613
Marz 12180.0 | 16587.0 | 4952.8 +4407.0 40232.0 | 29286.0 +28052.0 +23645.0 +24333.2 37248.3
Total AAB 1593 1986.0 299 +393 1781 470 +188 -205 +171 895
34661.0 | 36477.0| 12702.2 +1816.0 55550.0 | 35497.3 +20889.0 +19073.0 +22795,1 47149.3
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The remaining 1,800.0 l4f dischargeérom theSevjurAknalich springs is distributed betwedre
Armavir (1,400.0 I/3 andEchmiadzin(400.0 I/g areador irrigation purposes.

Meanwhile, it should be stated that the number of wells with negative level in 2013 has reduced |
152 compared to 1983, and the water use has reduced by 8,832.0 /s Y8 8V7.5 Mrifyear.
Lower water use is due to higher electricity tariffs for pump omeraabandomentof some lands
anda sharp reduction of the areas with flowing wells (the area with positive gr@tedpressure

has reduced from 32,760 ha (1983) to 10,706 ha (2013), i.evibera 3fold decrease

3.2.Analysis of groundwaterusein AAB fixed by Water UsePermits

The Ministry of Nature Protection of the RA has issued 1,571 WaiderPermits (WJPs) as of
2013 for groundwater abstraction in AAB for various purppsetuding:

{ for irrigation purposes 890 wells for intake of 5,89618 or5.9 ni/s, or 186.1 MrYyear;

§ for fishery purposes576 wellsfor intake of 43,154.1 /s @&t3.2 ni/s, or 1,362.3 Mrilyear;

q for industrial purposes45 wellsfor intake of 135.6 I/s 00.14 ni/s, or 4.4 Mni/year;

§ for potablewater supply purposes 60 wells for intake of 646.8 I/s 00.65 ni/s, or 20.5
Mm?3/year.

The total abstraction by 1,571 wells fixed byURs was 49,833.3 I/s or 49.8%s) or 1,570.5
Mm?3year.

The following Table ¥ presents data on water abstraction vaanm AAB according to issued
WUPs and the actual abstition in 19832013.The next Table 3 presents data dWUPs issued by
the MNP of the RA to various sectors in 262813.

As may be seen from Tabld,loutof the 3,318 wells exishg in the AAB as of 01.07.2013, 1,781
wereactuallyused witha total yield of 55,550.0 I/s or 55.6 #s, or 1,753.4 Mriiyear, including:

 1,250wells with WUPs, with total yield 0f42,3811/s or 42.4m%s, or 1,337.1 Mm°/year

T 531wells withoutWUPs, with total yieldof 13,169.0l/s or 13.2m?/s, or 416.3Mm®/year

There were895 artesian wellsvith total yield of47,149.3 I/s or 47.1 ¥fs, or 1,485.3 Mrilyear.
Table 14 shows that in 2013 thebstractionincreasd by 17,121.3 I/s or 17.1 s, or 539.3
Mm?*/year compared to 01.01.2008 (1,145 wells withal yieldsof 30,028.0 I/s or 30.0 ifs, or
946.1 Mni/year),even thoughhe number of wellslecreasethy 250.The yields of 886 wells with
negativelevel operated by pumps was 8,400.7 I/s or 8%snor 264.9 Mni/year, and 1,537 wells

were not operated.
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Table14. Number of wells operated witWUPs and total actual absttion in 19832013.

Number of Number of Including Number of | NUMPErOF 1\ her of WUPs | Number of wells
Number of wells with : operating . .
. actually operating ) issued for fishery actually used for
wells issued . without .
Year total/ WUPs / operated wells / _ with WUPs / WUPs / purposes/ fishery purposes/
. abstraction flowing | by pumps | gpstraction . abstraction abstraction
operated abstraction (Iis) (Iis) abstraction (Iis) (Iis)
(I/s) (I/s)
2003 1593 878 715
1983 410 NA 34661.0 12919.0 21742.0 NA NA NA NA
2007 2952 531 1986 1145 841 531 1455 109 299
966 19620.0 36477.0 30028.0| 6449.0 19620.0 16857.0 6280.2 12702.2
2013 3318 1571 1781 895 886 1250 531 576 470
1537 49833.3 55550.0 47149.3 8400.7 42381,0 13169.0 43154.1 35497.3

Table15. Number of wells anglields permitted by th&VUPs to various sectors by the Ministry of Nature protection of the RA in-20Q8.

Marz name | Number of wells andabstractions allowed Including
by WUPs in 20082013, /s irrigation fishery industrial potable

Armavir 8 21 47 2 8
4088.1 480.6 3543.0 7.3 57.2

Ararat 196 35 155 2 4
19180.1 529.7 18634.0 0.6 15.8

- 274 56 202 4 12
Total in AAB 23268.0 1010.3 22177.0 7.9 73.0
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The Law of the RA oNational Water Prograrmdopted in 2006 specifies the following base values

for Armenian groundwater resources:

§ Total groundwater resource3,611Mm?/yearor 114.5m/s;
f Recoverable (usable) groundwatesourcei 1,000Mm°®/yearor 31.7m%/s;
§ Strategicgroundvater resourcsi 1,100 Mm?>/yearor 34.9m°s;
f National water re=rvei 1,200Mm?®/yearor 38.0m°/s.
Team ofExpertsbelieves thatthe base values specified by the Lhave to berevised.But, in any

casethe rguirements set blegislationshould have been implemented after its enactment.

The fish productionwas included irthe list of priority development programaf the countryin
2008.274 newWUPs with a total yield of 23,268.2 l/sor 23.3 ni/s, or734.8 Mni/yearwere issued
during 20082013 (Table B). The results othe 20062007 inventory were not taken into account
during issuance dVUPs, according to which the use of AAB groundwater in 2@BEBA477.0 I/s or
36.5 /s, orl,151.1 Mnilyea) had alreadyxceeded the average annual use permitted by SCR in
1984 (34,661.0 I/s or 34.7 ¥s, or 1,094.3 Mrilyear)

The analysis of materials presentedsitgkholderagencies shosthat the actual abstraoti values
do no match with thosprovided by WUPs. The aaial operational parameters of wells do not
compy with parameters of issudiUPs (Table 6). The actuallyused volume of water igp t05.8
m®/s or182.9 Mnfi/yearhigherthan provided byVUPs.

As may be seefrom Tables b and B, the actual abstractiofor fishery purposealonemade up
35,497.3 I/s or 35.5 ffs, or 1,119.5 Mriiyear. It exceeded by 22,795.1 I/s or 22 8smor 719.0
Mm?3year the abstraction of 2007 for the same purpmsexceeded by 34,6@L/s or 34.7 s, or
1,094.3 Mnilyear the permitted use approved by SCR for wells in 1984.
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Table16. Analysis of water use in AAB in acatance withWUPs issued for fisheries amd actual water use as 061.07.2013.

Abstraction, I/s
Number of | Number of | Wells that .
i - , Including: The difference
fish farms | wells with operate | Abstraction Actual . .
Marz —Operationa WUPs without allowed by abs;;acc);[clon per?ﬁi?t,\(la%egnd Additional Information
| farms Operational WUPs WUPs, 01.07.2013, With Without actual abstractior
I/s WUPs WUPs
I/s I/s
61 fisheries and 107
142 263 wells do not operate,
Armavir 20 13559.6 6211.3 6019.3 | 192.0 -7540.3 including 3 not drilled
81 176 yet. 38 wells are
operated by pumps.
16 fisheries and 6 wells
15 313 do not operate,
Ararat including 11 wells that
o9 T 15 20594.5 | 29286.0 | 27984.0| 1302.0| -1610.5 | N 6
wells are operated by
pumps.
77 fisheries and
Total in 267 576 141wells do not
) operate, including 14
AAB 190 270 35 43154.1 35497.3 | 34003.3 | 1494.0 9150.8 wells that are not
drilled yet. 44 wells are
operated by pumps.
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The following Figure 4 presents the diagram of averageaarabstaction by wells in AAB in 1984
(approved by SCR), in 2008 (according to results of inventory in-2008) and in 2013.
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Figure4. Actual abstraction in AAB i1984, 2008 and 2013 by wells including fshery
purposes.

Out of the 611 wells drilled for fishery purposes (both with and with®Ps), 141 were not
operaional as of 2013.14 wells with WUPs were not drilled, andhe actuallyoperating 190
fisheries used 470 wells withdischarge of 35,497.18s or 35.5 ni/s, or1,119.5 Mni/year(Table
15), including:

- 435wells with WUPs withadischarge 084,000.3I/s or 34.0m%/s, or1,072.2Mm°/year,

- 35wells withoutWUPs withadischarge of,494.0l/s or 1.5ms, or 47.3Mm>/year

127 fishery wells were not used in 2013 as they were not flowing anymore duedaction of
groundwaterevel in AAB. As a result, 77 fisheries were closeshd abstraction in 44 wells is

implemented by centrifuge pumps.

Depletion of pezometic levek of artesian wells of AAB also caused irrigation and potable

household water supply problems iredns of communities of AAB.

The observations and anadgsconducted under thisssessmenrgtudy identified that the area of
groundwater with positive pressure in AAB hdscreasedrom 32,760 ha (1983) to 10,706 ha
(2013), i.e. has reducday a factor of threAnnex 1). The area Wi positivepressure included 44
communities in 1983. Curregtlthethreefold decreasedrea includesnly 13 communities, i.e44

communities are deprived of irrigation apotablehousehold water abstracted by artesian wells.
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3.3.Changes inoperation of thedrainage network

The aboveresentedrendsof groundwater use in AAB affect the operatiortlaédrainage network
of the Ararat Valley.There were 1,534.66 kot operational drainage networks in AAB as of 2013
including 905.16 open drainage and 629.5 km closed drainage. They covered the2&8&bd

ha and 7,729.0 ha, respectively.

Until 2002 the drainage network of AAB was an efficiently operating sysesrauring diversion of

about 36.3 rifs or 1,144.8 Mrilyear water tahe Araks, Hrazdan and Metsamor rivers.

Since 2003the volumes drained bihe drainage networkave begurio increase first gradually,
andthen sharplyreaching 58.11 fifs or 1,832.6 Mrifyear in 2013exceeding the design capacity
of the network by 60% (Figur®.

The results of investigatiof water use and dévsion conditionsby fisheriesshowed that they
release about 27.8 %8s or 876.7 Mm®year of water into the drainage networKolating the
conditions set byWUPs This has caused increasing water level in the network and groundwater
level in thesurroundig areas, water logging of s@hd settlemenisalirization and alkakisation

of soil, reduction of drainage network capacity and ultimaegaduction of crop productivity.

In particular, the average volume of water drained by the drainage netwtrk Afarat Valley
makes up 58.11 1fs or 1,832.6 Mrifyear, out of which 27.8 ¥s or 876.7 Mryear flows into the
drainage network from fisheries, and 30.3¥sror 955.9 Mn¥year is the drainage wateFgble
17). Mearwhile, there is a lack of water ié border areas dhe Ararat Valley especially north
and noth-west of the fisheries of Armavir Marz due twidespreaddepletion ofthe groundwater

table at relatively high hypsometric levels.

Table17 Dischargesn drainage network of Ararat Valley by sites in 2€2(1 3.

2012 2013
Discharge by quarte s, Mean Discharge by quarters, Mean
Name of collector, 9 3y q annual 9 3y g annual
tchment area m/s , m/s ,
ca discharge, discharge,
| I m | v m/s | R mJs

Sevjur-Kassakh site 7.55( 8.23| 6.71 | 7.19 7.42 7.23| 5.37 | 3.07| 4.64 5.08

Hrazdanright-bank | 55 7150 97| 20.81|22.72]  21.88 |24.52 22.43|20.90923.11] 2278

collector
Hrazdan left-bank | g 41 7 59| 810 7.30] 7.77 | 9.60| 8.80|8.30| 8.00| 8.68

collector
Hrazdan-Araks collector |12.18 20.6 | 25.97] 175 19.04 [18.09 22.62[20.262555 2157
TOTAL 51.63 56.6 |61.5954.71] 56.11 |59.4450.22(52.61 61.3| 58.11
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Figure5. Diagram of water volumes removed by drainage network of Ararat Valley in 2@E7.
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4. IMPACT OF WATER USE ONGROUNDWATER BALANCE AND RECHARGE OF
AQUIFERS

4.1.Assessment of groundwater inflow and outflovcomponentsin Ararat artesian basn

In order to assess the recharge rate of AAB aquifers,gtbendwaterinflow and outflow

components of the basirave been analezl.

The inflow componenbf the natural grounsater resourcélowing into AAB was assessed by
various authors in various periodss it was stated in Chapter the Teamof Experts conducting
this studyhas accepted the average arithmetical value of dieep groundwater discharge or
recoverable naturajroundwater resources the AAB estimated by VVehuni (1975) and H.A.
Aghinyan (1976 usingthe balance methadRecoverable natural groundwater resoufocdw) of
the AAB are 57.8 ni/s or 1,822.8 Mni/year. The outflow componentf the AAB wasestimated
asthe sum of natural dischargerdbigh springs 21.9 ni/s or 690.6 Mri¥year and average annual
abstection by wells- 34.7m%s or 1,094.3 Mm®lyearapproved in 1984, which makes &6.6 m*/s

or 1,784.9 Mm*/year Groundwater discharge into rivers was naasuredinddischarge numbers
remainunknown.lt is clear however that the groundwater discharge componeist an important
part of groundwater b@nceasthe MetsamorRiver, for example, is recharged (fed) exclusively by

groundwater.

Table B below shows the average annual abstradipnvells approved in 198dased on regime
observations at fixed points conducted in 19883 byAAB regions (hydrogeological structures of
second order). Such abstraction will not distort the ratio of the inflow and outflow components and

waterbearing capacitpf AAB aquifers.

Table18. The values of average annual abstraction from hydrogeol@gicatures of second order
established in 1984.
The established permissible abstraction, fits

. Maximal Minimal
Name of hydr logical . .
ame Ostrggtuor?aeo ogica (vegetation season| (off-vegetation season,| Average
from mid -April to | from November to mid- annual
October) April)
Hoktemberyan depression 36.9 8.2 22.5
- western part (Baghramyan and 179 33 101

Armavir area)
- eastern part (Echmiadzin area) 19.0 4.9 12.4
Sovetashen uplift
(Masis area)
Artashat depression (Artashat are 3.1 0.6 2.2
Arazdayan depression
(Ararat area)

Total in AAB 51.7 16.4 34.7

9.6 7.2 8.5

2.1 0.4 15
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Table D presents the inflow and outflow c@onents of AAB aquifers by hydrogeological

structures of secalorder based on the observation results of 1BF&3.

Table19. Inflow and outflow corponents of AAB aquifers by hydrogeological structuresexond
order as of 1984.

I nflow Establishedoutflow component m®/s
component including
Name of hydrogeological (natural Average
structure recoverable Total abstractign b Average annual
resourceg . y yield set for wells
3k springs
m°/s
Hoktemberyan depression - 40.9 18.4 22.5
- westgrn part (Baghramyan and ) 10.1 0 10.1
Armavir area)
- eastern part (Echmiadzin area) - 30.8 18.4 12.4
SoveFashen uplift i 11.8 3.3 85
(Masis area)
Artashat depression (Artashat i 54 0.2 50
area)
Arazdayan depression i 15 0 15
(Ararat area)
Total in AAB 57.8 56.6 21.9 34.7

* As there were no data in the first column (inflow component by hydrogeological structures), only the totavaglow

used.

Table 20 presents actual average annual abstraction volumes in AAB by wells in 1983, 2007 and

2013 ly regions to show the trends of groundwater use from AAB.

Table20. Current and past average annual abstraction from AAB.

Actual average abstraction, I/s Difference Difference
between between
Region name 1983 2007 2013 2007 and 1983,| 2013 and 1983,
- reduction - reduction
+ increase + increase
Baghramyan and
Armavir 10117.0 2900.0 2747.0 -7217.0 -7370.0
Echmiadzin 12364.0 16990.0 12571.0 +4626.0 +207.0
Masis 8455.0 14680.0 37969.0 +6225.0 +29514.0
Artashat 2220.0 952.0 979.0 -1268.0 -1241.0
Ararat 1505.0 955.0 1284.0 -550.0 -221.0
Total AAB 34661.0 36477.0 55550.0 +1816.0 +20889.0

According to the inventory data of 2007, the actual abstractitmeiEchmiadzin and Masiareas

within the positive pressure zone made up 3138 or 999.7 Mn®/year, which wasby 10.9 ni/s or
343.8 Mnilyear higher than the averagerm of 20.8 ni/s or 656.0 Mni/year establishedunder
operational regiméor this region in 198.
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As may be seen from Tabl0, since 2007 the actual abstraction by wells from AAB was
distributed unevenly and concentrated mainlthmEchmiadzin and Masis areas within #ene of
positive pressure and exceeded the average annual abstraction permitted for wells in 1984.
Furthermore, starting from the same peribe well impact radiu200-500 m, established in 1966

1984 based ohydrogeological investigationsyas not take into consideration during drilling of

wells.

There were 3,318 wells drilled within AAB as of 2013. 1,781 of them witbtal intake of 55.6
m/s or 1,753.4 Milyearwere actually usedncluding 50.5 s or 1,592.6 Mrilyear in Mesis
and Ehmiadzin aras. 1,235 wells witha discharge 050.5 n¥/s or1,592.6 Mni/year have been
operating in this zonwith positive preare thus violating the average annual discharge of 20.8
m®/s or656.0 Mni/yearset for wells of tfs area.

470 wells withan abstractiorof 35.5 ni/s were actually used for fish productiatone which by
itself exceedd the average annuafield set for wells(34.7 ni/s). The overabstractionof the
resourcs in the Masis and Ehmiadzin areas made up 29.7/snor 936.7 Mni/year in 2013. The
overabstractiorin AAB within the same period made @p.9 ni/s 0r659.0 Mni/year.

Investigations conducted by the Team of Experts have identified that the technical characteristics of
wells (diameter and depth) drilled for fishery pogps have beeamplified and as a result the
abstraction was significantly higher than wa®wed by WUPs. In the past, abstraction from the
second aquifer was implemented by pipes with a diameter of 168 mm and 21Qumently324

mm pipes ae used f@roundwater abstractipmwhich increases the abstractsiumeby 50%.

Given the higher than permitted abstractiorthie Masis and Ehmiadzin areas, the 2@D0 m

impact radius specified for wellmsundoubtedlybeen exceeded

Investigations conducteid 1966 have shown that the case ofa 3.5 n¥/s abstractionthe impact
radiusis 0.8 km and depression cone surface is about 220Meanwhile,in case of well clusters
the discharge of wells is reduced by 1£20.0%. The impact radius dhe MetsamorAknalich

springs is 4.5 km, and the depression cone surface i66M&nt [7, §.

In the case ofthe 50.5 ni/s of current actual abstraction in Masis and Echmiadzin districts, the
impact radius made up 13 km, atite depression conareabecame530 knf, expandingto the
discharge area dhe SevjurAknalich springs.As a result, the discharge tife SevjurAknalich
springs haslecreasegharplyfrom 17.8 ni/s (1983) to 3.0 fifs (2013)

Due to inadequate technical design of wells drilled in AAB in plast 67 years and nen
compliancewith the established 500 m distance between wells, natural hydraulic connections

between layers were distorted. In particular, becauseeodrilling of wells in too denseof a
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network, the number oh y d r o g e owindow® beiween fvarious aquifers has increased
causing depletion of piezometrlevel, mixing of water from various aquiferand changes in
chemical content of groundwater (increasing mineralization up to 0.3 g/l)odtilew component
of aquifers also wasnpacted the discharge of natural springs ltkesreasedgharply.Mearwhile,
abstraction by wells has increased by 20¥smwhich disturbs the natural conditions of AAB

aquifer recharge.

A considerablereduction ingroundwater pressure amu the capacityof wells is observed in the
central part othe pressure zone of AAB. The piezometric levels of groundwater have decreased by
6.0-9.0 m, sometimes by 15.0 ra.¢.well 13/3, Sipanik vil.)in 19832013 which is accompanied

by reduction of theield by 6.0 200.0 I/s.

The investigations conducted by theamof Experts under this study showed thathe Artashat
and Arazdayan depressions, where water is abstractedynmi submersite pumps without
exceedinghevolumesof operational regimsetin 1984 no essential changes of groundwatsel

were observed, and they were only of seasonal nature.

4.2.lmpact of development scenarios ogroundwater balanceand rechargerates

Abstraction of groundwater by wells in Ararat Valley, mainlytie water rich artesian zones of
Masis and Echmiadzin areas has increased significantly in past 10 yearshiiepid gravth of

the fish indusry and exceeded the average abstraction of 34,661.0 B4.@rni/s, or 1,094.3
Mm?®/year permitted by SCR in 188Such operation of groundwater resourbesdisturbed the

inflow and outflow components ratio in the groundwater balance and the natural conditions of
groundwater recharge. As a result, the water levels of unconfined and artesian aquifers have

depletedandthe discharges of groundwater springs and well yields tieseeased

According to atimates ofthe Experts, if the current water use scenariothe Ararat Vdley
contirnues, and the operational regime with average annual abstraction byestalidished for AAB
in 1984 (34.7mYs) is not maintainedthe groundwaterlevel and thecapacitywill continue to
decrease by-20% in coming 12 years from central part of the basin towatdswest and north

west

The artesian zone will continue to shkjmesulting in more communities deprived of irrigation and
potablehousehold water. It is expected that reduction of positive hydrostatic pressure will actually
altogether eliminatéhe flow ofthe SevjurAknalich group of springs currently used for coglithe
Armenian Nuclear Power Plant and for water sugplglready reduced irrigain areas. Tts will

entail even more serious soeedonomic problemm the Ararat Valley.
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Future developmertdf thefish industry in the AAB is not clear.

In 2013, following the requirements of the Government Decisions N:-80Quly 18 2013 on
establishing the Program of Measures and Priority Issues of the Government of Arrttenia
Ministry of Agriculture presented a Draft Concept for Development of Fish FarAsmenia in
late 2013.

According to the Government, fish production has a great potential in Armenia. However, the
technology that has been used in the existing fish farms is not efficient ancségygie amounts

of fresh water resourcewhich lead to overabstractiorof drinking water resources, particularly in

the Ararat Valley. It is proposed to contintiie development of the fish farms with application of
modern technologies, which will reduce water use in coming years 80%b5and increase
produdion two-fold. The fish farms are proposed to be developed on the saline lands of the Ararat

Valley.

At the time of thisrepoét s p r e, phaafoeementmmedoncept was not officially approved or
adopted. However, th€eam of Expers would like to emghasize that fish production ahld be
basedonly on volumes ofecoverable{sabl¢ groundwater resources available in the Ararat Valley
and follow water use priorities defined by Armenian legislation. According to this Assessment
Study, in order to maintain groundwater balance in the Ararat Valley, use of groundwater resources
for fish production shall be reduced not the 25-30% proposedn the Conceptbut a factor of

three The average annual abstraction by wells frima artesian zone of the AAB for fish
production purposes shall not exceli0 ni/s or 378.4 Mni/year, compare to the 35.5 ni/s or

1,119.4 Mnilyearwhich was used for fish production purposes in 2013.

In past years large amounts (about one billion AMD) from the state budget were allocated in
accordance with corresponding governmental resolutions to solve the egrstitdgms and ensure
irrigation water supply (where possible without the use of water from Lake Sevan). To this end
dozens of wells were drilled, pump equipment was installed, canals were constructed, an intake
basin and a pumping station were reconstoieted constructedand about 43 illegal wells were
conserved or dismantled. However these measures were not sutfic@otvide acomprehensive

solutionto the problemAdditional 7000 million AMD is required for implementation of additional

! Decision N: 80, dated July 18, 2013 on Establishing the Progralteafsures and Priority Issues of the
Government of Armenigttp://www.arlis.am/documentview.aspx?docid=87656
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measures toope withlack of water inthe Metsamor River and AABtaking alos into consideration
the reserve capacities of the existing infrastruéture

Although adegete activities are implemented with state financialst@sce, problems still exist in
those aras where there are no other alternative resowce®ssibiliies except for the water of
Lake Sevanin order to ensure water requirements of these aagesiditional 77.2 M would
haveto be released from the Lake Sevan to increase water supplg entlangered 8,180.0 ha.
However, the €am of Experts of this study disagseath suchadecision.

In addition to the negative impacts stated above and additional electricity costs due to pumping of
water fromthe wells the contimous depletion ofroundwater leveéntails higher irrigation water

demand on the lands tife Masis and Echmiadziregions and land degradation.

That iI's evidenced by the results of Al nvest
Cultivated Lands of Masis and Ecladzin Regions of the Ararat Valley, Reddion of
Groundwat  g8]chtedet¢t®ed in 2013 by the branch o
Amelioration Scientific Center afterfhPet r osyano under the assi gnme
Water Managment ofthe Ministry of Territorial Admimstration of the RASpecifically

1 As the groundwater ensures some humidity in the upper layers of the soil, lowering of the
groundwater table has caused humidity reduction, hence higher irrigation water demand. As
a resul of groundwaterevel depletion, there is nbumidity inflow from the soil,hence
irrigation standards and the number of water applicetiamincreased by 2@5% causing
considerable change of irrigation standards and regimes specified for crops.

1 Changes in watettemperature regimes of soil have distorted the balance of formation and
decomposition of organic matter tihe Ararat Valley which wastablefor centuries. These
resulted in reduction of humus content in soil. It was reduced b$%.%n the 650 cm
layer of the soijl causing decomposition of structural miaggregates and aggetes of
soil, conversion of soil into dust, deterioration of hydrggpbal properties of soil, and
ultimately reduction of soil fertility.

Masis municipality received warnings from 11 inhabitants in December 2013, who caedplein

cracks and fissures have appeared in the structural walls of their henda&sgering th stability of

their facilities. Having analyzed the groundwater monitoring daé&blé 21), it may be assumed

that the main reason is the depletiorth@groundwater table by 0.4.41 m.

2 Draft 3 -440-07.02.2014s &010/0on Making Amendment in the RA Law on Estalshing the Annual and
Complex Program of Measures for Restoration, Protection and Reproduction of the Lake Sevan Ecosystem.
http://www.parliament.am/drafts.php?sel=showdraftRraftiD=32781
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Table21. Data of groundwater level monitoring carried out ineslaation wells of Masisettlement

in 20092013.
Groundwater level during vegetation season Difference of levels
Well number
2009 2010 2011 2012 2013 20092013
483 -0.92 -1.10 -1.46 -1.77 -2.33 -1.41
531 -3.25 -3.25 -3.88 -3.96 -4.01 -0.76
530 -2.91 -3.05 -3.35 -3.58 -3.82 -0.91
553 -3.89 -4.16 -4.55 -4.63 -4.62 -0.74
1* -2.40 -2.48 -2.52 -2.88 -3.0 -0.6
2* -2.0 -2.45 -2.69 -3.01 -3.35 -1.35
4* -2.5 -2.61 -2.71 -2.84 -3.0 -0.5
5* -2.4 -2.56 -2.84 -3.42 -3.7 -1.3
8* -1.2 -1.28 -1.39 -1.48 -1.6 -0.4
9* -2.7 -2.84 -2.95 -3.31 -3.42 -0.72

* Wells were drilled within the area of Masis in 2009 for irrigation with water abstracted from
shallowgroundwater aquifers.

At the same time, there are fisherieshiaArarat Valley with no insulation on tH®ttom, and lege
volumes of water infiltrate int@djacentareas. This creates dangerous situation both for the
stability of houses and land fund. According to estimatesrently about 21,000 ha has high

humidity content and faces the danger of secondaryizaion.
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5. CONCLUSIONS

Used hformation sources

Results ofthe Assessment Study of Groundwater Resources of Ararat Veflaguctedby the
consortium of AHayj rnakhldgv @ swvith tBesassistancdiSAI® CJ S (
fundedClean Energyand WateiProgramduring February 20t81arch arepresented in this report.

The findings andecommendationgresented in this Report aresed on the review and analysis of

archive materials and reports, documents received from concerned governmental agencies:

1 Results of hydrogeologicaxplorationworks conducted in the Ararat Artesian BagiAB)
in 1966 and 1984 with estimation of resast

1 Results of groundwater sources inventorytteé Ararat Artesian Basin conducted in 2006
2007;
1 Results of groundwater monitoring data conducted within Ararat Artesian Basin in 2009

2012 b ygeooglcaldMmiot o r i n gHMCEState don-Gommercial @ganization
(SNCO)of the Ministry of Nature Protectioof the Republic of Armenia (MNP)

1 Results of measurements at the dbenark points of the drainageonitoringnetwork Ararat
Artesian Basin byonducted in 1992013 byfiAmelioratonMe | i or at of theSiateCJ S C
Committee of Water SysteniSCWS)of the Ministry of Territorial AdministratiogMTA)
of the RAfrom;

1 Data on groundwater abstction within the Ararat Artesian Basinfrom 19832013
according to archive materiadsmd WaterUse Rermits(WUPs)issued by thé/INP of to the
various water users;

1 Other archive materials (see list of literagdur

Geologicathydrogeologicalconditions andrecoverablegroundwater resources

The Ararat Artesian Basin is located in the middle streamtloé Araks River within the Ararat
Depression Valley and extendsamMNW-SE direction for about 120.0 km with a width of :3@.0

km.) and occupies an area of about 1,308.km

AAB has a complex tectonic and geologielaldrogeological structure, represented thyee
depressions (Hoktemberyan, Artashat and Arazdayan) and two uplifts (Sovetashen and Khor

Virap).

Groundwateresourcesof AAB are developed from precipitation, condensation and discharge of
deep artesiamflows within the Araks catchment basin anarea of 31,500 kfincluding 14,900

km? of Armenian territory and 16,600 Krof Turkish territory.
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Two groundwatecomplexeshave beenidentified in the subsurface of AABnunconfined aquifer

and confined (artesian) water bearing complex wicbonditionally divided into two aquifers
Artesian aquifers are connected with successive complexes of folded systems made of permeable
and weakly permeable rockspecified by extreme instability of geologidahological and
hydrogeological parameters particularspreadingand thickness, variety of water bearing rocks

and their hydraulic conductivity, transmissivity properties, water temperature and mineralization.

The operational groundwater resources of AAB were assessed by various authors v@éin 19
1984, and the results were approved by the State Commission of Reserves (ST3R)

The Team of Experts conducting this study has accepted the average arithmetical value of
recoverable (dynamic) natural resources of the AAB calculated by V. Vehuti7d and H.
Aghinyan in 1976using balance methad Recoverable groundwater resources which could be
abstracted without damage to the environmerthefArarat ArtesianBasin (safe yield) makeup

57.8 ni/s or 1,822.8 Mnilyear.

In 1984 the State Commission of Reserves approgezhfe annual average yield of groundwater
resourcesn theamount of 56.6 s, of which safe abstraction by wells 4 Bnt/s and by springs
is 21,9 n¥/s. If groundwater abstraction will not excedle approved safe yieldnatural
hydrodynamic and hydrochemicddalance ofinterconnectedsubsurface systenwill not be
distorted.

Analysis of groundwater use in the AAB has revealed that the actual consumsipt@dy in 2007
has exceeded volumes permittgctibe SCR.

Assessment of undwater use

Analysis of groundwater consumption19781983in ABB led to the identificatioof 2,003 wells
as of 1983, of which 1,593 were operatior@ut of 1,593 wells, 878 were flowing artesian wells
and the remaining 715 were operated by pumps. aiigractionmade up 12.9 s, or 406.8
Mm?3year from flowing wellsand 21.7 n¥/s, or 685.7 MnYyearfrom the pump operated wells
These volumedid not exceedhesafe yield approved by the SCR in 1984.

According to groundwater source inventory data conducted duringZ@W6 in AAB, 1,986 wells
were used in 2007 withn averageabstractionof 36.5 ni/s, or 1,151.1 Mniyear. Thus average
total abstraction from thevells alreadyin 20062007 ha exceededhe permitted annual abstraction
(34,7m*/s) by 1.8 nt/s. The increase of abstractiovas concentratehainly within the most water

rich places of artesiazonei in theEchmiadzin and Masigreas
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Due to intenwe development of fish farms in the lasB87Aears, abstraction groundvatersolely
for fishery purposesncreasedup to 35.5 ni/s, or 1,119.4 Mniyearand total abstractioin the
AAB (including drinking, agricultural and industrial water supphgreased t&5,6 nfi/s.

This situation causedhe development of groundwater level drawdowarsd depletion ofthe
capacities ofartesian wellsin AAB, including reduction of discharge dhe SevjurAknalich
Springs.

Due totheinadequate technical design of numerous wells drilled in AAB in the paste@rs and
norrcompliance with the established 4060000 m distance between wells, natural hydraulic
connections between layers were distori2age tothe overlydense networkf newly-drilled wells

the number ofh y d r o g e owindoyv® detween fvarious aquifers has increased causing
depletion ofthe piezometric level, mixing of water from various aquifeasd changes in chemical
content of grandwater(increasing mineralization of waters to up to 0.3 géde table 10)The
outflow component of aquifers by regions vedsodistorted. The discharges of natural springs and

yield of wells have reduced sharply undlee conditions of increaskabstaction by wells.

| mpacts of groundwater abstraction

Groundwater abstraction in the AAB araad its impad, including environmentahave been

thoroughly analysed in tHaterim and Final reports. Main conclusions are presented below.

1 Outof 3,318 wellsexisting in AAB, 1,781 wells were actually operated in 2013 witbtal
abstraction of 55.6 ffs, or 1,753.4 Mriiyear, including 895 artesian wells witidischarge of
47.1 ni/s or 1,485.3 Mrifyear. 1,250 wells witfan abstraction of 42,381 l/s or 42.4#s\ or
1,337.1 Mnilyear were operated with Wateise Permits and 531 wells witan abstraction of
13,169.0 /s or 13.2 ¥fs, or 416.3 MmYyear were operatedvithout Water Use Permits.
However, according observations of the Team of Experts conductingutis the above data
are not full and complete, and the resulting findings do not reflect the actual abstraction. In the
opinion of the Team of Experts, the actual abstraction is about 20% higher.

§ Out of 55,550.0 I/s 085.6 ni/s, orl,753.4 Mni/year usedn AAB as of 2013, the abstraction
only for fish production purposes made up 35,497.3 1/8%8% ni/s, or1,119.5 Mni/year,
which exceeded the volume of 22,795.1 /2818 ni/s, or719.0 Mni/year used in 2007 for
the same purpose and exceeded the volume of 34,661.0347r’/s permitted by SCR for
wells in 1984. Meawhile, the total water use (55.6°fa or 1,753.4Mm°/yea) exceeded 1.6
times the average annual permitted abstracti@%4af nt/s or1,094.3 Mnilyearset in 1984.

1 1,235 wells with discharge of 50r&*/s or 1,592.6 Mrilyearhave been operated within the

positive pressure zone the Masis and Echmiadzin areas as of 2013, which is 2.4 tifoes (
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the Echmiadzin area) and 4itmes (for the Masis area) higher thamd permitted average
annual abstractionThe overabstraction of groundwater ithe Masis and Echmiadzin areas
made up 29.7 s or936.7 Mni/year in 2013. The oveabstraction in AAB within the same
period made ug0.9 n/s or659.0 Mn¥/year.

The MNP of the RA has issued 1,5%¥UPs as of 2013 for groundwater abstraction in AAB
for irrigation, fishery, industrial and drinking purposé@$e total abstraction by 1,571 wells
fixed byWUPs was 49,833.3 I/s or 49.8%s, or 1,570.5 Mriiyear.

Water use permits were issued in 2008013 for 274 new wells witta total discharge of
23,268.2 |/sor 23.3 ni/s, or734.8 Mnilyear. While issuingVUPs, datafrom the 20062007
inventory was not taken into accountAccording to the inventory datathe groundwater
abstraction in AAB yet in 200exceeded b$6,477.0 I/s 0B6.5 ni/s, orl,151.1 Mnilyearthe
permitted annual abstraction by wells specified by SCR in (Ba8861.0 I/s oB4.7 ni/s, or
1,094.3 Mnilyear).

The analysis of materials presented by concerned agencies shows that the actual abstraction
values do no match with those providedWiPs. As of 2013, the actual abstraction was 55.6
m®/s or 1,753.4 Mnilyear, which is by 5.8 ffs or182.9 Mni/yearhigherthanthe 49.8 ni/s or
1,570.5 Mnilyearaccounted foby WUPs.

470 wells witha total discharge 085.5 ni/s or1,119.4 Mni/year were usedolely for fish
production purposes, which exceeded the permitted operational regime for3sellsi/s or
1,094.3 Mnilyear);

Due totheinadequate technical design of numerous wells drilled in AAB in the paste@urs
and norcompliance withthe established 400,000 m distance between wells, natural
hydraulic connections between layers wdigtorted. In particular, because tbk drilling of
wells in too denseof a network, the number di y d r 0 g e avindog hetavéen Various
aquifers has increasgrhusing depletion dhe piezometric level, mixing of water from various
aquifers and clanges inthe chemical content of groundwater (increasing of mineralization of
waters to up to 0.3 g/l). The outflow component of aquifers also was imptwetischarge of
natural springs hadecreasegharply.

The water levels of confined aquifers of BAn wells with positive pressure have reduced by
2.56.5 m and the capacitf wellshas gone down to 82.0 I/s withtine period 0fL9832005.

The piezometric levels of groundwater in the central artesian part of iAA&th and north
west fromthe Masisand Echmiadzin areas, have decreased considerably withjmerioed of
19832013. The piezometric levels of groundwater have decreasedy06m0, sometimes by

15.0 m, which is accompanied byreductionin well capacity by 6.0200.0 I/s. Thigrovides
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evidencethat the groundwater abstraction is implementedainunbalancedmanner and
disturbs the operational regime set for wells.

The piezometric levels and dischardes/e decreasedn 303 artesian wells observed in the
Echmiadzin area of Armavir Marayhich are used for the supply of potableusehold and
irrigation water. The total yield of those wells made up 6,118.6 I/s in 189 it was only

604.0 I/s in 2011. Out ohbse303 artesian wellsl22 do not flow anymore. Out of 611 wells

of theartesian zone used for fish production purpp4d4 wells do not operate, and 127 do not
flow anymore.

Most of the wells investigated (2303 wells or 80%) were drilled before 18dg operated

over the long period, most of the wells are deterioratedrapdar technical state. Their casing
pipes are deteriorated, corroded and punched and do not serve their purpose. As a result the
water of various aquifers is mixed ugausing deterioration of groundwater qualityrich may

harm population healtland wate supply conditionsand cause other negative impacts. In
addition, the wells are filled with sajléading toreducedyroundwater levels in these wells.

Most of the wells were drilled without technical expertise provided for the design. The depth
and stucture of the wells were selected without taking into consideration hydrogeological
conditions.

Valves of the most of the wells are out of order, which does not allow regubatoigsingthe
flowing wells.

Due to thecurrent actual abstraction the Masis and Echmiadziregions the depression cone
areain the artesian aquifetsecame 530 ki expandingto the discharge area dfie Sevjur
Aknalich springs. As a result, the dischargetloé SevjurAknalich springs haslecreased
sharply from 17.8 fits (1983) to 3.0 n's (2013).

In the western parts dhe Artashat, Arargtand Armavir areas, where water is abstracted
mainly by submersible pumps, no essential changes of groundewxa¢s were observed, as

the abstraction on this area does not exteedperational regime set by SCR in 1984.

The area of groundwater with positive pressure in AAB madi0p06 ha in 2013, which was
three times less than in 1983 (32,760 ha). The area with positive pressure included 44
communities in 1983, and currenthcludesonly 13. At present, 31 communities are partially

or completely deprived of irrigation apetablehousehold water abstracted by artesian wells.
The discharges of springs of AAB supplied by groundwater have reduced considerably. In
particular, the disharge ofthe MetsamorAknalich group of springs hadecreasedYet this

group of springs is the water source of Metsamor (Sevjur) river, which in its turn is the water

source for many irrigation canals and pump stations. Ddeetoontinuous reduction ofater
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flow in the MetsamorAknalich springs, the flovof the Metsamor River has reduced from 17.8
m/s (1983) to 3.0 rits (2013).

T The Ar nvieteamar dNsclear Power Plant is cooled by water from groundwater sources.
Due tothe sharp reduction athe Metsamor Aknalich springs dischargeurrently the nuclear
plant can takén only 500.0 I/s thewater requiremenhowever, i998.0 I/s), which endangers
normal operation of the planthe $arp reduction of water discharge timesesprings raises
serios concerns as It endangers the safety of

1 Lack of water createa deficit in irrigation systems as well. The largest among them are the
Arevshat stagd, Aknalich and Metsamor pumping stations. Arevshat is a subsidiary pgmpi
station which pumps water from Metsamor River to the Lower Hrazdan canal ensuring
irrigation of 6,229 ha belonging to 21 communities. Currently the pump station does not
operate due to lack of water tine Metsamor Aknalich springsThe Aknalich pumpingstation
ensures irrigation of 1,201 ha belonging to 5 communities located wraléne Upper and
Lower Aknalich canalsThe Metsamor pumping stations ensure irrigation of 750 ha of 3
communities through a diversion car@kerall the irrigation of 8,18Ba of 29 communities is

endangered.
Urgent measures faheimprovement of management of groundwater resources in AAB should be

taken beforanoreserious sociakconomic problemarisenot only inthe Ararat Valleybut in the

entire country.
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6. RECOMMENDATIONS

Based on thabove presentecbnclusionsthe Team of Experts developed the followprgposals

andrecommendations for improvementtb& groundwater situation.

Proposals on future assessment of groundwater resourcestbé Ararat Valley

The Team ofExperts considarthe recoverablaisablegroundwater resources of AAB approved in
1984 for use withiran indefiniteperiodto bereliable and realistic and they dotmeedto bere-
assessd If the operatioal regime (average annual abstractiorBdf7 m%s or 1,094.3 Mniyea
specified by SCR in 1984 was maintained dutimglast 10 years, there would be no problems with

depletion ofgroundwater resources of AAB.

There-assessment of groundwater resourcegbénAAB would be needed in the caséno positive
resultsbeingobserved in the AB after implementation of the measures proposed by the Team of
Experts. The rassessment of groundwater resources can be conducted without extensive
hydrogeologicaburveys(exploratorydrilling and pumjng tests) but ratherwith the application of
modern technologies and mathematical modellisigg available groundwater data

Considering that there were some shortcomings in the inventory conduc@8862007, ad the
borehole drilling in AAB has continued in 20@813, includingthe drilling of un-accounteefor

and/or notpermitted boreholes, thEeamof Expertsrecommendgarrying out a new inventory in

2014 within the artesian zone tife Ararat Valley prior toany activities aimed at regulation of
groundwater levels and discharges and restoration of resources. The inventory will clarify the
following:

1 thenumberandtotal abstractiorof the existing and operating wells;

1 purpose andwnershipof wells

1 availability of wells cdificates (passports) and their legitimacy;

1 technical and sanitary state of wells;

1 location of wells (coordinates and distanceam=n them

Qualified hydrogeologists shall be involved in inventory activities.

Based on inventorgesults adequate proposals will be selected for liquidatiemporary closuref
wells and limitation of abstraction (contiag wells to valve regime operation). Proposals will also

be recommended to ensure and imprdweking-household and irrigatiowater supply.
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Recommendations for the measures aimed at sustainable groundwater management in Ararat
Valley

In order to achiew sustinable managment of groundwateresources in the Ararat Vallethe
Teamof Expertsconducting this studgecommendéimiting the currenttotal abstraction by wellis
AAB and bringng it to the permitted 34.7 #fs or 1,094.3 Mrilyear set by the SCR in 1984. The

average annual discharge by hydrogeological structures and regions set for wells shall not exceed

thefollowing values

A Hoktemberyan depressio2.5m>/s or 709.6Mm?>/year, including:
- western part, Bagamyan and Armavir area0.1m>/s or 318.6Mm>/year,
- eastern part, Echmiadzin ardé2.4m?®sor 391.0Mm?®/year,

Sovetashen uplifiylasis area8.5m*/s or 268.0Mm?*/year,

Artashat depressiof.2m*/s or 69.4Mm°/year,

Arazdayan depressioft:5m®/s or 47.3Mm°>/year

> > >

At the same timethe average annual groundwater abstraction from the artesian zone of the AAB by
wells shall not exceed 15.0°fsor 473.0 Mni/year, includingl2.0m*s or 378.4 MrYyear for fish

production. To thisend,it is recommended to implement the following measures:

Technical measures

1. In order to maintain the current level of fish production, introduce v&ateing closedand
semiclosed systems in all fisheries iR2lyears, which will reduce groundwater consumption
by 70.0%.It should be noted that while this Report was in preparation, two German companies
made proposals on introduction of serfised water saving systemn the selected pilot
fisheries of AAB. At the same timea Danish company carried out addy workshop on
introduction of similar technologies in fisheri¢sowever,implementation of pilot projects has
not started yet, and the results will be availablgne coming months.

2. After completion of the recommended inventogpse down temporarilypr liquidate the
required number of wells to reduce abstract
impact radius and technical state; convert other wells into valve operation regime.

3. Simultaneouslywith regulation of the abstractialegime in the AAB as it is specified by the
regions, carry out mandatory monitoring of all fisheries with introduction of remote control
system as a pilot project

4. In order to get complete data on the quantity and quafit®tAB groundwater, expand the
existing benchmark monitoring network by at least 15 observation points covering all five
hydrogeobgical structures.

5. Simultaneously with regulation of water abstraction withi@artesian zone, liquidagxisting
348 emergencgyunsanitary and abandonemvnerlesswells (according to inventory data of
(2006:2007).
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6. In order to restore the artesian zone of ABB to its 1884e, strictly prohibit drilling bnew
wells in tre depression cone areacluding drilling of wells for whichVUPs were issued, but
were not drilled yet.

Legal and institutional measures

7. Based on the results of new inventory and provided recommendatiefosmrdate WUPSs
issued for fishery and other purpostsking into account the average annual abstradiion
wells in accordance withydrogeological structures and areas specified in this chapter.

8. Strengthen the control and supervision over water abstraction quotas and limitations by wells
with and withoutWUPs.

9. Govern by approved recoverable/usalideoundwater resources and by water use priorities
established by legislatiomhile elaborating sectoral development conceptual programs.

10. Ensure conjunctive managment and protection of Armenia ssurface and groumhter
(including fresh, mineral, thermaksources.

11. Improve regular data and communication exchange between state agencies involved in
investigation, managnent and protectionof groundwater resourcegnsure maintenance of
State Water Cadastre and provision of data and information from thetzada

12. Establish regulations for providing boaé drilling permits for groundwater resource use.
According to tharegulation the borehole drilling permission should be obtained before getting
awaterusepermit.

13. Make amendment® the Water Code of the RA and Land Code of the RA to fill the gap in the
area of investigation, managent andorotectionof groundwater resources (fresh, mineral and
thermal) and to eliminate the discrepancies.

14. Establishthe values of recoverabl@atural) groundwater resoussaational water resoursge
usable water resocas and strategiagesource according to @apter 2, Article 4, Cl. 2 of the
RA LawonfiNat i onal Water Programo ( i2020)laciviiesnt at i
program).

The Teamof Experts think thatduly implementation of the aboy@esentedneasures will support
recovery ofthe hydrogeological characteristics of groundwater aquifers and restoration of the
artesian zone area of Ararat Valley. As a result, the water supplynamunitiesnow deprived of
water will be restoredby artesian wellsIn particular, we think tat after completion of the
recommended inventogndlimiting the abstraction by wellwithin 1-2 years as recommended, the
natural flow of SevjuAknalich spings will start to recover and within-8 years the flow othe
Metsamor River will gradually be restored.
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ANNEX 1. SCHEMATIC HY DROGEOLOGICAL MAP OF ARARAT DEPRESSION
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