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INTRODUCTION

The Advanced Science afdrtnership$or Integrated Resource DevelopmeARSPIRED Project of

the United States Agency for International Development (USAID) supports sustainable water resource
management and sustainable practices of water users in the Ararat Valley through the use of science,
technology, innovation and partnership mitves. The ultimate goal is to reduce extraction of
groundwater resources to the sustainable levels ABRIRED Project is implemented by ME&A

Inc. and itssubcontrator, Computer Assisted Development, Inc. (CADI)

To support the Government of Armer{@aOA) in developing and implementing more stringent data
driven policy for sustainable management of groundwater resources in the Ararat Valley, the
ASPIRED Project works on establishing a comprehenanereliable data system and developing
decision suppa tools for the Ararat Valley.

In 2018, theASPIRED Projectbegan developing eomprehensivérarat Valley groundwater basin
model, usinghe ArcHydro Groundwater (AHGW) tools, Groundwater Modeling System (G
MODFLOW advanced applications for groundwater modelifignis task is implemented in
collaboration with and guidance from AQUAVE®U.S-based companthat providesolutions for
modeling andiisualizinggroundwateand surfacewaterhydrology anchydraulics The workis based
on the conceptual model for the Ararat Valley groundwater modelhag;h wasprepared by the
ASPIREDteamin June 2018. Using the inventory data that describes baseline conditionAiartite
Valley for 2016 the ASPIRED teardevelopedhe threedimensiona(3D) model of the Ararat Valley
structure The 3D models the first stage of creating ttemprehensivgroundwater flow modebf
the Ararat Valley basino determinethe values of groundwater inflow, grodwater outflow and
groundwater accumulation in the Ararat groundwater basin under conditions of groundwalé&euse.
input data forcalculatingthe volume of the groundwater resertiee rates of groundwater recharge
and sustainable groundwater extraction rate in the Ararat Valley as of yeaC20d@ations for these

three rates wilbe completed ifiall 2019

The ASPIREDProjectalsobegan developing @igital hydrogeologianap of the AraraValley, based

on thedigitizing hardcopy maps andecspatial datasets accumulated or produced by the ASPIRED
Project The project team islso incorporang into the digital mapthe findings of the scientific
investigations report on the Hydrogeologic Framework and Groueduwzdnditions of the Ararat
Basin in Armenia, prepared by the U.S. Geological Survey (USGS) in BB& ASPIRED team plans

to enhancehe preliminary version of the hydrogeologic mapesented in this reporbased on



s t a k e hfeetibdok onghe initial outcomes, as well as based on the resultgodunewater flow
model of the Ararat Valley to be completedaf 2019.

This report presents the thrdenensionalmodel of the Ararat Valleygroundwater basirand
preliminary verson of thedigital hydrogeological mafhe repordescribeshe conceptual model for

the Ararat groundwater basin modeliag,well aghe datasets and dataurcesisedfor the modeling
process This reportis prepared for review bgepresentatives frodSAID and key stakeholdeiis
Ministry of Nature Protection (MNP) of Armenia, its Water Resources Management Agency
(WRMA), the Environmental Monitoring and Information Center (EMI&ate non-commercial

organizationand otherlgencies



1. BACKGROUND INFORM ATION

The Ararat Valleyis an intermountain depression of thermenian HighlandsThe Ararat Valley
groundwater basin is a natural groundwater storage area, where the water enters from the surroundin

Ararat and Aragats mountains and from the GeghamlaHaykakan Panountainridges(Figure 1)
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Figure 1: Location of the Ararat Valley (Source:ASPIRED Projec)

By its geomorphologythe Ararat Valley represents an inrtepuntain depression associated with the
valley of the Araks River and its tributarieshe Akhuryan, Metsamor(Sevjur) Qasakh, Hrazdan,

Azat, Vedi Riversin the territory of Armenia, anfarsRiver basin and the area of Igdir Province in

the Turkishterritory (Figure 2).
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Figure 2: Ararat Valley catchment area(Source: ASPIRED Project)

Ther i v ancientburied valleythat arecovered by the volcanic lava and subaoef deposits of
modern drainage networks (rivers) serve as the routes through which water entére Ararat
groundwater basin. Froehydrogeologigerspectivethe AraratValley groundwater basis a closed

inte-mountain artesian basin with groundwater recharge, storagaesahdudje areas.

The groundwater resources thfe Ararat Valley are developed from precipitation, condensation,
discharge of deep artesian inflows, and partially from surface flows within the Araks catchment basin
with an area of 31,500 Kmincluding14,900 knd of Armenian territory and 16,600 Kraf Turkish
territory [8].

The study area for the ASPIRED Project is the part ofArerat Valley within the boundas of the
Republic of Armenia. This is due &imited data on the part of the groundwétasin on the territory

of Turkey.

In Armenia, he Ararat Valley is located in the middle stream of Araks River and extends in the north
west and soutleast direction for about 100 km with a width ranging from 10 to 25Tkra valley is
located at elevatinsranging from 800 m to 930 m above sea level and occupies an area df, Abdut

km?. Figure 3 below presents the elevation contour map of the Ararat Valley.
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Figure 3: Topography of the Ararat Valley (Source: ASPIRED Project)

To provide sufficientata orthebaseline situation in tretudy areathe ASPIRED team conducted
inventory of groundwater wells, natural springs and fish farms of the Ararat \Val2§16. Overall,

the inventory covered 2807 wells, 14 groups of natural springs, andist8%afms.ASPIRED

describedhe lithologic structuréor all the 2807 wellsas well addevelopedh comprehensive database

with data from field measurements and desk surveys.
The results of inventory served as maatasetsfor:

(1) Preparing thédydrogeologicFramevork of the Araratalley, in cooperation with USGS;
(2) Developng the digitalhydrogeologianap of the Ararat Valley

(3) Modeling the threglimensional structure of the Ararat Valley groundwater hasid

(4) Developing groundwatdtow model of theArarat Valley.



2. CONCEPTUAL MODEL OF THE ARARAT VALLE Y GROUNDWATER BASIN

The main objective of the Ararat Valley groundwater basin modelitggpsovide the GOA with a
decisionsupport tool for (a) formulation of a datariven policy for effective management of the
Ararat Valley groundwater resources; (b) developmentadbngterm strategy on planning,
conservation and management of the groundwater resources in the atle¢c)improvement of
control mechanisms over the usfegroundwater in the Ararat Valley.

As a starting poindf modeling the Ararat Valley groundwater basirtconceptual model was prepared

using materials of the stratigraphic and groundwater modeling course provided by AQUAVEO to the
ASPIRED personneind representatives of the WRMA, EMIl&@nhdacademia in January 201Bhe
conceptual model schematically presents the input data requirements, calcukatibrexpected
outcomes of thgroundwater flonmodeling (Figuret). The ASPIRED teampresentedhe caceptual
modeland discussei with EMIC representatives in June 2018. The ASPIRED Project received the
hydrogeol ogi stsd6 concurrence on the proposed ¢
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Figure 4: Schematics of the Ararat Valley groundwater basin conceptual modéSource: ASPIRED Project)

The ASPIRED team implementédtetgreenhighlighted components of the conceptual model in 2017
2018. The water balance of the Ararat Valley is presented in AR®IRED Projecb seporton
Methodology and Calculated Values Nftural Flow and Water Balance of the Ararat Valley
(September 2018). This report presents the hydrogeologic map of the Ararat Valley and 3D model of
the Ararat Valley groundwater basin
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The ArcGIS is the main environment for technical implementation of the Ararat Valley groundwater
basin conceptual model. The following tools under ArcGIS are usedréamdwatermodeling by
ASPIRED

1 Decision Support Systemi an opersource extension to ArcGIS dewpkd by the
USAID/ArmeniaClean Energy and Water Progrd@EWP)in 20122015 and further enhanced
by the ASPIRED Project in 2012018. The DSS includes a Hydrological Model to calculate the
water balance components 20172018 ASPIRED customized and dadatedthe DSS for the

Ararat Valley to calculate the water balance.

1 Arc Hydro Tools 7 an extension to ArcGIS developed Byvironmental Systems Research
Institute (ESRY) that includes general data model for framework and temporal modeling of the

surface water hydrology.

1 3D Analyst Tools- an extension to ArcGIS developed by ESRI to create,amah analyze the
3-dimentional models undéhne ArcGIS environment.

1 Arc Hydro Groundwater (AHGW) ToolsT an extension to ArcGIS developed by AQUAVEO
that is a general data framework for groundwatedeling The AHGW Tools include three
main components: Groundwater Analyst, Subsurface Analyst, and MODFLOW AnEhgst.
AHGW is a geodatabase design tool for representing groundwater datasets within ArcGIS. The
data model helps to archive, display, and analyze multidimensional groundwatesdetd, as
has several components to represent different types of dataselisling representations of
aquifers and wells/boreholes, 3D hydrogeologic models, temporal information, and data from
simulation models. ThAHGW Tools are also usetb import, edit, and manage groundwater

data stored in an AHGW geodatabase.

1 MODFLOW Data Model i a geodatabase design tool for storing MODFLOW simulations
developed by ®UAVEO andworks tightly with MODFLOW Analyst toolsinder the GMS
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3. DIGITAL HYDROGEOLOGI C MAP OF THE ARARAT VALLEY

The main purpose of compiling the digital hydrogeologic map of the Axé&liey is to develop a
comprehensive data system for infornmEtisionmaking on Ararat Valley groundwater basirhe
preliminary version ofhe hydrogeological mapcludes the fobbwing digitized components:
1 Geological formations and tectonic structures of the ANadley;
Morphologicalstructureof the Ararat Valley

1

1 Pressure boundaries between flowing andfhmring wells;

1 Main hydrogeologic units of the Ararat Vallgyoundwater basjrand
1

Maps of the potentiometric surfaces of the Ararat Valley aquifers.

The data sources for the development of the alnosetioned digitized components include:

1 Historic hardcopy maps and reports on geologic formations hpdrogeologic structures
accumulated in the Republican Geologic Fund (RGF) of the Ministry of Energy Infrastructures
and Natural Resources (MEINR) of Armenia

91 Datasets and mapsd the Assessment Study of Groundwater Resources of the Ararat Valley
preparedvithin the framework oCEWPin 20132014

1 Datasets on inventory of the groundwater wells in Ararat Valley including their lithologic
structures,conductedby the by Hydrogeologic Monitoring Center State Noommercial
Organization of the MNP of Armenia the framework othe ASPIREDProject in 2016and

91 Datasets on Hydrogeologic Framework and Groundwater Conditions of the Arargtvidasin
the ASPIRED teancompiled in cooperation with USG& 2017.

The ASPIRED Project incorporatetl the mentionedigitized components and gsepatial datasets
into a single GlShased geodatabase on the Ararat Valley. All the GIS thematic layers were constructed
using theWGS-1984 geographic coordinate system, with UTM ZB8B8& geographic projection.

The sectiondelov provide descriptios of the maincomponentf the preliminary version of the
digitized hydrogeologic map of the Ararat VallepASPIRED plans to further enhandbe
hydrogeologic mapbased ors t a k e hfeetbadak onsthie initial outcomes presentedis teport,

as well as based on the results of the groundwater flow model of the Ararat Valley to be completed in
20109.

3.1. Geologic Formations

The geologic structure of the Ararat Valley was formed as a result of depressions and the eruption of

the Upper ad Lower Quaternary basaltic lavas. It involNesnic-fluvial and effusive water bearing
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formations with thicknesses up to 50&ters.Beneath those formations a folded wateresistant
formationwhich hasPaleozoic and Mezocainosoic sandstone,, @ag carbonate rock$he Ararat
Valley is currently filled with alluvial, proluvial and lacustrine sediments. The Ararat Valley
groundwater basin contains ireedded geologic material congigt of dense clays, gravels, sands,

volcanic basalts, and desite depositl, 4, g].

The ASPIRED team developetktgeologic map of the Ararat Vallby digitizing the hardcopy map

of the scale of 1:100,000 presented in the Report on the reassessment of the operational reserves o
underground fresh water indlAraratArtesianBasin of the Armenian SSRFG Report# 01532, 1983

[7]. The digitized GIS mapncluding the fault zones is presented in Figbire

3.2. Morphologic structure

The Ararat Valley has a complex tectonic and hydrogeologic structure. The valley represents a
superimposed intemount ai n trough of the Araks Rivero6s
folding process into the following five morphological sdivisions (structures of second ordégm

westto east:

Hoktemberyardepression

Sovetashenplift;

Artashatdepression

Khor Virap uplift; and
Arazdayardepression

arwnE

These five morphologic structureshat are presented in the FiguBediffer in their geolgical
composition, thickness of water bearing rocks, number of aquifers and impermeablealaydheir

hydraulic propertiefs].

3.3. Pressure boundaries

Analysis ofpressure boundari¢soundary between flowing and nélowing wells)was conducted by

USGS in the Hydrogeologic Framework of the Ararat Basin @patial analysis was performed using

GIS software fodigitizing the pressure boundaries for 198%e ASPIRED team analyzeklet water

level datafrom the 2007 and 201féeld inventoiesto generate a raster grid of the hydraulic heads in
both years using GIS software. The 2016 raster grid was then subtracted from the 2007 raster grid to
determine the change in hydraulic head between 2007 and 2016. The largest decreasesn(@ore tha
m) in hydraulic head between 2007 and 2016 fell outside the 2016 pressure boundary. Within the
pressure boundary, changes in hydraulic head generally were minimal or indicated slight increases
(Figure 6)
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Figure 5. Geologic Map of the Ararat Valley (Source: ASPIRED Project)
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Figure 6: Morphological structure and pressure boundaries inthe Ararat Valley (Source:USGS ASPIRED Project)
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