
1 

 

ADVANCED SCIENCE AND PARTNERSHIPS 

FOR INTEGRATED RESOURCE 

DEVELOPMENT PROJECT  

Digital Hydrogeologic Map of the Ararat Valley and 

Three-Dimensional Model of the Ararat Valley 

Groundwater Basin 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

September 2018 

This publication was produced for review by the United States Agency for International  

Development. It was prepared by ME&A, Inc. 

 

 

 

   

  



2 

 

ADVANCED SCIENCE AND PARTNERSHIPS FOR 

INTEGRATED RESOURCE DEVELOPMENT 

PROJECT 

 

Digital Hydrogeologic Map of the Ararat Valley and               

Three-Dimensional Model of the Ararat Valley                

Groundwater Basin 

 

 

 

 

 

September 2018 

Contract No. AID-OAA-I-14-00070/AID-111-TO-15-00001 

 

Prepared for: 

United States Agency for International  

Development  

Armenia Mission 

1 American Avenue 

Yerevan 0082, Armenia 

 

 

Prepared by: 

ME&A, Inc. 

4350 East-West Highway  

Suite210 

Bethesda, MD  20814 

Tel:+13016524334       

Fax: +1 240 630 8935 

www.MEandAHQ.com 

 

Armenian Branch of ME&A, Inc. 

105/1 Teryan St., Suite 204, 

Yerevan 0009 

Republic of Armenia 

Tel. +374 10 514 315 

Fax: +374 10 514 317 

Email: aspired@engl.com 

 

  
DISCLAIMER  

This report is made possible by the support of the American people through the United States Agency for International 

Development (USAID). The contents are the sole responsibility of ME&A, Inc. and do not necessarily reflect the views 

of USAID or the United States Government.  

http://www.meandahq.com/
mailto:aspired@engl.com


3 

 

 

TABLE OF CONTENTS  

 

LIST OF ACRONYMS 4 

INTRODUCTION 5 

1. BACKGROUND INFORMATION 7 

2. CONCEPTUAL MODEL OF THE ARARAT VALLEY  GROUNDWATER BASIN 10 

3. DIGITAL HYDROGEOLOGIC MAP OF THE ARARAT VALLEY  12 

3.1. Geologic Formations 12 

3.2. Morphologic subdivisions 13 

3.3. Pressure boundaries 13 

3.4. Main Hydrogeologic Units of the Ararat Valley Groundwater Basin 16 

3.5. Maps of the Potentiometric Surfaces 23 

4. THREE-DIMENSIONAL MODEL OF THE ARARAT VALLEY GROUNDWATER BASIN 29 

4.1. Methodology 29 

4.2. Main Outcomes 38 

4.2.1. Locations of Wells and their Lithologic Structure 38 

4.2.2. Hydrogeologic Cross-Sections 40 

4.2.3. 3D Structures of the Main Hydrogeologic Units 42 

5. NEXT STEPS 44 

ANNEX A: BIBLIOGRAPHY 45 

 

 

 

 

  



4 

 

LIST OF ACRONYMS  
 

 

3D   Three-dimensional 

AHGW   ArcHydro Groundwater 

ASPIRED  Advanced Science and Partnerships for Integrated Resource Development 

CEWP   Clean Energy and Water Project 

DEM    Digital Elevation Model  

DSS   Decision Support System 

EMIC   Environmental Monitoring and Information Center 

ESRI   Environmental Systems Research Institute 

GIS   Geographic Information System 

GMS   Groundwater Modeling System 

GOA   Government of Armenia  

HGUID   Hydrogeologic unit identifiers 

MEINR   Ministry of Energy Infrastructures and Natural Resources 

MNP   Ministry of Nature Protection 

RGF   Republican Geologic Fund 

TIN   Triangulated irregular network 

WRMA   Water Resources Management Agency 

USAID   United States Agency for International Development 

USGS   United States Geological Survey 

 

  



5 

 

INTRODUCTION  

 
 

The Advanced Science and Partnerships for Integrated Resource Development (ASPIRED) 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 initiatives. The ultimate goal is to reduce extraction of 

groundwater resources to the sustainable levels. The ASPIRED Project is implemented by ME&A, 

Inc. and its subcontractor, Computer Assisted Development, Inc. (CADI). 

To support the Government of Armenia (GOA) 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 comprehensive and reliable data system and developing 

decision support tools for the Ararat Valley. 

In 2018, the ASPIRED Project began developing a comprehensive Ararat Valley groundwater basin 

model, using the ArcHydro Groundwater (AHGW) tools, Groundwater Modeling System (GMS), and 

MODFLOW advanced applications for groundwater modeling. This task is implemented in 

collaboration with and guidance from AQUAVEO, a U.S.-based company that provides solutions for 

modeling and visualizing groundwater and, surface-water hydrology and hydraulics. The work is based 

on the conceptual model for the Ararat Valley groundwater modeling, which was prepared by the 

ASPIRED team in June 2018. Using the inventory data that describes baseline conditions in the Ararat 

Valley for 2016, the ASPIRED team developed the three-dimensional (3D) model of the Ararat Valley 

structure. The 3D model is the first stage of creating the comprehensive groundwater flow model of 

the Ararat Valley basin to determine the values of groundwater inflow, groundwater outflow, and 

groundwater accumulation in the Ararat groundwater basin under conditions of groundwater use. The 

input data for calculating the volume of the groundwater reserve, the rates of groundwater recharge, 

and sustainable groundwater extraction rate in the Ararat Valley as of year 2016. Calculations for these 

three rates will be completed in fall 2019. 

The ASPIRED Project also began developing a digital hydrogeologic map of the Ararat Valley, based 

on the digitizing hard-copy maps and geo-spatial datasets accumulated or produced by the ASPIRED 

Project. The project team is also incorporating into the digital map the findings of the scientific 

investigations report on the Hydrogeologic Framework and Groundwater Conditions of the Ararat 

Basin in Armenia, prepared by the U.S. Geological Survey (USGS) in 2017. The ASPIRED team plans 

to enhance the preliminary version of the hydrogeologic map presented in this report, based on 
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stakeholdersô feedback on the initial outcomes, as well as based on the results of the groundwater flow 

model of the Ararat Valley to be completed in fall 2019. 

This report presents the three-dimensional model of the Ararat Valley groundwater basin and 

preliminary version of the digital hydrogeological map. The report describes the conceptual model for 

the Ararat groundwater basin modeling, as well as the datasets and data sources used for the modeling 

process.  This report is prepared for review by representatives from USAID and key stakeholders ï 

Ministry of Nature Protection (MNP) of Armenia, its Water Resources Management Agency 

(WRMA), the Environmental Monitoring and Information Center (EMIC) state non-commercial 

organization, and other agencies. 
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1. BACK GROUND INFORM ATION  

 
 

The Ararat Valley is an inter-mountain depression of the Armenian Highlands. The Ararat Valley 

groundwater basin is a natural groundwater storage area, where the water enters from the surrounding 

Ararat and Aragats mountains and from the Geghama and Haykakan Par mountain ridges (Figure 1). 

 

Figure 1: Location of the Ararat Valley (Source: ASPIRED Project) 

 

By its geomorphology, the Ararat Valley represents an inter-mountain depression associated with the 

valley of the Araks River and its tributaries - the Akhuryan, Metsamor (Sevjur), Qasakh, Hrazdan, 

Azat, Vedi Rivers in the territory of Armenia, and Kars River basin and the area of Igdir Province in 

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

 

The riversô ancient buried valleys that are covered by the volcanic lava and subsurface deposits of 

modern drainage networks (rivers) serve as the routes through which water enters the Ararat 

groundwater basin. From a hydrogeologic perspective, the Ararat Valley groundwater basin is a closed 

inter-mountain artesian basin with groundwater recharge, storage and discharge areas.  

The groundwater resources of the 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 km2, including 14,900 km2 of Armenian territory and 16,600 km2 of Turkish 

territory [8].  

The study area for the ASPIRED Project is the part of the Ararat Valley within the boundaries of the 

Republic of Armenia. This is due to a limited data on the part of the groundwater basin on the territory 

of Turkey. 

In Armenia, the Ararat Valley is located in the middle stream of Araks River and extends in the north-

west and south-east direction for about 100 km with a width ranging from 10 to 25 km. The valley is 

located at elevations ranging from 800 m to 930 m above sea level and occupies an area of about 1,177 

km2. 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 sufficient data on the baseline situation in the study area, the ASPIRED team conducted an 

inventory of groundwater wells, natural springs and fish farms of the Ararat Valley in 2016. Overall, 

the inventory covered 2807 wells, 14 groups of natural springs, and 235 fish farms. ASPIRED 

described the lithologic structure for all the 2807 wells, as well as developed a comprehensive database 

with data from field measurements and desk surveys.  

The results of inventory served as main datasets for: 

(1)  Preparing the Hydrogeologic Framework of the Ararat Valley, in cooperation with USGS;  

(2)  Developing the digital hydrogeologic map of the Ararat Valley;  

(3)  Modeling the three-dimensional structure of the Ararat Valley groundwater basin; and  

(4)  Developing groundwater flow model of the Ararat Valley.  
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2.  CONCEPTUAL MODEL  OF THE ARARAT VALLE Y GROUNDWATER BASIN  

 

The main objective of the Ararat Valley groundwater basin modeling is to provide the GOA with a 

decision-support tool for (a) formulation of a data-driven policy for effective management of the 

Ararat Valley groundwater resources; (b) development of a long-term strategy on planning, 

conservation and management of the groundwater resources in the Valley; and (c) improvement of 

control mechanisms over the use of groundwater in the Ararat Valley.  

As a starting point of modeling the Ararat Valley groundwater basin, a conceptual model was prepared, 

using materials of the stratigraphic and groundwater modeling course provided by AQUAVEO to the 

ASPIRED personnel and representatives of the WRMA, EMIC, and academia in January 2018. The 

conceptual model schematically presents the input data requirements, calculations, and expected 

outcomes of the groundwater flow modeling (Figure 4). The ASPIRED team presented the conceptual 

model and discussed it with EMIC representatives in June 2018. The ASPIRED Project received the 

hydrogeologistsô concurrence on the proposed approach and methodology. 

 

 

Figure 4: Schematics of the Ararat Valley groundwater basin conceptual model (Source: ASPIRED Project) 

The ASPIRED team implemented the green-highlighted components of the conceptual model in 2017-

2018. The water balance of the Ararat Valley is presented in the ASPIRED Projectôs report on 

Methodology and Calculated Values of Natural 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 used for groundwater modeling by 

ASPIRED: 

¶ Decision Support System ï an open-source extension to ArcGIS developed by the 

USAID/Armenia Clean Energy and Water Program (CEWP) in 2012-2015 and further enhanced 

by the ASPIRED Project in 2017-2018. The DSS includes a Hydrological Model to calculate the 

water balance components. In 2017-2018, ASPIRED customized and calibrated the DSS for the 

Ararat Valley to calculate the water balance. 

¶ Arc Hydro Tools ï an extension to ArcGIS developed by Environmental Systems Research 

Institute (ESRI) that includes general data model for framework and temporal modeling of the 

surface water hydrology.  

¶ 3D Analyst Tools - an extension to ArcGIS developed by ESRI to create, run, and analyze the 

3-dimentional models under the ArcGIS environment. 

¶ Arc Hydro Groundwater (AHGW) Tools ï an extension to ArcGIS developed by AQUAVEO 

that is a general data framework for groundwater modeling. The AHGW Tools include three 

main components: Groundwater Analyst, Subsurface Analyst, and MODFLOW Analyst. The 

AHGW is a geodatabase design tool for representing groundwater datasets within ArcGIS. The 

data model helps to archive, display, and analyze multidimensional groundwater data, as well as 

has several components to represent different types of datasets, including representations of 

aquifers and wells/boreholes, 3D hydrogeologic models, temporal information, and data from 

simulation models. The AHGW Tools are also used to import, edit, and manage groundwater 

data stored in an AHGW geodatabase. 

¶ MODFLOW Data  Model ï a geodatabase design tool for storing MODFLOW simulations, 

developed by AQUAVEO and works tightly with MODFLOW Analyst tools under 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 Ararat Valley is to develop a 

comprehensive data system for informed decision-making on Ararat Valley groundwater basin. The 

preliminary version of the hydrogeological map includes the following digitized components: 

¶ Geological formations and tectonic structures of the Ararat Valley; 

¶ Morphological structure of the Ararat Valley; 

¶ Pressure boundaries between flowing and non-flowing wells; 

¶ Main hydrogeologic units of the Ararat Valley groundwater basin; and 

¶ Maps of the potentiometric surfaces of the Ararat Valley aquifers. 
 

The data sources for the development of the above-mentioned digitized components include:  

¶ Historic hard-copy maps and reports on geologic formations and hydrogeologic structures 

accumulated in the Republican Geologic Fund (RGF) of the Ministry of Energy Infrastructures 

and Natural Resources (MEINR) of Armenia; 

¶ Datasets and maps of the Assessment Study of Groundwater Resources of the Ararat Valley 

prepared within the framework of CEWP in 2013-2014; 

¶ Datasets on inventory of the groundwater wells in Ararat Valley including their lithologic 

structures, conducted by the by Hydrogeologic Monitoring Center State Non-Commercial 

Organization of the MNP of Armenia in the framework of the ASPIRED Project in 2016; and 

¶ Datasets on Hydrogeologic Framework and Groundwater Conditions of the Ararat Basin, which 

the ASPIRED team compiled in cooperation with USGS in 2017. 
 

The ASPIRED Project incorporated all the mentioned digitized components and geo-spatial datasets 

into a single GIS-based geodatabase on the Ararat Valley. All the GIS thematic layers were constructed 

using the WGS-1984 geographic coordinate system, with UTM Zone-38N geographic projection. 

The sections below provide descriptions of the main components of the preliminary version of the 

digitized hydrogeologic map of the Ararat Valley. ASPIRED plans to further enhance the 

hydrogeologic map, based on stakeholdersô feedback on the initial outcomes presented in this report, 

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

2019. 

 

3.1. Geologic Formations 

 

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

the Upper and Lower Quaternary basaltic lavas. It involves limnic-fluvial and effusive water bearing 
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formations with thicknesses up to 500 meters. Beneath those formations is a folded water-resistant 

formation which has Paleozoic and Mezocainosoic sandstone, clay, and carbonate rocks. The Ararat 

Valley is currently filled with alluvial, proluvial, and lacustrine sediments. The Ararat Valley 

groundwater basin contains inter-bedded geologic material consisting of dense clays, gravels, sands, 

volcanic basalts, and andesite deposits [1, 4, 8].   

The ASPIRED team developed the geologic map of the Ararat Valley by digitizing the hard-copy map 

of the scale of 1:100,000 presented in the Report on the reassessment of the operational reserves of 

underground fresh water in the Ararat Artesian Basin of the Armenian SSR, RFG Report# 01532, 1983 

[7]. The digitized GIS map, including the fault zones is presented in Figure 5. 

 

3.2. Morphologic structure 
 

The Ararat Valley has a complex tectonic and hydrogeologic structure. The valley represents a 

superimposed inter-mountain trough of the Araks Riverôs tectonic zone, divided by the subsequent 

folding process into the following five morphological sub-divisions (structures of second order) from 

west to east: 

1. Hoktemberyan depression;  

2. Sovetashen uplift;  

3. Artashat depression;  

4. Khor Virap uplift; and 

5. Arazdayan depression.  
 

These five morphologic structures that are presented in the Figure 6 differ in their geological 

composition, thickness of water bearing rocks, number of aquifers and impermeable layers, and their 

hydraulic properties [8]. 

 

3.3. Pressure boundaries  
 

Analysis of pressure boundaries (boundary between flowing and non-flowing wells) was conducted by 

USGS in the Hydrogeologic Framework of the Ararat Basin [10]. Spatial analysis was performed using 

GIS software for digitizing the pressure boundaries for 1984. The ASPIRED team analyzed the water 

level data from the 2007 and 2016 field inventories to 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 decreases (more than 2 

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 in the Ararat Valley  (Source: USGS, ASPIRED Project)  






























































