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Section 2 Inventory of Groundwater Wells, Natural Springs 
and Fish Farms in the Ararat Valley  

 
In 2016, the ASPIRED Project inventoried a total of 2,807 wells (including 570 

wells in fish farms), 14 groups of natural springs, and 235 fish farms to describe 

the baseline situation on groundwater resources and groundwater use in the 

Ararat Valley.  
 

Results of the Groundwater Wells Inventory 

The inventory covered all wells from the confined aquifers in the Ararat Valley 

with a depth exceeding 50 meters, and wells from the unconfined aquifer with a 

depth less than 50 meters which were used frequently or permanently. The 

2,807 groundwater wells inventoried include 1,795 operational wells, 700 non-

operational wells, 123 temporarily closed wells, 4 wells that were permanently 

closed after the inventory, 158 wells not suitable for operation (as a result of 

damaged well structures, being filled with stones or garbage, etc.) , and 27 sealed 

wells. Overall, 36% of the inventoried wells were not operational at the time of 

the inventory. 
 

Based on the inventory data, 680 wells out of operational 1,795 wells were self-

flowing in 2016, with 31,596.3 liters per second total measured discharge, which 

comprises 996.5 million m3 per year. The remaining 1,115 wells were operated 

with pumps, with total discharge estimated at 32,387.3 liters per second or 

1,021.5 million m3 per year, calculated based on the capacity of the pumps. In 

the same period, water discharge from non-operational wells was estimated at 

1,114.5 liters per second or 35.2 million m3 per year, which is 2% of the total 

discharge of the wells (Figure 1).  

 
 

Figure 1: Discharge Rates from Self-flowing, Pump-operated and Non-operational wells in 2016 
 

Figure 2 presents statistics on the status of non-operational wells in 2016.   

 
Figure 2: Number of Non-operational Wells by Status in 2016 
 

The groundwater wells were used for the following purposes:  

 Drinking-household: 500 wells, including 212 self-flowing wells and 288 

wells operated by pumps; 

 Irrigation:  924 wells, including 162 self-flowing wells and 762 wells operated 

by pumps; 

 Fish farming: 336 wells, including 302 self-flowing wells and 34 wells 

operated by pumps; and 

Industrial: 35 wells, including 4 self-flowing wells and 31 wells operated by 

pumps.

Data on discharge of the operational wells in liters per second, purpose of use, 

and operation type of the wells are presented in Figure 3 below: 

  
Figure 3: Discharge Rates from the Pump-operated and Self-flowing Wells Used by Various 
Sectors in 2016 (note: Armenian Nuclear Power Plant receives water from the wells grouped under the
drinking-household and industrial use purposes ) 
 

 

Results of the Natural Springs Inventory 

A total of 14 groups of natural springs and the headwaters of these springs were 

inventoried. Nine of the natural springs were operational and were 

characterized as small shallow lakes with water flow. Fields of the other five 

groups of natural springs were characterized as wet areas or wetlands, with no 

water flow observed. In some sites, water discharge was observed downstream 

from the headwaters of previously operational springs, flowing in ditches with 

up to one-meter depth. At the time of the inventory in 2016, the total yield of 

the described 14 springs was 3,306.6 liters per second or 104.3 million m3 per 

year. This included 2,106.6 liters per second or 66.5 million m3 per year of 

gravitational water flow and 1,200 liters per second or 37.8 million m3 per year 

of pumped from small lakes fed by natural springs.           

 

Results of the Fish Farms Inventory 

A total of 235 fish farms were inventoried in the Ararat Valley, which held a 

total of 570 groundwater wells. Hundred fish farms were not operational and 

135 were operational at the time of the inventory with a total of 336 

groundwater wells in use. Total water abstraction by these operational fish 

farms was 25,652.1 liters per second or 809.1 million m3 per year. Self-flowing 

wells accounted for 24,759.2 liters per second or 780.9 million m3 per year, and 

wells operated by pumps accounted for 892.9 liters per second or 28.2 million 

m3 per year. In addition, the inventory revealed that 96 out of 234 groundwater 

wells in 100 non-operational fish farms had a total discharge of 948.1 liters per 

second, which comprises 29.9 million m3 per year (Figure 4).  
 

 
Figure 4: Number of Groundwater Wells in Operational and Non-operational Fish Farms in 
2016
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Section 3 Water Balance and Water Supply and Demand 
Balance of the Ararat Valley  

 
Methodology for Water Balance Calculation 

The water balance or hydrologic balance of any area over a given time period 

(multiannual, annual, seasonal) is the ratio of inflow, outflow, and change in 

storage of the water resource within the given area in natural conditions. To 

obtain the water balance for a given area, values are calculated for precipitation, 

evapotranspiration, and natural flow, including both surface and groundwater 

flow. These components of the water balance are calculated using data series 

collected from the meteorological stations and hydrologic observation posts 

located within the area of interest. 

 

The water balance of the Ararat Valley catchment area by river basins was calculated 

based on annual average values of precipitation, evapotranspiration, and natural 

surface and groundwater flows in the sections of river basins of the catchment 

area outside the Ararat Valley. The following equation is used:   
 

P = ET + SW + GW 
 

P is the value of total precipitation within the river basin during the given period (in 

mm or million m3) 

ET is the value of average evapotranspiration within the river basin during the given 

period (in mm or million m3)  

SW is the value of surface water flow within the river basin during the given period 

(in mm or million m3) 

GW is the value of groundwater flow within the river basin during the given period 

(in mm or million m3) 

 

The water balance of the Ararat Valley was calculated based on annual average 

values of precipitation, evapotranspiration, natural surface inflow and outflow, 

as well as groundwater inflow and outflow. It is the expression of the annual 

changes in the volume of water in the Ararat Valley in natural conditions, in 

terms of water inflow and outflow, and both surface water and groundwater 

resources. The following equation is used:   
 

P + SWin + GWin = ET + SWout + GWout +  
 

The inflow components (the left side of the equation):  

P is the value of total precipitation within the Ararat Valley for the given period (in 

million m3) 

SWin is the value of surface water inflow into the Ararat Valley during the given 

period (in million m3) 

GWin is the value of groundwater inflow into the Ararat Valley groundwater basin 

during the given period (in million m3) 
 

The outflow components (the right side of the equation):  

ET is the value of average evapotranspiration within the Ararat Valley for the given 

period (in million m3) 

SWout is the value of surface water outflow from the Ararat Valley for the given 

period (in million m3) 

GWout is the value of groundwater outflow from the Ararat Valley groundwater basin 

for the given period (in million m3) 

is the difference between water inflow and outflow in the Ararat Valley for the 

given period (in million m3). 

 

Each component of the water balance equation can be calculated both in 

millimeters (mm) and cubic meters (m3). The values in millimeters are converted 

to the values in cubic meters by multiplying by the total area of the Ararat Valley 

in the territory of RA equal to 1,177 km2. Volume of water discharge per 

second in cubic meters (m3/sec.) is converted to the annual water volume in 

million cubic meters (million m3/year) by multiplying by the number of seconds 

within the year (31,536,000) and dividing by 106. 

 

The following steps demonstrate the process used to determine the water 

balance of the Ararat Valley: 

1. Determine the values of precipitation and evapotranspiration for the six 

river basins of the Ararat Valley catchment area: Akhuryan (including Kars), 

Metsamor, Qasakh, Hrazdan, Azat and Vedi. The values of these 

components  serve as input data to determine surface and groundwater 

inflow into the Ararat Valley.  

2. Determine the values of precipitation and evapotranspiration in the Ararat 

Valley. Those values are generated based on the outputs of Step 1, since 

the territory of the Ararat Valley is comprised of downstream sections of 

the six river basins.  

3. Convert the actual river flow measured at all hydrologic observation posts 

located in the six river basins of the Ararat Valley catchment area to the 

natural river flow. 

4. Calculate natural surface inflow and natural surface outflow in the territory 

of Ararat Valley, using the outputs from Step 3. 

5. Calculate the values of natural surface flow generated within the territory 

-runoff  This 

approach is based on the Runoff Curve Number method, which was 

developed by the Soil Conservation Service of the US Department of 

Agriculture. This methodology is used to estimate surface runoff based on 

the values of precipitation, land cover/land use category, and the soil types 

within the river basin or its sub-basin. The runoff Curve Number (CN) is 

an empirical parameter representing the percentage of the potential 

surface runoff from the total precipitation within a specific area. The CN 

has a range from 30 to 100, with lower numbers indicating low runoff

potential and higher numbers indicating increased runoff potential. A lower 

curve number indicates more permeable soil in the area. 

6. Determine the values of groundwater inflow into the Ararat Valley based 

on the outputs of Step 1, and groundwater outflow from the Ararat Valley

based on the outputs of Steps 4 and 5.  

7. Insert all the calculated values into the water balance equation, and 

calculate 

determined based on the difference between inflow (precipitation 

occurred in the Ararat Valley, surface and groundwater inflows into the 

valley) and outflow (surface and groundwater outflows, as well as 

evapotranspiration from the valley).  

   

Water Balance of the Ararat Valley Catchment Area  

The annual water balance of the Ararat Valley catchment area by river basins 

for 2016, as well as multiannual average water balance of the Ararat Valley 

catchment area for the period of 1961-2016 were determined according to the 

described methodology applying the P = ET + SW + GW equation. The 

calculations were based on the 1961-2016 time-series data from hydrologic 

observation posts and meteorological stations located in the Ararat Valley 

catchment area. The results are summarized in Tables 1-2 below by the river 

basins of the catchment area.
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Table 1: Annual Values of Water Balance Components of the Ararat Valley Catchment Area 
in 2016

River Basin 

Inflow Outflow

Precipitation 
million m3 

Evapo-
transpiration  

million m3 

Surface 
Water Flow  
million m3 

Groundwater 
Flow  

million m3 
Akhuryan, 
including Kars  6,076 9 2,901 5 1,687 7 1,487 7 

Qasakh 858 9 402 1 290 2 166 6 
Metsamor 841 9 626 8 315 0 -99 9 
Hrazdan 1,418 2 695 6 581 8 140 8 
Azat 413 0 231 9 154 9 26 2 
Vedi 405 1 258 0 136 6 10 5 

 
Table 2: Multiannual Average Values of Water Balance Components of the Ararat Valley 
Catchment Area for the Period of 1961-2016 

River Basin 

Inflow Outflow 

Precipitation 
million m3 

Evapo-
transpiration 

million m3 

Surface 
Water Flow 
million m3 

Groundwater 
Flow  

million m3 
Akhuryan, 
including Kars  6,009 9 2,757 8 1,640 7 1,611 4 

Qasakh 825 4 412 1 266 8 146 5 
Metsamor 927 5 667 1 582 9 -323 3 
Hrazdan 1,453 8 719 4 602 2 131 5 
Azat 414 6 247 5 126 2 40 8 
Vedi 408 3 269 7 105 6 33 0 

 

Water Balance of the Ararat Valley  

The annual water balance of the Ararat Valley for 2016 was calculated by 

applying the P + SWin + GWin = ET + SWout + GWout + equation, following 

the above-described methodology.  
 

The values of precipitation and evapotranspiration were calculated based on the 

2016 data from hydrologic observation posts and meteorological stations 

located in the Ararat Valley. 
 

The values of natural surface inflow to the Ararat Valley and natural surface 

outflow from the Ararat Valley for the year 2016 were calculated based on the 

data received from the hydrologic observation posts presented on the map 

below. The values of the surface runoff generated in the Ararat Valley are 

reflected in the calculation of the total surface outflow from the Ararat Valley. 

  
Figure 5: Location of the Observation Posts for Calculation of the Surface Water Inflow and 
Outflow Components of the Ararat Valley Water Balance 
 

The values of the groundwater inflow into and groundwater outflow from the 

Ararat Valley were calculated by applying spatial analysis tools within the ArcGIS 

environment, along the main inflow and outflow directions presented on the 

next map.   

Figure 6: Main Directions of Groundwater Inflow and Outflow in the Ararat Valley  
 
 

Results of the water balance calculations for the Ararat Valley are presented 

in Figures 7-8 below. 

Figure 7: Annual Water Balance of the Ararat Valley in 2016 
 

Figure 8: Multiannual Average Water Balance of the Ararat Valley for the Period of 1961-2016

 
Methodology for Water Supply and Demand Balance Calculation  

The water supply and demand balance in a river basin, a section of river basin, 

or any geographic area, is the ratio between the volume of the available water 

resources and the volume of demand for the water in the area, considering 

human economic activity within the given area during the given time period. The 

water supply and demand balance equation shows the water shortage (deficit) 

or water surplus within the given area for the given time period considering

human economic activity.   
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The numeric values of the water supply and demand balance components of the 

Ararat Valley for 2016 were calculated using the following equation:

P + GWin_ actual + SWin_actual + Tin + Yreturn = E  + GWout + SWout_actual  + Tout+  

Yabst  ± S 
 

Supply components (the left side of the equation):  

P is the annual value of precipitation  

GWin_actual  is the annual value of actual groundwater inflow  

SWin_actual is the annual value of actual surface water inflow 

Tin is the annual value of transit inflow into the valley  

Yreturn is the annual total volume of water return from the water use in the valley  
 

Demand components (the right side of the equation):  

ET is the annual value of evapotranspiration  

GWout is the annual value of natural groundwater outflow   

SWout_actual is the annual value of actual surface water outflow  

Tout is the annual value of transit outflow from the Ararat Valley  

Yabst is the annual total volume of water abstraction in the Ararat Valley  

S is the difference of water supply and water demand in the Ararat Valley showing 

either the water surplus (if a positive) or water deficit (if negative).  

 

 

Water Supply and Demand Balance of the Ararat Valley in 2016  

The annual values of precipitation and evapotranspiration in the Ararat Valley, 

as well as the value of annual natural groundwater outflow from the Ararat 

Valley were determined during the calculation of the water balance.  

 

The value of annual actual groundwater inflow was calculated as the difference 

between the natural groundwater inflow into the Ararat Valley from the 

Akhuryan, Qasakh, Hrazdan, Azat and Vedi river basins of the Ararat Valley 

catchment area and the annual total groundwater use in the river basin areas 

upstream of the Ararat Valley. 

 

The value of annual actual surface water inflow into the Ararat Valley was 

calculated as a sum of actual surface water inflow in the Metsamor-Taronik,  

Qasakh-Ashtarak, Hrazdan-Yerevan, Azat-Lanjazat, and Vedi-Vedi hydrologic 

observation posts. 

 

The value of annual transit inflow into the Ararat Valley was calculated as a sum 

of annual transit inflow through the Armavir and Talin main canals and annual 

inflow from Lake Sevan. 

 

The annual actual surface water outflow from the Ararat Valley was calculated 

as a sum of actual surface water flow at the Metsamor-Ranchpar and Hrazdan-

Masis hydrological posts as well as the actual surface water flow generated in 

inter-basin areas of the Ararat Valley. 

 

The volume of outflow through the Araks-Hrazdan drainage-collector system 

was considered the annual transit outflow from the Ararat Valley. 

 

The total annual volumes of the water abstraction and return flows from water 

use in the Ararat Valley were considered in the calculations. 

 

The water supply and demand balance of the Ararat Valley in 2016 showed the 

negative difference between available water supply and water demand in the 

Ararat Valley, which amounted to 1,120.46 million m3 (Table 3).  

Table 3: Calculated Values of Water Supply and Demand Balance Components of the Ararat 
Valley in 2016

 

The values of ecological flow in the selected hydrologic observation posts and 

sites of the Ararat Valley were calculated following the requirements of 

Government Resolution #57-N (2018). The calculated values of the ecological 

flow were compared with the values of actual surface water flow in the same 

observation posts, and the results demonstrate that the required ecological flow 

was not maintained in most of the sites (Table 4). 
 

Table 4: Calculated Values of Ecological Flow in the Rivers of the Ararat Valley in 2016 
\

 

Main Outcomes and Conclusions 

The estimated values of the water supply and demand balance components of 

the Ararat Valley for 2016 demonstrate a significant water deficit in the study 

area due to intensive human activities in the Ararat Valley and its catchment 

area. The negative difference between water availability and water demand for 

the year 2016 amounted to 1,120.46 million m3. 
 

According to the field inventory data from 2016, the actual volume of 

groundwater abstraction was 1,608.07 million m3, while the annual value of 

sustainable groundwater use was determined to be 926.73 million m3 for the 

same period. The estimated overuse of groundwater resources in the Ararat 

Valley was 681.34 million m3.  
 

Both the groundwater overuse and the remaining water deficit of 439.12

million m3 shall be mitigated by regulating the water use in the Ararat Valley 

and its catchment area, according to the Decision N: 39-L of the Government 

of Armenia, adopted in 2019, on approving the Concept of Introducing Water 

Saving Technologies and Program of Measures for the Concept Implementation.

Regulation of water uses in the upstream sections of the river basins of the 

Ararat Valley catchment area, and within the Ararat Valley shall also ensure

maintenance of the estimated values of ecological flow in the selected hydrologic 

observation posts and representative sites of the Ararat Valley.

 
























