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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 I,1 15 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
I,114.5 liters per second or 35.2 million m3 per year, which is 2% of the total

discharge of the wells (Figure 1).

1,114.5 lisec.
2%

31,596.3 l/sec.
48%

32,387.3 lisec.
50%

O Discharge from self-flowing wells

0O Maximum discharge from
pump-operated wells

B Disch

| wells

ge from P

Figure I: 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.

N b

of wells
700 B Non-operational (at the moment of inventory)

700 +——

M Temporarily closed
600

[ Permanently closed (after the inventory)
500

N Sealed
400 ——

300

200 +

B Not suitable for operation (filled with garbage, stones, etc.)
123

158
4
— b—

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

100

0 1——

The groundwater wells were used for the following purposes:

e Drinking-household: 500 wells, including 212 self-flowing wells and 288
wells operated by pumps;

e [Irrigation: 924 wells, including 162 self-flowing wells and 762 wells operated
by pumps;

e Fish farming: 336 wells, including 302 self-flowing wells and 34 wells
operated by pumps; and

e Industrial: 35 wells, including 4 self-flowing wells and 3| wells operated by

pumps.
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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:

1/ sec.
28,000
892.8
24,000 -
20,000
.l Pumped
B Self-flowing
16,000
25,800.7 24,759.3
12,000
|
8,000 1 ‘
‘ 4,903.5
4,000 - I
4,272.6 2
2,549.4 790.3
0 15.0 —
Drinking-household Irrigation Fish farming Industrial

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).

234
41%

138

B Number of wells in operational fish farms B Wells with discharge

Number of wells in non-operational fish farms Wells without discharge

Figure 4: Number of Groundwater Wells in Operational and Non-operational Fish Farms in
2016



0¢0¢ =unf :a3eq@
N8€E auoz N LN :uoi3dafoid
#86T-SOM :W1SAS 91eu1pioo)

Sl ol S 6¢ 0

woog<n

wooz-0ST =

w ST - 001

woor-0S =

wos>m

;

%C  %E
o 9L

y3daq [13Mm Aq sjjam Jo 1aquiny

2 N

0ST-00T o
00z< © 00T-05 o
00C-0ST o 0S> e

w ‘s|lam 4121ompunodo Jo yydaqg

SDaly Wawabouny uisbg

uepzeiy
1eJely

ueAunyy

SJIOAJ3S?Y ‘SpuOd ‘sayje]

SlUuaW9|11aS

Asepunog Ag||en 1elely

JOpJOg D1R1S
YJOMISN JOAIY
puasgal
60T €9 vt 60S 99t 8 uepzeuH
W't €T 1SC 4% (4% 44 ueAunypyy
€L€ 0 9¢ vze L6 91 jelely
sealy juswafeue|p uiseg Ag
61T 0S vee StS TGE 44 jelely
G197 T4 60€ €L 1745 174 Jineuwy
sazie|\ Ag
|elo] wQoOoZ< |wWOO0Z-0ST|WOQST-00T | WOOT-0S w oS >
SYing pup sazipin Aq s||am 4121ompunolo Jo yidag
%61
€€S
N

910¢Z Ul yidaq |1oam Aq padnouo A3||bp 1p4p4y 3Y) Ul S||3M 4930MPUNOID

23



0¢0¢ aunf :aleqQ |[euoniesado-uopn .
N8€E auoz N LN :uoi3dafoid

86T-SOM :WISAS 91eU1pI00) |euonesadQ o

SI|aM 433ompunoJo Jo sninis

Sl ol S 6¢ 0

uepzeiy

1eJely

ueAunyy

SDaly Juawabbubiy uisbg

.I\{/

b~

SlusWwa|l1asS

| SII0AJI9SY ‘SPUO ‘SIET

”
Atepunog A3||ep 1esely

[~
|

Joplog a1els

YJOMIBN JanlY

‘uoseas uonesiu Suunp uaas ‘Ajpusijiwiaiul pajesado ale
s||2m asay] sdwnd jo Ajioeded uo paseq pajewilsa sl YoIym ‘@51eYdSIp WNWIXeW e s “235/13)1| €'8/E 7€ ‘S||Iem
paiesado-dwnd 3y jo adieydsiq *Ajsnonuiluod pasn aie a8ieydsip 2as/131| €965 TE YIUM S||2M SUIMO[4-}13S

+ 1’86099 L08°C ST9'T 61T |elol
0 8ST 740)) vs (u1 paj1y) uonnesado 104 3|qe3ins JoN
0 Lz 6 8T pajess
0 v . v pasojd Ajjuauewiad
0 €Cl ve 66 pasojo Ajueisodwa)
0 0€S STt SIT 1213 an130b3U yum | .
o
0 L% 8T LT an|pA b Aq pasojd m,
CHIT'T GET z8 €S abipyasip yam [puoinpiado-uou ]
00L SIS S8t Aiojuanul jo Juawow 3y3 je |[euonesado-uop
€/8¢€C¢E STTT (9L 8¥€ paipniado-dwnd m
€'9651€ 089 96T ¥81 Buimolf-f1as | 3
S6L'T €96 €8 Aiojuanul jo Jusawiow 3y} je |euonesadp
.UUW\ 2 |p10| ZIbN 200y S[[2Mm paliojuanuj
abupyosig Jinpuwiiyy ipay

sazielp] Aq s||9/\\ palojuaAu| 3y} jo snjeis uonesadQ

9T0Z Ul snip3s uoipiado Aq padnoio A3||pbp 104p1Yy Yl Ul S[|3A 123DMPUNOID

24



0¢0¢ aunf :=1ed
NSE auoz |A LN :uoidafoid
¥86T-SOM :WIISAS 91eu1pl00)

gl ol g G¢ o0

uoneduu| m
Suiuuie ysi4
ployasnoy-Sunjuug

[ersnpu| =

%VE

<

%€
LS

asn Jo asodind Aq sjjam Jo 1aquinn

e D N

uolnesiu) o uepzeiHy SIUETVETIELS

Suiwuey ysi4 o lelely
SJIOAJISS3Y ‘Spuod ‘sayjen

pjoyasnoy-3uuliqg o ueAinyyy

Asepunog Ag||en 1esely
|erasnpuj ° SDaJly uawabobupiy uisbg

JopJiog a1els
s|Iam 3y1 Jo asn Jo asodind

YJOMIBN JaAlY

puasdal
0€6 10€ 6LC 8€€ 4" uepzeiH
799 LT€ 4 8T ST ueAunyy
60¢ 891 S 9 0€ jelely
sealy Juswadeue|A uiseg Ag
LES €8¢ 9€¢ [4:14 9¢ jelely
796 €0S 00T ove 1¢ dineuny
sazie\ Ag
|elol uoneduy | Suiwie ysiH pjoyasnoy-sunuuq |eliasnpuy
SYINEG pup sazipn Aq S|[aM 193DMpunolo [puoiipiado
~ -
&
>

9102Z U1 asn Jo asodind Aq padno.in A3||bA 104p1y 3Y3 Ul S| 13IDMPUNOID)

25



gl

J

pa,

D) \5

/¥

L~

020z dunr :31eQ
NSE auoz |ALN :uoidafoid

¥86T-SOM :WISAS 91eulpioo)

S

SJIOAJISRY ‘Spuod ‘sayjeq

Asepunog Ag||ep 1esely

\mmctam |eanileN jo sdnouo

W T e

ol g ¢G¢ o0

Y
B

SluaWwa|l1aS

lapJlog a1e15

YJOMIBN JOAIY

uepzeiH

jesely

ueAunyy

SnaJly uawabobupy uispg

10 a8e||In uaysesewielp] JO 1IS9M-YUON | sSulids sayeq uaysesewle|y | vt
08T a3e||In uaysesewiely JO 1S9\\-YInos sSuuids |[oA9 1Aous] | €T
(s¥4 a3e||IA Jesely JO 1se3-yUoN s3uuds |esauiw Aoneing | ZT
Z€ a8e||I1n 1eJR1Y JO YUION sSunids jesauiw yor 4oy | IT
09 a8e||IA 1eJR1Y JO 1Se3-YLION sSunds [esauiw [0A9 1ySy | 0T
0 a3e||In y1uoie] JO 1S9\-YINos sSuuds yiuoie] | 6

Ajddns 1ajem |eaiuyoal jue|d
008 WN3sN|A] Jowes1alAl JO 1S3 \-YHON 8

1aMmod 1eaanp 40} ssundsg
00t a8e||IA Yoljeuy JO 1se3-4Inos sduuds yolewyy | £

a3puq peou
ove s8uuds nppaqiny | 9
buoyiez-yaijeuyy pue 321nos JaAlY JOWeSIdA uaamiag
ST a3e||IA ueAR)RZY JO 1S9\-YINOS s3unids unAqy3y syusbisinl | S
0zz a8e||In yAOYeI[ JO 1S3\\-YINOS sSuuds uniqesap | ¢
8 UMO] 1eySenly JO 1S9/ \\-YHION sSuuds njzaaoN | €
£Y0‘T eaJe aAleJlsIuIwpe Ajlunwwod Siewelon Jo 1se3-yinos sSuuds yorjiAndey | 2z
0ct eaJe aAleslsiuiwpe AjJlunwiwod SIS Jo 1se3-yinos sSuudsyor | T
"03s/1331)
iy uonwI07 awpN #
sburds [pinippN Jo sdnouo pariojuanu|
< EN
&
:.E.Wv&m
w‘v-
N

9102 Ul A3||pA 104DIY Y2 Ul sburids [pinipp Jo sdnouo

26



0¢0¢ =unf :a3eq@
N8€E auoz N LN :uoi3dafoid
#86T-SOM :W1SAS 91eu1pioo)

W T e
Sl ol S 6¢ 0

S€C 00T SET |elol
Sv1 o SOT uepzeiH
L8 6S 8¢ uelunyyy
€ 1 C leiely
sealy juswafeuely uiseg Ag
oTT [ 4 88 lelely
T4 8L Ly Jineuny
sazie|\ Ag
|ezoL |euonesado-uop |euonesadQ VNG / zZiei

9T0Z JO SD SYING pup sazipj\ Aq swip4 ysi4

*03s /1231 Q00T < m
*03s/4323)] 00T - 00S ®

"99s /193] 00S-0SZ ™
995 /12Y] 0SZ-0S ™

"03s/13)| 0 > = %LE

0S 71
%T %S
€ 9

asn 431 Aq swiin4 ysi4 [puoiipiadp Jo uonvaLfissn|d

%0T
vi

leuonesedp @

|euollesado-uopn &

9102 fo sp sw.in4 ysid fo snyvis

uepzeiH

jesely

ueAinyy

SaJy Wwawabobupy uispg

EXLVESTVUESTRRESTS

SJIOAI9SAY ‘Spuod ‘sayje]

Atepunog Ag||ep 1eJely  ——
J9pJ0g 91B)S e

YJOMIBN JaAIY

910Z ul A3]|bA 10InIY Y} ul swipH ysi4 fo snipis

27



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 + SWi, + GWi, = ET + SWout + GWoue + A

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)

GWi,, 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)

SWou: is the value of surface water outflow from the Ararat Valley for the given
period (in million m3)

GW,.. is the value of groundwater outflow from the Ararat Valley groundwater basin
for the given period (in million m3)

A'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
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in the territory of RA equal to 1,177 km?2. 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:

I. 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 I, 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
of the Ararat Valley, using the “precipitation-runoff” curve approach. 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 |, 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 the difference between the inflow and outflow values (A), i.e. A is
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 |-2 below by the river

basins of the catchment area.



Table 1: Annual Values of Water Balance Components of the Ararat Valley Catchment Area
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P =335.4min. n®

in2016
Inflow Outflow
River Basin | Precipitation Eva‘po-- Surface Groundwater
T 3 | transpiration| Water Flow Flow
million m o 3 - 3 oTF 3
million m million m million m
Akhuryan, 6,076.9 2,901.5 1,687.7 | 1,487.7
including Kars
Qasakh 858.9 402.1 290.2 166.6
Metsamor 841.9 626.8 315.0 -99.9 A
Hrazdan 1,418.2 695.6 581.8 140.8 . —
paat 430 | 2319 [ isas| en | | [ imenree
Vedi 405.1 258.0 136.6 10.5 e e
s State border C] Azat
Table 2: Multiannual Average Values of Water Balance Components of the Ararat Valley ——— River basin boundary [ trozden
Catchment Area for the Period of 1961-2016 — AraratValley boundary [ ssakn
lnﬂow °utﬂow Lakes, ponds, reservoirs [:] Matsomon
River Basin | Precipitation Eva.po-. Surface | Groundwater Settlements [ veu 0 35 7 14
T 3 | transpiration | Water Flow Flow " — -
million m million m? million m? million m? Figure 6: Main Directions of Groundwater Inflow and Outflow in the Ararat Valley
Akhuryan,
including Kars 6,009.9 2,757.8 1,640.7 16114 Results of the water balance calculations for the Ararat Valley are presented
Qasakh 8254 412.1 266.8 146.5 in Figures 7-8 below.
Metsamor 927.5 667.1 582.9 -323.3
Hrazdan 1,453.8 7194 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 + SWi, + GWi, = ET + SW,.: + GW,u: + A 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.

A
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Legend

Observation posts for calculation of the surface water inflow into the Ararat Valley

Observation posts for calculation of the surface water outflow from the Ararat Valley
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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.
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Water balance equation for the Ararat Valey for 2016

In_SNF + In_DF + P = E + Out_SNF + Out_DF +A

Surface Natural Inflow. 1,478,532,100 cub. m
(Groundwater Inflow. 1,731,855,799 cub m
Precpitation: 335,437,224 cub. m
Evapotranspration 436,544,189 cub m
Surface Natural Outflow: 1,765,166, 704 cub. m
(Groundwater Outfiow: 189,870,800 cub m

A = 1,154 243,430 cub. m (SURPLUS)
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Surface Naturs! Flow Raster (Wom CN raster
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[Muttiyear average water balance equation for the Ararat Valley

|[In_SNF + In_DF + P = E + Out_SNF + Out_DF +A
|Surface Natural Inflow: 1,684,250,000 cub. m
Groundwater Inflow: 1,640,068,062 cub. m
| |Precpitation 306,490,800 cub m

| [Evapotranspiration: 512,112,700 cub.m

| [Surface Natural Outflow: 1,938,240,004 cub. m
Groundwater Outflow: 189,870,800 cub. m

| = 990,585,358 cub. m (SURPLUS)

Bt

SWin=1,478.5 min. m’
GWin=1,731.9 min. m*
ET =436.5 min. m*
SWou=1,765.2 min. m’
GWou = 189.9 min. m’

A=1,154.3 min. i’

P =306.5 min m*
SWin=1,684.3 min m’®
GWin=1,640.0 min m’
ET=512.1 min n®
SWouw= 1,938.2 min m’®
GWou = 189.9 min m’*

A =990.6 min m*

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.



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 = ET + Gwout + swout_actual + Tout+
Yabst i AS

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 actuar 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

GW,.. 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

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

Component | Notation |  Value, million m’

Water Supply
Precipitation P 335.44
Actual groundwater inflow GWin et 1,341.53
Actual surface water inflow SWin actual 391.52
Inflow by transfer Tin 700.00
Total return flows from water use Y return 404.24
Total water supply 3,172.73

Water Demand

Evapotranspiration El 436.54
Groundwater outflow GWou 189.87
Actual surface water outflow SWout_actual 1,028.79
Outflow by transfer Tou 548.07
Total water abstraction Yabst 2,089.92
Total water demand 4,293.19
Difference -1,120.46

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

Hydrologic observation Actual flow Ecological flow Difference
post or site million m> million m> million m>
Ararat Valley inflow
Metsamor - Taronik 15.45 18.29
Qasakh Ashtarak 194.71 120.26
Hrazdan - Yerevan 90.84 211.34
Azat - Lanjazat 48.26 55.87
Vedi - Vedi 42.26 9.66
Ararat Valley outflow
Metsamor - Ranchpar 246.01 97.78 148.23
Hrazdan - Masis 775.88 318.55 457.33
Azat - River mouth 0.01 62.00
Vedi - River mouth 0.01 10.00

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 m?3 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.
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Hydrologic Observation Posts and Meteorological Stations
in the Ararat Valley Catchment Area

’ Hydrologic Observation Posts Meteorological Stations
# Name # Name # Name

85301 |Metsamor-Taronik 85387 |Azat-Garni 3984470|Ararat

85302 [Metsamor-Ejmiatsin 85390 (Vedi-Urtsadzor 3984500|Ananun lernantsq

85303 [Metsamor-Ranchpar 85404 |(Alvar-Alvar 3994460|Artashat

85308 |Qasakh-Vardenis 85476 |Akhuryan-Paghakn 3994490|Urtsadzor

85313 |Qasakh-Ashtarak 85477 |Akhuryan-Amasia 4004520 |Yeghvard

85318 |Gegharot-Aragats 85478 |Akhuryan-Kaps 4014440|Yerevan-agro

85319 [Shahverd-Parbi 85479 |Akhuryan-Akhurik 4014450 |Yerevan-aerological

85323 |Hrazdan-Hrazdan 85483 |Akhuryan-Haykadzor 4024410|Armavir

85331 |Hrazdan-Lusakert 85484 |Akhuryan-Bagaran 4024450|Yerevan-Arabkir

85335 |Hrazdan-Yerevan 85491 |Dzorakert-Dzoraget 4034440 |Ashtarak

85336 |Hrazdan-Masis 85493 |Ashotsk-Krasar 4044390|Talin

85338 |Marmarik-Hankavan 85494 |llliget-Jradzor 4044430|Amberd

85340 |Marmarik-Aghavnadzor | 85498 |Karkachun-Gharibjanyan 4044470|Fantan

85342 |Gomur-Meghradzor 4054420|Aragats high mountaneous
4054440|Aparani jrambar
4054480|Hrazdan
4064400|Artik
4064420|Tsaghkahovit
4064440 (|Aparan
4064450|Hankavan
4084380|Gyumri
4094380|Amasia

('/\ / 4104390|Ashotsk
85338 4064450
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Distribution of the Multiannual Average Precipitation in the
Ararat Valley Catchment Area for the Period of 1961-2016

Values of Multiannual Average i
Precipitation by River Basins +

River Basin mm million. m>

Akhuryan 627.1 1,730.56

Qasakh 604.3 825.4

Metsamor 492.0 227.5

Hrazdan 642.5 1,453.8

¢ ‘ Azat 584.4 414.6
Akhuryan Yy Vedi 504.1 408.3
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Distribution of the Multiannual Average Evapotranspiration in
the Ararat Valley Catchment Area for the Period of 1961-2016

N
Values of Multiannual Average
Evapotranspiration by River Basins +
River Basin mm million. m”
Akhuryan 288.2 795.9
Qasakh 301.7 412.1
Metsamor 354.3 667.1
Hrazdan 317.9 719.4
Azat 327.4 247.5
Vedi 333.0 269.7
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River Network

State Border
River Basin Boundaries

Ararat Valley Boundary
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Evapotranspiration, mm e — )
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Distribution of the Multiannual Average Natural Surface Flow
in the Ararat Valley Catchment Area for the Period of 1961-2016

Values of Multiannual Average i
Natural Surface Flow by River Basins +
River Basin mm million. m>
Akhuryan 180.9 499.5
Qasakh 1953 266.8
Metsamor 309.2 582.9
Hrazdan 266.4 602.2
Azat 167.0 126.2
Vedi 130.4 105.6
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Distribution of the Multiannual Average Deep Flow in the
Ararat Valley Catchment Area for the Period of 1961-2016

Values of Multiannual Average h
Deep Flow by River Basins +

River Basin mm million. m”®

Akhuryan 158.0 436.2
Qasakh 107.3 146.5
Metsamor -171.5 -323.3
Hrazdan 58.1 1515
Azat 54.0 40.8
Vedi 40.8 33.0
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Distribution of the Annual Precipitation and
Evapotranspiration in the Ararat Valley in 2016
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Distribution of the Annual Natural Surface Flow
and Deep Flow in the Ararat Valley in 2016
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Proportion and Distribution of the Surface Runoff
Generated in the Ararat Valley in 2016
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