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Table 3. Example of a characterization sheet of a groundwater body

N Parameter Value
1. INTRODUCTION 3. GROUNDWATER BODIES IN THE HRAZDAN AND SEVAN RIVER BASIN DISTRICTS 1| Gwhcode
2 GWB name Aragats-Mulki
* Delineation and characterisation of groundwater bodies in the Hrazdan and Sevan RBDs carried out in the scope of EUWI+ from May to November 2018 are Specific features of groundwater bodies in the Hrazdan and Sevan RBDs are lithological composition, water movement, formation and accumulation environment (porous, fractured, fractured porous), source of feeding, location depth, nature of pressure, total discharge, chemical Z ixi::‘iaplfer::lresituaﬁon ::iureand Pp——
presented. The works have been carried out for the rational management and maintenance of groundwater resources in the mentioned river basins in line with composition of water, actual water abstraction, associated aquatic ecosystems and dependent terrestrial ecosystems, existing pressures and other indicators. 5 | Individual GWB or group of GWBs Group
the Water Framework Directive (WFD). . . : : . : . . . . 6 | Transboundary No
( ) 4 hydrogeological complexes presented on the map which have a surface spread are grouped in 2 groups by water-bearing - permeability levels (Figure 2, Figure 3). These water-bearing complexes are of great practical importance. Due to limited surfaces, a small amount of water 7 | GWB thickness, m. min-max 500-580
* The described area occupies the central part of Armenia. is formed in the local water-bearing complex composed by Upper Cretaceous sedimentary, mainly carbonate rocks. Here the mineral water bodies are also delineated. 8 | Discharge and average annual fluctuation I/sec 333
*  Total area of studied RBDs is 6700 km* (without Lake Sevan). Table 1. Groundwater Bodies of Hrazdan RBD Figure 2. Overview map with monitoring sites within Hrazdan RBD ~ Table 2. Groundwater Bodies of Sevan RBD Figure 3. Overview map with monitoring sites within Sevan RBD 9 | Depthto GW level Min-Max, Mean [m] (-7.0)-(8.4)
. The lowest point on the territory is the lower stretch of Hrazdan River (820 m) and the highest point is the peak of Mount Aragats (4095 m). S Total Count of Count of monitoring sites 0.0-550  pebble-river pebble, rock debris, sand, non-
Code GWB Total | Mineralization Type of Water monitoring - o Total Tvoe of " pr—— - aquifer (Q,.)
. Depending on altitude, the average annual temperature varies from -2.7 to +11.5°C. Ne GWBName |\ mp | Discharee of Abstraction Structure — o> ). oge. | GWBTotal | Mineralizati | /> : 55.0-70.0 dacite tuff, dacite, non-aquifer (Q,?)
L _ _ _ o or I/sec Groundwater, Oper | Prop —g° Ne GWB Name Numb'e Discharge, on of e Operating Proposed P 8 ~ =3 ° 70.0-92.0 clay, solid, water impermeable (Q,1)
. The average annual precipitation in the range of 250-929mm and evaporation in the limits of 213-434 mm. g/l ating | osed Y i /sec | Groundwate | © " © WA s b s e g 1t
1 2 3 4 > 6 7 8 r, g/ i b, 10 | Aquifer — Petrography, lithological description pressure water- bearing horizon (Q)
1 Aragats-Mulki 2G-1 220 0.17- 0.48 wells 3 2 Rawn “\___ Lazdang 123.0-145.0 clay, water impermeable (N,3-Q)
2 IVI ETO DO LOGY O F D E LI N EATI O N AN D 2 Argavand-Masis 2G-2 420 1.1-1.35 wells 14 - APAN |2 1 2 3 4 5 6 7 8 145.0 — 172.0 pebble, rock debris, sand, water-bearing, 2-
Vs ° 3 Meghradzor 2G-3 23 0.65 wells - 2 K~ , 1 Dzknaget- 35 0.16 springs nd pressure water bearing horizon (N,3-Q)
- 4 Arzakan 2G-4 11,4 0.5-0.62 wells - 2 : : g " Areguni 3G-1 - 2 " 172.0-200.0 clay, water impermeable (N,)
CHARACTERISATION OF GROUNDWATER BODIES ., ol
’ PEr 2 Lchashen- 4771. 44 Il o evan Lake i ivi in— —
5 | Aparan-Ashtarak | 2G-5 | 2980 0.15-0.7 with insignificant 2 4 - el Gca\: s:atjrek 3 0 e . oy 11 | Hydraulic conductivity (kf), Min-Max, Mean [m/s] | 18-25
. . e e . . o . . .. i Fantan - 2 2 — : "
¢ The Water Framework Directive’s definition of aquifer requires two criteria to be considered in determining whether discharge 36 ° 12 | Transmissivity (T), Min-Max, Mean [m?/s] 900 — 1450
a geological strata qualify as aquifers. If either of the criteria is met, the strata will constitute an aquifer or aquifers. In mainly springs, wells - ShoraSotk y— o1 T p— - A v 13 | Daily groundwater abstraction [>10 m*/day] Yes
= practice, the criteria mean that nearly all groundwater can be expected to be within aquifers. The following 6 Jrarat-Yerevan | 2G-6 | 7409 0.18-0.98 with insignificant 3 5 : — 1 | - : : : :
E . . . . discharge (~400l/sec) Qlanars 4 Vardenis or 960 0.32 spring-well > il Ec o, - 14 | Number of abstraction wells/springs Wells 9 (nine)
parameters have been taken into account for the delineation of groundwater bodies: groundwater feed, water Masrik 9 5 | e g ; 15 | Purpose of abstraction Drinking water supplies
% : . s . . : : e _ 3G-4 :
= movement, accumulation and discharge conditions, specifics of water-bearing horizons according to the filtering 7 Mravyan-Solak | 2G-7 | 14,5 0.28-0.50 springs - 1 : — 16 | Total groundwater abstraction I/sec 220.0
. . Lusagyugh- 17 Aquifer — Geochemistry (main cations and anions) HCO,™ and Na+K*
properties (water-solubility, water-abundance level), the amount of water used and the purpose of use. The 8 e 268 | 17 0.1-0.31 spring - |1 sevan (Gavar) | 365 | 100 35 | water wells ] ]
. . . . . . . .. . ghavnadzor ' ) 18 Mai h Precipitati
delineation of water bodies is considered to be an iterative-long term process that is improved over time. 5 Voghjaberd | 269 | 0.73 09 prings I S Pp—— 18 Anar::arf;riﬁ)eitz;ﬁmm] Precipiation
Mo Article 7 of the WFD requires the identification of all groundwater bodies used, or intended to be used, for the 10 Hankavan 2G-10 | 25.0 33-6.6 | mineralwaterwells | - - _ X \ 2 mineral 3 20 | Associated aquatic ecosystems The Kasakh River
® Cities Groundwater bodies v i | |
. 3 . 1. . . . . % Vi iy .. 3 Lichk 3G-6 74,0 39-4 | Water wells ) ) s e 21 Prevailing human pressures Agricultural and livestock
abstraction of more than 10 m? of drinking water a day as an average. By implication, this volume could be regarded ¥ Bini 11 5 125 | mreratwaterwele | - | - i E‘;T,'it?,‘u“n‘t“inwif;'ive..s-pressme g%é; Y | ic L & v ‘ ’ T ot e As arable land and pasture
- as a significant quantity of groundwater. Geological strata capable of permitting such levels of abstraction (even only A sion greuriyeteryels - renpreswe | W 26 N S . e 23 | GWB chemical status Good
Non-aqUIfer . . 12 Arzni 2G-12 13 2.1-11.7 mineral water wells - - S i — e L Do B : [ Lakes El ggi : s 24 GWB quantitative status Good
Ioca”y) Would therefore quallfy as aqU|ferS. rzni . . : ':S;":' water bodies % ;g:g .QQ‘ - "” J Total in Sevan 5366.4 11 15 [ Border of Sevan RBD [l 3G-4 : - % 3-: : q . .
. . L. - [ Border of Hrasdsn RED B 2G5 e | oz o gt T RBD : T3 Marz border 7 B e Y 25 Confidence level of information Good
Figure 1. Aquifer Determining Scheme Total in Hrazdan 11136.63 22 19 o Natieiial Bordet B 2G-9 Seale 1:400000 s __ ; L T National border . o i . : = 26 | GWB chemical trend Good
RBD
Evaluation of the available groundwater resources in the Hrazdan and Lake Sevan ) . o o
RBDs accordi ng to the EU WED Hydrograph separation Projection of groundwater resources in line with the latest IPCC
Purpose of the Assessment of the available groundwater resources in mountainous regions The following data are required for the hydrograph separation in the mountain regions: scenarios
bound 4 e tol hiohlichted * the flow rate of the rivers in the water gauging points; ey
As boundary conditions the following requirements were highlighted: . ' - - : ' E Table 5: IPCC projected scenarios for the Hrazdan and Sevan River
The purpose of the programme relates to the development of a methodology for the assessment of the various types of groundwater resources in mountainous regions ) at least 50% of the river’s multi- tural  should : ocical flow: the quantity of water that is used for various purposes upstream of the gauging point (water S '7' jh . fo p d stabilizati
1 - , - . a) atleas o OTthe rivers multi-year average natural runoft should remain as an ecological Tiow; supply, irrigation, diversion canals, etc.), which is not accounted for in the river flow rate. Basin Districts, high emission scenario (A,) and a rapid stabilization
(beside intermountain basins) on the pattern of the two RBDs in Armenia: b) the available groundwater resource should be no more than half of the renewable groundwater resource he | hiv fl fth | spri scenario (B.,)
. . . [ -
according to the EU WFD: available groundwater resources _ , _ _ o the long-term average monthly tlow rate of the natural springs 2
dine to the local lations: bl dwat the strategi dwat dth tional wat Available groundwater resources were evaluated in two different ways. However, the obtained results were not satisfying and these two . . L . E Hrazdan RBD. A2 .
according to the local regulations: usable groundwater resources, the strategic groundwater resources and the national water reserves methods are not acceptable. The Kasakh river’s flow will be taken as an example for the partitioning of the river’s flow : razdan ’ scenario
. at to the "Ashtarak” gauging point: a
: _ Available resources _ \ L gaus . & p’ 2040 2070 2100
° . . . ’ > o
Groundwater resources, reserves and evaluation methodology P — 2. Determination of the springs’ flow o Temperature,% gl 3.2 4.7
Method 1 Viethod 2 3. Determination of the variation factor K K,= W" = 1"5 _ | o | " Precipitation,%
< Quantitative assessment of groundwater resources — Available groundwater resource = groundwater renewable SRR _ o _ 11 ' 0 _ -
e —— resource - 50% of the river's flow + surface flow component in Available gsrg;ndﬁzter- r es?t}g ce = groundwater renewable 4. Determination of the drainage flow D,=R,—W,
. resource - (0] erivers jiow. . . . .
the river. = 5. Determination of the river’s groundwater flow G,= B,, + W, River flow,% 2.3
. . . Dzknaget River H)fdrogra}ph
Groundwater resources Groundwater reserves \1' \l: 6. Determination of the river’s surface runoff S,=R,—G, | Teovagyugh gaugin point
/\ ‘1, In the Hrazdan RBD, calculations showed that the available groundwater Table 4. Separation of the Kasakh river flow at Ashtarak gauging section s Hrazdan RBD, B2 scenario
resource is more than half of the renewz;t(;li groundwater resource, In this case, null and negative values were obtained in Sevan Average long-term recovered monthly flow rate, m3/s ‘
B . sometimes up to 90%.
Natural Artificial Epr0|tabIe In the Sevan RBD, the calculated available groundwater resource RBD flow : L L 14 v vi Vil Vil X X Xl Xl 2
. . E
exceeded the renewable groundwater resource up to 3 times the river flow (Rn) 355 385 561 17.32 13.78 10.99 8.08 6.17 4.94 3.8 3.22 3.42 g, Temperature,% 13
— the spring runoff (Wn) 1.86 1.78 1.85 2.15 2.48 2.48 2.8 2.48 2.35 2.28 2.15 2.25 ; )
For the quantitative assessment of groundwater resources in hydrogeology, concepts such as groundwater resources and groundwater reserves were adopted. By o N ) — ) bl(( . — ) hd bl lO) 087 083 o086 100 115 115 130 115 109 106 100 105 s Precipitation,% .
Vi i ifici Vi i i s a result, the usable resources are taken as available resources instead of the 2 proposed methods |
Groundwater resources are divided into natural and artificial, but groundwater reserves are divided into exploitable . prop the drainage flow (n) NIRRT INET 0 o T

River’s groundwater flow Sevan RBD, A2 scenario

Water balance fOrmUIa 279 267 2.77 3.22 3.71 3.71 4.19 3.71 3.52 3.41 3.22 3.37

Months

Groundwater natural resources Water balances were calculated using the following formula e O heiAe)l . 076 118 284 1410 1007 728 389 246 142 039 000 0.5 2030
Groundwater natural resources in the Republic of Armenia mainly consist of X=Y+7ZxW, where Map 1: Water balance evaluation in the Hrazdan and Sevan RBDs Hiap & Badlesafgrasster i gra e s o s Frazian ami SeyvmnRE0s %
1. spring 2.drainage 3. deep runoff X — precipitation on the watershed or calculation area, mm or min. m3/year 1.7 3.2 4.7

Y — river’s flow rate at gauging point/measuring section, mm or min. m3/year %

Based on groundwater natural resources, the following types of groundwater resources were evaluated Z — evaporation, mm or min. m3/year Kk ey M2y

Usable groundwater resources are the amount of water in the watershed or other territories, the long-term usable water 4 national water + W —inflow (+) or outflow (-) ,mm or min. m3/year 6%

. . . . H - (o} - -
operation of which does not lead to the depletion or pollution of groundwater. resource strategic water reserve Thi hod _ he followi
Strategic groundwater resources are the amount of water needed to meet basic human needs and to HESOUICE 's method requires the following parameters: . .
. i . . : 1. Restored river flow. Armenia, A2 scenario
maintain water ecosystems in emergencies (droughts, environmental disasters, etc.). 5 precioitati 4 ,
. . . . recipitation and evaporation H

The national water reserve is the difference between the natural groundwater resources and the amount of 3. The Sp fine flow rate P River flow,% 11.9 24 24.4

usable and strategic resources. ' Pring
4. Baseflow rate
5. Flow rate of the groundwater discharging in the river

oo o A GGranindwiatar daon riinnff . . ) . . .
Artificial resources 0 EIRRARERRRARAR HIRAT SRR WS OIS L e T ] e According to Table 5, the rivers’ flow in Hrazdan RBD will decrease in a
. I . . cgr : : . Water balance formula = : . . : .
Besides natural resources, artificial resources are being formed under anthropogenic pressures. Artificial resources are variable depending on the efficiency of the : : B EE range of 2-20 % by various scenarios. Taking into consideration the
_ _ _ T . 1. river runoff = surface runoff + groundwater runoff (without deep runoff) =l o , o
hydro-technical constructions and can be minor. Therefore, the process of groundwater exploitation must be justified by natural resources. : . Symbology Data Source il el RN groundwater flow is in direct correlation with river’s flow, the groundwater
2. groundwater runoff = springs runoff + drainage runoff (baseflow) + deep runoff e [ —— — ' . | ) _ _ )
- ) : o i e o — Symbology Data Source available resources are projected up to 2100 for various scenarios
3. deep runoff = precipitation - (river runoff + evaporation) FESr] oo ostare ot clsttd sross s e s ] T ER R o dine to th cted ri fl
] P ERSRTER T TR ) RAME, Water Resources Management Agency according to the projected rivers flow.
Groundwater exploitable reserves = P =l e FR—T T = 8 Pro)
i i i i i - iliti i It is known that during the operation of the water-table aquifer, the drawdown (S ) is not o L
Groundwater exploitable reserves: the amount of groundwater that can be obtained from a particular area by technically cost-effective water intake facilities at a given g P g ’ allowable s pomr— WGS 1984 UTM zone 38N p———
operating mode and at a water quality that meets the requirements during the entire estimated period of water consumption allowed to be more than 0.5 - 0.7 of the aquifer average thickness (H) —_ - 25 November 2018 = | s Noverper 2075 s e

4. GW MONITORING NETWORK DISCharge measurements are CondUCtEd by dlmen5|ona| 5. HYD ROG EO LOGICAL FIELD STU DIES Monitoring points in Sevan and Hrazdan RBDs
method (101, 121, 16 | and 50 1), rectangular weirs (20 x 40 cm
There are 33 hydrogeological monitoring sites in the studied RBDs, 22 of which are in Hrazdan ~ and 30 x 50 cm sizes) and triangular weirs (H=20 cm)and " |n the Hrazdan and Sevan RBDs, from 2018 to 2019, the staff of the “Environmental Monitoring and Information Centre” SNCO along with EUWI+ -
RBD, and 11 in the Sevan RBD. hydrometric current meter o e e e e representatives, owing to EU support and financing, have conducted hydrogeological field studies of 20 groundwater sources (natural water outlets CONCLUSION
Uunipjulth opunjmquinmhis Guowfupdub nwpu . . . .. . . .
: and boreholes). They have studied geological-hydrogeological conditions of water sources, bodies of groundwater, water physical and chemical i
1 A . characteristics (taste, smell, color, temperature, flow rate, water level, etc.) during field trips. Water samples have been taken for laboratory In order to avoid shortcomings, to
Hnh g o “g"::"q::mf H : H : H : . . . .
amt b e i analyses. We recommend to include these water sources into the hydrogeological observation network in case of available funds. improve the quality of the monitoring
. o . . 3 T (ptpiumahgu, 0C) Taibag Sl T ° . . . . . . . .
Hydrogeological monitoring network: 33 points IS To avoid possible nl<egat|;]/e consebquences Ever t“n’e and t? p;]romote the sustallonable mz;nahgement oicvx;]ater resources, it is necessary to expand the and processing and transfer of samples,
B IS BRPR P I P monitoring network in the area between the wells’ zone of the intermountain basins and the zones of the pre- mountain springs. :
- mp\;.a‘?mngp 105 ul;“;‘g‘;‘ﬂ:” 5 -2.00(-200|-208| -208 [-210| -210 | -206 |[-209|-209 -200| -200 (-228|-228| -212 [-220|-218|-210|-193(-198(-200| -207 g p p g the fol IOWIng Ste ps ar‘e nece SS a r‘y:
6 105 T 150 [ 150 | 150 | 150 | 150 | 150 150 144 [ 144 | 144 | 144 | 144 144 144 140 | 140 | 140 | 140 | 140 | 140 140 1I : . - : ‘_.)_. ¢ "". ‘f{ ')‘ ; - /ﬁ - _
/\ e S | B R R O i i B e e e R L] | ~ S0P - Automation of monitoring, operative
Hrazdan RBD: Sevan RBD: I T e transfer and processing of results;
22 points 11 points Level measurement Groundwater level is measured by e e I e + Increasing the number of monitoring
electrical level meters (in non-fountaining wells) and pressure R I = e P P P P R P P P P R P P P T T R PR P sites:
) - 44 » W] 3nuwgnubh 94 Ulwbh 94 | Ulunepwlih 84/ 3ynwwhuwhl 84" Upwpwinwl 8Y husy %3 A8 S - - : _ _ ’
meters (in fountaining wells). : o : e :
The density of the monitoring network in the Hrazdan * |dentification of anthropogenic
natt;ral springs: b10g9h9|953 natusral springs: bgreh.oles: ) and Sevan RBDs with complicated climatic and factors with negative impact on
Olnts O|ntS OlntS OlntS 3 1 1+1 1 1 2 Syotcioe “European Union Water Initiative plus for -
p p p p hyd rogeOIOglcaI COﬂdItIOﬂS IS 1 pOInt per 203 km : A Monitoring stations in need of repair [ Groundwater bodies - ) EZS'G"L:F"@""V:'SNF')éoun!fiz‘:" ' anp'f‘g’mw" groundwater resou rces and
@ 2019 sampled water sources [] Lakes e . . .
A ot 2 vers st T implementation of  respective
@ Mineral water bodies L J National border prem— measures On impact neutralization.
. . = Date 20.01.2020 Scale 1:500.000
Sampling pOintS: Sampllng pOIﬂtSZ 9.TYY¢,!tb,F1T’desa‘“to e ‘mtpe'rc:;ﬁggfgiiﬁ?%?%iiﬁci?g:ciusma& . Coordinate reference system: WGS84 UTM Zone 38N
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