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Appendix K-1: Environmental Standards in Armenia 

1. Surface Water Standards in Armenia 

Indicator of quality Unit 

Class of quality Back concentration (BC)

I Excellent II Good 
III 

Moderate 
IV Poor V Bad 

Hrazdan 
River 

Kasakh 
River 

Dissolved oxygen 
(DO) 

mg O2/l >7 or BC* >6 >5 >4 <4 >7 >7 

Biochemical oxyge
n demand (BOD5) 

mg O2/l 3 5 9 18 >18 3 3 

Chemical oxygen 
demand (CODCr) 

mg O2/l 10 25 40 80 >80 10 10 

Ammonium ion mg N/l 0.2 or BC 0.4 1.2 2.4 > 2.4 0.172 0.033 

Nitrite ion (NO2-N) mg N/l 0.01 or BC 0.06 0.12 0.3 >0.3 0,003 0,011 

Nitrate ion (NO3-N) mg N/l 1 or BC 2.5 5.6 11.3 >11.3 0.086 0.272 

Phosphate ion mg/l 0.05 or BC 0.1 0.2 0.4 >0.4 0,007 0,060 

Total zinc µg/l BC 100 200 500 >500 2.7 5.0 

Total copper µg/l BC BC+20 50 100 >100 1.5 3.0 

Total chrome µg/l BC 
BC+10 

(50) 
100 250 >250 1.1 2.0 

Total arsenic µg/l BC 20 50 100 >100 6.6 0.65 

Total cadmium µg/l BC BC+1 BC+2 BC+4 >BC+4 0.03 0.02 

Total lead µg/l BC BC+10 25 50 >50 0.17 0.5 

Total nickel µg/l BC 
BC+10 

(20) 
50 100 >100 2.2 2.1 

Total molybdenum µg/l BC 
2xBC or 

10 
4xBC or 

25 
8xBC or 

50 
>8xBC 5.5 1.19 

Total manganese µg/l BC 
2xBC or 

100 
4xBC or 

200 
8xBC or 

500 
>8xBC 2.3 23 

Total vanadium µg/l BC 
2xBC+5 or 

10 
4xBC 

8xBC or 
100 

>8xBC 5.2 4 

Total cobalt µg/l BC 
2xBC or 

20 
4xBC or 

50 
8xBC or 

100 
>8xBC 0.15 0.43 

Total Iron mg/l BC 
2xBC or 

0.5 
0.5 1 >1 0.04 0.61 

Calcium mg/l BC 100 200 300 >300 26.6 18.5 

Magnesium mg/l BC 50 100 200 >200 56.5 3.3 

Barium µg/l BC 
2xBC or 

100 
4xBC or 

250 
1000 >1000 25 23 

Beryllium µg/l BC 2xBC 4xBC 100 >100 0.02 0.04 

Potassium mg/l BC 2xBC 4xBC 8xBC >8xBC 20.19 3.46 

Sodium mg/l BC 2xBC 4xBC 8xBC >8xBC 77.56 3.34 

Lithium µg/l BC BC - 2500 >2500 36.7 1 

Boron µg/l BC 450 700 1000 >2000 412 11 

Aluminum µg/l BC 2xBC 4xBC 5000 >5000 12.4 266 

Total selenium µg/l BC or 10 20 40 80 >80 2.5 0.5 

Total antimony µg/l BC 2xBC 4xBC 8xBC >8xBC 1.6 0.5 
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Indicator of quality Unit 

Class of quality Back concentration (BC)

I Excellent II Good 
III 

Moderate 
IV Poor V Bad 

Hrazdan 
River 

Kasakh 
River 

Total tin µg/l BC 2xBC 4xBC 8xBC >8xBC 0.04 0.04 

Chemical oxygen 
demand ( CODMn) 

mg O2/l 5 or BC 10 15 20 >20 3.78 3.314 

Total inorganic 
nitrogen 

mg N/l 1.5 or BC 4 8 16 >16 0.266 0.433 

Total phosphorus mg/l 0.1 or BC 0.2 0.4 1 >1 0,05 0.083 

Chloride ion mg/l BC 2xBC 150 200 > 200 75.3 3.5 

Sulfate ion mg/l BC 2xBC 150 250 > 250 32.78 15.3 

Silicate ion mg Si/l BC 
2xBC or 

10 
4xBC or 

20 
8xBC >8xBC 2.22 11.34 

Total mineralization mg/l BC 2xBC 1000 1500** >1500 544 95.8 

Electrical 
conductivity 

μS/cm BC 2xBC 1000 1500** >1500 858 148.4 

Rigidity 
mg 

equal/l 
2.8 10 20 40 <40 6.7 1.07 

Suspended Solids 
(SS) 

mg/l BC 1.2xBC 
2xBC 
(30) 

4xBC >4xBC 3.4 8.1 

Odor  (20°C & 
60°C) 

points <2 (natural)
2 

( natural )
2 4 >4 

<2 

(natural) 

<2 

(natural) 

Color degree ( natural ) 
>5 

( natural )
20 30 >200 ( natural ) ( natural )

*BC) Background Concentration (BC for water parameters is fixed by river)    **for irrigation 1000  

Remarks) In case of BOD, a water sample which shows 0-3 mg/l is categorized into “Class I Excellent” 

Source: “Protocol of government RA, 27.01.2011 27 N 75-N”; downloaded from HP of Environmental Impact Monitoring Center, 

MNP 

2. Guidelines for Interpretations of Water Quality of Irrigation (FAO)1 
Potential Irrigation Problem Units Degree of Restriction on Use 

None Slight to 

Moderate 

Severe

Salinity(affects crop water availability)2         

  ECw dS/m < 0.7 0.7 – 3.0 > 3.0 

  (or)         

  TDS mg/l < 450 450 – 2000 > 2000

Infiltration (affects infiltration rate of water into the soil. Evaluate using ECw and 

SAR together)3 

        

SAR   = 0 – 3 and ECw =   > 0.7 0.7 – 0.2 < 0.2 

  = 3 – 6   =   > 1.2 1.2 – 0.3 < 0.3 

  = 6 – 12   =   > 1.9 1.9 – 0.5 < 0.5 

  = 12 – 20   =   > 2.9 2.9 – 1.3 < 1.3 

  = 20 – 40   =   > 5.0 5.0 – 2.9 < 2.9 

Specific Ion Toxicity (affects sensitive crops)         

  Sodium (Na)4         

  surface irrigation SAR < 3 3 – 9 > 9 

  sprinkler irrigation me/l < 3 > 3   

  Chloride (Cl)4         

  surface irrigation me/l < 4 4 – 10 > 10 

  sprinkler irrigation me/l < 3 > 3   

                                                   
1 The table is attached as “Table-1 Guidelines for Interpretations of Water Quality of Irrigation” in “Water quality for 

agriculture” (FAO,1994) 
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Potential Irrigation Problem Units Degree of Restriction on Use 

None Slight to 

Moderate 

Severe

  Boron (B)  mg/l < 0.7 0.7 – 3.0 > 3.0 

  Trace Elements (see Table 21)         

Miscellaneous Effects (affects susceptible crops)         

  Nitrogen (NO3 - N)56 mg/l < 5 5 – 30 > 30 

  Bicarbonate (HCO3)         

  (overhead sprinkling only) me/l < 1.5 1.5 – 8.5 > 8.5 

  pH   Normal Range 6.5 – 8.4 

1) Adapted from University of California Committee of Consultants 1974. 

2) ECw means electrical conductivity, a measure of the water salinity, reported in deci-Siemens per metre at 25°C (dS/m) or in 

units millimhos per centimetre (mmho/cm). Both are equiva-lent. TDS means total dissolved solids, reported in milligrams per 

litre (mg/l). 

3) SAR means sodium adsorption ratio. SAR is sometimes reported by the symbol RNa. See Figure1 for the SAR calculation 

procedure. At a given SAR, infiltration rate increases as water salinity increases. Evaluate the potential infiltration problem by 

SAR as modified by ECw.Adapted from Rhoades 1977, and Oster and Schroer 1979. 

4) For surface irrigation, most tree crops and woody plants are sensitive to sodium and chlor-ide; use the values shown. Most 

annual crops are not sensitive; use the salinity tolerance tables (Tables 4 and 5). For chloride tolerance of selected fruit crops, 

see Table 14. With overhead sprinkler irrigation and low humidity (< 30 percent), sodium and chloride may be absorbed 

through the leaves of sensitive crops. For crop sensitivity to absorption, see Tables 18, 19 and 20. 

5) For boron tolerances, see Tables 16 and 17. 

6) NO3 -N means nitrate nitrogen reported in terms of elemental nitrogen (NH4 -N and Organic-N should be included when 

wastewater is being tested). 

Source: Guidelines for Interpretations of Water Quality for Irrigation (Water Quality for Agriculture, FAO, 1994) 

3. Environmental Quality Standards for priority Substances and Certain Other Pollutants 

Part A: Environmental Quality Standards (Eqs) 

AA: Annual Average;   Mac: Maximum Allowable Concentration. 
Unit: [μg/l] 

No Name of substance 
CAS number 

(1) 

AA-EQS (2) 
Inland surface 
waters (3) 

AA-EQS (2) 
Other surface 

waters 

MAC-EQS (4)
Inland surface 
waters (3) 

MAC-EQS (4)
Other surface 

waters 

(1) Alachlor 15972-60-8 0.3 0.3 0.7 0.7 

(2) Anthracene 120-12-7 0.1 0.1 0.4 0.4 

(3) Atrazine 1912-24-9 0.6 0.6 2.0 2.0 

(4) Benzene 71-43-2 10 8 50 50 

(5) Brominated diphenylether (5) 32534-81-9 0.0005 0.0002 NA NA 

(6) 

Cadmium and its compounds 
(depending on water hardness 
classes) (6) 

7440-43-9   0.08 (Class 1) 
0.08 (Class 2) 
0.09 (Class 3) 
0.15 (Class 4) 
0.25 (Class 5) 

0.2   0.45 (Class 1)
0.45 (Class 2) 
0.6 (Class 3) 
0.9 (Class 4) 
1.5 (Class 5)

  0.45 (Class 1)
0.45 (Class 2) 
0.6 (Class 3)
0.9 (Class 4) 
1.5 (Class 5)

(6a) Carbon-tetrachloride (7) 56-23-5 12 12 NA NA 

(7) C10-13 Chloroalkanes 85535-84-8 0.4 0.4 1.4 1.4 

(8) Chlorfenvinphos 470-90-6 0.1 0.1 0.3 0.3 

(9) Chlorpyrifos (Chlorpyrifos-ethyl) 2921-88-2 0.03 0.03 0.1 0.1 

(9a) Cyclodiene pesticides:  Σ = 0.01 Σ = 0.005 NA NA 

 Aldrin (7) 309-00-2     

 Dieldrin (7) 60-57-1     

 Endrin (7) 72-20-8     

 Isodrin (7) 465-73-6     

(9b) DDT total (7) (8) NA 0.025 0.025 NA NA 
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No Name of substance 
CAS number 

(1) 

AA-EQS (2) 
Inland surface 
waters (3) 

AA-EQS (2) 
Other surface 

waters 

MAC-EQS (4)
Inland surface 
waters (3) 

MAC-EQS (4)
Other surface 

waters 

para-para-DDT (7) 50-29-3 0.01 0.01 NA NA 

(10) 1.2-Dichloroethane 107-06-2 10 10 NA NA 

(11) Dichloromethane 75-09-2 20 20 NA NA 

(12) Di(2-ethylhexyl)-phthalate (DEHP) 117-81-7 1.3 1.3 NA NA 

(13) Diuron 330-54-1 0.2 0.2 1.8 1.8 

(14) Endosulfan 115-29-7 0.005 0.0005 0.01 0.004 

(15) Fluoranthene 206-44-0 0.1 0.1 1 1 

(16) Hexachloro-benzene 118-74-1 0.01 (9) 0.01 (9) 0.05 0.05 

(17) Hexachloro-butadiene 87-68-3 0.1 (9) 0.1 (9) 0.6 0.6 

(18) Hexachloro-cyclohexane 608-73-1 0.02 0.002 0.04 0.02 

 (19) Isoproturon 34123-59-6 0.3 0.3 1.0 1.0 

 (20) Lead and its compounds 7439-92-1 7.2 7.2 NA NA 

 (21) Mercury and its compounds 7439-97-6 0.05 (9) 0.05 (9) 0.07 0.07 

 (22) Naphthalene 91-20-3 2.4 1.2 NA NA 

 (23) Nickel and its compounds 7440-02-0 20 20 NA NA 

 (24) Nonylphenol (4-Nonylphenol) 104-40-5 0.3 0.3 2.0 2.0 

 (25) 
Octylphenol 
(4-(1,1 ,3,3 -tetramethylbutyl)phenol))

140-66-9 0.1 0.01 NA NA 

 (26) Pentachloro-benzene 608-93-5 0.007 0.0007 NA NA 

 (27) Pentachloro-phenol 87-86-5 0.4 0.4 1 1 

 (28) 

Polyaromatic hydrocarbons (PAH) (10) NA NA NA NA NA 

Benzo(a)pyrene 50-32-8 0.05 0.05 0.1 0.1 

Benzo(b)fluor-anthene 205-99-2 Σ = 0.03 Σ = 0.03 NA NA 

Benzo(k)fluor-anthene 207-08-9 

Benzo(g,h,i)-perylene 191-24-2 Σ = 0.002 Σ = 0.002 NA NA 

Indeno(1,2,3-cd)-pyrene 193-39-5 

 (29) Simazine 122-34-9 1 1 4 4 

(29a) Tetrachloro-ethylene (7) 127-18-4 10 10 NA NA 

(29b) Trichloro-ethylene (7) 79-01-6 10 10 NA NA 

 (30) 
Tributyltin compounds 
(Tributhyltin-cation) 

36643-28-4 0.0002 0.0002 0.0015 0.0015 

 (31) Trichloro-benzenes 12002-48-1 0.4 0.4 NA NA 

 (32) Trichloro-methane 67-66-3 2.5 2.5 NA NA 

 (33) Trifluralin 1582-09-8 0.03 0.03 NA NA 

NA: Not applicable 
(1) CAS: Chemical Abstracts Service. 

(2) This parameter is the EQS expressed as an annual average value (AA-EQS). Unless otherwise specified, it applies to the 
total concentration of all isomers. 

(3) Inland surface waters encompass rivers and lakes and related artificial or heavily modified water bodies. 

(4) This parameter is the EQS expressed as a maximum allowable concentration (MAC-EQS). Where the MAC-EQS are marked 
as ‘not applicable’, the AA-EQS values are considered protective against short-term pollution peaks in continuous discharges 
since they are significantly lower than the values derived on the basis of acute toxicity. 

(5) For the group of priority substances covered by brominated diphenylethers (No 5) listed in Decision No 2455/2001/EC, an 
EQS is established only for congener numbers 28, 47, 99, 100, 153 and 154. 
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(6) For cadmium and its compounds (No 6) the EQS values vary depending on the hardness of the water as specified in five 
class categories (Class 1: < 40 mg CaCO3/l, Class 2: 40 to < 50 mg CaCO3/l, Class 3: 50 to < 100 mg CaCO3/l, Class 4: 100 
to < 200 mg CaCO3/l and Class 5:   200 mg CaCO3/l). 

(7) This substance is not a priority substance but one of the other pollutants for which the EQS are identical to those laid down in 
the legislation that applied prior to 13 January 2009. 

(8) DDT total comprises the sum of the isomers 1,1,1-trichloro-2,2 bis (p-chlorophenyl) ethane (CAS number 50-29-3; EU 
number 200-024-3); 1,1,1-trichloro-2 (o-chlorophenyl)-2-(p-chlorophenyl) ethane (CAS number 789-02-6; EU number 
212-332-5); 1,1-dichloro-2,2 bis (p-chlorophenyl) ethylene (CAS number 72-55-9; EU number 200-784-6); and 
1,1-dichloro-2,2 bis (p-chlorophenyl) ethane (CAS number 72-54-8; EU number 200-783-0). 

(9) If Member States do not apply EQS for biota they shall introduce stricter EQS for water in order to achieve the same level of 
protection as the EQS for biota set out in Article 3(2) of this Directive. They shall notify the Commission and other Member 
States, through the Committee referred to in Article 21 of Directive 2000/60/EC, of the reasons and basis for using this 
approach, the alternative EQS for water established, including the data and the methodology by which the alternative EQS 
were derived, and the categories of surface water to which they would apply. 

(10) For the group of priority substances of polyromantic hydrocarbons (PAH) (No 28), each individual EQS is applicable, i.e. the 
EQS for Benzo(a)pyrene, the EQS for the sum of Benzo(b) fluoranthene and Benzo(k) fluoranthene and the EQS for the sum 
of Benzo(g,h,i) perylene and Indeno (1,2,3-cd)pyrene must be met. 

Source: Official Journal of the European Union (24.12.2008) 
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Appendix K-2: Results of Chemical Analysis of Soil Samples 

1. Results of Chemical Analysis of Soil Samples (1/3) 
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2. Results of Chemical Analysis of Soil Samples (2/3) 

  

1
2

3
4

5
6

1
2

3
4

5
6

1
2

3
4

5
6

1
2

3
4

5
6

1
Al

ac
hl

or
0.

05
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
2

At
ra

zi
ne

0.
02

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

3
Ch

lo
rfe

nv
in

ph
os

0.
04

D
D

D
D

D
D

D
D

ND
ND

ND
ND

ND
ND

D
D

D
D

D
D

D
D

D
D

4
Ch

lo
rp

yr
ifo

s
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
5

Fl
uo

ra
nt

he
ne

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

6
He

xa
ch

lo
ro

be
nz

en
e

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

7
No

ny
lp

he
no

ls
(4

-N
on

yl
ph

en
ol

)
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND

8
Pe

nt
ac

hl
or

ob
en

ze
ne

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

9
Pe

nt
ac

hl
or

op
he

no
l

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

10
Be

nz
en

e
0.

00
05

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

0.
00

29
6

0.
00

22
1

0.
00

27
0.

00
3

0.
00

25
0.

00
3

ND
N

D
ND

ND
ND

ND
11

Si
m

az
in

e
0.

02
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
12

Tr
ic

hl
or

ob
en

ze
ne

s
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
13

Tr
ic

hl
or

om
et

ha
ne

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

14
Tr

ifl
ur

al
in

0.
06

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

15
Al

dr
in

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

16
Di

el
dr

in
0.

02
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
17

Is
od

rin
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
18

En
dr

in
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
19

pa
ra

-p
ar

a-
DD

T
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND

20
He

xa
ch

lo
ro

cy
cl

oh
ex

an
e

(α
,β

,δ
 a

nd
 γ

 (l
in

da
n)

is
om

er
s)

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

21
En

do
su

lfa
n 

I
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
22

En
do

su
lfa

n 
II

0.
04

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

23
Na

ph
th

al
en

e
0.

04
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
24

An
th

ra
ce

ne
0.

01
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND
ND

ND

7 
m

on
th

s 
be

fo
re

 s
oi

l s
am

pl
in

g
3 

m
on

th
s 

be
fo

re
 s

oi
l s

am
pl

in
g

3 
m

on
th

s 
be

fo
re

 s
oi

l s
am

pl
in

g
3 

m
on

th
s 

be
fo

re
 s

oi
l s

am
pl

in
g

Ag
ha

vn
at

un
 <

Ap
pr

ic
ot

>
Ar

ag
at

s 
<C

ab
ba

ge
>

Ba
gh

ra
m

ya
n 

<G
ra

pe
>

Tz
ia

tz
an

 <
Po

ta
to

>

No
.4

No
.5

No
.6

No
.7

Co
m

po
un

ds
De

te
ct

io
n

lim
it,

(m
g/

kg
)



APP K-9 
 

3. Results of Chemical Analysis of Soil Samples (3/3) 
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Appendix K-3: Results of Chemical Analysis of Ground Water Samples 

Source: JICA Survey Team (2016) 

ND: Not Detected  

Methodology: Ion chromatography for Nitrate, Spectrometer for Nitrite, Gas Chromatography flame ionization detector for 

Benzene, Gas Chromatography/Mass Spectrometer for other pesticides/insecticides  

Groundwater depth is based on interview to the users. 

Khoronk 3 and Aratashen 3 were taken from pump stations, while others were taken from individual wells. 

Highlighted cells show high nitrate concentration. 

 

Unit Aratashen
1

Aratashen
2

Aratashen
3

Artimet
1

Artimet
2

Griboyedov
1

Griboyedov
2

Khoronk
1

Khoronk
2

Khoronk
3

Detection
limits

① ② ③ ④ ⑤ ⑥ ⑦ ⑧ ⑨ ⑩

6m 25m 10m 4m 8m 2m 6m 8m 1m 10m

9m 30m 80-100m 6m 11m 4.5m 7m 17m 6m 80-100m

Comoponents of fertilizer

1 Nitrates (NO3-N)  mgN/l 11.51 0.90 2.15 5.91 7.91 4.85 9.34 31.74 14.10 3.00 0.01

2 Nitrites (NO2-N)  mgN/l 0.0585 0.0014 ND 0.0045 0.0476 0.0095 0.0041 0.0009 0.0005 0.0023 0.0003

Components of pesticide/insecticide

1 Alachlor   g/l ND ND ND ND ND ND ND ND ND ND 0.07

2 Atrazine   g/l ND ND ND ND ND ND ND ND ND ND 0.060

3 Chlorfenvinphos   g/l ND ND ND ND ND ND ND ND ND ND 0.025

4 Chlorpyrifos   g/l ND ND ND ND ND ND ND ND ND ND 0.002

5 Fluoranthene   g/l ND ND ND ND ND ND ND ND ND ND 0.0

6 Hexachlorobenzene   g/l ND ND ND ND ND ND ND ND ND ND 0.01

7 Nonylphenols   g/l ND ND ND ND ND ND ND ND ND ND 0.20

8 Pentachlorobenzene   g/l ND ND ND ND ND ND ND ND ND ND 0.01

9 Pentachlorophenol   g/l ND ND ND ND ND ND ND ND ND ND 0.10

10 Benzene   g/l 0.40 0.20 1.40 0.30 0.60 0.50 0.10 0.20 0.30 ND 0.05

11 Simazine   g/l ND ND ND ND ND ND ND ND ND ND 0.5

12 Trichlorobenzenes   g/l ND ND ND ND ND ND ND ND ND ND 0.01

13 Trichloromethane   g/l ND ND ND ND ND ND ND ND ND ND 0.01

14 Trifluralin   g/l ND ND ND ND ND ND ND ND ND ND 0.05

15 Aldrin   g/l ND ND ND ND ND ND ND ND ND ND 0.02

16 Dieldrin   g/l ND ND ND ND ND ND ND ND ND ND 0.01

17 Isodrin   g/l ND ND ND ND ND ND ND ND ND ND 0.015

18 Endrin   g/l ND ND ND ND ND ND ND ND ND ND 0.012

19 para-para-DDT   g/l ND ND ND ND ND ND ND ND ND ND 0.0025

20
Hexa-
chlorocyclohexane

  g/l ND ND ND ND ND ND ND ND ND ND 0.01

21 Endosulfan I   g/l ND ND ND ND ND ND ND ND ND ND 0.02

22 Endosulfan II   g/l ND ND ND ND ND ND ND ND ND ND 0.02

23 Naphthalene   g/l ND ND ND ND ND ND ND ND ND ND 0.20

24 Anthracene   g/l ND ND ND ND ND ND ND ND ND ND 0.01

Well depth

Depth of groundwater level

Sampling place
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Appendix K-4: Soil Distribution Map in Armenia 
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APP K-16 
 

Appendix K-6: Checklist 

Category 
Environmental 

Item 
Main Check Items 

Yes (Y)  

No (N)

Confirmation of Environmental 

Considerations 

1 Permits 

and 

Explanation 

(1) ESIA and 

Environmental 

Permits 

(a) Has ESIA report been officially completed? 

(b) Has ESIA report been approved by authorities of 

the host country’s government? 

(c) Has ESIA report been unconditionally approved? If 

conditions are imposed on the approval of ESIA report, 

are the conditions satisfied? 

(d) In addition to the above approvals, have other 

required environmental permits been obtained from the 

appropriate regulatory authorities of the host country’s 

government? 

(a) Y 

(b) N 

(c) N 

(d) N 

(a) It has been completed.  

(b) (c) 

SCWE will submit the ESIA Report 

to MNP for approval. It takes 

several months for ESIA report 

approval by MNP in general. 

(d) No other permit is needed.   

    

(2) Explanation 

to the Public 

 

(a) Are contents of the project and the potential 

impacts adequately explained to the public based on 

appropriate procedures, including information 

disclosure? Is understanding obtained from the public?

b) Are proper responses made to comments from the 

public and regulatory authorities? 

(a) Y 

(b) Y 

a) Based on the law, the Draft ESIA 

Report and F/S Report were 

uploaded at homepage of the 

SCWE. The series of stakeholder 

meetings to explain the Draft ESIA 

Report under the name of SCWE 

have been organized, and there 

was no objection by the 

participants. 

b) The PIU members responded to 

the questions at the stakeholder 

meetings properly  

(3) Examination 

of alternatives 

(a) Have alternative plans of the project been 

examined with social and environmental 

considerations? 

(a) Y In terms of 1) water resource, 2) 

reservoir site, 3) reservoir area, 

and 4) anti-filtration works, 

alternatives are examined, in order. 

The route of canal is proposed to 

avoid the physical relocation and to 

minimize land acquisition.    

2 Mitigation 

measures 

(1) Water 

Quality 

(a) Does water quality of dam pond/reservoir comply 

with the country’s ambient water quality standards? Is 

there a possibility that proliferation of phytoplankton 

and zooplankton will occur? 

 

(b) Does the quality of water discharged from the dam 

pond/reservoir comply with the country’s ambient water 

quality standards? 

 

(c) Are adequate measures, such as clearance of 

woody vegetation from the inundation zone prior to 

flooding planned to prevent water quality degradation 

in the dam pond/reservoir? 

 

(d) Is there a possibility that reduced the river flow 

downstream will cause water quality degradation 

resulting in areas that do not comply with the country’s 

ambient water quality standards? 

 

(e) Is the discharge of water from the lower portion of 

the dam pond/reservoir (the water temperature of the 

lower portion is generally lower than the water 

temperature of the upper portion) planned by 

considering the impacts to downstream areas? 

(a) Y 

(b) Y 

(c) Y 

(d) N 

(e) N 

(a) Quality of the planned water 

source, namely, water of 

Hrazdan River is suitable as 

irrigation water in accordance 

with the FAO and Armenian 

Standards. In the Reservoir, 

water course will be generated 

since the stored water will be 

diverted. Thus, no 

eutrophication of the Reservoir 

is expected and no such case 

has been reported in Armenia. 

(b) As mentioned before, Hrazdan 

River water is proper for 

irrigation, and no eutrophication 

is expected. 

(c) There are fruit trees to be 

inundated, and clearance will be 

done.  

(d) Water deterioration in the 

downstream is not expected.  

(e) The target crops of irrigation by 

the Reservoir are upland crops, 

and water temperature will not 

be a big issue.   



APP K-17 
 

Category 
Environmental 

Item 
Main Check Items 

Yes (Y)  

No (N)

Confirmation of Environmental 

Considerations 

(2) Waste (a) In the case of that large volume of 

excavated/dredged materials are generated, are the 

excavated/dredged materials properly treated and 

disposed of in accordance with the country’s 

standards? 

(a) Y The generated waste by the 

construction will be reused for other 

purposes. Waste not to be recycles 

will be disposed at specified place 

by MNP. It is needed to get “waste 

passport” for waste disposal in 

accordance with the Law on Waste. 

3 Natural 

Environment 

(1) Protected 

Areas 

(a) Is the project site located in protected areas 

designated by the country’s laws or international 

treaties and conventions? Is there a possibility that the 

project will affect the protected areas? 

(a) N Protected areas are far away from 

the construction sites and no 

damage is expected to such 

protected areas.  

(2) Ecosystem (a) Does the project site encompass primeval forests, 

tropical rain forests, ecologically valuable habitats 

(e.g., coral reefs, mangroves, or tidal flats)? 

(b) Does the project site encompass the protected 

habitats of endangered species designated by the 

country’s laws or international treaties and 

conventions? 

(c) Is there a possibility that the project will adversely 

affect downstream aquatic organisms, animals, plants, 

and ecosystems? Are adequate protection measures 

taken to reduce the impacts on the ecosystem? 

(d) Is there a possibility that installation of structures, 

such as dams will block the movement of the migratory 

fish species (such as salmon, trout and eel that move 

between rivers and sea for spawning)? Are adequate 

measures taken to reduce the impacts on these 

species? 

(a) N 

(b) N 

(c) N 

(d) N 

 

(c) Due to the Project, hydrological 

conditions in the Hrazdan River will 

be changed to some extent, 

however, enough water depth and 

discharge peak in spring season for 

spawning will be secured.    

 

(3) Hydrology (a) Is there a possibility that hydrologic changes due to 

the project will adversely affect surface water and 

groundwater flows? 

(a) N Since ecological minimum 

discharge will be discharged as 

present. Moreover, no significant 

change of hydrological conditions 

will be caused, since current 

discharge peak in spring season 

will be secured.  

(4) Topography 

and Geology 

(a) Is there a possibility that reductions in sediment 

loads downstream due to settling of suspended 

particles in the reservoir will cause impacts, such as 

scouring of the downstream riverbeds and soil 

erosion? Is there a possibility that sedimentation of the 

reservoir will cause loss of storage capacity, water 

logging upstream, and formation of sediment deposits 

at the reservoir entrance? Are the possibilities of the 

impacts studied, and adequate prevention measures 

taken? 

(a) N Proposed burrow pit will be 

submerged in the Reservoir. No 

big-scale geological change is 

expected. Slope protection works 

through rock rip up will be done to 

prevent from soil erosion. 

4 Social 

Environment 

(1) Resettlement 

and Land 

expropriation 

(a) Is involuntary resettlement/land expropriation 

caused by project implementation? If involuntary 

resettlement is caused, are efforts made to minimize 

the impacts caused by the resettlement? 

(b) Is adequate explanation on compensation and 

resettlement assistance given to affected people prior 

to resettlement? 

(c) Is the resettlement plan, including compensation 

with full replacement costs, restoration of livelihoods 

and living standards developed based on 

socio-economic studies on resettlement? 

(a) Y 

(b) Y 

(c) Y 

(d) Y 

(e) Y 

(f) Y 

(g)N/Y

(h) Y 

(i) Y 

(j) Y/N

(a) No physical relocation will be 

caused while land acquisition will 

be done. It was examined to 

minimize the land to be 

expropriated and to avoid 

relocation.  

(b) Public Seminar and Hearings to 

explain basic compensation 

package for the affected persons 

have been done. 

(c) Compensation cost for land and 
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Category 
Environmental 

Item 
Main Check Items 

Yes (Y)  

No (N)

Confirmation of Environmental 

Considerations 

(d) Is the compensations going to be paid prior to the 

resettlement and land expropriation? 

(e) Is the compensation policies prepared in 

document? 

(f) Does the resettlement plan pay particular attention 

to vulnerable groups or people, including women, 

children, the elderly, people below the poverty line, 

ethnic minorities, and indigenous peoples? 

(g) Are agreements with the affected people obtained 

prior to resettlement? 

(h) Is the organizational framework established to 

properly implement resettlement? Are the capacity and 

budget secured to implement the plan? 

(i) Are any plans developed to monitor the impacts of 

resettlement? 

(j) Is the grievance redress mechanism established? 

standing crops is estimated 

following the governmental 

regulations, which considers 

market price. In addition, support 

for livelihood recovery for farmers 

who cultivated in the Reservoir with 

no legal status is proposed.  

(d) Prior to land expropriation, 

compensation shall be paid. 

(e) The proposed compensation 

policy is included in the report.  

(f) Consideration to the vulnerable 

persons will be paid by payment of 

allowance of minimum monthly 

salary for 6 months in Armenia.

They will be hired as labors for the 

construction works with high 

priority.   

(g) It is F/S stage of the project, 

therefore, after the loan agreement 

between the both government, final 

census and asset survey will be 

done. After that, final agreement on 

the compensation will be 

exchanged.      

(h) The PAPs can lodge their 

complaints in three way, namely 1) 

through community municipalities, 

2) through PIU/SCWE and 3) court 

directly. PAPs will choose their 

most convenient and accessible 

way for grievance redress.   

(i) A proposed monitoring plan is 

documented in the report. 

(j) No new committee will be 

established, however, existing 

organizations will handle the 

grievance. As mentioned in (h) 

above, three patterns of grievance 

redress system using existing 

grievance lodging system are 

proposed, and the PAPs can 

choose the most convenient way 

for them.   

(2) Living and 

Livelihood 

(a)Is there a possibility that the project will adversely 

affect the living conditions of inhabitants? Are 

adequate measures considered to reduce the impacts, 

if necessary? 

(b) Is there a possibility that the project will adversely 

affect the downstream land uses? In particular, is there 

a possibility that reductions in the supply of fertile soils 

to downstream areas will adversely affect agricultural 

production? 

(c) Is sufficient infrastructure (e.g., hospitals, schools, 

roads) available for project implementation? If existing 

infrastructure is insufficient, is a plan developed to 

(a) Y 

(b)Y 

and N 

(c) Y 

(d) N 

(e) N 

(f) Y 

(g) N 

(h) N 

(a) It was examined to minimize the 

land to be expropriated and to 

avoid relocation.  

(b) The proposed Reservoir is not 

located on the natural river, thus, 

no land users in the downstream. 

(c) The project site is located on 

near Yeghvard City, enough 

infrastructures have been 

established. 

(d) No cases that infectious 

diseases by any construction works 
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Category 
Environmental 

Item 
Main Check Items 

Yes (Y)  

No (N)

Confirmation of Environmental 

Considerations 

construct new infrastructure or improve existing 

infrastructure? 

(d) Is there a possibility that diseases, including 

communicable diseases, such as HIV will be 

introduced due to immigration of workers associated 

with the project? Are adequate considerations given to 

public health, if necessary? 

(e) Is there a possibility that the existence of the dam 

will cause impacts on water navigation, such as 

limitations of vessel traffic and water area uses by local 

inhabitants? 

(f) Is the minimum flow required for maintaining 

downstream water uses secured? 

(g) Is there a possibility that reductions in water flow 

downstream or seawater intrusion will cause impacts 

on downstream water uses and land uses? 

(h) Is there a possibility that water-borne or 

water-related diseases (e.g., schistosomiasis, malaria, 

filariasis) will be introduced? 

were caused has been reported in 

Armenia. Malaria is not common 

disease.    

(e) There is no navigation in and 

around the site. 

(f) Ecological minimum discharge 

shall be secured in accordance 

with the regulation.  

(g) There is no sea in the country. 

(h) The Reservoir will have enough 

depth, it is difficult for mosquito to 

survive.   

 

(3) Heritage  (a) Is there a possibility that the project will damage the 

local archeological, historical, cultural, and religious 

heritage sites? Are adequate measures considered to 

protect these sites in accordance with the country’s 

laws? 

(a)N There is no heritage in and around 

the site.  

(4) Land scape (a) Is there a possibility that the project will adversely 

affect the local landscape? Are necessary measures 

taken? 

(a)N There is no special and esthetic 

land scape in and around the site. 

(5) Ethnic 

Minorities and 

Indigenous 

Peoples 

(a)Does the project comply with the country’s laws for 

rights of ethnic minorities and indigenous peoples?  

(b) Are considerations given to reduce impacts on the 

culture and lifestyle of ethnic minorities and indigenous 

peoples? 

(a) N 

(b) N 

There are no minority people in the 

affected area.  

5. Others  (1) Impacts 

during 

Construction 

(a) Are adequate measures considered to reduce 

impacts during construction (e.g., noise, vibrations, 

turbid water, dust, exhaust gases, and wastes)? 

(b) If construction activities adversely affect the natural 

environment (ecosystem), are adequate measures 

considered to reduce impacts? 

(c) If construction activities adversely affect the social 

environment, are adequate measures considered to 

reduce impacts? 

(d) In the case of the projects including borrow sites, if 

construction activities adversely affect the natural 

environment (ecosystem), are adequate measures 

considered to reduce impacts? 

(e) If necessary, is health and safety education (e.g., 

traffic safety, public health) provided for project 

personnel, including workers? 

(a) Y 

(b) Y 

(c) Y 

(d) – 

(e) Y 

(a) Some mitigation measures such 

as water spray to reduce dust are 

proposed.  

(b) During construction stage, 

sequential works will be done, 

which will enable the wildlife in the 

Reservoir to evacuate themselves. 

(c) Due to land expropriation, some 

damages to social environment are 

expected, however, supports to 

restore their living standard are 

proposed.  

(d) The project site has been 

already developed for farming. 

There is no primordial nature. 

(e) It is planned to provide as 

needed.   

(2) Accident (a) Are adequate contingency plans and mitigation 

measures developed to cover both the soft and hard 

aspects of the project, such as accident prevention 

programs, installation of prevention facilities and 

equipment, and safety education for workers? Are 

adequate measures for emergency response to 

accidental events considered? 

(a) Y 

(b) N 

(a) It is planned to present safety 

instruction and practice regular 

maintenance of equipment and 

vehicles. In case of emergency, 

warming system will function.   

(b) The Project proposes to 

establish warning system to inform 
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Category 
Environmental 

Item 
Main Check Items 

Yes (Y)  

No (N)

Confirmation of Environmental 

Considerations 

(b) Is a warning system established to alert the 

inhabitants to water discharge from the dam? 

the surrounding community people 

in case of emergency such as large 

scale earthquake.  

(3) Monitoring (a) Does the proponent develop and implement 

monitoring program for the environmental items that 

are considered to have potential impacts? 

(b) Are the items, methods and frequencies of the 

monitoring program adequate? 

(c) Does the proponent establish an adequate 

monitoring framework (organization, personnel, 

equipment, and adequate budget to sustain the 

monitoring framework)? 

(d) Are any regulatory requirements pertaining to the 

monitoring report system identified, such as the format 

and frequency of reports from the proponent to the 

regulatory authorities? 

(a) Y 

(b) Y 

(c) Y 

(d) Y 

(a) Monitoring parameters are 

proposed. 

(b) Practical methods are 

proposed. 

(c) It is included in the report.    

(d) Draft monitoring format is 

attached in the report.   

6. Note Note on Using 

Environmental 

Checklist 

(a) If necessary, the impacts to trans-boundary or 

global issues should be confirmed (e.g., the project 

includes factors that may cause problems, such as 

trans-boundary waste treatment, acid rain, destruction 

of the ozone layer, or global warming). 

(a)N (a) Hrazdan River is not 

international river, and it is 

completed within only the territory 

of Armenia.     
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Appendix K-7: Letter from Yeghvard City to Chairman of SCWE 

1. Original 
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2. English (translated) 

N370 

03.11.2015 

 

To: Chairman of State Committee of Water Economy, MoA of RA 

Mr. A. Harutyunyan 

 

Dear Mr. Harutyunyan, 

As an implementation of Article 16 of the law on “Environmental impact assessment and 

expertise”, I initially give my agreement for implementation of “Yeghvard Irrigation System 

Improvement Project” within the administrative territory of Yeghvard City. 

 

 

Regards, 

Head of community      

Norayr Sargsyan 
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Appendix K-8: Letter from Nor-Yerznka Village to Chairman of SCWE 

1. Original 
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2. English (translated) 

 

03.11.2015 

 

To:  Chairman of State Committee of Water Economy, MoA of RA 

Mr. A. Harutyunyan 

 

Dear Mr. Harutyunyan, 

As an implementation of Article 16 of the law on “Environmental impact assessment and 

expertise”, I initially give my agreement for implementation of “Yeghvard Irrigation System 

Improvement Project” within the administrative territory of Nor Yerznka community. 

 

Head of community      

Alina Harutyunyan 

 

  



APP K-25 
 

Appendix K-9: Terms of Reference for ESIA Report Issued from the MNP 

1. Original 
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2. English (Translated) 

 

Appendix N2 

Of the order N 347-N 

Of the Minister of Nature Protection of RA 

Dated on 18th November 2014 

 

TECHNICAL REQUIREMENTS (Terms of reference) 

(of the planned activity) 

ToR 04 

14.01.2016 

 

Current ToR is composed according to the provisions of the law of RA “about environmental 

impact assessment and expertise” (hereinafter referred to as “Law”), and is the basis for 

preparation of environmental impact assessment report for planned activity of category A or B 

during the main stage of expertise, with the following requirements: 

1 Name and address of undertaker SCWE, MoA of RA 

13a Vardanants str., 0010, Yerevan city 

2 Planned activity and its category Application of initial assessment of “Yeghvard irrigation 

system improvement” project, category A 

3 Affected community (-ies) Yeghvard, Nor Yerznka community 

4 The objects and features subject to environmental impact 

assessment shall be considered according to the points 1 

to 13 of the 1st part of the 7th Article of the Law. 

All the objects and features mentioned in those points shall 

be considered. 

5 The content of environmental and human health impact 

assessment report and attached documents shall be 

considered according to the points 1 to 15 of part 2 and 

points 2 to 6 of part 3 of the Article 18 of the Law. 

Indices and documents of all the mentioned points must be 

included in the Environmental impact assessment report. 

Possible environmental impacts of all the planned activities 

(reservoir, canals, etc.), and also sum impacts (in case of 

construction, exploitation, emergency situations) must be 

included in the report,  

Impact of the planned activity to the Hrazdan and Kasakh 

rivers and Arzni-Shamiram canal must also be considered. 

It is necessary to: 

- Submit the description of the protection sanitary 

zone, measures for its maintenance; 

- Implementation and methods of monitoring, 

cartographic materials of locations of the 

observation points; 
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- Measures for recovery and recultivation of the 

territory, financial means for its implementation: 

Alternative solutions for further use of the soil and grass 

cover with appropriate substantiations. 

Discuss the proposals of the affected community as a priority 

issue. 

6 Requirement on conclusion or opinion of the state 

authorized body of the appropriate field.   

RA Ministry of Healthcare, RA Ministry of Territorial 

Administration and Emergency Situations, RA NAS Institute 

of Hydrogeology 

7 Participants of the activity according to the point 22 of the 

1st part of the Article 4 of the Law. 

Municipality of Yeghvard community, Nor Yerznka community 

office, public. 

8 Public notification and discussions should be done 

according to the points 2 and 3 of the part 2, part 3, points 

1 and 2 of the part 5, parts 7 and 8 of the Article 26 of the 

Law and according to the RA Government decision 

N1325-N (dated on 19.11.201) about “defining the order of 

implementation of public notification and discussions”. 

The community office together with the undertaker shall 

implement public notification and public discussions. 

The minutes, video recording and summary of substantiated 

answers to the comments of the public must be included in 

the environmental impact assessment report, which must be 

submitted to the Ministry of Nature Protection for expertise. 

9 Amount of the State fee 500,000 (five hundred thousand) drams for Category A 

10 Recipient and account Number Treasury of the Ministry of Finances: 900005000196 

11 Purpose of the payment for implementation of expertise of the planned activity 

12 Start of the main stage of expertise according to the 

Article 19 of the Law and RA Government decision “about 

defining the order of implementation of expertise of 

environmental impact” 

Submission of the ESIA report composed according to the 

ToR to the Ministry of Nature Protection for expertise. 

 

Director of the “Environmental Impact Expertise Center” SNCO  

 V.Sahakyan 

 

Deputy Director of the “Environmental Impact Expertise Center” SNCO 

 S.Pahlevanyan 

 

Specialist of the “Environmental Impact Expertise Center” SNCO  A.Drnoyan 
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Appendix K-10: Questionnaire of Socioeconomic Survey 
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Appendix K-12: Public Notice of Public Consultation on the Project Outline (in 
Newspaper) 
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Appendix K-13: Photos of Public Consultation on the Project Outline by SCWE 
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Appendix K-14: Photo of Public Seminar on the Project Outline in Nor-Yerznka 
Village 
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Appendix K-15: Public Notice at Community Offices and WUA Offices for 
Seminar on Environmental and Social Impacts on 31st May 2016 

1. Photos of the Public Notice at Community Offices 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notice at Nor-Yerznka Village Office 

Notice at Yeghvard City Office 
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2. Photos of the Public Notice at WUAs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notice at Ashtarak WUA Office 

Notice at Khoy WUA Office 
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Notice at Vagharshapat WUA Office 

Notice at Yeghvard WUA Office 
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3. English (Translated) 

 

Notice 

 

Re: Seminar for the Yeghvard Irrigation System Improvement Project 

 

To: all the concerned 

The Seminar for the Yeghvard Irrigation System Improvement Project will be organized. Expected 

environmental and social impacts by the Project will be explained at the seminar. Concerned 

people are welcome to join and express your opinions at the seminar. Especially, those who 

cultivate within the Reservoir Area are the most welcome.  

 

Day: 31st May, 2016 

Time: 15:00-17:00 

Venue: Yeghvard City Conference Room 

 

 

 

 

 

Notice 

 

Re: Seminar for the Yeghvard Irrigation System Improvement Project 

 

To: all the concerned 

The Seminar for the Yeghvard Irrigation System Improvement Project will be organized. Expected 

environmental and social impacts by the Project will be explained at the seminar. Concerned 

people welcome to join and express your opinions at the seminar. Especially, those who cultivate 

within the Reservoir Area are the most welcome.  

 

Day: 31st May, 2016 

Time: 11:00-13:00 

Venue: Nor Yerznka Village Office 
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Appendix K-16: Photos of Public Seminar on Environmental and Social Impacts 
in Nor-Yerznka Village 
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Appendix K-17: Photos of Public Seminar on Environmental and Social Impacts 
in Yeghvard City 
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Appendix K-18: Photos of Public Seminar on Environmental and Social Impacts 
in Yeghvard WUA 
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Appendix K-19: Letter from Yeghvard City to Chairman of SCWE 

1. Original 
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2. English (Translated) 
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Appendix K-20: Letter from Nor-Yerznka Village to Chairman of SCWE 

1. Original 
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2. English (Translated) 
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Appendix K-21: Letter from Yeghvard WUA to Chairman of SCWE 

1. Original 
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2. English (Translated) 
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Appendix K-22: Public Notice of Public Hearing on the Draft ESIA Report (in 
Newspaper) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Newspaper “Hayastany Hanrapetutiun Daily” on 28th September 
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Appendix K-23: Photos of the Public Hearings on the ESIA Report on 10th 
October 2016 

(1) Photos of Public Hearing in Yeghvard Community 
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(2) Photos of Public Hearing in Nor-Yerznka Community 
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APPENDIX L 
 

Project Cost 
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Project Cost
(million USD)

78.3

6.8

17.6

15.6

118.3
13.3% 15.7

134.0
11.0% 14.7

148.7

4.1% 6.1

36.5
154.8

6.0% 9.3

164.1

10.2% 16.8

5.0% 8.2

25.0
189.1

20% 37.8
226.9

1. R. Bottom Anti-Infiltration

Estimated Project Cost
of

PREPARATORY SURVEY FOR YEGHVARD IRRIGATION SYSTEM IMPROVEMENT PROJECT

Contents

Consultant Service

2. Existing Dam (No.1, No.2)

3. Feeder canal, Outlet canal

4. Irrigation system, other works

Direct Construction Cost
Overhead expenses

sub-total
Contractor profit

sub-total
Expenses on Temporary buildings 
& Climate impact

 Indirect expenses
Construction Cost

Grand Total with VAT

Sub-total

Price Contingency

Physical Contingency

Sub-total
Grand Total

VAT
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Breakdown of the direct cost 
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Appendix M-1: Purpose of Evaluation 

Project evaluation is carried out in order to determine the economic viability of the Project. The 
analysis compares the situations “without” and “with” Project, and is carried out on the point of view 
of the national economy.  

Appendix M-2: Methodology of Evaluation 

On the basis of project benefit and cost comparison for the two cases of (i) Current Situation without 
project and (ii) Situation after project implementation (with project), the financial and economic 
viability of the projects are examined in terms of the three (3) criteria of internal rate of return (IRR), 
net present value (NPV) and Benefit-Cost Ratio (B/C). 

There are another important indicator; FIRR, which is an indicator evaluating projects on the point of 
view of private companies, however, the project does not profit-oriented. In this respect, the project 
cannot be evaluated in terms of financial costs and returns, therefore, FIRR is out of analysis in this 
evaluation. 

Appendix M-3: Basic Assumptions of Financial and Economic Analysis 

1) Following “conservatism principle” of ordinary project evaluation theory, all of benefit and cost 
has to be estimated conservatively. 

2) Referring to similar projects in the agriculture sector in Armenia, the economic life of the Project 
is designed at 35 years. 

3) Project costs and benefits are calculated in USD. The current exchange rate, as of averaging 
February- April 2016, is set at 1USD = 486.99 AMD (Central Bank of Armenia). 

4) The opportunity cost of capital in Armenia is not established yet. Referring to similar projects, it 
is 8% in the WB (2013a)1, 5-12% (three cases) in KfW (2014)2, and 4% in AFD (2014)3. From 
the point of view of “conservatism principle”, the Survey team has targeted the highest ratio 
within the donors i.e. 12%. The percentage “12%” is widely employed as a reference opportunity 
cost of capital by the WB, ADB and JICA in the sector of irrigation/agriculture development in 
the world.  

5) Price escalation is not considered in economic analysis because the evaluation should be done in 
real price. Transfer items such as taxes (including VAT), interests, and subsidies are excluded 
from economic price since it is “zero-sum” when it is aggregated in whole economy.  

6) Incremental operation and maintenance (O&M) cost is assumed at 1.00 % of initial investment. It 
should be noted that the current budget expenditures for O&M cost of existing facilities are 
regarded as insufficient. Therefore, it is difficult to estimate the desirable amount of O&M costs 
from similar projects in RA. According to similar project in other countries, it is 1.0% in Egipt 
(2010), is 0.32% in Vietnam (2010), and is 0.37% in Timor-Leste (2006). From the point of view 
of conservatism principle, the Survey Team has applied the highest O&M fee of the three projects, 
namely, 1.0% of the project costs. 

 

                                                           
1 World Bank (2013a), “Project appraisal document on a proposed loan in the amount of US$30 million to the republic of Armenia 

for an irrigation system enhancement project”  
2 KfW (2014), “Integrated Water Resource Management/Akhouryan River – Construction of Kaps Reservoir and Gravity 

Irrigation System – Task I Update of feasibility study, Draft feasibility report. ”  
3 AFD (2014), “Construction of the Vedi Reservoir for irrigation in the Ararat Valley – Task1: Feasibility Study”  
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Table M-3.1 O&M costs in other countries 

Project Title 
Percentage 
of O&M cost

Basis 

1) The Preparatory Survey on the 
Rehabilitation and Improvement 
of Dirout Group of Regulators in 
The Arab Republic of Egipt 

1.00% 1% of the project cost is allocated as O&M costs 

2) The Project for Rehabilitation 
of Small-Scale Reservoirs in 
Quang Ngai Province in Socialist 
Republic of Vietnam 

0.32% 
Operation fee, maintenance fee, long-term rehabilitation fee, and other 
O&M costs 

3) The Basic Design Study on 
the Project for Rehabilitation and 
Improvement of Maliana 
Irrigation System in the 
Democratic Republic of 
Timor-Leste 

0.37% 

O&M costs consist of 1) allowance to be paid to four board members of 
WUA after the establishment thereof, 2) personnel cost required for 
trainings and monitoring after transferring irrigation facilities, 3) operative 
return for gate operation by gate keeper or by group leaders, 4) costs for 
maintaining gates such as purchase of rubricating oil, recoating, 
exchanging water-seal rubber etc., 5) repairing costs for facilities and 6) 
labor hiring costs for such routine works as manual scouring in scouring 
sluice and sediment settling basin, regular dredging and weeding etc.  

 

7) In addition to incremental O&M cost, large rehabilitation cost is considered in case of water 
leakage problem due to unexpected disaster such as earthquake. 

 Assuming that 1 (one) large maintenance will be needed during the evaluation periods, for 
instance, due to a large earthquake. The rehabilitation cost is assumed 50% of initial investment 
of reservoir consisting of construction cost, indirect cost, consultant fee, price escalation, and 
physical contingency. Since there is a difficulty of forecasting when such large rehabilitation will 
be needed, therefore, uniform probability (i.e. 1/30 probability every year) is assumed. With these 
conditions, the expected rehabilitation cost per year is about 2.5 million USD (150 million 
USD/2/30), or almost equivalent to 1.0% of the project costs. 

Summing up incremental O&M cost and large rehabilitation cost, the annual O&M cost is 2.0%. 

8) The percentage of accrued costs and benefits over the evaluation periods are summarized in Table 
M-3.2.  

  Increase in livestock production is supposed to be realized gradually over a 4-year period as 
on site-producers shift their agriculture systems step by step.  

  Pumping irrigation system will be shifted to gravity irrigation system. Taking into account 
that it may take times to change the customs, the Survey Team assumes that it will pass 4 
years to abolish the pump station completely.  

  The amount of water distribution from Lake Sevan has been controlled by WSA so it is 
reasonable assumption that the benefit of conservation of Lake Sevan has been accrued just 
after the completion of construction.  

Table M-3.2 List of Percentage of Project Costs and Benefits accrued over the Evaluation Periods 

Costs and Benefits 
over the periods 

Year 

2017 2018 2019 2020 2021 2022 2023 2024 2025
After 
2026

( - ) Project Costs 4% 1% 38% 28% 20% 9% 0% 0% 0% 0%
( - ) O&M 0% 0% 0% 0% 0% 100% 100% 100% 100% 100%
( - ) Opportunity cost of HPPs  0% 0% 0% 0% 0% 100% 100% 100% 100% 100%
( - ) Land Compensation Cost 100% 0% 0% 0% 0% 0% 0% 0% 0% 0%
( + ) Increase in Cropping Income Calculated in Annual Cash Flow by Crops (See Appendix-M) 
( + ) Increase in Livestock Production 0% 0% 0% 0% 0% 25% 50% 75% 100% 100%
( + ) Net Saving in Pump O&M cost 0% 0% 0% 0% 0% 25% 50% 75% 100% 100%
( + ) Conservation of Lake Sevan 0% 0% 0% 0% 0% 100% 100% 100% 100% 100%
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Appendix M-4: Conversion Factors Employed in the Evaluation  

It should be noted that conversion factors are not standardized in Armenia. Due to data and time 
limitation, the survey team applies calculation results from similar projects. Following are the 
calculation basis for specific goods and services;  

(1) Standard Conversion Factor  

Standard Conversion factor has been calculated with the help of a recent study provided by the World 
Bank (2013a), which applies a correction factor of 10% in the analysis to reduce all local cost in 
accordance with IMF estimates4. Then, the standard conversion factor is 0.90, which has been 
employed for project cost pricing, and other ordinary goods and services.  

(2) Specific Conversion Factors 

(a) Skilled and Unskilled Labor 

For skilled labor, generally “competitive market” is assumed. It means that the specific conversion 
factor for skilled labor is 1.000. In contrast to this, reflecting rural unemployment, 0.700 of the 
specific conversion factor for unskilled labor is employed, which is widely used in project evaluation.   

(b) Fuel requiring works  

On the one hand, fuel for the agricultural sector is subsidized 70 AMD/liter of the market price, and 
the fuel price subsidized is 350AMD/liter. Then, the subsidy-adjusted market price is 420AMD/liter or 
20% higher than the one subsidized. On the other hand, fuel is taxed by 2.8 % of the market price, so 
the unbiased market price is 17.2% higher than the actual one (20% - 2.8%).  

It is unclear how much percentage out of the cost for mechanized works can be explained by fuel 
charge, therefore, referring to similar project, it is assumed that 30% out of them is fuel charge.  

From the above mentioned calculation basis, the specific conversion factor for fuel requiring works is; 
{1+0.3×(70/350 - 0.028)}≒1.052. 

(c) Seeds  

According to the interview to MOA, some seeds are subsidized. The market price and selling price to 
farmers with subsidies are shown in Table M-4.1. Immediately, the specific conversion factors are 
1.888 for wheat, 2.532 for barley, 1.797 for alfalfa and 2.663 for maize.  

Table M-4.1 Calculation of Conversion Factors for Subsidized Seeds. 

Seeds 
(AMD/kg) Conversion

Factor 
1+(B)/(C)

Market Price 
(A) 

Selling Price to farmers 
with subsidies (B) 

Difference 
(C) =(A) - (B) 

Wheat 302 160 142 1.888 

Barley 329.1 130 199.1 2.532 

Alfalfa 2,695 1,500 1,195 1.797 

Maize 932 350 582 2.663 

Source) The Survey Team, data is provided by MOA  

(d) Fertilizers  

Conversion factors for some fertilizers subsidized are calculated as listed in Table M-4.2. The specific 
conversion factors are 1.536 for nitrogenous fertilizer, 1.971 for phosphoric fertilizer and 1.971 for 
potassic fertilizer. 

                                                           
4 Weber, Anke and Yang, Chunfang. 2011. Armenia: An Assessment of the Real Exchange Rate and Competitiveness. IMF. 
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Table M-4.2 Calculation of Conversion Factors for Subsidized Fertilizers. 

Fertilizer 
(AMD/kg) Conversion

Factor 
1+(B)/(C)

Market Price  
(A) 

Selling Price to farmers 
with subsidies (B) 

Difference 
(C) = (A) - (B) 

Nitrogenous 184.3 120.0 64.3 1.536 

Phosphoric 276.0 140.0 136.0 1.971 

Potassic 276.0 140.0 136.0 1.971 

Source) The Survey Team, data is provided by MOA 

(e) Water Fees 

According to the WB (2013a), current averaged water cost is approximately 18.7 AMD per m3 or 1.7 
times larger than farmer’s water fee 11.04 AMD per m3. Therefore, the specific conversion factor is 
1.700. 

(f) Electricity  

According to the WB (2013a), current electricity prices in Armenia (AMD 0.67/kw/h) are significantly 
lower than their real costs. Consequently, the specific conversion factor of electricity cost is 1.250. 

(g) Crop pricing 

Due to the data limitation, the survey team applies specific conversion factors calculated in KfW 
(2014). By using the result, it is estimated 1.020 for winter wheat, 0.720 for barley, 0.820 for maize, 
and 1.000 for other crops.  

(h) Others  

Standard Conversion Factor (0.95) has been applied for other economic pricing if it is necessary.  

Appendix M-5: Estimated Project Costs 

The project cost derived in cost estimation is shown as the bottom of the Table M-5.1 (titled as “Grand 
Total with VAT). In order to apply to the economic analysis. The project costs should be converted to 
economic costs with necessary modifications.  

Table M-5.1 Estimated Project Cost by the Options 

Contents 
(Unit: Million USD)  

1. Bentonite sheet
2. Soil-Cement 

coverage  
3. Bentonite-soil 

mixture  

4. Soil-Cement with 
a 

Sandwiched 
Bentonite sheet 

(2 layers)  

Project 

% 

Project 

%  

Project 

%  

Project 

% Cost Cost Cost Cost 

(million 
USD)  

(million 
USD)  

(million 
USD)  

(million 
USD)  

R. Bottom Anti-Infiltration  80.6 66.8 111.8 73.6 83.3 67.6  78.3 66.2 

Exisiting Dam (No.1, No.2)  6.8 5.6 6.8 4.5 6.8 5.5  6.8 5.7 

Feerder canal, Outlet canal 17.6 14.6 17.6 11.6 17.6 14.3  17.6 14.9 

Irrigation system, other works  15.6 12.9 15.6 10.3 15.6 12.7  15.6 13.2 

Direct Construction Cost 120.6 100 151.8 100 123.3 100 118.3 100

Overhead expenses 13.3% 16 20.2  16.4  15.7

sub-total 136.6 172.0  139.7  134.0 

Contractor profit  11.0% 15.0 18.9  15.4  14.7 

sub-total 151.6 190.9  155.1  148.7 

Expenses on Temporary 
buildings & Climate impact 

4.1% 6.2 7.8  6.4  6.1 

 Indirect expenses 37.2 46.9  38.2  36.5 

Construction Cost 157.8 198.7  161.5  154.8 

Consultant Service  6.0% 9.5   11.9   9.7   9.3   
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Sub-total 167.3   210.6   171.2   164.1   

Price Contingency 10.2% 17.1   21.6   17.5   16.8   

Physical Contingency  5.0% 8.4   10.5   8.6   8.2   

Sub-total 25.5 32.1 26.1  25.0 

Grand Total 192.8 242.7 197.3  189.1 

VAT 20% 38.6   48.5   39.5   37.8   

Grand Total with VAT 231.4   291.2   236.8   226.9   

Source) The Survey Team 

For carrying out the economic analysis, the cost has to be divided into two partition: foreign currency 
and domestic currency. Domestic currency partition should be divided into material costs, skilled labor 
costs, unskilled labor costs, and equipment costs to apply appropriate specific conversion factors.  

Table M-5.2 to M-5.5 show the project costs by foreign currency and domestic currency. The 
economic project cost consists of base cost and physical contingency, which has been applied in the 
economic analysis is shown in red color. 

Table M-5.2 Financial and Economic Costs (Bentonite Sheet) 

Component 
Cost  

Estimation

Financial Cost Economic Cost 

FC LC Total FC 
Conversion

Factor 
LC Total

Material (a) 6.0 3.0 3.0 6.0 3.0 0.9 2.7 5.7
Labor (b = c + d) 41.5 2.1 39.4 41.5 2.1 - 34.5 36.6

c. Skilled Labor 24.1 1.2 22.9 24.1 1.2 1.0 22.9 24.1
d. Unskilled Labor 17.4 0.9 16.6 17.4 0.9 0.7 11.6 12.5

Equipment (e) 73.1 36.5 36.5 73.1 36.5 0.9 32.9 69.4

Direct Cost Total (A = a + b + e) 120.6 41.6 79.0 120.6 41.6 - 70.1 111.7
Indirect Expenses (B) 37.2 18.6 18.6 37.2 18.6 0.9 16.7 35.3

Construction Cost Total  (C = A + B) 157.8 60.2 97.6 157.8 60.2 - 86.8 147.0
Consultant Service (D) 9.5 7.4 2.1 9.5 7.4 1.0 2.1 9.5

Base Cost (E = C + D) 167.3 67.6 99.7 167.3 67.6 - 88.9 156.5
Physical Contingency (F) 8.4 3.4 5 8.4 3.4 - 4.4 7.8

Economic Cost Components (G = E + F) 175.7 71.0 104.7 175.7 71.0 - 93.3 164.3
Price Contingency (J) 17.1 6.9 10.2 17.1 6.9 - 9.1 16.0

VAT (H) 38.6 15.6 23.0 38.6 15.6 - 20.5 36.1

Grand Total with VAT (K) 231.3 93.5 137.8 231.3 93.5 - 122.8 216.4

Source) The Survey Team 

Table M-5.3 Financial and Economic Costs (Soil-cement Coverage) 

Component 
Cost  

Estimation

Financial Cost Economic Cost 

FC LC Total FC 
Conversion

Factor 
LC Total

Material (a) 7.6 3.8 3.8 7.6 3.8 0.9 3.4 7.2
Labor (b = c + d) 52.2 2.6 49.6 52.2 2.6 - 43.4 46.0

c. Skilled Labor 30.3 1.5 28.8 30.3 1.5 1.0 28.8 30.3
d. Unskilled Labor 21.9 1.1 20.8 21.9 1.1 0.7 14.6 15.7

Equipment (e) 92.0 46.0 46.0 92.0 46.0 0.9 41.4 87.4

Direct Cost Total (A = a + b + e) 151.8 52.4 99.4 151.8 52.4 - 88.2 140.6
Indirect Expenses (B) 46.9 23.5 23.5 46.9 23.5 0.9 21.1 44.6

Construction Cost Total  (C = A + B) 198.7 75.9 122.9 198.7 75.9 - 109.3 185.2
Consultant Service (D) 11.9 9.3 2.6 11.9 9.3 1.0 2.6 11.9

Base Cost (E = C + D) 210.6 85.1 125.5 210.6 85.1 - 111.9 197.0
Physical Contingency (F) 10.5 4.3 6.3 10.6 4.3 - 5.6 9.9

Economic Cost Components (G = E + F) 221.1 89.4 131.8 221.2 89.4 - 117.5 206.9
Price Contingency (J) 21.5 8.7 12.8 21.5 8.7 - 11.4 20.1

VAT (H) 48.5 19.6 28.9 48.5 19.6 - 25.8 45.4

Grand Total with VAT (K) 291.1 117.7 173.5 291.2 117.7 - 154.7 272.4

Source) The Survey Team 
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Table M-5.4 Financial and Economic Costs (Bentonite-soil Mixture) 

Component 
Cost  

Estimation

Financial Cost Economic Cost 

FC LC Total FC 
Conversion

Factor 
LC Total

Material (a) 6.2 3.1 3.1 6.2 3.1 0.9 2.8 5.9
Labor (b = c + d) 42.4 2.1 40.3 42.4 2.1 - 35.2 37.3

c. Skilled Labor 24.6 1.2 23.4 24.6 1.2 1.0 23.4 24.6
d. Unskilled Labor 17.8 0.9 16.9 17.8 0.9 0.7 11.8 12.7

Equipment (e) 74.7 37.4 37.4 74.7 37.4 0.9 33.6 71.0

Direct Cost Total (A = a + b + e) 123.3 42.6 80.7 123.3 42.6 - 71.6 114.2
Indirect Expenses (B) 38.2 19.1 19.1 38.2 19.1 0.9 17.2 36.3

Construction Cost Total  (C = A + B) 161.5 61.7 99.8 161.5 61.7 - 88.8 150.5
Consultant Service (D) 9.7 7.6 2.1 9.7 7.6 1.0 2.1 9.7

Base Cost (E = C + D) 171.2 69.2 102.0 171.2 69.2 - 90.9 160.1
Physical Contingency (F) 8.6 3.5 5.1 8.6 3.5 - 4.5 8.0

Economic Cost Components (G = E + F) 179.8 72.7 107.1 179.8 72.7 - 95.4 168.1
Price Contingency (J) 17.5 7.1 10.4 17.5 7.1 - 9.3 16.3

VAT (H) 39.5 16.0 23.5 39.5 16.0 - 20.9 36.9

Grand Total with VAT (K) 236.7 95.7 141.0 236.7 95.7 - 125.6 221.4

Source) The Survey Team 

Table M-5.5 Financial and Economic Costs (Soil-cement with a Sandwiched Bentonite Sheet) 

Component 
Cost  

Estimation

Financial Cost Economic Cost 

FC LC Total FC 
Conversion

Factor 
LC Total

Material (a) 5.9 3.0 3.0 5.9 3.0 0.9 2.7 5.7
Labor (b = c + d) 40.7 2.0 38.7 40.7 2.0 - 33.8 35.8

c. Skilled Labor 23.6 1.2 22.4 23.6 1.2 1.0 22.4 23.6
d. Unskilled Labor 17.1 0.9 16.2 17.1 0.9 0.7 11.4 12.3

Equipment (e) 71.7 35.8 35.8 71.7 35.8 0.9 32.3 68.1

Direct Cost Total (A = a + b + e) 118.3 40.8 77.5 118.3 40.8 - 68.8 109.6
Indirect Expenses (B) 36.5 18.3 18.3 36.5 18.3 0.9 16.4 34.7

Construction Cost Total  (C = A + B) 154.8 59.1 95.7 154.8 59.1 - 85.2 144.3
Consultant Service (D) 9.3 7.3 2.1 9.3 7.3 1.0 2.1 9.4

Base Cost (E = C + D) 164.1 66.3 97.8 164.1 66.3 - 87.3 153.6
Physical Contingency (F) 8.2 3.3 4.9 8.2 3.3 - 4.4 7.7

Economic Cost Components (G = E + F) 172.3 69.6 102.7 172.3 69.6 - 91.7 161.3
Price Contingency (J) 16.7 6.8 10.0 16.7 6.8 - 8.9 15.7

VAT (H) 37.8 15.3 22.5 37.8 15.3 - 20.1 35.4

Grand Total with VAT (K) 226.8 91.7 135.2 226.8 91.7 - 120.7 212.4

Source) The Survey Team 

Appendix M-6: Project Benefits  

 (1) Increment in Cropping Income 

To estimate the benefit, valuation of costs and benefits of crop production was made by reference to 
the collected information in Table M-6.1. 

Table M-6.1. Information Sources for Costs and Benefits valuation of Major Crops 
Information Main Source 

1. Costs and benefits calculation basis, open field cultivation Ministry of Agriculture, RA 
2. Costs and benefits calculation basis, greenhouse cultivation The Greenhouse Association, RA 
3. Unit prices (inputs, labor, crops, etc.) Survey result of the Survey Team 
4. Productivity of crops Community offices concerned 

WUA workshops 
5. Farming practice of fruits and grapes Experienced farmers 

Source) The Survey Team 
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Table M-6.2. Net Benefit per ha without Project by Crops  

 

 

 

 

 

 

 

 

 

 

Table M-6.3. Net Benefit per ha with Project by Crops 

 

 

 

 

 

 

Without Project (Present Crop Area)
Annual Benefits (1st - 35 years)

Crop
Financial

Price
(AMD/kg)

Conversion
Factor

Price
(AMD/kg)

Area
(ha)

Area
%

Yield
(ton/ha)

Production
(kg)

Value (AMD)

Wheat 120 1.02 122 1,535 100 3.6 5,526,000 674,172,000  
Potato 110 1.00 110 713 100 36.3 25,881,900 2,847,009,000

Tomato, open 120 1.00 120 2,844 29 47.7 39,341,052 4,720,926,240

Tomato, green-house 250 1.00 250 2,844 3 100.0 8,532,000 2,133,000,000

Cucumber, open 100 1.00 100 2,844 14 38.4 15,289,344 1,528,934,400

Cucumber, green-house 220 1.00 220 2,844 2 80.0 4,550,400 1,001,088,000

Eggplant 100 1.00 100 2,844 7 49.8 9,914,184 991,418,400

Sweet pepper 170 1.00 170 2,844 9 38.9 9,956,844 1,692,663,480

Cabbage 110 1.00 110 2,844 16 29.7 13,514,688 1,486,615,680

Water melon 60 1.00 60 2,844 20 42.7 24,287,760 1,457,265,600

Grape 150 1.00 150 1,060 100 11.2 11,872,000 1,780,800,000

Apricot 200 1.00 200 831 64 7.1 3,776,064 755,212,800

Apple 200 1.00 200 831 36 7.7 2,303,532 460,706,400

With Project (Present Crop Area)
Annual Benefits (1st - 35 years)

Crop
Financial

Price
(AMD/kg)

Conversion
Factor

Economic
Price

(AMD/kg)

Area
(ha)

Area
%

Yield
(ton/ha)

Production
(kg)

Value (AMD)

Wheat 120 1.02 122 1,535 100 3.8 5,769,811 703,916,942

Barley 0 0.71 0 492 76 3.4 1,282,070 0

Maize (grain) 0 0.82 0 492 24 2.6 307,276 0

Alfalfa 0 1.00 0 916 100 11.5 10,492,570 0

Potato 110 1.00 110 713 100 41.8 29,777,379 3,275,511,690

Tomato, open 120 1.00 120 2,844 29 50.4 41,587,153 4,990,458,360

Tomato, green-house 250 1.00 250 2,844 3 100.0 8,532,000 2,133,000,000

Cucumber, open 100 1.00 100 2,844 14 42.0 16,722,720 1,672,272,000

Cucumber, green-house 220 1.00 220 2,844 2 80.0 4,550,400 1,001,088,000

Eggplant 100 1.00 100 2,844 7 53.7 10,681,538 1,068,153,800

Sweet pepper 170 1.00 170 2,844 9 41.4 10,603,055 1,802,519,350

Cabbage 110 1.00 110 2,844 16 32.6 14,824,813 1,630,729,430

Water melon 60 1.00 60 2,844 20 45.3 25,764,639 1,545,878,340

Grape 150 1.00 150 1,060 100 13.5 14,268,585 2,140,287,750

Apricot 200 1.00 200 831 64 7.6 4,041,984 808,396,800

Apple 200 1.00 200 831 36 8.9 2,662,524 532,504,800
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 APP M-15  

 (a) Costs factors 

1) Crop production costs 

Table M-6.5. Production Costs of Major Crops (per ha)  

No. Crop 
Financial Costs 

(AMD/ha) 
Economic Costs 

(AMD/ha) 
Remarks 

1 Wheat 344,000 416,394 1 crop 

2 Barley 298,667 357,619 1 crop

3 Maize (grain) 468,800 523,462 1 crop

4 Alfalfa  3,783,000 3,553,503 6 years total 
5 Potato 1,735,000 1,778,478 1 crop

6 Tomato, open 1,761,800 1,713,074 1 crop

7 
Tomato, green-house 14,951,500 12,772,680 1 crop

Greenhouse construction 38,000,000 38,000,000 20 years-life 

8 Cucumber, open 1,533,200 1,490,021 1 crop

9 
Cucumber, green-house 12,849,600 11,448,500 1 crop

Greenhouse construction 38,000,000 38,000,000 20 years-life 

10 Eggplant 1,746,600 1,708,581 1 crop

11 Sweet pepper 1,738,600 1,700,168 1 crop

12 Cabbage 1,420,200 1,404,204 1 crop

13 Water melon 1,550,000 1,596,869 1 crop

14 Grape (50 years average) 76,760,000 63,253,398 50 years total 
15 Apricot (60 years average) 48,831,400 42,304,211 60 years total 
16 Apple (30 years average) 38,699,200 33,968,055 30 years total 

Source: The Survey Team 

2) Additional initial costs for new cropping 

Table M-6.6 Additional Initial Costs for New Cropping 

Inputs 
Financial Costs 

(AMD/ha) 
Economic Costs 

(AMD/ha) 
Remarks 

Land cleaning & stone collection 50,000 3,5000 Hired labor 

Deep Tillage 70,000 73,640 Tractor 

Land levelling 20,000 21,040 Tractor 

Compost 80,000 80,000 10 ton/ha 

Total 220,000 209,680  

Source: The Survey Team 

Table M-6.7 Economic Costs per ha for Present Cropping Area 

 

 

 

 

 

 

 

 

Source: The Survey Team 

Present Cropping Area  
Annual

Costs (AMD)

Wheat 1,535 100 416,394 639,164,790

Potato 713 100 1,778,478 1,268,054,814

Tomato, open 2,844 29 1,713,074 1,412,874,912

Tomato, green-house 2,844 3 12,772,680 1,089,765,058

Cucumber, open 2,844 14 1,490,021 593,266,761

Cucumber, green-house 2,844 2 11,448,500 651,190,680

Eggplant 2,844 7 1,708,581 340,144,305

Sweet pepper 2,844 9 1,700,168 435,175,001

Cabbage 2,844 16 1,404,204 638,968,988

Water melon 2,844 20 1,596,869 908,299,087

Grape 1,160 100 1,253,116 1,453,614,352

Apricot 831 64 705,070 374,984,526

Apple 831 36 1,132,269 338,729,444

Geen-house materials & aggregate 2,844 5 38,000,000 270,180,000

10,414,412,718

Crop
Area
 (ha)

Area
(%)

Unit cost (AMD/ha)

Total
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 APP M-20  

b. Crop farm-gate prices 

Crop farm-gate prices as shown in Table M-6.9 were collected through the survey and converted into 
economic prices using conversion factors referenced from KFW (2014).  

Table M-6.9 Crop Farm-gate Prices 

No. Crop 
Financial Price 

(AMD/kg) 
Economic Price 

(AMD/kg) 
Remarks 

1 Wheat 120 122 

2 Barley - - Converted to livestock value

3 Maize (grain) - - Converted to livestock value

4 Alfalfa  - - Converted to livestock value

5 Potato 110 110 

6 Tomato, open 120 120

7 Tomato, green-house 250 250

8 Cucumber, open 100 100

9 Cucumber, green-house 220 220

10 Eggplant 100 100

11 Sweet pepper 170 170

12 Cabbage 110 110

13 Water melon 60 60

14 Grape 150 150

15 Apricot  200 200

16 Apple 200 200

Source) The Survey Team 
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 APP M-24  

Table M-6.11 Economic Farming Cost per ha (Wheat) 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.12 Economic Farming Cost per ha (Grain) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.13 Economic Farming Cost per ha (Barley) 

Wheat (1ha)

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Tillage, tractor ha 1 35,000 30% 2.8% 294 20% 2,100 1.052 36,806

2 Levelling, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

3 Sowing, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

4 Developing ditches, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

5 Inter-cultivation & topdressing, tractor ha 1  10,000 30% 2.8% 84 20% 600 1.052 10,516

6 Chemical spraying, tractor times/ha 2 12,000 24,000 30% 2.8% 202 20% 1,440 1.052 25,238

7 Harvesting, combine ha 1 30,000 30% 2.8% 252 20% 1,800 1.052 31,548

8 Transportation of harvest 10,000 30% 2.8% 84 20% 600 1.052 10,516

9 Price of seeds kg 300 160 16,000 89% 14,200 1.888 30,200

10 Irrigation fee ha 1 40,000 1.700 68,000

11 Watering labors man/day 6 5,000 30,000 0.700 21,000

12 Price of fertilizers  

* Ammonia selitra kg 300 120 36,000 54% 19,290 1.536 55,290

* Super phosphate kg 150 140 21,000 97% 20,400 1.971 41,400

* Potasic salt kg 50 140 7,000 97% 6,800 1.971 13,800

13 Compost/manure ton 0 8,000 0 0

14 Price of chemicals ha 1  15,000 1.000 15,000

15 Land tax ha 1 15,000 15,000 0
16 Other expenditure 5,000 0.900 4,500

Production Cost Total (A) 344,000 416,394

Taxes Subsidies

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Deep tillage (27-30cm), tractor ha 35,000 30% 2.8% 294 20% 2,100 1.052 36,806

2 Levelling, tractor ha 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

3 Sowing, tractor ha 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

4 Developing ditches, tractor ha 10,000 30% 2.8% 84 20% 600 1.052 10,516

5 Inter-cultivation & topdressing, tractor ha 10,000 30% 2.8% 84 20% 600 1.052 10,516

6 Chemical spraying, tractor times/ha 2 12,000 24,000 30% 2.8% 202 20% 1,440 1.052 25,238

7 Harvesting, combine ha 30,000 30% 2.8% 252 20% 1,800 1.052 31,548

8 Transportation of harvest 10,000 30% 2.8% 84 20% 600 1.052 10,516

9 Price of seeds kg 200 130 8,667 153% 13,273 2.532 21,940

10 Irrigation fee ha 30,000 1.700 51,000

11 Watering labors man/day 3 5,000 15,000 0.700 10,500

12 Price of fertilizers  

* Ammonia selitra kg 250 120 30,000 54% 16,075 1.536 46,075

* Super phosphate kg 100 140 14,000 97% 13,600 1.971 27,600

* Potasic salt kg 50 140 7,000 97% 6,800 1.971 13,800

13 Compost/manure ton 0 8,000 0 0

14 Price for chemicals ha  15,000 1.000 15,000

15 Land tax ha 15,000 0

16 Other expenditure 5,000 0.900 4,500
Production Cost Total (A) 298,667 357,619

Barley (1ha)

Taxes Subsidies

Maize  for grain (1ha)

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Tillage, tractor ha 1 35,000 30% 2.8% 294 20% 2,100 1.052 36,806
2 Harrow, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516
3 Levelling, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516
4 Sowing, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

5 Developing ditches, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

6 Seeds kg 20 4,000 80,000 80,000

7 Inter-cultivation & topdressing, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

8 Weeding with tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

9 Chemical spraying, tractor times/ha 2 12,000 24,000 30% 2.8% 202 20% 1,440 1.052 25,238

10 Price of fertilizers

* Ammonia selitra kg 300 120 36,000 54% 19,290 1.536 55,290

* Super phosphate kg 120 140 16,800 97% 16,320 1.971 33,120
* Potasic salt kg 50 140 7,000 97% 6,800 1.971 13,800

11 Compost/manure ton 0 8,000 0 0
12 Chemicals ha 1  40,000 1.000 40,000

13 Irrigation fee ha 1 40,000 1.700 68,000

14 Watering labors man/day 6 5,000 30,000 0.700 21,000

15 Harvesting with combine harvester ha 1 40,000 30% 2.8% 336 20% 2,400 1.052 42,064

16 Transportation handling 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

17 Land tax ha 1 15,000 0

18 Other expenditure 15,000 0.900 13,500
Production Cost Total (A) 468,800 523,462

Taxes Subsidies
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Table M-6.14a Economic Farming Cost per ha (Alfalfa) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.14b Economic Farming Cost per ha (Alfalfa) 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.15 Economic Farming Cost per ha (Potato) 

 

 

 

 

 

 

 

 

 

 

 



  

 APP M-26  

Table M-6.16 Economic Farming Cost per ha (Tomato, open) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.17 Economic Farming Cost per ha (Cucumber, open) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tomato (1ha)

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Tillage, tractor ha 1 35,000 30% 2.8% 294 20% 2,100 1.052 36,806

2 Harrow, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

3 Levelling, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

4 Ridging, tractor ha 1 25,000 30% 2.8% 210 20% 1,500 1.052 26,290

5 Seedling seedlings 45,000 5 225,000 1.000 225,000

6 Seedling transplanting works man/day 16 5,000 80,000 0.700 56,000

7 Watering labors time/ha 12 8,000 96,000 0.700 67,200

8 Irrigation fee ha 1 100,000 1.700 170,000

9 Weeding & intercultivation, tractor ha 1 15,000 30% 2.8% 126 20% 900 1.052 15,774

10 Intercultivation + nutrition twice time/ha 2 10,000 20,000 1.000 20,000

11 Earthing up, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

12 Spraying (with tractor) time/ha 2 12,000 24,000 30% 2.8% 202 20% 1,440 1.052 25,238

13 Weeding (manually 1st time) man/day 24 5,000 120,000 0.700 84,000

14 Weeding (manually 2
nd

 time) man/day 20 5,000 100,000 0.700 70,000

15 Correction of plant trellis man/day 5 5,000 25,000 0.700 17,500

16 Fertilizers

* Ammonia selitra kg 300 120 36,000 54% 19,290 1.536 55,290

* Super phosphate kg 220 140 30,800 97% 29,920 1.971 60,720

* Potasic salt kg 250 140 35,000 97% 34,000 1.971 69,000

17 Compost/manure ton 30 8,000 240,000 1.000 240,000

18 Herbicide ha 1 40,000 1.000 40,000

19 Chemicals ha 1 80,000 1.000 80,000

20 Harvesting man/day 48 5,000 240,000 0.700 168,000

21 Harvest transportation to the plant 120,000 30% 2.8% 1008 20% 7,200 1.052 126,192

22 Land tax ha 1 15,000 0

23 Other expenditure 20,000 0.900 18,000
Production Cost Total (A) 1,761,800 1,713,074

Taxes Subsidies

Cucumber (1ha)

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Tillage, tractor ha 1 35,000 30% 2.8% 294 20% 2,100 1.052 36,806

2 Harrow, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

3 Levelling, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

4 Ridging, tractor ha 1 25,000 30% 2.8% 210 20% 1,500 1.052 26,290

5 Sowing man/day 14 5,000 70,000 0.700 49,000

6 Seeds kg 1.5 20,000 30,000 1.000 30,000

7 Watering labors time/ha 12 8,000 96,000 0.700 67,200

8 Irrigation fee ha 1 100,000 1.700 170,000

9 Weeding & intercultivation, tractor ha 1 15,000 30% 2.8% 126 20% 900 1.052 15,774

10 Intercultivation + nutrition twice time/ha 2 10,000 20,000 1.000 20,000

11 Earthing up, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

12 Spraying (with tractor) time/ha 2 16,000 32,000 30% 2.8% 269 20% 1,920 1.052 33,651

13 Weeding (manually 1
st
 time) man/day 24 5,000 120,000 0.700 84,000

14 Weeding (manually 2
nd

 time) man/day 20 5,000 100,000 0.700 70,000

15 Fertilizers

* Ammonia selitra kg 280 120 33,600 54% 18,004 1.536 51,604

* Super phosphate kg 200 140 28,000 97% 27,200 1.971 55,200

* Potasic salt kg 240 140 33,600 97% 32,640 1.971 66,240

16 Compost/manure ton 30 8,000 240,000 1.000 240,000

17 Herbicide ha 1 40,000 1.000 40,000

18 Chemicals ha 1 80,000 1.000 80,000

19 Harvesting man/day 48 5,000 240,000 0.700 168,000

20 Transporting harvest to the plant 120,000 30% 2.8% 1,008 20% 7,200 1.052 126,192

21 Land tax ha 1 15,000 0

22 Other expenditure 20,000 0.900 18,000
Production Cost Total (A) 1,533,200 1,490,021
Production and Net Sales (B) kg 39,900 100 3,990,000 1.000 3,990,000
Net Income (B-A) 2,456,800 2,499,979

Taxes Subsidies
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Table M-6.18 Economic Farming Cost per ha (Eggplant) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.19 Economic Farming Cost per ha (Sweet Pepper) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Eggplant (1ha)

No Works & Inputs Unit Q'ty
Unit Price
(in AMD)

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Tillage, tractor ha 1 35,000 30% 2.8% 294 20% 2,100 1.052 36,806

2 Harrow, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

3 Levelling, tractor ha 1 10,000 30% 2.8% 84 20% 600 1.052 10,516

4 Ridging, tractor ha 1 25,000 30% 2.8% 210 20% 1,500 1.052 26,290

5 Seedling seedlings 45,000 5 225,000 1.000 225,000

6 Seedling transplanting works man/day 16 5,000 80,000 0.700 56,000

7 Watering labors time/ha 12 8,000 96,000 0.700 67,200

8 Irrigation fee ha 1 100,000 1.700 170,000

9 Weeding & intercultivation, tractor ha 1 15,000 30% 2.8% 126 20% 900 1.052 15,774

10 Intercultivation + nutrition twice time/ha 2 10,000 20,000 1.000 20,000

11 Earthing up, tractor ha 1 20,000 30% 2.8% 168 20% 1,200 1.052 21,032

12 Spraying (with tractor) time/ha 2 16,000 32,000 30% 2.8% 269 20% 1,920 1.052 33,651

13 Weeding (manually 1
st
 time) man/day 24 5,000 120,000 0.700 84,000

14 Weeding (manually 2
nd

 time) man/day 20 5,000 100,000 0.700 70,000

15 Fertilizers

* Ammonia selitra kg 280 120 33,600 54% 18,004 1.536 51,604

* Super phosphate kg 200 140 28,000 97% 27,200 1.971 55,200

* Potasic salt kg 300 140 42,000 97% 40,800 1.971 82,800

16 Compost/manure ton 30 8,000 240,000 1.000 240,000

17 Herbicide ha 1 40,000 1.000 40,000

18 Chemicals ha 1 80,000 1.000 80,000

19 Harvesting man/day 48 5,000 240,000 0.700 168,000

20 Transportation of harvest to the plant 120,000 30% 2.8% 1,008 20% 7,200 1.052 126,192

21 Land tax ha 1 15,000 0

22 Other expenditure 20,000 0.900 18,000
Production Cost Total (A) 1,746,600 1,708,581

Taxes Subsidies



  

 APP M-28  

Table M-6.20 Economic Farming Cost per ha (Cabbage) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.21 Economic Farming Cost per ha (Watermelon) 
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Table M-6.22 Economic Farming Cost per ha (House Tomato) 

 

 

 

 

 

 

 

 

 

 

Table M-6.23 Economic Farming Cost per ha (Cucumber) 

 

 

 

 

 

 

 

 

 

Table M-6.24a Economic Farming Cost per ha (Grape) 

 

 

 

 

 

 

 

 

 

 

Cost-Benefit of Green House Vegetables (0.1ha) : Tomato

Works & Inputs Means Unit
Unit Price (in

AMD)
Q'ty

Financial Cost
Total (in AMD)

Fuel
Share

Conversion
Factor

Economic Cost
Total (in AMD)

1 Sterilization (spraying) of greenhouse chemicals ha 350,000 0.1 35,000 1.000 35,000
2  Land preparation, tillage tractor ha 50,000 0.1 5,000 30% 2.8% 42 20% 300 1.052 5,258
3  Seed  pcs 60 2,500 150,000 1.000 150,000

1 Bio-hums kg 100 500 50,000 1.000 50,000
2 Compost kg 8 12,000 96,000 1.000 96,000
1 Fertilizer MgSO4 kg 350 13 4,550 1.000 4,550
2 Fertilizer Ca (NO3) kg 450 18 8,100 1.000 8,100
3 Fertilizer KH2PO4 kg 1,000 13 13,000 1.000 13,000
4 Fertilizer KNO3 kg 800 13.5 10,800 1.000 10,800
5 Fertilizer, lime stone kg 50 10 500 1.000 500
1 Plant protection, pesticide chemicals ha 400,000 0.1 40,000 1.000 40,000
2 Plant protection, fungicide chemicals ha 54,000 0.1 5,400 1.000 5,400

7 Irrigation m3 11 1,800 19,800 1.700 33,660
8 Labor hiring 1man x 6 month 125,000 6 750,000 0.700 525,000
9 Green house material, plastic film m2 300 1,000 300,000 1.000 300,000

10 Land tax ha 70,000 0.1 7,000 0.000 0
Production Cost Total (A) 1,495,150 1,277,268

6

Taxes SubsidiesNo

4

5

Cost-Benefit of Green House Vegetables (0.1ha) : Cucumber

Works & Inputs Means Unit
Unit Price
 (in AMD)

Q'ty
Financial Cost

Total (in AMD)
Fuel

Share
Conversion

Factor
Economic Cost
Total (in AMD)

1 Sterilization (spraying) of greenhouse chemicals ha 350,000 0.1 35,000 1.000 35,000
2  Land preparation, tillage tractor ha 50,000 0.1 5,000 30% 2.8% 42 20% 300 1.052 5,258
3  Seed  pcs 65 3,000 195,000 1.000 195,000

1 Bio-hums kg 100 600 60,000 1.000 60,000
2 Compost kg 8 12,000 96,000 1.000 96,000
1 Fertilizer MgSO4 kg 350 12 4,200 1.000 4,200
2 Fertilizer Ca (NO3) kg 450 20 9,000 1.000 9,000
3 Fertilizer KH2PO4 kg 1,000 11 11,000 1.000 11,000
4 Fertilizer KNO3 kg 800 12.5 10,000 1.000 10,000
5 Fertilizer, lime stone kg 50 10 500 1.000 500
1 Plant protection, pesticide chemicals ha 250,000 0.1 25,000 1.000 25,000
2 Plant protection, fungicide chemicals ha 35,000 0.1 3,500 1.000 3,500

7 Irrigation m3 11 2,160 23,760 1.700 40,392
8 Labor hiring 1 man x 4 month 125,000 4 500,000 0.700 350,000
9  Green house material, plastic film m2 300 1,000 300,000 1.000 300,000

10 Land tax ha 70,000 0.1 7,000 0.000 0
Production Cost Total (A) 1,284,960 1,144,850

6

Taxes SubsidiesNo

4

5
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Table M-6.24b Economic Farming Cost per ha (Grape) 

 

 

 

 

 

 

 

 

 

 

 

Table M-6.24c Economic Farming Cost per ha (Grape) 
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Table M-6.24d Economic Farming Cost per ha (Grape) 

 

Table M-6.24e Economic Farming Cost per ha (Grape) 
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Table M-6.24f Economic Farming Cost per ha (Grape) 

 

Table M-6.24g Economic Farming Cost per ha (Grape) 
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Table M-6.25a Economic Farming Cost per ha (Apricot) 

 

 

 

 

 

 

 

 

Table M-6.25b Economic Farming Cost per ha (Apricot) 

 

Table M-6.25c Economic Farming Cost per ha (Apricot) 
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Table M-6.25d Economic Farming Cost per ha (Apricot) 

 

 

 

 

 

 

 

 

Table M-6.25e Economic Farming Cost per ha (Apricot) 

 

 

 

 

 

 

 

 

Table M-6.26a Economic Farming Cost per ha (Apple) 
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Table M-6.26b Economic Farming Cost per ha (Apple) 

 

 

 

 

 

 

 

 

Table M-6.26c Economic Farming Cost per ha (Apple) 

 

 

 

 

 

 

 

 

(2) Increment in Livestock Production  

Table M-6.27 Number of Cattles Fed by Produced Forages in 2015 and in 2023 

Crop 
Livestock Production in 2015 Livestock Production in 2023 

Area Yield Production Area Yield Production

(ha) (kg/ha) (ton) (ha) (kg/ha) (ton) 

Alfalfa 916 11.3 10.4 1,452 11.5 16.7

Barley 374 2.7 1.01 457 3.4 1.55

Maize (grain) 118 2.4 0.28 144 2.6 0.37

Total (ton) 11.7  
 

18.62

Forage requirement per cattle (kg) 2.4 2.4

Cattles can be fed by forages (heads) 4,870 7,761

         Source) The survey Team based on interviews to livestock producers 

Table M-6.28 Aggregated Livestock Income in 2015 and in 2023 

Livestock 

Without (2015)  With (2023) 

With ‐ Without 
Heads 

Net Profit  Profit 
Heads 

Net Profit  Profit 

(USD)  (USD)  (USD)  (USD) 

Cattle  4,870  108  525,960  7,761  108  838,179  312,219 

Source) The survey Team  
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(3) Net Saving in Pump O&M cost  

Table M-6.29 Operation and Maintenance cost of Pump Station operated by WSA 

Name of 
the pump 

station 
O&M	title Unit 

Years 

2011 2012 2013 2014 2015 Average 

Ranchpar 
1 

Electricity 
thousand kWh 2,000.4 3,063.3 7,340.7 9,281.7 8,593.8 6,056.0

thousand AMD 45,362.9 68,767.9 223,603.2 311,327.9 333,074.0 196,427.2

Repair and 
maintenance

thousand AMD 9,450.0 8,125.2 10,221.0 10,620.0 15,000.0 10,683.2

Ranchpar 
2 

Electricity 
thousand kWh 125.3 548.5 4,480.5 6,018.0 5,138.3 3,262.1

thousand AMD 2,458.6 10,781.6 122,936.1 179,079.7 180,838.9 99,219.0

Repair and 
maintenance

thousand AMD 6,725.0 7,120.5 5,840.0 9,720.0 12,000.0 8,281.1

Aknalich 
Electricity 

thousand kWh 2,202.2 1,983.6 1,550.9 1,779.9 1,183.5 1,740.0

thousand AMD 49,729.9 44,563.7 43,879.7 59,355.7 45,456.3 48,597.1

Repair and 
maintenance

thousand AMD 4,950.0 6,120.0 8,346.0 4,620.0 5,000.0 5,807.2

Total 
Electricity 

thousand kWh 4,327.9 5,595.4 13,372.1 17,079.6 14,915.6 11,058.1

thousand AMD 97,551.4 124,113.2 390,419.0 549,763.3 559,369.2 344,243.2

Repair and 
maintenance

thousand AMD 21,125.0 21,365.7 24,407.0 24,960.0 32,000.0 24,771.5

Source: WSA 

Table M-6.30 Electricity Consumption and Costs by WUA 

 

 

 

 

 

 

 

 

 

 

 

 

Source: WUA 
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Table M-6.31 Operation and Maintenance cost of the 4 WUAs 

Source: WUA 

Table M-6.32 Operation and Maintenance cost of Pump Station operated by WUA 

WUA O&M title Unit 
Years 

2013 2014 2015 Average 

Vagharshapat 
Electricity thousand AMD 240,063.3 308,097.8 353,835.7 300,665.6

P/S and D/W Rehabilitation thousand AMD 19,840.4 22,245.4 76,775.2 39,620.3

Khoy 
Electricity thousand AMD 278,151.9 301,995.3 351,030.4 310,392.5

P/S and D/W Rehabilitation thousand AMD 21,922.2 43,360.4 21,698.9 28,993.8

Ashtarak 
Electricity thousand AMD 0.0 0.0 0.0 0.0

P/S and D/W Rehabilitation thousand AMD 0.0 0.0 0.0 0.0

Yeghvard 
Electricity thousand AMD 0.0 0.0 0.0 0.0

P/S and D/W Rehabilitation thousand AMD 53.0 648.7 39.1 246.9

Total 
Electricity thousand AMD 518,215.1 610,093.2 704,866.2 611,058.2

P/S and D/W Rehabilitation thousand AMD 41,762.6 65,605.8 98,474.1 68,861.1

Source: WUA 

Table M-6.33 Aggregated Saving Costs for Operation and Maintenance of D/W and P/S 

O&M title 
Financial O&M  

Conversion 
Factor 

Economic O&M 

(thousand 
AMD) 

(USD) (thousand AMD)

Electricity 
WSA 344,243.3 706,879.6 1.25 883,599.5
WUA 611,058.2 1,254,765.3 1.25 1,568,456.6

Repair and 
Maintenance 

WSA 24,771.5 50,866.5 0.90 45,779.9
WUA 68,861.1 141,401.5 0.90 127,261.4

Total 1,048,934.1 2,153,912.9 - 2,625,097.3

Source: The Survey Team  

(4) Conservation of Lake Sevan 

Lake Sevan, the world’s largest high-altitude lakes located in the central part of Armenia, has 
environmental, economic, and social significance and is an important multipurpose water reservoir for 
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irrigation, hydropower and recreational uses. The beneficial area is no exception since 50MCM/year 
out of irrigation water demand is now distributed from the Lake. To protect the Lake, Armenian 
government adapted two laws in 2001 that recognized the importance of Lake Sevan and targeted to 
raise the level 6 meters by 2030. From these reasons, it is essentially important to reduce the 
dependency of Lake Sevan in irrigation by developing another water resource within the Yeghvard 
basin. 

With the Project, snow melting water, which is now in no use in irrigation, will be utilized for 
irrigation purposes, and the water dependency from Lake Sevan is expected to be zero thanks to the 
project. Since this “conservation of Lake Sevan” is consistent with Armenian national strategy, it is 
better to be estimated as the numerical value on the viewpoint of the national economy.  

Since “water resource” is generally non-marketed goods, the benefit should be converted to monetary 
basis in some sort of ways. In order to do this, the benefit calculation applies the idea “alternative 
method” with necessary modification. This is an approach assuming if “without the project”, this 
conservation Lake Sevan shall be achieved by an alternative methods. In this case, additional cost is 
needed, for instance, construction of alternative facilities. It can be said that the cost of alternative 
facility is the saving cost thanks to the project.  

In this analysis, three alternative methods are proposed with following conditions; 

Alternative 1): without project, conservation of Lake Sevan will be achieved by 50MCM of water 
saving thanks to extension of drip irrigation system in somewhere outside of 
project areas.  

Alternative 2): without project, construction of another reservoir has to be needed in order to 
stock same amount (50 MCM) of free water. 

Alternative 3): without project, conservation of Lake Sevan will be achieved by constructing 
tunnel like Arpa-Sevan tunnel that transfers up to 50 MCM. 

(a) The Cost of Alternative 1 (Introduce of Drip Irrigation) 

Explanation: Without project, independence from Lake Sevan will be achieved by 50MCM/year of 
water saving thanks to extension of drip irrigation system;  

1) Current irrigation water demand with furrow irrigation which including water loss during 
conveyance per ha is 12,472 m3/ha (154 MCM/12,347 ha). 

2) Current net irrigation water demand with furrow irrigation not including water loss during 
conveyance per ha is 5,837 m3/ha (12,472 m3/ha×46.8 %).  

3) Irrigation water demand with drip irrigation including water loss during conveyance per ha is 8,186 
m3/ha (5,837 m3/ha÷71.3 %) 

4) Taking difference, the volume of saving water by introducing drip irrigation is 4,286 m3/ha (12,472 
m3/ha - 8,186 m3/ha). 

5) To save irrigation water up to the volume of 50 MCM, 11,666 ha of furrow irrigation system should 
be converted to drip irrigation (50,000,000 m3÷4,286 m3/ha ), which costs 13,357 million AMD or 
equivalent to 27.43 million USD.     -------------- (A) 

  Note: Assume that the on-farm investment cost of introducing drip irrigation is 1,145,000AMD, 
referring KfW (2014).  
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Table M-6-34. Capacity of Reservoir by Irrigation Area and Irrigation Method 

Trial Area Irrigation Type 
Conveyance 

Efficiency 
Demand 
(MCM) 

Yeghvard 
(MCM) 

- 12,347 Furrow 46.8% 154 94 
(i) 3,644 Furrow 46.8% 40 35 

(ii) 12,347
9,949 Furrow 46.8%

146 84 
2,398 Drip 71.3%

(iii) 12,347
8,397 Furrow 46.8% 

140 79 
3,950 Drip 71.3% 

Source: This Report, Table 6-4-3.6 
Note: The conveyance efficiency by furrow irrigation defines 46.8% which is calculated as 72% times 
65%, and that of drip irrigation defines 71.3% which is calculated as 75% times 95%. 

(b) The Cost of Alternative 2 (Reservoir Construction) 

Explanation: Without project, construction of another reservoir has to be needed in order to stock 50 
MCM of free water; 

1) To employ the ordinal unit cost of water development in RA, WB (2015) is referred (Table 
M-6-33).  

2) The unit cost of water development is 1.82USD/m3 (480.8 million USD/263.81 MCM). 

3) To develop alternative reservoir with the volume of 50MCM, it is estimated that the cost is 91.0 
million USD (1.82 USD/m3×50MCM).     -------------- (B) 

Table M-6-35. Key Features of Priority Reservoirs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

         
Source: WB (2015) “Toward Integrated Water Resource Management in Armenia” 
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(c) The Cost of Alternative 3 (Tunnel Construction) 

Explanation: To cope with the decreasing trend of the level of Lake Sevan, programs to stabilize the 
lake level had started in the 1980s. This includes the construction of Arpa-Sevan tunnels, which 
transferring up to 250 MCM. As the cost of alternative three (3), construction of another tunnel is 
derived from the project cost of Apra-Sevan tunnel.  

1) The project cost of Arpa-Sevan Tunnel is estimated at 4.5 billion USD evaluated in the present 
monetary value. 

2) Planted volume of water conveyance from Lake Arpa to Lake Sevan is 250MCM/year. 

Therefore, the unit price of water development per m3 is: 

 4,500 million USD/250MCM = 18.0 USD/m3 

The cost of similar tunnel with the water conveyance is up to 50 MCM/year is 900 million USD (18.0 
USD/m3×50MCM).     -------------- (C) 

(d) Annual Benefit Estimation  

The comparison between alternative1-3 finds that the most efficient option is alternative one (1): 
introduce of drip irrigation. From the point of conservatism principle, alternative one (1) is applied as 
the saving cost of the project.  

Annual benefit is calculated as initial investment cost times discount factor (din) which is defined as 
following. 

 

i: social discount ratio (12 % is assumed), n: design service life of the facilities (80 years is assumed) 

Therefore, the annual benefit of conservation of Lake Sevan is; 

The cost of Alternative1×Discount Factor = 27.43 Million USD×0.12≒3.3 Million USD 

(5) Opportunity Cost of HPPs Operation 

Taking irrigation water from the basin may negatively influence other sectors of the region. The most 
concerning sector is hydropower station of Sevan-Hrazdan cascade operated by Russian company.  

There are seven hydropower stations which account for 10% of the country’s electricity. The annual 
electrical energy production of seven (7) hydropower station is 535.283 million kWh on averaging 
2011-2015. The opportunity cost of HPPs is calculated as following; 

1) The average annual production by the seven HPPs is 535.283 million kWh on averaging 5 years 
(2011-2015). 

2) On the other hand, the total annual water flow of Hrazdan River connected to seven HPPs is 
2,089.382 MCM on averaging 2011-2015. 

3) It is assumed that taking 154MCM (104MCM as for irrigation water + 50MCM as for 
conservation of Lake Sevan) of irrigation water from Hrazdan river reduce the productions of 
HPPs following the same proportion of water volume: 7.3% (153MCM/2089.382MCM×100).  

4) According to power tariff study in Armenia, cost-recovery tariff of Sevan-Hrazdan Cascade of 
HPPs is 4.578AMD/kWh.  
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Then, the annual opportunity cost of seven HPPs is estimated as 179.4 million AMD (535.283 million 
kWh×4.578 AMD/kWh ×7.3%), or equivalent to 0.37 million USD. 

 

Table M-6-36. Energy Production by HPPs by month 2011-2015 (Million KWh) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: Rus Hydro International Energy Corporation
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Table M-6-37. Energy Production by HPPs by month 2011-2015 (Million KWh) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HPP

Month Sevan HPP Hrazdan HPP Argel HPP (Gyumush) Arzni HPP Qanaqer HPP Yerevan HPP-1 Yerevan HPP-3

January 0.000 0.000 9.960 18.590 18.480 18.290 14.700

February 0.000 0.000 8.700 15.760 15.580 15.410 13.650

March 0.000 0.000 17.220 19.680 14.600 17.390 11.950

April 0.000 0.000 67.130 95.410 91.820 77.270 9.880

May 0.000 0.000 119.840 141.560 122.520 108.670 5.910

June 11.785 11.670 59.980 73.200 72.480 71.750 0.000

July 71.199 70.130 81.390 89.840 88.940 88.050 0.000

August 58.864 57.910 66.600 73.400 72.720 71.990 0.000

September 28.490 28.170 37.080 44.190 43.670 43.230 0.000

October 0.000 0.000 9.770 17.690 17.530 17.360 0.000

November 0.000 0.000 10.140 19.690 19.590 19.400 2.890

December 0.000 0.000 8.720 16.570 16.260 16.100 15.170

Total 170.334 167.882 496.500 625.600 594.200 564.900 74.200

January 0.000 0.000 9.050 16.680 16.440 16.440 15.570

February 0.000 0.000 6.990 13.870 13.620 13.520 14.370

March 0.000 0.000 9.470 18.570 18.310 18.120 11.370

April 0.000 0.000 63.490 62.160 62.800 62.160 2.060

May 42.650 42.540 71.470 49.910 48.900 48.850 0.000

June 83.300 83.040 92.640 62.000 60.280 60.220 0.000

July 69.210 68.670 78.780 55.270 53.630 53.570 0.000

August 83.970 83.480 86.300 55.770 54.290 54.230 0.000

September 38.500 38.400 41.940 35.300 34.350 34.310 0.000

October 0.000 0.000 7.740 14.090 13.880 2.850 0.000

November 0.000 0.000 7.760 15.930 15.690 15.670 3.450

December 0.000 0.000 8.690 17.310 17.790 17.780 12.400

Total 317.621 316.130 484.240 416.860 409.980 397.740 59.220

January 0.000 0.000 7.830 16.420 16.220 16.190 11.200

February 0.000 0.000 8.300 16.240 16.140 16.090 9.360

March 0.000 0.000 21.940 37.550 37.980 37.930 16.160

April 0.000 0.000 54.390 77.420 77.390 77.290 0.940

May 0.000 0.000 53.990 76.210 75.430 75.340 0.000

June 28.920 28.850 44.280 44.870 43.330 43.280 0.000

July 77.040 71.480 77.060 50.110 47.930 2.800 0.000

August 53.000 51.290 60.340 35.500 31.760 0.000 0.000

September 10.990 10.960 19.470 18.140 17.430 0.000 0.000

October 0.000 0.000 8.800 15.460 14.800 0.000 0.000

November 0.000 0.000 7.450 16.320 17.110 0.000 0.330

December 0.000 0.000 12.390 21.490 22.270 1.650 13.860

Total 169.950 162.580 376.250 425.730 417.790 270.580 51.840

January 0.000 0.000 7.500 16.190 15.890 15.910 11.880

February 0.000 0.000 6.600 15.170 15.320 15.320 4.900

March 0.000 0.000 13.430 25.720 25.680 25.650 9.070

April 0.000 0.000 35.240 25.650 45.280 45.230 0.000

May 52.920 52.780 66.240 47.950 47.300 47.240 0.000

June 60.190 60.000 66.030 45.750 44.400 44.350 0.000

July 81.060 80.400 80.430 51.860 50.160 50.100 0.000

August 65.540 65.020 69.960 40.690 39.280 39.260 0.000

September 0.620 0.620 12.180 12.400 12.170 11.810 0.000

October 0.000 0.000 5.360 9.380 8.710 8.700 0.000

November 0.000 0.000 2.360 8.230 8.454 8.445 2.260

December 0.000 0.000 10.250 16.490 16.760 16.840 12.020

Total 269.633 267.480 375.590 315.480 329.400 328.840 40.130

January 0.000 0.000 6.840 12.860 12.600 12.570 8.990

February 0.000 0.000 5.810 11.430 10.790 10.819 7.780

March 0.000 0.000 9.110 17.370 17.350 17.335 2.010

April 0.000 0.000 30.330 31.090 30.920 30.770 2.160

May 0.000 0.000 59.870 53.840 53.330 53.260 0.000

June 54.840 54.630 66.740 47.830 46.370 46.320 0.000

July 61.760 61.070 58.780 38.640 35.540 34.120 0.000

August 42.400 41.750 47.140 22.780 20.610 19.810 0.000

September 8.750 8.700 23.360 19.570 18.220 17.140 0.000

October 0.000 0.000 9.620 13.910 12.580 12.080 0.000

November 0.000 0.000 8.510 15.630 15.005 14.405 2.260

December 0.000 0.000 7.100 14.380 14.100 13.530 8.950

Total 167.743 157.440 333.220 299.330 287.420 282.150 32.150

January 0.000 0.000 8.236 16.148 15.926 15.880 12.468

February 0.000 0.000 7.280 14.494 14.290 14.232 10.012

March 0.000 0.000 14.234 23.778 22.784 23.285 10.112

April 0.000 0.000 50.116 58.346 61.642 58.544 3.008

May 19.114 19.064 74.282 73.894 69.496 66.672 1.182

June 47.807 47.638 65.934 54.730 53.372 53.184 0.000

July 72.054 70.350 75.288 57.144 55.240 45.728 0.000

August 60.755 59.890 66.068 45.628 43.732 37.058 0.000

September 17.470 17.370 26.806 25.920 25.168 21.298 0.000

October 0.000 0.000 8.258 14.106 13.500 8.198 0.000

November 0.000 0.000 7.244 15.160 15.170 11.584 2.238

December 0.000 0.000 9.430 17.248 17.436 13.180 12.480

Total 217.200 214.312 413.176 416.596 407.756 368.843 51.500

A
ve

ra
ge

 2
0
1
1
-
2
0
1
5

Year
Volume of water passed through HPPs, mln. M3

2
0
1
1

2
0
1
2
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Source: Rus Hydro International Energy Corporation
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 (6) Land Compensation and Land Acquisition 

According to JICA’s guideline, “land compensation and acquisition cost” have to be considered as 
“opportunity cost” of the project. According to chapter 5, Land compensation cost of the project is 
about 0.9 million USD in total.  

Appendix M-7: Results of Financial Analysis and Economic Evaluation 

Table M-7.1 summarizes the economic evaluation by the options. As already mentioned, the economic 
Project cost consists of base cost and physical contingency. In the economic analysis, benefits and 
costs are standardized in economic terms using conversion factors. Three indicators have been applied: 
economic internal rate of return (EIRR), net present value (NPV), and benefit-cost ratio (B/C). NPV 
and B/C are calculated with 12.0% opportunity cost of capital.   

Comparing the four (4) options, “soil-cement with bentonite sheet” marked highest on EIRR and NPV, 
indicating 5.15 % of EIRR with -59.7 million USD of NPV, and 0.50 of B/C in base 0 case. Still, it is 
not regarded as viable even the base 1 case (including the benefit from conservation of Lake Sevan) as 
the EIRR is 7.09% against 12.0% referenced opportunity cost of capital. 

Table M-7.1  Summary of the Economic Evaluation by the Options 

Indicators 

Options 

Bentonite Bentonite-Soil 
mixture 

Soil-Cement 
Soil-cement with

Sheet bentonite sheet 

Project Cost calculated in Cost Estimation 

Grand Total with VAT 
231.4 291.2 236.8 226.9 

(Million USD) 

Economic Analysis 

Economic Cost 
164.3 206.9 168.1 161.3 

(million USD) 

Incremental O&M Cost 
1.6 2.1 1.7 1.6 

(million USD) 

Total Benefit (Base 0) 
16.7 16.7 16.7 16.7 

(million USD) 

EIRR (Base 0, %) 4.94% 2.91% 4.74% 5.15% 

B/C (Base 0) 0.49 0.39 0.48 0.50 

NPV (Base0 , Million USD) -62.7M$ -94.4M$ -65.6M$ -59.7M$ 

Total Benefit (Base1) 
19.0 19.0 19.0 19.0 

(million USD) 

EIRR (Base1, %) 6.86% 4.70% 6.64% 7.09% 

B/C (Base1) 0.61 0.49 0.60 0.63 

NPV (Base1, Million USD) -47.7M$ -79.3M$ -50.5M$ -44.7M$ 

 Source) The Survey Team  
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