











Table: Results of chemical analysis of the underground waters of Gargar SHPP

o olo o The depth E,, Milligrammes for 1 litre of water Milligrammes-equivalents
g— X g— 5 of the =
o |® c|ls § water Q
pd ® 212 g= E
5 5|5 ©| sample |5
= ol % selection | & Na'+K'| Ca" | Mg" Er Cl' | SO4" | HCOj3' | CO5" Er Er+r' | Na'+K'| Ca" Mg" Cl' SO," | HCO3' | COy" E
= 7 R m >
a
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
1 |14.05.04 Gargar River 159,1| 10,6 |34,0| 6,1 | 59,7 |14,2| 12,0 | 146,4 | n/a | 172,6 | 232,3 | 0,85 1,70 | 0,50 | 0,40 | 0,25 2,40 n/a 6,10
2 | 16.06.04 | BH-15 5,7 208,0 3,5 50,0 19,4| 729 | 7,1 | 12,0 | 231,8 | n/a | 250,9 | 323,8 | 0,15 2,50 | 1,60 | 0,20 | 0,25 3,80 n/a 8,5
3 | 15.06.04 | BH-16 5,5 195,3 1,6 52,0 15,8 | 69,4 |14,2| 8,0 207,4 | n/a | 229,6 | 299,0 | 0,07 2,60 | 1,30 | 0,40 | 0,17 3,40 n/a 7,94
4 115.06.04 | BH-17 3.6 190,6 1,2 52,01 14,6 | 67,8 ]| 7,1 12 207,4 | n/a | 226,5 | 294,3 | 0,05 2,60 | 1,20 | 0,20 | 0,25 3,40 n/a 7,70
5 ]13.06.04 | BH-18 4,7 222.,3 5,8 62,0 13,4 81,2 | 7,2 | 12,0 | 244,0 | n/a | 263,1 | 344,3 | 0,25 3,10 | 1,10 | 0,20 | 0,25 4,00 n/a 8,90
6 | 14.05.04 | BH-21 1,2 2478 150 |70,0]| 85 | 93,5 14,2 12,0 | 256,2 | n/a | 282,4 | 3759 | 0,65 3,50 | 0,70 | 0,40 | 0,25 4,20 n/a 9,70
— Milli valents in o Harshness mg- Carbonic
o o |o » |The depth g, illigrammes-equivalents in % equiv. acid CO,,
g— g g— 5 of the =
S < '5 < é water g % % oH 0 W ater formula according to
5 S5 3 sample 5 . . . 9 < c o = Kourlov
IS 28 3| selection |8 Na+K'| Ca" | Mg" | CI' | SO,"| HCO4' [ COs o 3 & o e
= Y— =
; (%2] ; 0 m E = E} 8_ 8
1 2 3 4 5 24 25 26 27 28 29 30 31 32 33 34 35 36 37
. HCO;79; Cl12
1 114.05.04 Gargar River 159,1 13,9 27,9 8,2 6,5 4,2 39,3 n/a 2,2 2,2 nfla | 6,4 [26,4]| nla | M
garR=w 04 ICa56; Na28; Mgl6
HCO; 89
2 116.06.04 |BH-15 5,7 208,0 1,8 29,4 | 18,8 | 2,3 3,0 44,7 n/a 4,1 3,8 0,3 ]| 6,6 26,4 4,4 | Mg
Cad7; Mg38
HCOj349 CI110
3 |115.06.04 |BH-16 5,5 195,3 0,9 32,7 | 16,4 5 2,2 42,8 n/a 3,9 3,4 05 ]| 6,4 |61,6| 8,8 | Mg 3 89
Cabd5; Mg33
HCO; 88
4 |115.06.04 |BH-17 3,6 190,6 0,7 33,7 | 15,6 | 2,6 3,3 44,1 n/a 3,8 3,4 0,4 1] 7,0 8,8 4,4 | My,
Cab7; Mg31
HCO; 89
5 113.06.04 |BH-18 4.7 222,3 2,8 34,8 | 12,4 | 2,2 2,8 45,0 n/a 4,2 4,0 0,2 | 6,8 |352]| 4,4 | My
Ca70; Mg25
6 | 14.05.04 |BH-21 1,2 247,8 6,8 36,0 7,2 4,1 2,6 43,3 n/a 4,2 4,2 n/a 7 35,2 | n/la | M HCO, 87
- . ) 1 ) 1 ) ) ) ) ) 1 i) 0,25 Ca72; Na14; Mg14
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Transport and Access Facilities
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Table: Key Data of Layout Alternative A

Data for flow calculation at dam site Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecaol, [m3/s] | 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [m®/s] Q rec. ecol, [m%/s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecolf, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Q rec. ecol2, [m3/s] 0.41
Month May Jun. Jul. Aug. Qecolog variable
Demand 0.01 0.35 0.35 0.35 Qrec. ecol, [m3/s] 0.20
Month Sep. Oct. Nov. Dec. Qecolt, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Qecol2, [m°/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge,[msls] 1.26 Qecaol calc., [m3/s] | 0.04
Mean runoff observed, [mIn.m3] 39.80
Mean natural discharge, [ms/s] 1.30
Mean runoff natural, [mln.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [ms/s] 1.30
Mean runoff natural, [mln.m3] 41.06
Mean remaining discharge, [m3/s] 1.17
Mean remaining runoff, [mIn.m3] 37.01
Design characteristics
Design discharge, [m°/s] 2 Turbine type Pelton | Hpeiion, [M] 3
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [m3/s] 0.030 |Cross-section Circle |Trapezoidal|l Circle
Annual Flow through HPP, [min m’] 25.7 Count of conduit 1 1 1
Annual Flow through weir, [mIn m3] 11.3 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 0.48 Wall slope - 0 -
Elevation of weir crest, [m] 1275 |Diameter/height, [m] 1.2 1.1 1.2
Elevation of river bed at power house, [m] 994 Length, [m] 5475 0 50
Head losses at design discharge, [m] 11.25 |Roughness 0.011 0.015 0.011
Max head, [m] 278.0 |Head loss at Qd,[m] 10.88 0.00 0.37
Min head, [m] 266.7 |Slope piezo/bottom 0.00199 - 0.007456
Efficiency 0.9 Velocity, [m/s] 1.77 2.60 1.77
Power and energy

Max daily power, [MW] 4.71 Max daily energy, [GWh] 0.11
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 17.12 |Potential, [GWh] 28.3
Gross head, [m] 281 Utilization, [%] 60.41
Net head, [m] 266.7 |Installed capacity, [MW] 4.71
Plant factor 0.41 Yearly number hour of operation HPP 3634
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Table:

Data for flow calculation at dam site

Key Data of Layout Alternative B

Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecol, [m3/s] | 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [msls] Q rec. ecol, [m3/s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecol1, [m®/s] 0.10
Demand 0.01 0.01 0.01 0.01 Q rec. ecol2, [m?/s] 0.41
Month May Jun. Jul. Aug. Qecolog variable
Demand 0.01 0.35 0.35 0.35 Qrec. ecol, [m3/s] 0.20
Month Sep. Oct. Nov. Dec. Qecol, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Qecol2, [m°/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge,[mS/s] 1.26 Qecol calc., [m3/s] | 0.04
Mean runoff observed, [mIn.m3] 39.80
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Mean remaining discharge, [m3/s] 1.17
Mean remaining runoff, [mIn.m3] 37.01
Design characteristics
Design discharge, [m®/s] 2 Turbine type Pelton | Hgeiton, [M] 3
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [m3/s] 0.030 |Cross-section Circle |Trapezoidal| Circle
Annual Flow through HPP, [min m’] 25.7 Count of conduit 1 1 1
Annual Flow through weir, [min m?] 11.3 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 0.48 Wall slope - 0 -
Elevation of weir crest, [m] 1275 Diameter/height, [m] 1.2 1.1 1.2
Elevation of river bed at power house, [m] 994 Length, [m] 1100 4275 50
Head losses at design discharge, [m] 34.21 Roughness 0.011 0.015 0.011
Max head, [m] 246.8 |Head loss at Qd,[m] 2.64 31.20 0.37
Min head, [m] 243.8 |Slope piezo/bottom 0.00240 | 0.007298 | 0.007456
Efficiency 0.9 Velocity, [m/s] 1.77 2.60 1.77
Power and energy

Max daily power, [MW] 4.30 Max daily energy, [GWh] 0.10
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 15.46 |Potential, [GWh] 28.3
Gross head, [m] 281 Utilization, [%] 54.56
Net head, [m] 243.8 |Installed capacity, [MW] 4.30
Plant factor 0.41 Yearly number hour of operation HPP 3591
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Key Data of Layout Alternative C

Data for flow calculation at dam site Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecol, [m3/s] | 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [m/s] Q rec. ecol, [m%/s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecolt, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Q rec. ecol2, [m3/s] 0.41
Month May Jun. Jul. Aug. Qecolog variable
Demand 0.01 0.35 0.35 0.35 Qrec. ecol, [m3/s] 0.20
Month Sep. Oct. Nov. Dec. Qecolt, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Qecol2, [m°/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge,[m3/s] 1.26 Qecol calc., [m3/s] | 0.04
Mean runoff observed, [min.m’] 39.80
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Mean remaining discharge, [m3/s] 1.17
Mean remaining runoff, [mln.m3] 37.01
Design characteristics
Design discharge, [m®/s] 2 Turbine type Pelton | Hpetion, [M] 3
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [m3/s] 0.030 |Cross-section Circle |Trapezoidal|l Circle
Annual Flow through HPP, [mIn m3] 25.7 Count of conduit 1 1 1
Annual Flow through weir, [mIn m?] 11.3 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 0.48 Wall slope - 0 -
Elevation of weir crest, [m] 1275 Diameter/height, [m] 1.2 1.1 1.2
Elevation of river bed at power house, [m] 1077.5 |Length, [m] 1325 0 50
Head losses at design discharge, [m] 3.43 Roughness 0.011 0.015 0.011
Max head, [m] 194.5 |Head loss at Qd,[m] 3.06 0.00 0.37
Min head, [m] 191.1  |Slope piezo/bottom 0.00231 - 0.007456
Efficiency 0.9 Velocity, [m/s] 1.77 2.60 1.77
Power and energy

Max daily power, [MW] 3.37 Max daily energy, [GWh] 0.08
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 12.15 |Potential, [GWh] 19.9
Gross head, [m] 197.5 |Utilization, [%] 60.98
Net head, [m] 191.1 Installed capacity, [MW] 3.37
Plant factor 0.41 Yearly number hour of operation HPP 3600
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Quantities and Costs of Waterway
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Table: Main Quantities of Waterway for Layout A, B and C

B
Layout A Pressure | Free flow Total c
Pipe thickness, [mm] 14 14 - - 14
Trench width, [m] 2.2 2.2 2.9 - 4
Trench height, [m] 24 24 5.1 - 4.4
Wall slope 1 1 1 - -
Steel pipe, [t] 2289 476 - 476 570
Trench Excavation, [m°] 60996 10035 163567 173603 21839
Bed material, [m"] 2431 400 2465 2865 1100
Ferro Concrete, [m’] - - 10200 10200 2200
Backfill, [m?] 54747 9007 148225 157232 -
Land, [m’] - - 85000 85000 -
Table: Costs of Waterway for Layout A, B and C
Unit cost | Unit cost B
Layout for A& B, for C, A C
[$US] [$US]
Pressure | Free flow Total
Steel pipe, [t] 1200 1200 2746897 | 571752 - 571752 | 683617
Trgnch Excavation, 10 75 609960 100354 1635672 | 1736026 | 1637953
[m7]
Bed material, [m’] 15 15 36465 5999 36975 42974 16500
Fegro Concrete, 80 250 - - 816000 816000 | 550000
[m7]
Backfill, [m?] 2 2 109495 18015 296449 314464 -
Land, [m?] 4.63 463 - - 393519 393519 -
Total 3502817 | 696120 3178615 | 3874735 | 2888070
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Table: Key Data of Layout Alternative A,

Data for flow calculation at dam site Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecol, [m3/s] | 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [m®/s] Q rec. ecol, [m*/s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecol, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Q rec. ecol2, [m3/s] 0.41
Month May Jun. Jul. Aug. Qecolog variable
Demand 0.01 0.35 0.35 0.35 Qrec. ecol, [m3/s] 0.20
Month Sep. Oct. Nov. Dec. Qecol1, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Qecol2, [m°/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge,[ms/s] 1.26 Qecol calc., [ms/s] | 0.04
Mean runoff observed, [mln.m3] 39.80
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mln.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [m3/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Mean remaining discharge, [me’/s] 1.17
Mean remaining runoff, [mIn.m3] 37.01
Design characteristics
Design discharge, [m°/s] 2 Turbine type Pelton | Hpeton, [M] 3
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [ms/s] 0.030 |[Cross-section Circle |Trapezoidal| Circle
Annual Flow through HPP, [min m3] 25.7 Count of conduit 1 1 1
Annual Flow through weir, [min m3] 11.3 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 0.48 Wall slope - 0 -
Elevation of weir crest, [m] 1243.5 [Diameter/height, [m] 1.2 1.1 1.2
Elevation of river bed at power house, [m] 994 Length, [m] 3798 0 50
Head losses at design discharge, [m] 8.09 Roughness 0.011 0.015 0.011
Max head, [m] 246.5 |Head loss at Qd,[m] 7.72 0.00 0.37
Min head, [m] 238.4 |Slope piezo/bottom 0.00203 - 0.007456
Efficiency 0.9 Velocity, [m/s] 1.77 2.60 1.77
Power and energy

Max daily power, [MW] 4.21 Max daily energy, [GWh] 0.10
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 15.25 |Potential, [GWh] 25.2
Gross head, [m] 249.5 |Utilization, [%] 60.61
Net head, [m] 238.4 |Installed capacity, [MW] 4.21
Plant factor 0.41 Yearly number hour of operation HPP 3623
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Table: Key Data of Layout Alternative As

Data for flow calculation at dam site

Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecol, [m3/s] | 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [m°/s] Q rec. ecol, [m%s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecol, [m3/s] 0.10
Demand 0.01 0.01 0.01 0.01 Q rec. ecol2, [m?/s] 0.41
Month May Jun. Jul. Aug. Qecolog variable
Demand 0.01 0.35 0.35 0.35 Qrec. ecol, [m3/s] 0.20
Month Sep. Oct. Nov. Dec. Qecol1, [m%s] 0.10
Demand 0.01 0.01 0.01 0.01 Qecol2, [m’/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge,[msls] 1.26 Qecol calc., [m3/s] | 0.04
Mean runoff observed, [mIn.m3] 39.80
Mean natural discharge, [ms/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [me’/s] 1.30
Mean runoff natural, [mIn.m3] 41.06
Mean remaining discharge, [m3/s] 1.17
Mean remaining runoff, [mIn.m3] 37.01
Design characteristics
Design discharge, [m3/s] 2 Turbine type Pelton | Hpeiton, [M] 3
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [m3/s] 0.030 |Cross-section Circle |Trapezoidal] Circle
Annual Flow through HPP, [mIn m3] 25.7 Count of conduit 1 1 1
Annual Flow through weir, [min m3] 11.3 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 0.48 Wall slope - 0 -
Elevation of weir crest, [m] 1215 Diameter/height, [m] 1.2 1.1 1.2
Elevation of river bed at power house, [m] 994 Length, [m] 2347 0 50
Head losses at design discharge, [m] 5.36 Roughness 0.011 0.015 0.011
Max head, [m] 218.0 |Head loss at Qd,[m] 4.99 0.00 0.37
Min head, [m] 212.6  [Slope piezo/bottom 0.00212 - 0.007456
Efficiency 0.9 Velocity, [m/s] 1.77 2.60 1.77
Power and energy

Max daily power, [MW] 3.75 Max daily energy, [GWh] 0.09
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 13.56 |Potential, [GWh] 22.3
Gross head, [m] 221 Utilization, [%] 60.82
Net head, [m] 212.6 Installed capacity, [MW] 3.75
Plant factor 0.41 Yearly number hour of operation HPP 3610
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Table: Main Quantities of Waterway for Layouts A, A,, As

Layout A A; A;
Pipe thickness, [mm] 14 14 14
Trench width, [m] 22 22 22
Trench height, [m] 24 24 24
Wall slope 1 1 1
Steel pipe, [t] 2289 1594 993
Excavation, [m’] 60996 42482 26463
Bed material, [m°] 2431 1693 1055
Backfill, [m?] 54747 38130 23752
Table: Costs of Waterway for Layouts A, A,, As
Layout Unit cost, [$US] A A, A3
Steel pipe, [t] 1200 2746897 1913133 1191731
Excavation, 10 609960 424819 264629
[m’]
Bed material, 15 36465 25397 15820
[m?]
Backfill, [m?] 2 109495 76260 47504
Total 3502817 2439609 1519683
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Water Demand for Irrigation
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Table: Irrigation water Demand upstream of Gargar SHPP weir site

Water demands by months Total
Irrigation danmnuna:jl
Stream name Channels name area, Unit emanas
May | June | July | Aug | Sep ,
[hectar] th.cube.
m
Dubrovaya balka L/s - 22 22 22 -
1 (Gargar river Dubrovaya balka 58 Thm
tributary) 3 - 57 59 59 - 175
Pushkino L/s - 43 43 43 -
2 (Gargar river Village stream 114 Th.m
tributary/stream) 3 - 111 115 115 - 341
Dvaly gorge L/s - 25 25 25 -
3 (Gargar river D_valy gorge 67 Th.m
stream) river 3 - 65 68 | 68 - 201
L/s - 200 200 | 200 -
4 Gargar river Kurtun channel 530 Th.m
3 - 519 536 | 536 - 1591
L/s - 10 10 10 -
5 Gargar river Gardens stream 26 Th.m
3 - 26 26 27 - 80
L/s - 20 20 20 -
6 Gargar river Chlkan stream 53
9 hm | 51 53 | 53 | - 157
L/s - 25 25 25 -
7 Gargar river Gardens stream 67
hm | 65 | 68 | 68 | - 201
L/s - 345 345 | 345 -
Total 915
™m | | 8o4 | o2 | 926 | - 2746
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Table: Flow Duration Curve for Determination of
Minimum Ecological Flow

Min low flow

# Year | \NQ [m3/s] %

1 1992 1.79 2.27
2 1996 0.42 4.55
3 1997 0.40 6.82
4 1991 0.38 9.09
5 1998 0.38 11.36
6 1968 0.35 13.64
7 1988 0.35 15.91
8 1999 0.33 18.18
9 1994 0.31 20.45
10 1995 0.29 22.73
11 1976 0.25 25.00
12 1990 0.25 27.27
13 1973 0.24 29.55
14 1982 0.24 31.82
15 1989 0.23 34.09
16 1987 0.22 36.36
17 1981 0.21 38.64
18 1964 0.20 40.91
19 1993 0.19 43.18
20 1967 0.18 45.45
21 1986 0.17 47.73
22 1983 0.16 50.00
23 1984 0.16 52.27
24 2000 0.16 54.55
25 2001 0.16 56.82
26 1966 0.15 59.09
27 1979 0.15 61.36
28 1985 0.15 63.64
29 1960 0.14 65.91
30 1975 0.13 68.18
31 1980 0.13 70.45
32 1963 0.12 72.73
33 1961 0.10 75.00
34 1972 0.10 77.27
35 1959 0.09 79.55
36 1977 0.09 81.82
37 1978 0.08 84.09
38 1970 0.07 86.36
39 1962 0.05 88.64
40 1965 0.05 90.91
41 1971 0.05 93.18
42 1974 0.05 95.45
43 1958 0.02 97.73
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Table: Head Losses

Structure and Data Q | Width | Height | Diame- | Length |[Rough| Area [Velocity |Coeffi-| Coeffi- [ Losses
species of losses ter -ness cient | cient
[m3/s]| [m] [m] [m] [m] [m2] | [m/s] [] [m]
Intake 0.231
Sand trap R 0.714 1.8 2.5 - 35 0.017 | 10.0 0.18 55.6 - 0.001
Entrance - - 1.8 2.5 - - - 10 0.18 - 0.5 0.001
Gate slots Cou 2 1.8 1.5 1 - - - 1.5 1.20 - 0.25 0.037
nt
o | Space between Thickness of Shape
bars.[m] barsiy Factor
Intake gate 75 0.01 1.8 1.5 1.5 0.02 - - 2.25 0.80 2.42 5.89 0.192
Change Cross - - 1.8 4 2.5 - - - 10.0 0.18 0.61 0.402 0.001
Section Area
- - 1.8 - 1 - - 1.13 2.48 - - -
Diversion pressure 8.80
conduit
Friction Losses - - 1.8 - - 1 2070 | 0.011 | 0.79 229 |[72.15] 0.0151 8.35
Local Losses o Count - - - - - - - - - - -
x Bends 20°| 20 1 1.8 - - 1 - - 0.79 229 |[0.143 | 0.049 0.013
x Bends 25°| 25 5 1.8 - - 1 - - 0.79 2.29 |[0.143| 0.061 0.081
x Bends 30°| 30 4 1.8 - - 1 - - 0.79 229 |[0.143 | 0.072 0.077
x Bends 35°| 35 3 1.8 - - 1 - - 0.79 229 |0.143 | 0.082 0.066
x Bends 40°| 40 5 1.8 - - 1 - - 0.79 229 |[0.143 | 0.092 0.123
x Bends 40°| 45 1 1.8 - - 1 - - 0.79 229 |[0.143| 0.101 0.027
x Bends 50°| 50 1 1.8 - - 1 - - 0.79 229 |0.143( 0.110 0.029
x Bends 60°| 55 1 1.8 - - 1 - - 0.79 229 |[0.143 | 0.117 0.031
Penstock 0.378
Friction Losses - - 1.8 - - 1 50 0.011 ] 0.79 229 |[72.15] 0.0151 0.20
Friction Losses in - - 1.8 - - 0.7 6.5 0.011 | 0.38 468 |67.99| 0.0170 | 0.176
one branch
Valve - - 1.8 - - 0.7 - - 0.38 4.68 - 0.1 0.111
Total Head losses: 9.52
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Table: Results of Power and Energy Potential Calculations

Data for flow calculation at dam site Qecolog fixed Armenian norm

Infiltration factor 0.9 Qecol, [m’/s] 0.04
Factor for calculation flow at dam site 1.000 German norm

Demand, [m®/s] Q rec. ecol, [m%/s] 0.20
Month Jan. Feb. Mar. Apr. Q rec. ecol1, [m°/s] 0.10
Demand 0.008 0.008 0.008 0.008 Q rec. ecol2, [m°/s] 0.41
Month May Jun. Jul. Aug. Qecoloq variable
Demand 0.008 0.353 0.353 0.353 Qrec. ecol, [m°/s] 0.20
Month Sep. Oct. Nov. Dec. Qecol1, [m%s] 0.10
Demand 0.008 0.008 0.008 0.008 Qecol2. [m’/s] 0.50

Average flow characteristics at gauging station Qecol calc.=0 for German norm
Mean observed discharge [m®/s] 1.26 Qecol calc., [m%/s] 0.04
Mean runoff observed, [min.m] 39.80
Mean natural discharge, [m°/s] 1.30
Mean runoff natural, [mln.m3] 41.06
Average flow characteristics at dam site
Mean natural discharge, [m>/s] 1.30
Mean runoff natural, [min.m] 41.06
Mean remaining discharge, [m’/s] 1.17
Mean remaining runoff, [mln.m3] 37.01
Design characteristics
Design discharge, [m3/s] 1.8 Turbine type Pelton Hpeiton, [M] 3.9
Number of turbine 2 Conduit Pressure | Free flow | Penstock
Min discharge, [m®/s] 0.045 [Cross-section Circle | Trapezoidal| Circle
Annual Flow through HPP, [min m’] 24.5 Count of conduit 1 1 1
Annual Flow through weir, [min m’] 12.5 Filling - 0.636 -
Length of weir, [m] 10 Width, [m] - 1.1 -
Discharge coefficient of weir 1000000 |Wall slope - 0 -
Elevation of weir crest, [m] 1213 Diameter/height, [m] 1 1.1 1
Elevation of river bed at power house, [m] 989.6 _ [Length, [m] 2110 0 50
Head losses at design discharge, [m] 9.68 Roughness 0.011 0.015 0.011
Max head, [m] 219.50 |Head loss at Qd,[m] 9.31 0.00 0.38
Min head, [m] 209.82 [Slope piezo/bottom 0.00441 - 0.007551
Efficiency 0.85 Velocity, [m/s] 2.29 2.34 2.29
Power and energy
Max daily power, [MW] 3.16 Max daily energy, [GWh] 0.08
Min daily power, [MW] 0.00 Min daily energy, [GWh] 0.00
Annual energy, [GWh] 12.19 _ |Potential, [GWh] 22.5
Gross head, [m] 223.4  |Utilization, [%] 54.10
Net head, [m] 209.8 |Installed capacity, [MW] 3.16
Plant factor 0.44 Yearly number hour of operation HPP 3853
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Table: Mean Monthly Energy [MWh]

Year| Jan. | Feb. [ Mar. | Apr. | May | Jun. Jul. | Aug. | Sep. [ Oct. | Nov. | Dec. | Yearly

1958 | 58.5 [ 106.9 | 232.3 |1396.1[1222.0(1053.0| 73.5 | 153.4 | 526.6 | 568.0 | 266.9 | 301.3 | 5958.6

1959 | 142.0 [ 125.0 | 440.8 |2091.8|2355.2(1809.1|2348.4|1564.5{1159.0(1644.4|1446.0| 995.7 {16122.0

1960 | 597.6 | 952.1 | 867.1 |2116.5[1570.0|{1913.0( 984.8 | 184.0 | 476.4 | 614.6 | 346.6 | 349.1 [10971.7

1961 | 173.3 | 201.7 | 345.7 |1064.6| 834.8 | 199.4 | 919.9 | 25.9 | 251.0 | 266.3 | 248.5 | 299.3 | 4830.4

1962 | 337.2 [ 295.5 | 815.9 |1982.9(1711.3/ 491.1 | 1475 | 0.0 [283.2 | 118.6 | 249.0 | 207.1 | 6639.1

1963 | 233.4 | 211.1 | 538.2 |2134.0(2355.2|12190.4(1901.0|1456.9| 986.1 |1296.9(1456.2|1001.6(15761.0

1964 | 788.2 | 524.0 [1384.1]2209.7 [2355.2|1387.9(1017.5| 742.1 | 880.0 | 523.6 | 321.5 | 416.9 [12550.7

1965 | 257.6 [ 391.9 [1199.0|1783.6({1716.7(1116.9| 832.1 | 138.8 | 279.4 [1543.8| 816.3 | 650.4 [10726.5

1966 | 399.8 | 380.9 | 751.7 |1916.9(2347.4| 997.6 | 727.6 | 0.0 | 531.5|661.6 | 325.9 | 246.5 | 9287.4

1967 | 269.5 | 210.2 | 486.2 |1942.1(2351.9|1212.1(1888.8|1060.2(1500.8| 782.5 [1025.3| 651.3 [13381.0

1968 | 715.2 [ 908.2 |2089.7|2279.3|2355.2(2279.3|1512.8| 642.1 | 786.4 | 590.9 | 569.0 | 661.6 [15389.6

1970 | 350.7 | 365.4 [1334.6]|1768.7(1191.3| 40.0 | 62.0 | 447.9 | 867.7 | 388.5 | 261.5 | 271.0 | 7339.2

1971 | 547.2 | 288.2 | 884.3 |2011.5(2200.4|1113.2[ 0.0 0.0 [184.4]380.2 [ 215.8 | 399.5 | 8224.7

1972 | 262.0 [ 349.8 | 913.7 |2279.3|2351.4(2245.5|1035.0| 511.5 | 992.9 | 613.3 | 437.9 | 390.2 {12382.6

1973 | 393.9 | 547.1 | 629.2 |2197.2(1867.0|1860.9(1386.2| 254.1 | 492.2 | 465.2 | 742.7 | 395.1 [{11230.8

1974 | 223.3 | 291.6 [1387.9]|2114.1[2345.4|1270.1| 398.9 | 782.8 [1897.6| 710.8 | 435.7 | 473.1 [12331.3

1975 | 455.1 [ 349.5 [1172.1|2188.8(2319.4(1426.3| 359.0 | 87.9 | 395.1 [1359.1| 541.5 | 383.9 [{11037.6

1976 | 587.5 | 459.9 | 972.9 |2279.3(2355.212199.9(1793.3| 351.2 | 692.9 | 584.2 | 399.3 | 400.3 {13076.0

1977 | 372.2 | 435.6 | 704.3 |1771.6/2290.5|1015.6| 606.6 | 42.5 | 919.6 | 882.5 | 523.8 | 355.4 | 9920.4

1978 | 349.3 [ 844.5 [1719.0|2279.3|2355.2(2169.6| 721.2 | 636.5 | 678.8 | 554.3 | 438.9 | 355.0 {13101.6

1979 | 300.0 | 298.5 | 819.8 |2054.8(2102.8|2224.3(1656.8| 162.3 | 377.8 | 626.3 | 974.8 | 469.1 [12067.3

1980 | 378.2 | 345.3 [1040.9]|2240.9(2020.7| 113.8 | 12.0 | 68.2 | 307.0 | 339.2 | 265.1 | 274.3 | 7405.7

1981 | 374.7 [ 391.1 | 500.7 |1389.1|2317.7(1479.4|1093.3|1002.6| 647.3 | 576.8 | 545.2 | 353.5 [10671.4

1982 | 305.6 | 312.8 | 598.7 |2235.7[2352.3|1532.5(1008.4| 760.0 | 535.5 | 608.0 | 527.0 | 508.2 {11284.8

1983 | 374.7 | 281.2 | 844.5 |2082.2(2326.0|1706.9(1027.8| 340.1 | 818.1 | 684.3 [1312.1] 951.3 [12749.1

1984 | 288.4 [ 332.6 [1245.3|2279.3|2338.4(1488.6| 557.0 | 175.4 | 528.2 | 388.9 | 772.7 | 427.1 {10821.9

1985 | 273.0 | 366.9 | 991.1 |2252.8(2144.4|1531.7| 520.6 | 102.9 | 333.2 | 403.5 | 378.3 | 344.2 | 9642.6

1986 | 548.7 | 241.3 | 687.8 |2227.8(2350.4|2279.3| 843.4 | 157.8 | 358.2 | 480.1 | 751.8 | 388.7 [{11315.3

1987 | 620.3 [ 771.0 [1014.8]|2200.6(2172.4(1248.9| 28.6 | 306.8 | 561.9 | 734.6 |1500.6]| 990.1 {12150.6

1988 | 665.3 | 535.7 [1696.4|2279.3[2355.2|2247.0(2058.1|2182.0(1456.1]|1698.5[1399.1|1079.2(19652.1

1989 | 839.2 | 744.6 [1293.6|1776.6| 874.1 | 367.6 [ 559.0 | 50.4 | 449.0 |1076.4(1391.8]|1526.4(10948.9

1990 | 590.9 [ 780.9 |2006.0|2279.3|2355.2( 759.9 | 126.2 | 454.9 | 820.7 | 896.7 |1336.9| 877.1 [13284.7

1991 | 949.3 | 867.5 [1643.3|2279.3(2034.4|1094.2| 280.7 | 192.1 | 518.7 | 517.4 | 633.0 | 585.8 [11595.5

1992 [2294.912171.1[2355.2|2279.3[2355.2|2279.3(2349.1|2348.5[2279.3|2355.2(2279.3|2355.2(27701.5

1993 | 864.9 [ 795.6 [1510.1]2279.3|2355.2(1699.6| 538.6 | 534.7 | 767.1 | 686.0 | 812.2 | 981.8 [13825.1

1994 | 745.9 | 986.7 [1299.7]2214.7|2001.4| 970.7 | 632.3 |1162.6| 696.3 | 725.1 | 920.5 |1259.1(13615.1

1995 | 870.8 | 715.0 [1633.5|2278.0(2276.4|1786.4(1380.2| 102.3 | 705.6 |1119.5| 774.3 | 705.2 [14347.1

1996 | 641.4 [ 739.3 | 884.9 |2279.3|2355.2(1690.7| 578.2 | 457.3 | 814.8 | 918.4 | 847.5 | 812.0 {13018.8

1997 | 761.1 | 794.6 | 930.8 |2279.3(2355.2|1861.8| 962.4 | 816.7 [1639.0|1853.4| 947.3 |1180.2(16382.0

1998 | 686.3 | 632.8 [1091.6]|2246.9(2279.6|1755.2(1076.0| 963.3 [1284.7]| 679.3 | 787.5 |1077.2(14560.5

1999 | 715.1 [ 868.3 [1002.3|2266.9|2345.8(2160.6|1015.6]| 409.5 |1177.3| 898.2 | 924.5 | 861.3 [14645.5

2000 | 819.2 | 799.2 |1250.2(2279.3|2355.2(1436.8| 96.5 | 11.5 | 315.7 [ 912.6 | 687.0 [ 939.9 |11903.1

2001 799.3 | 608.7 |12177.1({2113.0|2287.2| 888.1 | 131.4 | 0.0 | 281.6 [ 403.0 | 392.3 [ 443.5 |10525.1

Mean | 540.0 | 549.3 |1102.0{2090.7{2120.0|1455.7| 866.2 | 508.0 | 754.8 | 793.7 | 749.3 [ 665.0 [12194.8
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Table: Mean Monthly Power [kW]

Year [(Jan. |Feb. [Mar. |Apr. |May [Jun. [Jul. Aug. |Sep. |Oct. [Nov. [Dec.

1958 | 78.6 | 159.1 | 312.2 [1939.0]|1642.5(1462.5| 98.7 | 206.2 | 731.4 | 763.4 | 370.7 | 405.0

1959 | 190.8 | 186.0 | 592.5 [2905.2|3165.6|2512.6(3156.4|2102.9|11609.8|2210.2({2008.4 | 1338.3

1960 | 803.2 [1368.0|1165.4|2939.612110.2|2657.0{1323.6| 247.3 | 661.6 | 826.1 | 481.4 | 469.2

1961 | 232.9 | 300.1 | 464.6 [1478.6]|1122.1| 277.0 |1236.4| 34.8 | 348.7 | 358.0 | 345.1 | 402.2

1962 | 453.2 | 439.7 [1096.6[2754.0|12300.1]| 682.0 [ 198.2 | 0.0 | 393.3 | 159.4 [ 345.8 | 278.4

1963 | 313.7 | 314.2 | 723.4 |2963.9|3165.6|3042.3|2555.1|1958.2|1369.5|1743.2|2022.5|1346.3

1964 [1059.4| 752.9 |1860.4|3069.1|3165.6(1927.6|1367.6| 997.5 |1222.3| 703.7 | 446.5 | 560.3

1965 | 346.2 | 583.3 |1611.5(2477.2|12307.3|1551.3({1118.4| 186.5 | 388.1 |2075.0(1133.8| 874.1

1966 | 537.4 | 566.8 |1010.4|2662.4|3155.1|1385.5| 978.0 | 0.0 | 738.2 | 889.2 | 452.6 | 331.4

1967 | 362.3 | 312.9 | 653.5 |2697.4|3161.1/1683.5|2538.7|1425.0|2084.4|1051.8|1424.0| 875.5

1968 | 961.3 |1304.9|2808.8(3165.6|3165.6|3165.6(2033.3| 863.0 |1092.3| 794.2 | 790.3 | 889.3

1970 | 471.3 | 543.7 |1793.8|2456.5|1601.2| 55.6 | 83.3 | 602.0 |[1205.1| 522.2 | 349.3 | 364.3

1971 | 735.4 | 428.9 |1188.5(2793.7|2957.6(1546.1] 0.0 0.0 [256.2]511.1[299.7 | 537.0

1972 | 352.2 | 502.5 |1228.2(3165.6|3160.5|3118.7(1391.2| 687.5 |1379.1| 824.4 | 608.2 | 524.5

1973 | 529.5 | 814.1 | 845.7 |3051.6]2509.4|2584.6|1863.1| 341.6 | 683.6 | 625.2 [1031.6| 531.1

1974 | 300.2 | 433.9 |1865.5/2936.2|3152.4|1764.0| 536.2 |1052.1|2635.6| 955.4 | 605.1 | 635.9

1975 | 611.7 | 520.0 |1575.5[3040.0|3117.5|1980.9| 482.5 | 118.2 | 548.7 |1826.8| 752.0 | 516.0

1976 | 789.6 | 660.8 |1307.7|3165.6|3165.6/3055.5|2410.3| 472.1 | 962.4 | 785.1 | 554.6 | 538.0

1977 | 500.3 | 648.3 | 946.7 |2460.6|3078.6(/1410.6| 815.4 | 57.2 |1277.2|1186.2| 727.5 | 477.7

1978 | 469.5 |1256.7|2310.4|3165.6|3165.6|3013.4| 969.3 | 855.5 | 942.7 | 745.1 | 609.5 | 477.2

1979 | 403.3 | 444.2 |1101.9|2853.9]2826.3|3089.3|2226.9| 218.1 | 524.7 | 841.9 |1353.9| 630.5

1980 | 508.4 | 496.2 |1399.1|3112.4]|2715.9| 158.1 | 16.2 | 91.6 | 426.3 | 456.0 | 368.2 | 368.7

1981 | 503.6 | 582.0 | 672.9 [1929.4|3115.2|2054.7[1469.5|1347.5]| 899.0 | 775.2 | 757.2 | 475.2

1982 | 410.8 | 465.5 | 804.7 |3105.1|3161.7|2128.5|1355.3|1021.5| 743.7 | 817.2 | 732.0 | 683.0

1983 | 503.6 | 418.4 |1135.1|2892.0|3126.3(2370.7|1381.5| 457.2 |1136.3| 919.7 |1822.3|1278.6

1984 | 387.7 | 495.0 |1673.8(3165.6|3143.0|2067.4| 748.6 | 235.7 | 733.6 | 522.7 [1073.2| 574.1

1985 | 367.0 | 545.9 |1332.1|3128.9]2882.3|2127.4| 699.8 | 138.3 | 462.7 | 542.3 | 525.4 | 462.7

1986 | 737.5 | 359.1 | 924.5 |3094.1|3159.2|3165.6|1133.7| 212.1 | 497.5 | 645.3 |1044.2| 522.4

1987 | 833.7 |1147.4]1364.0(3056.3|12919.9|1734.6| 38.4 | 412.4 | 780.5 | 987.4 [2084.2|1330.8

1988 | 894.3 | 769.7 |2280.1|3165.6|3165.6/3120.9]2766.3|2932.8|2022.3|2283.0{1943.3|1450.5

1989 [1128.0(1108.1]|1738.7|2467.5|1174.9| 510.5 | 751.4 | 67.7 | 623.6 |1446.8|1933.1|2051.6

1990 | 794.2 11162.1]2696.2(3165.6|3165.6|1055.4| 169.6 | 611.5 |1139.9]1205.2(1856.8|1178.8

1991 [1275.9(1290.9]|2208.7|3165.6|2734.4|1519.7| 377.3 | 268.1 | 720.5 | 695.5 | 879.2 | 787.3

1992 |3084.5|3119.3|3165.6(3165.6|3165.6|3165.6{3157.5/3156.6|3165.6|3165.6(3165.6|3165.6

1993 |1162.5|1184.0]2029.7[3165.6|3165.6|2360.6| 723.9 | 718.7 |1065.4| 922.0 [{1128.0/1319.6

1994 [1002.6(1468.3|1746.8|3076.0{2690.1[1348.2| 849.9 |1562.6| 967.1 | 974.6 |1278.5|1692.4

1995 [1170.4(1064.0|2195.5|3163.9|3059.7(2481.1|1855.1| 137.5 | 980.0 |1504.7|1075.4| 947.9

1996 | 862.1 |1062.2|1189.4(3165.6|3165.6|2348.2| 777.1 | 614.6 |1131.6|1234.4(1177.1/1091.3

1997 [1023.0(1182.4]11251.1|3165.6|3165.6/2585.9|1293.6|1097.8|2276.3|2491.2|1315.7|1586.3

1998 | 922.5 | 941.7 |1467.2|3120.7|3063.9(2437.8|1446.2|1294.8|1784.4| 913.1 |{1093.8|1447.8

1999 | 961.2 |1292.2|1347.1{3148.5|3153.0|3000.8|1365.0| 550.4 |1635.1|1207.3(1284.0|1157.7

2000 [1101.1)1148.2|1680.4|3165.6|3165.6|1995.5| 129.7 | 15.5 | 438.5 |1226.7| 954.2 |1263.3

2001 [1074.4| 905.7 |2926.2|12934.7|3074.2|11233.5| 176.6 | 0.0 | 391.1 | 541.7 | 544.8 | 596.1

Mean | 725.8 | 808.1 |1481.212903.8|2849.5(/2021.8|1164.3| 682.8 |1048.3/1066.9|1040.7| 893.8
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Table: Weir Calculation - Basic Data

Maximum discharge, [m°/s] Q 99.1
One bay length of crest weir, [m] b 5.50
Bay number n 3
Length of crest weir, [m] B 16.50
Head of crest weir (H), [m] H 2.01
Level of top of dam [m] Ap 1213.7
Pier width, [m] ap 0.5
Maximum discharge of one bay,

m°/s q 33.0
Weir height, [m] Cs 2.50
Horizontal path on crest, [m] ) 1.50
Vertical edges rounding radius, [m] r 0.25
Acceleration of gravity, [m/sz] g 9.81
Shape coefficient G 0.97
Coefficient of full head o 1.00
Bay width with two half pier B's 6.00
Narrow plan (bay) coefficient Ko/ss 0.15
Vertical edges rounding coeff. Kag/b 0.13
Apron width ba 17.5
Non-erosion velocity Vn 1.14

Tabulation formulas

Q:c-.-*e*m*B*(Z*g)"O'S*Ho"1'5
_ e=1-(Kos ™ Kap)
Epge-1-1.4%(b/B's-0.2)°
B's=b*n
Kg=0.17-(r/(30*b))"\%°
Kun=H/(H+cg)
Kgn=0.17-(r/(30*H))"**
fo=H+(Vo™?/2g)
V():Q/Q
Q=B*(cg+H)
m=cs*c*m,
m,=0.36+(0.1*(2.5-8/Hp)/(1+2(8/Hp))
m,=0.50-0.012(Ho/C5)
o= (1-(1-(1-hn/Ho)/(1-(1-m/0.59)"04))A2)A05

Table: Calculation of Overflow Dam Hydraulics
Diameter of average particles d50 =0.05m

Hi?d Coeff. | Narrow | Under- | Under- | oo - . Velocity At\r?ir:knn:?sb Depth of

crest of dis- cqeffl- roo_dlng flooding depth Discharge | in end of t=0.15vsh; | erosion
weir charge cient height coeff. apron 05

[n'{] m ¢ hn[m] o | hrml | QWA | a..w | o v
0.5 0.483 0.980 -1.58 1.00 0.86 12.23 0.81 0.13 2.71
0.6 0.482 0.980 -1.44 1.00 0.99 16.06 0.93 0.18 3.37
0.7 0.482 0.980 -1.30 1.00 1.12 20.21 1.03 0.22 4.05
0.8 0.481 0.980 -1.17 1.00 1.24 24.67 1.13 0.27 4.75
0.9 0.481 0.980 -1.04 1.00 1.37 29.41 1.23 0.32 5.46
1.0 0.480 0.980 -0.93 1.00 1.49 34.41 1.32 0.38 6.20
1.1 0.480 0.980 -0.82 1.00 1.60 39.66 1.41 0.44 6.94
1.2 0.479 0.980 -0.73 1.00 1.71 45.14 1.51 0.50 7.70
1.3 0.479 0.980 -0.64 1.00 1.82 50.84 1.60 0.56 8.47
1.4 0.478 0.980 -0.56 1.00 1.91 56.76 1.69 0.63 9.25
1.5 0.478 0.980 -0.49 1.00 2.01 62.89 1.79 0.69 10.04
1.6 0.477 0.980 -0.42 1.00 2.09 69.21 1.89 0.76 10.84
1.7 0.477 0.980 -0.35 1.00 2.18 75.72 1.99 0.83 11.65
1.8 0.476 0.980 -0.29 1.00 2.25 82.41 2.09 0.91 12.46
1.9 0.476 0.980 -0.22 1.00 2.33 89.28 2.19 0.98 13.29
2.0 0.475 0.980 -0.16 1.00 2.40 96.32 2.30 1.06 16.68
2.1 0.475 0.980 -0.09 1.00 2.47 103.52 2.40 1.14 14.96
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Table: Calculation of Water Surface Profile

Dam top profile hydraulic calculations

Head calculation

Maximum discharge, [msls]

Weir surface trendline function
Y=Aex*+Asx +AX A +A X +AX+A

Trendline polynom function coefficients

Length of crest weir, [m] As As A, A;
Discarge factor of weir 0.0028 -0.0729 0.7616 -4.1245
Acceleration of gravity, [m/s?] A, A Ao R’
Horizontal path on crest, [m] 12.3820 -19.3440 12.1400 1.0000
Head of crest weir (Ho), [m] 2.10
Weir surface coordinates Derivative function Y=6Asx*+5Asx"*+4Ax +3Asx +2Asx+A4
for 1m for 2.10m Derivative function coefficients
X, [m] Y, [m] X, [m] | Y, [m] 6As 5As 4A, 3A;
0.000 | 0.265 0.0169 -0.3643 3.0464 -12.3735
0.210 | 0.076 2A; A, Line part angle, [°]
0.420 | 0.015 24.7640 -19.3440 —
0.630 | 0.000 | Weir surface tangent angle, [°] 45.00
at x, [m] 465 | aty,[m] 1.385
2.340 | 0.013 | Conjugating radius, [m]
2.550 | 0.057 | Circle arc center Yo, [m] 1.3
2.760 | 0.126 | Conjugating tangent angle, [°] 45.00
2.970 | 0.210 | atfalse x, [m] -1.06 l aty, [m] 2.36
3.180 | 0.307 | attrue x, [m] 5.63
3.390 | 0.416 | Circle arc center Xo, [m] 6.69
3.600 | 0.538 | Circle arc coordinates Radius coordinates
3.810 | 0.674 X, [m] Y, [m] X, [m] Y, [m]
4.020 | 0.827 5.63 2.361 5.63 2.36
4.230 | 0.998 5.71 2.442 6.69 1.30
4.440 | 1.184 5.80 2.512 6.69 2.79
4.650 | 1.388 5.89 2.572 6.69 1.30
4.860 | 1.604 5.98 2.623 Profile before curve
5.070 | 1.833 6.07 2.666 First line angle, [°]
5.280 | 2.073 6.16 2.703
5.490 | 2.327 6.24 2.733 Height first part, [m]
5.700 | 2.594 6.33 2.758
5.910 | 2.875 6.42 2.776 Second line angle, [°]
6.120 | 3.167 6.51 2.790
6.330 | 3.471 6.60 2.797 Height second part,[m]
6.540 | 3.828 6.69 2.800
6.750 | 4.116 First line end point Second line end point
6.960 | 4.456 X, [m] Y, [m] X, [m] Y, [m]
7.170 | 4.807 -0.009 0.765 -0.044 2.765
7.380 | 5.170 Profile before curve coordinates
7.590 | 5.544 Point 1 2 3
7.800 | 5.930 X, [m] 0.000 -0.009 -0.044
8.010 | 6.327 Y, [m] 0.265 0.765 2.765
8.220 | 6.735 Calculation of depth at end weir surface
8.430 | 7.151 [ Height (weir crest-end dam),[m]
8.640 | 7.579 | Factor of velocity
8.850 | 8.018 | Bernuly equation value ath -0.0007
9.060 | 8.465 | Depth at dam end (h), [m] 0.68
9.270 | 8.923 | Conjugate depth (h'), [m] 3.12
Calculation stilling basin, apron Depth on apron, [m] 2.37
Apron width, [m] - Stilling basin height, [m] 0.93
Apron wall slope Losses at apron begin, [m] 0.140
Critical depth function value (h) 0.0 Factor of safety 1.10
Critical depth on apron, [m] 1.53
Depth in river at apron end, [m] 2.42
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Stilling basin length, [m]

9.78

Apron length, [m]

11.73

Velocity on stilling basin, [m/sz]

1.75

Velocity on apron, [m/s?]

2.39
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Single Line Diagram
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Gargar SHPP

Scheme: single line power house 35 kV

4.000 kVA
35/6 kV

6 kV

P=3.170 MW
~ 6 kV +5%, -5%
cosp =0.8

Figure: Single Line Diagram
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Grid Connection

5761A25-000/12672434 FICHTNER/ YSUAC



"Gargar" HPP

to HV overhead line, 35 kV "Vardablur"

1=2.5 km

4000 kVA
6/ 35kV

6 kV

~ ) 317 MW

Scheme: Connection to the grid
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Figure: Transmission Line Scheme
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Table: Detailed Cost Estimation (Local Prices)

Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |DESCRIPTION [unit] [US$/unit] [unit] [US$]
1|Tyrolean Weir
1.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping mz 0.50 925 463
Open cut excavation and transport of soil (Class B) m3 3.50 900 3150
Open cut excavation and transport of rock (Class C) m3 8.80 900 7920
Underlying sand layer m3 10.60 53 559
Rip-rap m’ 15 812 12173
1.2|Concrete
Concrete, B15 m’ 60.00 714 42841
Formwork, highly accurate with smooth surfaces m2 10.00 365 3650
1.3|Reinforcement
Reinforcing Steel t 692.00 29 19764
1.4[Hydraulic Steel Structures
Gate 1.5x1.5 ka. 3.50 1667 5835
Trash Rack s=14mm b=6mm m’ 80.00 17 1320
1.5[Bore-pile wall m 240.00 140 33540
1.6|Apron from silty-clay m3 10 106 1064
2|Water diversion during construction
2.1|Earth Works
Open cut excavation of soil (Class B) m3 275 900 2475
Open cut excavation of rock (Class C) m3 8.05 2100 16905
Soil Transportation 3 km m3 0.75 1625 1219
Backfill m3 2.00 1375 2750
.2|Coffer-dam m 3 3.40 69 236
23 Coffer-dam dismantling m 3 110 69 76
3|Fishpass
3.1[Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 38 19
Open cut excavation and transport of soil (Class B) m3 3.50 78 273
Open cut excavation and transport of rock (Class C) m3 8.80 182 1602
Underlying sand layer m3 10.60 5 54
Backfil m’ 2.00 59 119
Rip-rap m3 15 6 96
3.2|Apron from silty- clay m3 10 10 104
3.3[Concrete
Concrete, B15 m’ 60.00 37 2192
Formwork, highly accurate with smooth surfaces m2 10.00 240 2396
3.4|Reinforcement
Reinforcing Steel t 692.00 3 1769
3.5|Hydraulic Steel Structures
2 x Stoplogs 1.2x1.0, H=3m kg. 3.50 706 2470
4|Gravel Trap
4.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 54 27
Open cut excavation and transport of soil (Class B) m3 3.50 120 420
Open cut excavation and transport of rock (Class C) m3 8.80 180 1584
Underlying sand layer m3 10.60 9 91
4.2|Apron from silty- clay m3 10 10 104
4.3|Concrete
Concrete, B15 m’ 60.00 171 10278
Formwork, highly accurate with smooth surfaces m2 10.00 176 1760
4.4|Reinforcement
Reinforcing Steel t 692.00 12 8298
4.5|Hydraulic Steel Structures
4 x Gate 1.5x1.5m, H=5m kg. 3.50 6668 23338
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Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |DESCRIPTION [unit] [US$/unit] [unit] [US$]
5[Sandtrap
5.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m 0.50 520 260
Open cut excavation and transport of soil (Class B) m 3.50 735 2573
Open cut excavation and transport of rock (Class C) m3 8.80 1715 15092
Underlying sand layer m3 10.60 51 537
Backfill m’ 2.00 385 770
5.2|Apron from silty-clay m3 10 106 1064
5.3|Concrete
Concrete, B15 m3 60.00 330 19800
Formwork, highly accurate with smooth surfaces m2 10.00 2080 20800
5.4|Reinforcement
Reinforcing Steel t 692.00 20 13702
6|Sandtrap Flushing Channel
6.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 250 125
Open cut excavation and transport of soil (Class B) m3 3.50 133 466
Open cut excavation and transport of rock (Class C) m3 8.80 533 4686
Underlying sand layer m 10.60 4 44
Backfill m3 2.00 250 499
Rip-rap m’ 15 38 563
6.2[Concrete
Concrete, B15 m3 60.00 12 729
Formwork, highly accurate with smooth surfaces m2 10.00 228 2275
6.3|Reinforcement
Reinforcing Steel t 692.00 1 589
6.4|Hydraulic Steel Structures
2x1 Gate 2.0x1.5 b=2m, h=1.5m, H=6 kg. 3.50 2784 9743
7|Penstock Intake
7.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 26 13
Open cut excavation and transport of soil (Class B) m3 3.50 165 578
Open cut excavation and transport of rock (Class C) m3 8.80 385 3388
Underlying sand layer m3 10.60 4 41
7.2|Concrete
Concrete, B15 m 60.00 166 9948
Formwork, highly accurate with smooth surfaces m2 10.00 134 1344
7.3|Reinforcement
Reinforcing Steel t 692.00 8 5737
7.4|Hydraulic Steel Structures
2x1 Gate 2.0x1.0 H=4 kg. 3.50 2229 7802
Gate 1.5x1.5m, H=5m kg. 3.50 1667 5835
Trash Rack s=20mm b=10mm m2 80.00 2 180
8|Penstock 2160
8.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 21600 10800
Open cut excavation and transport of soil (Class B) m3 3.50 19650 68775
Open cut excavation and transport of rock (Class C) m3 8.80 45850 403480
Trench excavation m’ 8.80] 7000 61600
Underlying sand layer m3 10.60 907 9616
Backfill m3 0.10 10785 1079
8.2|Concrete
Reinforced concrete, B15 (bearings for river crossing) m3 60.00 144 8640
Formwork, rough m2 10.00 72 720
8.3|Reinforcement
Reinforcing Steel t 692.00 3 1993
8.4|Hydraulic Steel Structures
Penstock t 1220.00 471 574364
Anticorrosice insulation with bitumen m2 5.7 6922 39453

5761A25-000/12672434

FICHTNER/ YSUAC




Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |DESCRIPTION [unit] [US$/unit] [unit] [US$]
9|Powerhouse
9.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping mz 0.50 1705 853
Open cut excavation and transport of soil (Class B) m> 3.50 1145 4008
Open cut excavation and transport of rock (Class C) m3 8.80 1010 8888
Underlying sand layer m3 10.60 34 358
9.2|Concrete
Substructure - Structural concrete with reinfoecement, B35 m3 101.00 405 40905
Superstructure - Structural concrete with reinforcement, B35 m> 112.60 330 37158
Formwork, rough m2 10.00 660 6600
9.3|Switchyard m3
Concrete Works m° 85.00 30 2550
9.4|Hydraulic Steel Structures
1 Panel - b=2.0m, h=1.5m, H=2 kg. 3.50 790 2764
9.5|Mobile Cranes- Powerhouse
Crane for D/S Stop Log W=1t Is 2500.00 1 2500
Crane in Machine Hall W=30t Is 40000 1 40000
9.6|Turbine-Generator Set
Equipment and Auxilliary Equipment kW 400.0 3170.00 1268000
9.7|Electrical Equipment
Main Transformator 6/35 kV, 4.0 MVA l.s. 35000 1 35000
Switchpanel 35kV ls. 12500 2 25000
Switchpanel 6kV l.s. 4000 2 8000
Station Service Equipment (Own Requir., DC, etc.) l.s. 28000 1 28000
Powerhaus Installation ls. 6000 1 28000
Miscellaneous Items (Fire Fighting System, Earthing System, HVAC) l.s. 10000 1 6000
10{Transmission Line
10.1|Transmission Line km 25000.00 2.5 62500
11[Tailrace Canal
11.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 0.50 200 100
Open cut excavation and transport of soil (Class B) m> 3.50 200 700
Open cut excavation and transport of rock (Class C) m 8.80 50 440
Underlying sand layer m3 10.60 27 286
Backfill m3 0.10 100 10
Rip-rap m’ 15 25 375
11.2|Concrete
Concrete, B15 m’ 60.00 99 5940
Formwork, highly accurate with smooth surfaces m2 20.00 450 9000
11.3|Reinforcement
Reinforcing Steel t 700.00 6 4158
12|Environmental Mitigation Costs
Environmental Mitigation Costs l.s. 133400 1 133400
13|Preliminary and General
13.1]|Preliminary and General l.s. 19492.39 1 19492
13.2|Access Roads m 60.00 1000 60000
Total 3363615
5761A25-000/12672434 FICHTNER/ YSUAC




Table: Detailed Cost Estimation (International Prices)

Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |DESCRIPTION [unit] [US$/unit] [unit] [US$]
1|Tyrolean Weir
1.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m> 1.00 925 925
Open cut excavation and transport of soil (Class B) m3 5.00 900 4500
Open cut excavation and transport of rock (Class C) m3 20.00 900 18000
Underlying sand layer m> 15.00 53 791
Rip-rap m’ 20 812 16231
1.2|Concrete
Concrete, B15 m3 100.00 714 71401
Formwork, highly accurate with smooth surfaces m2 20.00 365 7300
1.3|Reinforcement
Reinforcing Steel t 700.00 29 19992
1.4[Hydraulic Steel Structures
Gate 1.5x1.5 ka. 5.00 1667 8335
Trash Rack s=14mm b=6mm m’ 150.00 17 2475
1.5[Bore-pile wall m 360.00 140 50310
1.6|Apron from silty-clay m3 20 106 2128
2|Water diversion during construction
2.1|Earth Works
Open cut excavation of soil (Class B) m3 5.00 900 4500
Open cut excavation of rock (Class C) m3 20.00 2100 42000
Soil Transportation 3 km m3 2.00 1625 3250
Backfill m’ 500/ 1375 6875
2.|Coffer-dam m’ 20.00 69 1387
2.3 Coffer-dam dismantling m3 4.00 69 277
3|Fishpass
3.1[Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 38 38
Open cut excavation and transport of soil (Class B) m3 5.00 78 390
Open cut excavation and transport of rock (Class C) m3 20.00 182 3640
Underlying sand layer m3 15.00 5 77
Backfil m’ 5.00 59 207
Rip-rap m’ 20 6 128
3.2|Apron from silty- clay m3 20 10 207
3.3[Concrete
Concrete, B15 m’ 100.00 37 3653
Formwork, highly accurate with smooth surfaces m2 20.00 240 4793
3.4|Reinforcement
Reinforcing Steel t 700.00 3 1790
3.5|Hydraulic Steel Structures
2 x Stoplogs 1.2x1.0, H=3m kg. 8.00 706 5647
4|Gravel Trap
4.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 54 54
Open cut excavation and transport of soil (Class B) m3 5.00 120 600
Open cut excavation and transport of rock (Class C) m3 20.00 180 3600
Underlying sand layer m> 15.00 9 128
4.2|Apron from silty- clay m3 10 10 104
4.3|Concrete
Concrete, B15 m3 100.00 171 17130
Formwork, highly accurate with smooth surfaces m2 20.00 176 3520
4.4|Reinforcement
Reinforcing Steel t 700.00 12 8394
4.5|Hydraulic Steel Structures
4 x Gate 1.5x1.5m, H=5m kg. 8.00 6668 53344
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Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |DESCRIPTION [unit] [US$/unit] [unit] [US$]
5[Sandtrap
5.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m 1.00 520 520
Open cut excavation and transport of soil (Class B) m3 5.00 735 3675
Open cut excavation and transport of rock (Class C) m3 20.00 1715 34300
Underlying sand layer m3 15.00 51 761
Backfill m’ 5.00 385 1925
5.2|Apron from silty-clay m3 20 106 2128
5.3|Concrete
Concrete, B15 m3 100.00 330 33000
Formwork, highly accurate with smooth surfaces m2 20.00 2080 41600
5.4|Reinforcement
Reinforcing Steel t 700.00 20 13860
6|Sandtrap Flushing Channel
6.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 250 250
Open cut excavation and transport of soil (Class B) m3 5.00 133 666
Open cut excavation and transport of rock (Class C) m3 20.00 533 10650
Underlying sand layer m3 15.00 4 62
Backfill m3 5.00 250 1248
Rip-rap m’ 20 38 750
6.2[Concrete
Concrete, B15 m’ 100.00 12 1215
Formwork, highly accurate with smooth surfaces m2 20.00 228 4550
6.3|Reinforcement
Reinforcing Steel t 700.00 1 595
6.4|Hydraulic Steel Structures
2x1 Gate 2.0x1.5 b=2m, h=1.5m, H=6 ka. 8.00 2784 22271
7|Penstock Intake
7.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 26 26
Open cut excavation and transport of soil (Class B) m3 5.00 165 825
Open cut excavation and transport of rock (Class C) m3 20.00 385 7700
Underlying sand layer m3 15.00 4 59
7.2|Concrete
Concrete, B15 m’ 100.00 166 16580
Formwork, highly accurate with smooth surfaces m2 20.00 134 2688
7.3|Reinforcement
Reinforcing Steel t 700.00 8 5803
7.4|Hydraulic Steel Structures
2x1 Gate 2.0x1.0 H=4 kg. 5.00 2229 11146
Gate 1.5x1.5m, H=5m kg. 5.00 1667 8335
Trash Rack s=20mm b=10mm m2 150.00 2 338
8[Penstock 2160
8.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 21600 21600
Open cut excavation and transport of soil (Class B) m3 5.00 19650 98250
Open cut excavation and transport of rock (Class C) m3 20.00 45850 917000
Trench excavation m3 20.00 7000 140000
Underlying sand layer m’ 15.00 907 13608
Backfill m3 5.00 10785 53925
8.2|Concrete
Reinforced concrete, B15 (bearings for river crossing) m3 100.00 144 14400
Formwork, rough m 20.00 72 1440
8.3|Reinforcement
Reinforcing Steel t 700.00 3 2016
8.4|Hydraulic Steel Structures
Penstock t 2500.00 471 1176975
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Local Prices UNIT UNIT PRICE | QUANTITY TOTAL
ITEM |[DESCRIPTION [unit] [US$/unit] [unit] [US$]
9|Powerhouse
9.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping mz 1.00 1705 1705
Open cut excavation and transport of soil (Class B) m3 5.00 1145 5725
Open cut excavation and transport of rock (Class C) m3 20.00 1010 20200
Underlying sand layer m3 15.00 34 506
9.2|Concrete
Substructure - Structural concrete with reinfoecement, B35 m3 120.00 405 48600
Superstructure - Structural concrete with reinforcement, B35 m> 140.00 330 46200
Formwork, rough m” 20.00 660 13200
9.3|Switchyard m>
Concrete Works m3 100.00 30 3000
9.4|Hydraulic Steel Structures
1 Panel - b=2.0m, h=1.5m, H=2 kg. 8.00 790 6317
9.5|Mobile Cranes- Powerhouse
Crane for D/S Stop Log W=1t Is 2500.00 1 2500
Crane in Machine Hall W=30t Is 40000 1 40000
9.6/ Turbine-Generator Set
Equipment and Auxilliary Equipment kW 400.0 3170.00 1268000
9.7|Electrical Equipment
Main Transformator 6/35 kV, 4.0 MVA Ls. 88000 1 88000
Switchpanel 35kV Ls. 54000 2 108000
Switchpanel 6kV l.s. 36000 2 72000
Station Service Equipment (Own Requir., DC, etc.) Ls. 70000 1 70000
Powerhaus Installation l.s. 11000 1 70000
Miscellaneous Items (Fire Fighting System, Earthing System, HVAC) l.s. 25000 1 11000
10{Transmission Line
10.1|Transmission Line km 54000 2.5 135000
11[Tailrace Canal
11.1|Earth Works
Preparation of construction area by clearing, grubbing and stripping m2 1.00 200 200
Open cut excavation and transport of soil (Class B) m> 5.00 200 1000
Open cut excavation and transport of rock (Class C) m> 20.00 50 1000
Underlying sand layer m3 15.00 27 405
Backfill m3 5.00 100 500
Rip-rap m’ 20 25 500
11.2|Concrete
Concrete, B15 m’ 100.00 99 9900
Formwork, highly accurate with smooth surfaces m2 20.00 450 9000
11.3|Reinforcement
Reinforcing Steel t 700.00 6 4158
12|Environmental Mitigation Costs
Environmental Mitigation Costs l.s. 133400 1 133400
13|Preliminary and General
13.1|Preliminary and General l.s. 38237.63 1 38238
13.2|Access Roads m 60.00 1000 60000
Total 5303201
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ID |Task Name [2005 2006 2007
Nov [ Dec | Jan Feb | Mar [ Apr | May [ Jun | Ju [ Aug | Sep [ Oct | Nov [ Dec Jan | Feb [ Mar | Apr [ May | Jun [ Ju | Aug | Sep | Oct Nov | Dec J
1 Preliminary and General Py
2 Arrangement of temporary access roads Il
3 Clearing and grubbing the erection site from bushes and
4 Blasting and excavation of rocks h
5 Excavation of soil .l
6 Leveling of the surface @
7 River diversion during construction PE—
8 Blasting and excavation of rocks -]
9 Excavation of soil
10 Soil transportation for 3 km .b
11 Backfill Il
12 Construction and dismantling of cofferdam ]
13 Water intake, sandtrap and flusher
14 Clearing and grubbing the erection site from bushes and ()]
15 Blasting and excavation of rocks _
16 Excavation of soil
17 Sand bedding layer —.l
18 Construction of silty-clay apron with compaction @
19 Arrangement and dismantling of formwork O
20 Reinforced concrete -]
21 Installation of gates o
22 Rip-rap (]
23 Backfill o
24 Fishpass, weir with stilling basin and gravel trap
25 Clearing and grubbing the erection site from bushes and
26 Blasting and excavation of rocks
27 Excavation of soil ap
28 Sand bedding layer
29 Construction of silty-clay apron with compaction [ ]
30 Arrangement and dismantling of formwork
31 Reinforced concrete O
32 Installation of gates @
3B | Riprap S
34 Backfill
3% | Borepile val i
36 Penstock
37 Clearing and grubbing the erection site from bushes and )]
38 Blasting and excavation of rocks
39 Excavation of soil
40 Trench bedding in soil
41 Sand bedding layer
42 Leveling of the access road surface with a width of 6m
43 Lying of penstock D 1220x10mm
44 2- layer anticorrosion coating
45 Backfill
46 Arrangement and dismantling of formwork
47 Reinforced concrete
48 Powerhouse
49 Clearing and grubbing the erection site from bushes and
50 Blasting and excavation of rocks .h
51 Excavation of soil ]
52 Sand bedding layer ]
53 Arrangement and dismantling of formwork O
54 Reinforced concrete o
55 Backfill
56 Rip-rap ]
57 Assembly of mechanical equipment
58 Assembly of hydromechanical equipment o
59 Assembly of electrical equipment and swith yard o
60 Testing and Commissioning F
61 Testing ap
62 Commissioning V-
Braotjee: cégﬁ%rg;ri\g%ll(programme Task _ Progress Summary PN External Tasks :] Deadline &
Split Milestone ’ Project Summary ;v External Milestone O
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Cash Flow Calculations
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Financial Indicators (Local Prices)

Parameters and Assumptions:

Installed capacity Mw 3.2
Energy generation MWh 12,190
Useful output (1% station use, 1% transm. losses) MWh 11,947
Investment Cost (incl. price contingencies) TUS$ 3,884
Annual O&M Cost (1% of direct cost) TUS$ 35
Tariff c/kWh 4.5
Results:
Discount Rate 8% 10% 12% 14% 16%
DPC (c/kWh) 3.3 3.9 4.6 5.2 6.0
NPV (TUS$) 1,107 415 -33 -325 -513
B/C Ratio 1.37 1.15 0.99 0.86 0.76
IRR 11.8 Simple Payback Period 7.7 years
Cash Flow for Calculation of Financial Indicators:
Year Gene- | Invest- | O&M Total Rev- | Net Cash| Cum.
ration ment Cost Cost enue Flow NCF
MWh TUS$ | TUS$ | TUS$ | TUS$ | TUSS TUS$
-2 1,863 1,863 -1,863 | -1,863
-1 2,021 2,021 -2,021 -3,884
1 11,947 35 35 538 503 -3,382
2 11,947 35 35 538 503 -2,879
3 11,947 35 35 538 503 -2,376
4 11,947 35 35 538 503 -1,874
5 11,947 35 35 538 503 -1,371
6 11,947 35 35 538 503 -868
7 11,947 35 35 538 503 -365
8 11,947 35 35 538 503 137
9 11,947 35 35 538 503 640
10 11,947 35 35 538 503 1,143
11 11,947 35 35 538 503 1,646
12 11,947 35 35 538 503 2,148
13 11,947 35 35 538 503 2,651
14 11,947 35 35 538 503 3,154
15 11,947 35 35 538 503 3,657
16 11,947 35 35 538 503 4,159
17 11,947 35 35 538 503 4,662
18 11,947 35 35 538 503 5,165
19 11,947 35 35 538 503 5,667
20 11,947 35 35 538 503 6,170
21 11,947 35 35 538 503 6,673
22 11,947 35 35 538 503 7,176
23 11,947 35 35 538 503 7,678
24 11,947 35 35 538 503 8,181
25 11,947 35 35 538 503 8,684
26 11,947 35 35 538 503 9,187
27 11,947 35 35 538 503 9,689
28 11,947 35 35 538 503 10,192
29 11,947 35 35 538 503 10,695
30 11,947 35 35 538 503 11,197
Total 358,423 | 3,884 1,047 | 4,932 (16,129| 11,197
NPV @ 10% | 69,933 | 2,528 204 2,732 | 3,147 415
NPV @ 12% | 54,608 | 2,331 160 2,491 | 2,457 -33
NPV @ 14% | 43,452 | 2,153 127 2,280 | 1,955 -325
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Financial Indicators (International Prices)

Parameters and Assumptions:

Installed capacity Mw 3.2

Energy generation MWh 12,190

Useful output (1% station use, 1% transm. losses) MWh 11,947

Investment Cost incl. price contingencies) TUS$ 5,962

Annual O&M Cost (1% of direct cost) TUS$ 54

Tariff c/kWh 4.5
Results:

Discount Rate 8% 10% 12% 14% 16%
DPC (c/kWh) 5.1 6.0 7.0 8.1 9.2
NPV (TUS$) -516 -1,057 -1,376 -1,554 -1,643
B/C Ratio 0.89 0.7 0.6 0.6 0.5
IRR 6.7% Simple Payback Period 12.3 years

Cash Flow for Calculation of Financial Indicators (International Prices)

Year Gene- | Invest- O&M Total Rev- | Net Cash| Cum.
ration ment Cost Cost enue Flow NCF
MWh TUS$ TUS$ TUSS$ | TUSS TUS$ TUS$
-2 2,971 2,971 -2,971 -2,971
-1 2,991 2,991 -2,991 -5,962
1 11,947 54 54 538 483 -5,478
11,947 54 54 538 483 -4,995
3 11,947 54 54 538 483 -4,512
4 11,947 54 54 538 483 -4,028
5 11,947 54 54 538 483 -3,545
6 11,947 54 54 538 483 -3,062
7 11,947 54 54 538 483 -2,578
8 11,947 54 54 538 483 -2,095
9 11,947 54 54 538 483 -1,612
10 11,947 54 54 538 483 -1,128
11 11,947 54 54 538 483 -645
12 11,947 54 54 538 483 -162
13 11,947 54 54 538 483 322
14 11,947 54 54 538 483 805
15 11,947 54 54 538 483 1,288
16 11,947 54 54 538 483 1,772
17 11,947 54 54 538 483 2,255
18 11,947 54 54 538 483 2,738
19 11,947 54 54 538 483 3,222
20 11,947 54 54 538 483 3,705
21 11,947 54 54 538 483 4,188
22 11,947 54 54 538 483 4,672
23 11,947 54 54 538 483 5,155
24 11,947 54 54 538 483 5,638
25 11,947 54 54 538 483 6,122
26 11,947 54 54 538 483 6,605
27 11,947 54 54 538 483 7,088
28 11,947 54 54 538 483 7,572
29 11,947 54 54 538 483 8,055
30 11,947 54 54 538 483 8,538
Total 358,423 | 5,962 1,629 7,591 |16,129| 8,538
NPV @ 10% | 69,933 | 3,886 318 4204 | 3,147 | -1,057
NPV @ 12% | 54,608 | 3,585 248 3,833 | 2,457 | -1,376
NPV @ 14% | 43,452 | 3,312 197 3,510 | 1,955 | -1,554
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Financial Statements (Local Prices) at Tariff 4.5 c/kWh

Production and Tariff
1 2 3 4 5 G 7 g 9 10 11 12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27 28 2 30

fear 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2050 2031 2032 2033 2034 2035 2036 20357
Project Qutput
Met Energy Cutput MWk 11,247 11947 11947 11,947 11,947 11247 11,947 11,947 11,947 11247 11947 11947 11,947 11,247 11 947 11,947 11,947 11947 11247 11,947 11,947 11,947 11,247 11947 11,947 11,947 11,947 11 847 11,947 11947
Met Capacity Ty 3z 32 32 3.2 3.2 32 32 32 3.2 32 32 32 3.2 3z 32 32 3.2 3z 32 32 3.2 3.2 32 32 32 3.2 32 32 32 3.2
Tariff and Revenues
Tariff cents/kiwh 45 45 45 458 45 45 45 45 45 45 45 45 4.5 45 45 45 458 45 45 45 458 45 45 45 45 45 45 45 45 458
Total Revenue US§ 000 538 63§ B3 538 838 538 538 538 538 538 538 538 533 538 538 538 533 B33 538 638 533 533 538 638 538 538 53 B3 538 538

Cash Flow
1 2 3 4 5 B 7 g 9 10 11 12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27 28 2 a0
All values in US$ 1000 fear 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2028 2030 2031 2032 2033 2034 2035 2036 2037
Revenues 538 538 538 538 538 538 538 538 538 538 538 533 538 538 538 538 538 538 538 538 538 538 538 538 533 533 53 538 538 538
Operating Expenses 35 3 35 35 35 3 35 35 35 35 3 35 35 35 3 35 35 35 3 35 35 35 3 =) 35 35 35 3 35 35
Operating Income (EBIDTA) 503 503 A03  B03  A03 503 A03 503 503 503 503 503 503 A03 503 &03 503 503 503 503 503 503 503 503 803 503 A03 503 503 503
Change in Waorking Capital 45 -45
Other Sources of Cash: Residual Value 1]
Cash Flow Available for Debt Service 455 803 803 6803 803 803 603 503 &03 503 603 4503 &03 603 803 803 &03 803 803 803 503 803 503 603 503 503 403 803 503 580
Total Debt Service 540 827 606 484 460 433 404 372 337 304 R -1 -18 25 -32 -39 -16 -63
Pre-Tax Cash-Flow -85 -24 -4 19 43 69 99 13 166 199 503 503 503 503 503 503 503 503 4503 503 503 503 507 5140 521 528 535 542 549 604
Corporate Tax 23 26 30 3 33 44 =0 a7 B4 70 73 73 73 73 73 73 73 73 73 73 73 73 74 75 77 78 79 81 a2 a3
After-Tax Cash-Flow -0 &0 -33 -16 4 25 48 74 102 128 430 430 430 430 430 430 430 430 430 430 430 430 434 439 445 450 456 461 457 520
Cash Available for Distributions -08 158 191 207 203 <178 128 B8 47 128 430 430 430 430 430 430 430 430 430 430 430 430 524 BB 813 957 1,001 1245 1389 1581
Dividends Paid 47 128 430 430 430 430 430 430 430 430 430 430 430 338 295 300 306 32 317 323 328 334
Return of Capital 1,247
Net Cash Flow for the Period -108 &0 -33 -16 4 28 458 74 95 91 139 139 138 138 139 139 139 1081
Cash Balance hrought forward -08 <188 191 207 <203 178 1290 85 9 229 388 807 B48 FB4 S22 1067
Cash Balance carried forward -108 188 191 207 203 178 129 BE 29 229 3B 507 B45 FB4 922 1061 0

ROE  Payback yre
Pre-Tax Investor's Cash Flow 12.5% -1247 88 -24 -4 13 43 =] 93 13 186 199 503 503 S03 503 503 503 S03 503 s03 0 503 503 503 S0 5140 521 528 535 542 543 64
10.7%

Post-Tax Cash Flow distributed -1247 47 128 430 4300 430 430 430 4300 430 430 430 4300 430 338 295 300 306 312 37 323 328 1581

Income Statement
1 2 3 4 5 B 7 g 9 10 il 12 13 14 15 16 17 18 19 20 21 22 23 24 28 26 e 28 29 30

All values in USF 000 fear 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2026 026 2027 2028 2029 2030 2031 2032 2033 2034 2036 2036 2037
Total Operating Revenues 530 4633 463 530 538 530 533 530 530 530 533 530 4538 530 533 536 4533 538 53 530 4533 538 53 5638 533 538 53 536 533 438
Operating Expenses 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35 35
Diepreciation 135 133 133 133 139 139 133 133 139 139 139 133 139 133 139 138 139 138 133 133 133 139 139 133 133 139 133 139 133 139
Operating Costs 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173 173
Operating Income (EBIDTA) 3B4 34 3B4  SB4 384 384 364 SB4 384 364 364 384 384 3B4 364 364 364 364 364 364 364 384 364 364 364 364 364 364 364 364
Interest Expense 249 236 215 183 189 142 M3 g1 46 13 5 -1 -18 25 -32 -39 -46 53
Profit hefore Tax 1156 129 149 171 195 222 251 283 33 341 J&4  3\4 384 384 3B4 384 3B4 384 364 364 3B4 384 369 FE 383 388 396 403 4100 M7

Corporate Tax 23 26 a0 34 39 44 a0 a7 B4 70 73 73 73 73 73 73 73 73 73 73 73 73 4 75 77 73 79 a1 a2 83
Profit for Year 92 mi 18 137 186 17 20 2y s 29 291 9 29 29 291 sl 29 29 291 sl 29 295 300 306 32 3F 0 323 3M™ 3M
Praofit Available for Distribution 92 195 314 451 BO7  FBS 986 1,212 1467 1701 1864 1725 1586 14483 1309 171 1032 ©993 745 BI16 478 338 295 3000 306 312 317 323 3G 3M
Dividend Paid 47 128 430 430 430 430 430 430 430 430 430 430 430 338 295 300 306 312 317 323 3 334
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Balance Sheet

1 2 3 4 5 G 7 g 9 10 11 12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27 28 2 30
All values in US§ 000 fear 2007 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2050 2031 2032 2033 2034 2035 2036 20357
Assels
Gross Fixed Assets 4,158 4158 4,158 4,158 4,158 4158 4,158 4,158 4,158 4,158 4158 4,158 4,158 4,158 4158 4,158 4,156 4,158 4158 4,158 4,158 4,158 4158 4158 4,158 4,158 4,158 4158 4,158 4,158
Less Accumulated Depreciation 138 277 416 554 B33 832 970 1100 1,247 1386 1524 1663 10802 1940 2073 2217 2356 2495 2633 2772 2910 3049 3183 3326 3465 3503 3742 3831 4019 47158
Less Sale of Assets 1]
Met Book alue 4019 3881 3742 3503 3465 3326 3,188 3049 2910 2772 2B33 2495 23585 2217 2079 1940 1802 1BE3 1525 1386 1247 1109 970 B32 B93 554 46 277 139
Wark in Progress
Fized Assets 4019 3881 3742 3603 3465 3326 3,188 3049 2910 2772 2B33 2485 2386 2217 2079 1940 1802 1863 1525 1386 1247 1,108 970 G632 B93 554 416 277 139
Cash 91 229 368 807 B45 FE4 922 1081
Accounts Receivable 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45
Inventory 3 6 & 53 5 6 & 53 5 6 & 53 5 3 & & 53 3 6 & 53 5 6 & 53 5 6 & 53
Reserne Account
Current Assets 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 1M 280 413 557 BB 834 973 1,112
Total Assets 4070 3831 3793 3654 3515 3377 3238 3100 2961 2822 2884 2545 2407 2268 2123 1991 1852 1714 1575 1437 1298 1250 1250 1250 1250 1250 1250 1250 1,250
Equity
Equity 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 1247 0
Retained Earnings 92 195 314 481 BO7 789 986 1,212 1420 1572 1434 1295 1186 1018 879 741 BO2 483 325 186 48
Total Equity 1340 1442 1561 16868 1854 2032 2233 2450 2667 2920 26081 2542 2404 2265 2127 19088 1849 1711 1572 1434 1205 1247 1247 1247 1247 1247 1247 1247 1247 0
Bank Overdraft 1m8 158 19 200 203 178 129 55 0
Accounts Payable 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
Current Liabilities 1 160 194 210 206 181 132 o8 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 0
Long Term Liabilities 2E19 2328 2037 1746 1455 1184 B73 582 291
Total Liahilities 4070 3931 3793 3684 3515 3377 3238 3100 2861 2822 2634 2545 2407 2268 2129 1991 1882 1714 1575 1437 1286 1280 1250 1280 1260 1280 1250 1280 1250 O
Check 0.00
Loan Schedule
1 2 3 4 5 B 7 g 9 10 11 12 13 14 18 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
All values in US§ 1000 Year 2007 2003 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2007 2028 2023 2030 2031 2032 2033 2034 2035 2036 2037
Dishursement 2910
Loan Repayment 291 20 281 281 281 20 281 281 281 20
Loan Balance (end of period) 2819 2328 2037 1746 1485 1184 G737 882 291
Interest Payments 249 223 186 170 144 18 92 B5 39 13
Interest on Overdraft/Interest Income 13 9 23 25 24 21 16 7
Debt Semice 540 527 806 484 460 433 404 P2 337 304
Operating Income 503 503 803 S03 0 503 S03 503 503 5030 503
Debt Senice Coverage Ratio 053 055 05 104 109 116 124 135 143 165
Min 0.93
hax 1.65
Average 1.19
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