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Table 7.2.7 Irrigation Water Deficit Without Dam Condition
{Irrigable area 48,300 ha)

Million cu-m

YEAR = YALA SEASON - MAHA SEASON
IR—  Deficit # of bDeficit IR Deficit Z of Deficit

1950 535 120.46 12.9 560 -
1951 864 56.14 6.5 519 -
1952 897 33.84 3.8 641 -
1953 826 301.27 36.5 433 -
1954 206 55.46 6.1 498 -
1955 792 0.28 0.4 753 -
1956 . 934 440.32 47.1 492 -
1957 947 123.75 13.1 404 -
1958 9201 - - 673 -
1959 9205 84.91 9.4 340 -
1960 789 - - 459 -
1961 264 71.81 1.4 453 i.0 0.7
1962 903 7.45 0.8 441 -
1963 885 41.26 4.7 443 -
1964 913 73.16 8.0 641 11.41 1.8
1945 788 - - 399 -
1966 a8z 67.15 7.6 547 -
1967 968 79.57 8.2 435 -
1968 941 123.79 13.2 617 -
1969 856 43.5% 5.1 414 -
1970 867 - - 547 -
1973 856 - - 710 -
1972 872 157.67 18.1 565 -
1973 827 222.18 26.9 661 47.56 7.2
1974 874 285.15 32.6 718 73.05 10.2
1975 857 248.44 29.0 678 6.72 1.0
1976 888 424 54 47.8 578 -
1977 905 83.79 9.3 -

Total 24,742 3,145.78 1,461.9 141.73

Average 883.6 112.3 12.7 522.1 5.2

/* 1IR: Irrigation Requirements

—
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Table 7.2.14 Irrigation Water Deficit With Dam Condition
{Irrigable area 62,200 ha, irrigation purpose
only, without Kotmale)

Miliion cu-m

YEAR - YALA SEASON MAHA SEASON
IR— Deficit % of Deficit IR Deficit # of Deficit
1950 1,184 - 725 -
1951 1,096 - 669 -
1852 1,131 - 826 -
1953 984 263.99 26.8 561 -
1954 1,199 - ‘ 647 -
1955 991 - 959 -
1956 1,208 444,11 36.8 637 -
1957 1,208 330.66 27.4 525 -
1958 1,143 - 868 -
1959 31,163 - 436 -
1960 1,008 - 586 -
1961 1,195 - 593 -
1962 1,149 - 568 -
1963 1,122 - 575 -
1964 1,159 - 850 -
1965 995 - 519 -
1966 1,124 - 709 -
1967 1,242 - 579 -
1968 1,203 - 802 -
1969 1,082 - 546 -
1970 1,089 - 702 -
1971 1,085 - 910 -
1972 1,109 - 726 -
1973 1,036 39.02 3.8 868 48,39 5.6
1974 1,112 485.22 43.6 915 220.2 24.1
1975 1,054 396.43 37.6 874 0.88 0.1
1976 1,133 510.60 45.1 733 -
1977 1,150 5.66 0.5 -
Total 31,354 2,475.69 18,9408 269.47
Average 1,119.8 88.4 7.9 700.3 10.0 1.4

/* IR: TIrrigation Requirements
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Table 7.2.15 Summary of Water Balance Studies

1. Case Case a Case b Case ¢

2. HW.L. MSL 200 m MSL 195 m MSL 188 m

3. L.W.L. MSL 175 m MSL 170 m MSL 154 m

4. Total Capacity 1,110 million 900 million 658 million
cu-m cu—m cu-m

5. Effective Capacity 802 million 686 million 618 million
cu-m cu-m cu-m

6. Irrigable Area 62,200 ha 62,200 ha 62,200 ha

7. Firm, Power Potential 10 MW 6 MW 0

8. Average Annual
Power Output
Installed Capacity

66 MH 183.0 GWH - G - G
50 MW 179.7 - -

45 MW 178.5 - -

40 MW 176.9 159.6 -

35 MW 174.1 157.7 -

30 MW 170.8 154.7 -

25 MW 162.2 148.9 -

20 MY 144.3 135.4 -

22 W 104.4"

9. Average Reservoir

Water Level MSL 190.60 m MSL,184.77 m MSL 173.77 m

* Generated under reservoir water level higher than MSL ]65 m, and
potential below this water level not counted because of limitation

of turhine design.
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Table 7.2.16 Results of Reservoir Operation Study When Tmpounding,
Satisfying the Water Requirement from Existing Farm
Land of 40,000 ha under the Project

Commen cement Time necessary  Reached Time necessary  Reached
No. of storage up to L.W.L. at up to H.W.L, at
(Month) L.W.L. (Month) H.W.L.
1 Oct, 1950 Jan. 1951 15 Jan. 1952
2 Oct. 1951 Dec, 1951 30 Apr. 1934
3 Oct. 1952 16 Jan. 1954 26 Jan. 1955
4 Oct. 1953 Jan. 1954 14 Dec. 1954
5 Oct. 19534 Dec. 1954 6 Apr. 1955
6 Oct. 1955 25 Nov. 1957 27 Jan. 1958
7 Oct. 1956 13 Nov. 1957 15 Jan. 1958
8 Oct. 1957 1 Nov. 1957 3 Jan. 1958
9 Oct. 1958 13 Nov. 1959 16 Feb. 1960
10 Oct. 1959 1 Nov. 1959 Feb. 1960
11 Oct. 1960 1 Nov. 1960 Jan. 1962
12 Oct. 1961 2 Dec. 1961 14 Dee. 1962
13 Oct. 1962 2 Dec. 1962 Apr. 1963
14 Oct. 1963 2 Dec. 1963 Mar. 1964
15 QOct. 1964 11 Oct. 1965 14 Jan. 1966
16 Oct. 1965 1 Nov. 1965 13 Nov. 1966
17 Oct. 1966 1 Nov. 1966 14 Dec. 1967
18 Oct. 1967 1 Nov. 1967 14 Dec. 1968
19 Oct, 1968 2 Dec. 1968 15 Jan. 1970
20 Oct. 1969 2 Dec. 1969 & Feb. 1970
21 Oct. 1970 2 Dec. 1970 12 Oct. 1971
22 Oct. 1971 2 Dec. 1971 73 Oct. 1977
23 Oct. 1872 i Nov. 1972 59 Oct. 1977
24 Oct. 1973 25 Dec. 1975 47 Oct. 1977
25 Oct. 1974 13 Dec. 1975 35 Oct. 1977
26 Oct. 1975 Dec. 1975 25 Oct. 1977
27 Oct. 1976 1 Nov. 1976 13 Nov. 1977
Total 150 522
Mean 5.5 19.3
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Table 7.2.17 Results of Reservoir Operation Study when Impounding,
Satisfying the Water Requirements from Beneficial Area

of 62,200 ha under the Project

Commencement Time necessary  Reached Time necessary Reached
No. of storage up to L.W.L. at up to H.W.L. at
(Moath) L.W.L. (Month) H.W.L.
1 Oct. 1950 3 Jan. 1951 51 Jan. 1955
2 Occ. 1951 Dec. 1951 39 Jan. 1955
3 Cct, 1952 16 Jan. 1954 31 Apr. 1955
4 Oct. 1953 3 Jan. 1954 18 Mar. 1955
5 Oct. 19854 Dec. 1934 39 Dec. 1957
6 Oct. 1955 25 Nov. 1957 28 Jan. 1958
7 Oct. 1956 13 Nov, 1957 16 Jan. 1958
3 Oct. 1957 1 Nov. 1957 4 Jan. 1958
9 Oct. 1958 13 Nov. 1959 17 Feb. 1960
10 Oct., 1859 1 Nov. 1959 5 Feb. 1960
11 Oct. 1960 1 Nov. 1960 28 Jan. 1963
12 Oct. 1961 2 Dec. 1961 16 Jan. 1963
13 Oct. 1962 2 Dec. 1962 7 Apr. 1963
14 Oct. 1963 2 Dec., 1963 28 Jan. 1966
15 Oct. 1964 13 Nov. 1965 39 Dec. 1967
16 Oct. 1965 1 Nov. 1965 27 Dec. 1967
17 Oct. 1966 1 Nov. 1966 40 Jan., 1970
18 Oct. 1967 1 Nov. 1967 28 Jan. 1970
19 Cct. 1968 2 Dec. 1968 16 Jan. 1970
20 Oct. 1969 2 Dec. 1969 5 Feb. 1970
21 Oct. 1970 2 Dec. 1970 12 Dac. 1971
22 Oct., 1971 2 Deec. 1971 74 Nov. 1977
23 Oct. 1972 1 Nov. 1972 62 Nov. 1977
24 Ccr. 1973 25 Dec. 1975 50 Nov. 1977
25 Oct. 1974 13 Dec. 1975 38 Nov. 1977
26 Qct. 1975 Dec. 1975 26 Nov. 1977
27 Oct. 1976 1 Nov. 1976 14 Nov. 1977
Total 152 758
Mean 5.6 28
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Table 7.3.3 Tertutive

Financial Evaluation ol Puwer Schome

Selhieme Na. 2

5 o
H.W.L. & Power 188 m 193 m 0 m
installation
Deseription 22.5 MY 26 40 28.5 66
Present worth of total cost {million USS)
Capital cost 6.58 22.72 35.24 J2.60 57.65
0 & M cost 0.84 1.71 2.57 2.10 3.55
Total cost 7.42 24.43 37.81 34.70 54.20
Present worth of totel benefit (milliem US$)
KW benefit - 10.82 18.88 11.64 31.93
K¥Wh beneflit 8.93 16.89 17.73 19.95 21.23
Total benefit §.93 27.71 36.61 31.59 53.16
Net benef1t 1.51 3.28 -1.20 -3.11 -1.04
B/C ratic 1.20 1.13 0.97 0.91 0.98
Conditions:
1. Discount rate: 10 %, Base year: 1980, Period 30 years.
2. Economic life: 350 years for dam, intake, powerhouse and
afterbay weir, 35 years for hydro-turbine, generator and
transmission facilities and 25 years for alternative thermal
plant,
3. Power benefit to be expected from 1987 while dam construction
is planned to be commenced in 19381.
4. All secondary energy to come consumable in CEB system in 5 years

after completion of hydropower plant.
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Table 7.3.4 Cost-benefit Analysis for Stage Development

26 MW
Future unit
will not be)

Stage 26 MW one unit 26 MW + 26 M{ (
installed

Present worth of total cost
(million USS)

Capital cost 23.64 30.45 25.21
0 & M cost 1.86 2.58 2,06
Total cost 25.50 33.03 27.27

Present worth of total benefit
{million US$)

kW benefit 11.50 18.61 11.50
kWh benefit 18.12 20.05 18.12
Tatal benefit 29.62 38.66 29.62
Net benefit 4.12 5.63 2.35
B/C ratie 1.16 1.17 1.09

Conditions;
1. Discount rate: 10 Z, Base year: 1980, Peried 50 years.

2, FEconomic life: 50 years for dam, intake, power house and afterbay
weir, 35 years for hydro-turbine, generator and transmission facilities

and 25 years for alternative thermal plant.

3. Power benefit to be expected from 1986 while dam construction is

planned to be commenced in 1981.

4. All secondary energy to come consumable in CEB system in 5 years after

completion of hydropower plant.
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Table 7.3.5 Required Major Plani and Equipment

Mzin equipment Capacitly Quantity
Conecrete plant 1.3 m3 X 3 1 set
Potable concrete plant 0.5 m3 x 1 1 set
Crushing plant 200 1, h 1 set
Bulldozer 32 & 9 nocs.
Bulldozer 21 t 15 nos.
Power shovel 1.2 m3 8 nos.
Wheel loader 2 m3 9 nos.
Dump truck 20 t 40 nos.
Ordinery truck 8t 50 nos.
Crawler drill 15 m3/m 24 nos.
Air compressor 34 m3/m 12 nos.
Jib crane 14.5 ¢ 2 nos.
Concrete pump 60 - 85 m3/hr 1 no.
Agitator truck 3 m3 4 nos.
Tamping reller 15 t 4 nos.
Vibrating roller 8t 4 nos.
Pump dredger 600 ps 2 nos,
Fuel tarker 5,000 f 18 nos.
Grout pump 7.5 kW 3 nos.
Grout pump 3.7 k¥ 8 nos.
Grout mixer 5.5 kW 11 nes.
Bering machine 3.5 kW 1& nos.
Diesel generator T50 k¥ 3 nos.
Weter pump for water supply $200, 37 kv 6 nos.,
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Table 7.3.6 Main Construction Materials

Cement 104,000 tons
Reinforcement bars 1,500 tons
Structural steel 2,200 tons
Explosives T00 tons
Diesel flaigh speed diesel) 28,000 k1
Timber 8,200 m3
Fine aggregate for concrete 150,000 m3
Coarse aggregate for concrete 400,000 HF
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Table 7.3.7 Summary of Construction Cest of
Moragabakanda Dam and Powerstation

(UNIT IN MILLION)

CONSTRUCTION COST

DESCRIPTION YEN RUPEE TOTAL
PORTION PORTION RUPEES
LAND AND RIGHT OF WAY 10.7 10.7
RELOCATION OF HIGHWAY 24.1 24.1
ADMINISTRATOR'S RESIDENCE & OFFICE 5.6 5.6
Sub-Total 50.4 40.4
CONSTRUCTICN WORKS 15,062 262.4 1,421.1
1. Preparatory works 416 7.4 39.4
2. Care of river 549 7.9 50.1
3. Main dam 4,617 66.2 421.4
4, First saddle dam 4,297 97.2 427.7
5. Spillway & stilling basin 434 15.4 48.8
6. Intake structure & anchor blocks 29 1.4 3.6
7. Second saddie dam 1,210 12.1 105.2
8. Powerhouse & switchyard 547 16.2 58.3
9. Miscellaneous 75 0.6 6.4
10. Hydromechanical works 1,474 20.3 133.7
11. Generating equipment & transmis- 1,414 17.7 126.5
sion

PHYSICAL CONTINGENCIES 1,365 24.5 129.5
ENGINEERING & ADMINISTRATION 1,314 23.0 124.1
TOTAL 17,741 309.9 1,674.7
350.3 1,715.1

GRAND TOTAL 17,741 ===

(Us$114.34 millien)
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Table 7.3.8 DISBURSEMENT SCHEDULE OF INVESTMENT
COST TO DAM AND POWERSTATION

(UNIT IN MTLLION RUPEES)

CLASSIFICATION 1981 1982 1983 1984 1985

Civil, Metal and G/E

cost ineluding Physical

Contarngencies 110.1 320.6 308.8 443.3 367.7
1

Engineering Cest 38.31— 22.4 22.3 22,3 22.4

Sub-Total 114.9 343.0 331.1 465.6 390.1

Land compensation & others 40.4 - - - -

Total 185.3 343.0 331.1 465.6 390.1

Note: /1 : Including disbursement in earlier years

Remarks:

1. No conditions such as advance payment tc the contractors,
detention money and premiam of performance bond are considered
herein.

[i%3

Total of 1,715.1 million Rupees corresponds to estimated ecost
on 1978 price basis.
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Table T.4.2 Installed Capacities of Hydropower Stations

Firm
Name of Power Type of Installed Peak Annual Energy
Station Development Capacity output  Output (GWH)
(MW} (MW) Firm Mean
01ld Laxapana Pondage 50(3x8.333) 50 221 284.4
2x12.5
Wimalasurendra Reservoir 50 (2x25) 50 99 101.4
Polpitiya Pondage 75 {2x37.5) 75 420 420,
New Laxapana Pondage 100 (2x50) 100 490  490.
Ukuwela Run of river 40 (2x20) 20 180  226.
Udawalawe Reservoir 5.94 (3x1.98) - - 7.67
Inginiyagala Reservoir 11.25(2x2.475) - - 33.
2x3.15
Total 332.19 295 1,410 1,562.47

Udawalawe and Inginiyagala power station are operated according
to the irrigation water requirements. And therefore their firm energies

are not expected.

Table 7.4.3 Installed Capacities of Thermal Power Stations

Name of Power Station Installed Capacity (MW)

Kelanitissa {Steam) 50 (2x25)

Thunnagam (Diesel) 13.6 (2x2.0 3x1.11)
3x2.092

Petteh (Diesel) 6.27 (3x2,092)

Total 69.87
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Table 7.4.4 Hydropower Stations under Construction

Name of Power Type of

Installed Firm Peak Annual Energy

Station Development Capacity Output Qutput (GWH)
(MW) {MW) Firm Mean
Bowatenna Pondage 40 (1x40) 36 108 143
Canyon Reservair 30 (1x30) 28 144 169
Samanalawewa Reservoir 120 {2x60) 111 420 600
Total 190 173 672 912

Table 7.4.5 Hydropower Stations under Planning

Name of Power Type of

Installed Firm Peak Annual Energy

Station Development Capacity Output Qutput {GWH)
() (Mw) Firm Mean
Kotmale Reservoir 150 (3x50) 117 380 411
Randenigala " 75 (3x25) 58 264 350
Vicetoria " 120 (4x30) 92 528 649
Moragahakanda n 26 {1x26) 16 66.6 145
Taotal 371 283 1,238.6 1,555

Table 7.4.6 Promising Sites for Hydropower Development

Name of Site Name of River Ca€§;§ty ggggii Fir?GﬁEi?gy
Taldena Badulu Oya 14.5 48

Upper Uma Qya Uma Cya 25.5 85.5

Lower Uma Cya Uma Oya 30. 113.3

Madvuru Oya Maduru Oya 4.5 -

Xalu Ganga Knlu Ganga 1.9 -
Pallewela Loggol Gya 10. 34.5

Heen Ganga Heen Ganga 7.1 25.5 (mean}

The Maduru Oya Projeect is the one of the five large projects in

the Accelerated Mahaweli Ganga Development Trograme.
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Table 7.4.7 Power Demand Forecast

Year Energy Consumption Energy Generation Maximum Demand
{GWH) (GWH) (MW)
1578 1157 1322 274
79 1287 1471 305
1980 1428 1632 339
81 1579 1805 375
82 1742 1991 413
83 1918 2192 455
84 2107 2408 500
85 2311 2641 548
86 2530 2891 600
37 2766 3161 656
88 3021 3453 TL7
39 3295 3766 782
1990 3591 4104 852
91 3909 4467 927
92 4252 4859 1009
93 4622 5282 1096
94 5020 3737 o119
95 5449 6227 1293

- 1899 -



Table 7.4.8 Balance of Peak Demand

Peak

Required Firm Peak

Year Demand Capacity Capacity B?;S?ce
{MW) () (w3
1978 274 324 364 40
79 305 355 364 )
a0 333 350 399 9 Bowatenna ( 35 MWy
81 375 431 427 4 Canyon ( 28 M)
g2 413 475 " -48
83 455 523 " -96
84 500 575 538 =37 Samanalawewa (111 MW)
85 548 630 630 0 Victoria ( 92 MW}
86 600 690 747 57 Kotmale (117 MW)
87 656 754 763 9 Moragahakanda ( 16 MW)
g8 717 825 821 -4 Randenigala { 58 MW)
89 782 899 " -78
90 852 980 " ~159
91 927 1,066 " =245
Table 7.4.9 Balance of Energy Demand and Firm Energy Supply
. Actual
vear Demand Generation (G __ malamce  TTmEL
Hydro Thernal Total {GWH) (GWH)
1978 1,322 1,410 220 1,630 308 0
79 1,471 1,410 " ' 159 61
80 1,632 1,518 " 1.738 106 114 Bowatenna (108 GcWH)
81 1,805 1,662 " 1,882 77 143 Canyon {144 GWH)
82 1,991 " 520 2,182 191 329 New Thermal (300 GWH)
83 2,192 b 820 2,482 290 530 " "
84 2,408 2,082 " 2,902 494 326 Samanalawewa (420 GWH)
85 2,641 2,610 " 3,430 789 3 Victoria {528 GwH)
8 2,891 2,990 " 3,810 919 0 Kotmale {380 GWH}
87 3,161 3,056 " 3,876 715 105 Moragahakanda ( 66 GWH)
88 3,453 3,320 " 4.140 687 133 Randenigala (264 GWH)
89 3,766 " " " 374 446
a0 4,104 " " " 36 784
91 4,467 " " " -327 820
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Table 7.4.10 Balance of Annual Energy Demand and Mean Energy Supply

Available Energy Actual
Year Demand Generation (GWH) Balance Thermal
(GWH) (GWH) Generation
Hydro Thermal Total {CWH)
1978 1,322 1,562 220 1,782 460 0
79 1,471 " " 1,782 311 ]
80 1,632 1,705 " 1,925 293 0 Bowatenna (143 GWH)
81 1,805 1,874 " 2,094 289 0 Canyon (169 GWH)
82 1,991 " 520 2,394 403 117 New Thermal (300 GWH)
83 2,192 n 820 2,694 502 318 " "
84 2,408 2,474 " 3,294 886 v Samanalawewa (600 GWH)
85 2,641 3,123 " 3,943 1,536 0 Victoria (649 GWH)
86 2,891 3,534 " 4,354 1,463 0 Kotmale (411 GWH)
87 3,161 3,679 " 4,459 1,338 0 Moragahakanda (145 GWH)
88 3,453 4,029 H 4,849 1,396 0 Randenigala (350 cWR)
89 3,766 o " " 1,083 0
90 4,104 " " " 745 75
91 4,467 " " " 382 438 .
92 4,859 " ' " -10 820
93 5,282 " " " -433 B20
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Table 7.4.11 Main Parameters ol Scheme No.3

Reservoir water level:

mas imum 195w

piinimum 170 m

mean 184.8 m

operation 174.4 m
Tailrace water level:

At a discharge of O m3fs 139.0m

At a discharge of 100 m3/s 139.3 m
Maximum output 26 MW
Annual effective emergy output 66.6 GWH
Annual mean energy output 145.,1 "
Effective peak output 16,1 MW
Turbine: No. of unit 1

Design head 43 m

Maximum discharge 56.6 m3/s

Speed 214.3 r.p.m.
Generator No, of unit: 1

Capacity 30.5 Mva

Yoltage 11 kV

Speed 214.3 r.p.m.

Main transformer:
No. of unit
Capacity
Yoltage

1
30.5 MVA
132/11 kV
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Table 7.4.12

132 kV Transmission Line

Route length
No. of circuit
Voltage
Conductar
Earth wire
Steel tower

Insulator string

about 16 km

1

132 kv

ACSR (A 30/2.794 St 7/2.794)
Galvanized stranded steel (7/3.5)
Galvanized angle steel

11 pieces of 10" suwspension insulator

Table 7.4.13 Annual Disbursement of Station Equipments (10%Rs}

1984 1985 Total

Equipment 71.69 21.69 93.38
Freight and insurance 2.89 0.88 3.77
Installation 1.18 4.73 5.91
Inland transporietien 1.41 0.43 1.84
Installation 2.76 11.03 13.79
Total 79.93 38.76 118.69
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Table 7.4.14 Annual Disbursemeni of the Line Cost {1000.)

1984 1985 Total

Survey and design 1.15 - 1.15
Materials (Tower, Conductor etc.) ~- 4.18 4.18
Erection - 0.74 0.74
Erection - 1.74 1.74
Total 1.15 6.66 7.81

Table 7.4.15 Disbursement Schedule of the 26 MW Steam Power Station {I10°Rs)

1983 1984 1985 Total

Generating equipment 151.82 26.8 178.62
Civil work 38.6 4.3 - 42.9
Erection - 10.76 25.12 35.88
Total 38.6 166.88 51.92 257.40
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Table 7.5.4 Summary of Construction Cost of Downstream

Development
Unit 1000 Rs
Ltem Total Foreign Local
A. Civil Works 403,959 157,387 246,572

1. Existing Land (Improvements)

Existing canal 21,203 8,576 12,447
Rehavilitation on farm 120,280 36,532 83,748
Angamedilla Anicat 22,531 13,374 9,157

Sub. Total 164,014 58,662 105,352

2. New Land (Development)

Preparatory works 15,360 7,680 7,680
Diversion works (A/D) 37,256 25,941 11,315
Irrigation canal 46,635 26,543 20,092
Drainage canal 17,323 3,709 13,614

Land development 123,371 34,852 88,519

Sub. Total 239,945 98,725 141,220

B. Comstruction Machinery 271,533 175,744 95,7849
1. Existing Land 14,681 9,716 4,965

2, New Land 256,852 166,028 90,824

€. Land Settlement (Only new land) 68,800 34,400 34,400
D. Engineering, Administration (A+B+C) == 10% 74,428 44,656 29,772
1. Existing Land 17,869 10,721 7,148

2. New Land 56,559 33,935 22,624

E. Physical Contingency (A-D) x 10% 81,871 41,219 40,652
1. Existing Land 19,656 7,910 11,746

2. New Land’ 62,215 33,309 28,906
Total 900,591 453,406 447,185
Existing Laund 216,220 87,009 129,211

New Land 684,371 366,397 317,974
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Table

7.5.6

C.I.F. Prices {Dec. 1978 of Machinery and Equipment

Equipment & Size & Quan- C.I.F.
Machinary Capacity ticy Priceg Amount g
1. Crawler Tractor 180 to 200 H.P. 6 95,000 570,000
2. - do - 300 H.P. 16 150,000 2,400,000
3. Attachments to Crauwler
Tractor
a. Straight Blade Dozer Av for both
classes of Tract 14 13,000 182,000
b. Ripper " & 17,600 105,600
¢. Pusher Cup 1 3,900 3,900
d. Sheep Foot Roller Twin drum 2 8,500 17,000
4. Motorized Scraper 14/20 cu. yd. 1 165,000 165,000
5. Water Truck with Sprinkler 1200 gls 2 25,000 50,000
6. Crawler Mounted Crane (15T)
with Drag Line Bucket 3/4 cu. yd. 17 115,600 1,955,000
7. Rear Dump 15T 3 50,000 150,000
§. Farm Tractor (60H.P.) with
Trailer (5T) 3 8,000 24,000
9. Lorry 5T 1 13,4800 13,000
19. Metor Grader 120 to 150 H.P. 2 80,000 160,000
11. Air Compressor 600 C.F.M. 5 20,000 100,000
12, - do - 365 C.F.M. 5 17,000 85,000
14, Pneumatic Jack Hammers 50 1h. 5 500 2,500
15, Wheeld Crushing and
Screening Plant 1/2" to 2.1/2" 1 33,800 33,800
16, Concrete Mixer 14/10 cft. 9 9,000 81,000
17. Engine Mounted Vibrator 18 725 13,050
18. Road Roller § to 10T 1 22,500 22,500
19. Front End Loader 130 H.P. 2 50,000 100,000
Total $6,233,350
Rs93,500, 250
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Chapter VI : ECONOHMIC EVALUATION
8.1 Introduction

Development of the Moragahakanda project would generate a consid-
erable amount of benefits to Sri Lanka due to increases in agricaltural
production, hydro power output, employment oppotunities as well as other
multiplied economic effects. The objective of the economic analysis is
to assess benefits and costs of the project in economic terms and to indi-
cate its economic viability.

The major costs include construction, operation and maintenance of
the dam, hydroelectric plant and reservoir area and develepment of irri-
gation and drainage system associated with other infrastructures and
services which support the Socio-economic activites in the area, whilst
the major benefits comprise hydro-power output, increases in agricultural
production and social welfare which, when brought about, are anticipated

to spill over into other neighbouring areas.
8.2 Methodology and Approach

8.2.1 Ewvaluation Criteria

The criteria used in evaluating the project are the present value,
internal rate of return and benefit cost analysis. Costs and benefits
are priced in terms of economic price which are of true value to the na-
tional economy. All these costs and benefits are valued in terms of 1978
constant prices therefore excluding the effects of inflation. An analysis
period of 50 years is used.

Since all the factors relevant to the economic analysis are not neces-
sarily determined assured, sensitivity tests are applied by changing cer-

tain variable factors when and where necessitation deems.

8.2.2 Discount BRate and Shadow Pricing

The following describes the assumptions made for the pricing of inputs
and outputs of the project.
1) Discount Rate:
4 discount rate of 10 per cent is normally used by Government
Agencies and by international lending agencies for Sri Lanka. TIn the
economic. evaluation, therefore, the 10 percent discount rate is used
for the standard analysis case, whilst the discount rate of 12 per

cent applied only in the sensitiviiy analysis case.
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2) Shadow Price of Foreign Exchange:

At present, the Sri Lanka rupee is probably over-valued in terms
of its official exchange rate of about Rs 15 for US$ 1.0. A shadow

rate of Rs 18 for US$ 1.0 is therefore used in the analysis.
3) Oppotunity Cost of Labour:

As it is considered, presently as well as in the future, that
the abundance of farm labour as well as that of unskilled labour is likely
to be available for irrigated agriculture and various construction
works, a figure of only 50 per cent of the market wage rate for un-
skilled labour is taken inteo account in the economic analysis. For
all other types of labour the economic and financial prices are the

same.
4) Pricing of Other Project Inputs and Cutputs:

Necessary adjustment was made for other major inputs and outputs
of the project such as petroleum, cement, reinforcing steel bar and
other imported construction materials as well as for crops and fertilizer.
The prices of these items are by and large distorted by subsides, im-
port duties and other transfers, thus significant differences between

the economic and financial prices are noticed for certain items.
8.3 Economic Analysis

8.3.1. Summary of Benefits and Costs

1) Hydropower Benefits:

Hydropower benefits are assessed based on the costs of the alter-
native thermal project. Benefits from a hydropower project producing
a given amount of dipendable power and secondary eunergy can be cal-
culated by estimating the capital and recurrent costs of generating
the same power output in the best alternative thermal project.

The benefits comprise two distinct types of components. Firstly,
the costs of providing the same generation capacity which hydropower
would give can be termed "capacity benefits" or "KW benefits". Sec-
ondly, fuel and other operating costs required in generating each
kilowatt (KWH) of electricity which would otherwise be produced by
hydropower can be termed "energy benefits" or "kwh benefits".

Methodology and process of calculating the benefits are discussed
in 7.4.5. Power Benefit in Chapter VII but in terms of finamcial

prices which therefore have been converted into economic prices.
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The Moragahakanda power station with 16.180 MW of dipendable peak out-
put producing 6616 GWH of yearly energy product will generate the
benefits from 1886 and thenafter. The brnefit stream is shown in the
Table 8.2.

2} TIrrigation Benefits:

The methodology adopted for the estimation of irrigatiom benefits
for the preoject is described in 5.2.9. Net Agricultural Benefits in
Chapter V. The benefits in terms of economic prices are summarized

in Table 8.2,
3) Summary of Project Costs:

411 the project cost including dam, power station, irrigation
facilities and social infrastructures is converted into economic prices
which are broken down into capital and shown in Table 8.1.

Project cost totals Rs, 3,187 million of which Dam and Powersta-
tion require twe third or Rs. 2,112 millien, while Down Stream Develop-
ment Rs. 1,075 million. In the latter the cost of social infrastruc—
ture development is included because agricultural activities in the
new lands would not be able to be satisfactorily performed unless var-~
ious community facilitis are provided to the farmers and their families.
However, since these facilities can benefit other people in the neigh-
bouring areas and all of them are not always directly related to pro-
duction activities, it is assumed only one third of the total develop-

ment cost be allocated to the project.
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Table 8.1.

Summary of Project Cost in 1978 Economic Prices

Particular Rs. million Disbursement
Head work:
Dam, capital: 1,966.3 1981 - 1985
reccurent: 9.8/year 1986 -
Generating Equipment
and Transmission,

Capital : 146.1 1985 - 1986
reccurent : 2.2/year 1986 -
Sub-total 2,112,4 plus 12.0 /year

Down Stream Development
Irrigation Facilities,
Capital 899.2 1980 - 1988
reccurent: 21.3 /year 1986 -
. /1
Social Infrastructures'—

Capital : 175.4 1985 ~ 1987
reccurent: 36.5 /year 1987 -
Sub-total 1,074.6 plus 57.8 [year
TOTAL 3,187.0 plus £9.8 /year

/1:

only 1/3 of the total development cost of social infrastructures

required in the area.
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8.3.2. _Economic Analysis _

1} Analysis Results for Standard Analysis Case:

Based on the cashflow of the costs and benefits summarized in
the Table 8.2,, an economic analysis was carried out for the stan-
dard analysis case; 10 ¥ of discount rate shadowpricing of fereign
exchange rate of Rs. 18.0 at U8$ 1.0, shadowpricing of major const-
ruction materials and oppotunity cost of unskilled labour being con-
sidered.

As is shown in the Table 8.3. herebelow economic returns from
the project implementation amount Rs.578.8 million in terms of net pre-
sent value. Internal rate of return (IRR} is 12.0 precent, while the
Benefit Cost ratio at the discount rate of 10 per cent is 1.22, thus

the implementation of this project can be economically justified.

Table 8.3. Rusults of the Economic Analysis
for Standard Analysis Case

IRR Net Presant B/C Ratio

Value Ao
(%) (Rs million) (x=102)

Value |32.0 575.8 1.22

2) Sensitivity Tests

In order to determine the economic viability of the praject, a

sensitivity test was done by changing the following factors.

(1) Discount Rate: 12 Z

{2) Capital Costs: 15 Z higher

(3) Capital Costs: 15 % lower

{4) TForeign Exchange Rate: Rs 15.0 at US§ 1.0

The rusults of the sinsitivity analysis can be summarized as shown
in the Table 8,4. Details of the discounted benefits and costs are
~

presented in the Table 8.5 through 8.9.

cate the project will be economically feasible in any analysis case.
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Table 8.4 Results of Sensitivity Analysis

Sensitivity Case

Particular A B C D E
Discount Rate 10 12 10 10 12
Capital Costs - - 15% higher | 15% lower -
Foreign Exchange Rate | Rs, 15 [Rs, 15 | Rs, 18 Rs. 18 Rs, 18

(to USS 1.0)
IRR (%) - 13.0 - 10.8 13.0 12.0
NPV (Rs million) 872.4 | 270.5 275.8 875.8 8 3.7
B/C Ratio 1.37 1.13 1.09 1.39 1.00

3} Conc¢losion

In the economic analysis only two types of major benefits were dis-
cussed and analysed quantitatively. The analysis indicate the level af
these benefits is large enough so that the project will be economically
feasible. The implementation of the project, moreover, bring about other
direct or indirect intangible henefits into the areas as well as to Sri
Lnaka. Major benefits which can be expected additionally include increase
of employment oppotunities, increase of fish production from the reservair
to be constructed, generation of secondary and tertiary industries in as-
sociation with the large-scale agricultural development as well as com-
munity development, increase of social welfare standard and so on. Imple-
wentation of the project, therefore, can be recommended from the national

economic view point.

- 264 -



Table 8.5

Benefits and Costs for Alternative Analysis Cases

CASE A
Discount Rate: 10%
Analysis Construction Costs: + 0%
: . Conversion Rate for Foreign Exchange: US$ 1.0 = Rs. 15.0
Condition:

Shadow Pricing for Major Materials: considered

Oppotunity Cost of Unskilled Labour: considered

Discounted
Amount at
Type of Benefit/Cost (Rz?a;iiiggn) (%)
BENEFIT TOTAL 3,204.5 (100.0})
Irrigation Benefits
~Existing Lands 1,667.3 {52.0)
~New Lands 909.1 (28.4)
Hydro Power Benefits
-KW Benefits 214.4 (6.7)
-KWH Benefits 413.7 (12.9)
COST TOTAL 2,332.1 {100.0)
Head work
-Dam {(Capital plus O & M) 1,295.7 (55.6)
~Generating Equipment and
Transmission 95.7 {(4.1)
(Capital plus @ & M)
Down Stream Development
~Irrigation Facilities 644.0 (27.6)
(Capital plus 0 & M)
-S0cial Infrastructures 296.7 (12.7)

(Capital plus 0 & M)

B-C Ratio; 1.37
Net Present Value: Rs. 872.4 milliom
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Table B.6

Benefits and Costs for Alternative Analysis Cases

CASES B

Discount Rate:
Analysis

12%

Construction Costs:

+ 0%

Condition: Conversion Rate for Foreign Exchange: US§ 1.0 = Rs. 15.0

.

Shadow Pricing for Major Materials: considered ]
]
] Oppotunity Cost of Unskilled Labour: considered
i
Discounted
Amount at
Year 1980
Type of Benefit/Cost (Rs. million) (%)
BENEFIT TOTAL 2,390.8 (100.0)
Irrigation Benefits
~-Existipng Lands 1,229.4 (51.4)
~New Lands 651.2 (27.2)
Hydro Power Benefits
-KW Benefits 193.5 (8.1)
-KWH Benefits 316.7 (13.3)
COST TOTAL 2,120.3 {100.0)
Head work
-Dam (Capital plus O & M) 1,215.1 (57.3)
. —Generating Equipment and 85.9 (4.0)
Transmission ’
(Capital plus O & M)
Down Stream Development
-Irrigation Facilities 581.3 (27.4)
(Capital plus O & M)
-Sacial Infrastructures 238.0 (11.3)

(Capital plus 0 & M)

B-C Ratio: 1.13

Net Present Value: Rs. 270.5 million
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Table 8.7

Benefits and Costs for Alternative Analysis Cases

CASES ¢
Discount Rate: 10%
Analysis Construction Costs: 15% higher
Condition: Conversion Rate for Foreign Exchange: US$ 1.0 = Rs. 18.0
Shadow Pricing for Major Materials: considered
Oppotunity Cost of Unskilled Labour: considered
Discounted
Amount at
Year 1980
Type of Benefit/Cost (Rs. million) 3
BENEFIT TOTAL 3,335.9 {100.0)
Irrvigation Benefits
-Existing Lands 1,667.3 (50.0)
—New Lands 909.1 (27.2)
Hydro Power Benefits
~-KW Benefits 283.7 {8.5)
-KWH Benefits 475.8 (14.3)
COST TOTAL 3,060.1 (100.0)
Head work
-Dam (Capital plus O & M)} 1,730.6 (56.6)
—Gen;ratlng E?ulpment and 129.4 (4.2)
ransmission
(Capital 0 & M)
Down Stream Development
-Irrigation Facilities 851.2 {27.8)
{Capital plus O & M)
-Social Infrastructures 348.9 (11.4)

(Capital plus O & M)

B-C Ratio: 1.09
Net Present Value: Rs. 275.8 millionm
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Table §-8
Benefits and Costs for Alrernative Analysis Cases

CASES D

Analysis

|
Discount Rate: 107
Construction Costs: 15 % lower 1

Condition: Conversion Rate for Foreign Exchange: US$ 1.0 = Rs. 18.0:
Shadow Pricing for Major Materials: considered

Oppotunity Cost of Unskilled Labout: considered

. Discounted
Amount at
Year 1980
Type of Benefit/Cost (Rs. million) (%)
BENEFIT TOTAL 3,137.7 (100.0)
Irrigation Benefits
-Existing Lands 1,667.3 (53.1)
-New Lands 909.1 {29.0)
Hydro Power Benefits
-KW Benefits 209.7 (6.7)
~KWH Benefits 351.6 (11.2)
COST TOTAL 2,261.9 {100.0)
Head work
~Dam (Capital plus O & M} 1,279.2 (56.6)
—Geniratlng Equipment and 95.6 (4.2)
ransmission

{Capital plus 0 & M}

Down Stream Development

~Irrigation Facilities 629.2 (27.8)
(Capital plus O & M)
-So0cial Infrastructures 257.9 {(11.4)

(Capital plus O & M)

B~-C Ratio: 1.39

Net Present Value: Rs.875.8 million
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Tabie 8.9

Benefits and Costs for Alternative Analysis Cases

CASE E
!
Discount Rate: 12% i
A .
| nalysis Construction Costs: + Q%
" Condition:

Conversion Rate for Foreign Exchange:

Uss 1.0 = Rs.

Shadow Pricing for Major Materials: considered

18.0

e o e =

; Oppotunity Cost of Unskilled Labour: considered
Discounted
Amount at
Year 1980
Type of Benefit/Cost (Rs, million) ()
BENEFIT TOTAL 2,420.0 (100.0)
Irrigation Benefits
-Existing Lands 1,229.4 (50.8)
-New Lands 651.2 (26.9)
Hydro Power Benefits
-KW Benefits 222.7 {(9.2)
—KWH Benefits 316.7 (13.1)
COST TOTAL 2,423.7 {100.0)
Head work
~Dam (Capital plus 0 & M) 1,411.2 (58.2)
—Gen;ratlng E?ulpment and 100. 9 4.1)
ransmission
(Capital plus O & M)
Down Stream Development
~Irrigation Facilities 668.2 (27.6)
(Capital plus O & M)
—Social Infrastructures 243.4 (10.1)

(Capital plus 0 & M)

B-C Ratio: 1.006

Net Present Value: ARs. 3.7 million
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1/

Takle 8-10 (ash Flow of Project Investment at Estimated Current Prices

HEAD WORK - ; DOWN  STREAM DEVELOPMEI:IT (Rs million)
Generating Equipt. & Irrigation Social

Dam Transmission Fa?ilities Infréstructure - Total
Year  FJC Caﬁtc::al Total O™ ¥ Cai}éal Total O F/c_Ca E;Eal Totar 9 F7g Cai;éal Totai O /¢ Caf.}ct:al Totar O Total
1 1980 - - - - - - - - 12,8 5.3 18.1 - - - - - 12.8 5.3 18.1 - 18.1
2 1981 148.8 88.0 236.8 - - - - - 20.8 7.2 28.0 - - - - - 169.6 95.2 264.8 - 264.8
3 1982 3B0.3 B88.3 468.6 - - - - - 143.0 30.2 173.2 - - - - - 523.3 118.5 641.8 - 641.8
4 1983 387.1 70.7 4717.8 - - - - - 189.3 95.6 284.9 - - - - - 576.4 186.3 762.7 - 762.7
5 1984 574.5 135.3 709.8 - 116.0 7.1 123.1 - 73.9 144.2 218.1 - - - - - 764.4 286.6 1051.0 - 1051.0
6 1985 507.9 120.4 628.3 - 51.4 22.0 73.4 - 100.2 182.4 282.6 - 21.2  31.6 52.8 - 680.7 356.4 1037.1 - 1037.1
7 1986 - - - 15.1 - - - 3.4 51.2 111.3 162.5 36.7 7.1 251.6 258.7 - 58.3 362.9 421.2 55.2 476.4
8 1987 - - - 16.0 - - - 3.5 52.8 108.4 161.2  3B.9 3.3 33.% 37.2 73.8 56.1 142.3 198.4 132.2 330.6
g 1988 - - - 17.0 - - - 3.8 32.6 58.4 91.0 41.3 - - - 78.3 32.6 58.4 91.0 140.4 231.4
10 1989 - - - 18.1 - - - 4.0 - - - 43.8 - - - 83.1 - - - 149.0 14%9.0
11 1%90 - - - 19.1 - - - 4,2 - - - 46.5 - - - 88.2 - - - 158.0 158.0

Total 1998.6 522.7 2521.3 167.4 29,1 196.5 676.6 743.0 1419.6 31.6 317.1 348.7 2874.2 1611.9 4486.1

1/: Escalation factors are assumed as follows:
1983
1978 1979 1980 1981 1982 onwards
Local Compomnent : - 12.2 7.9 7.9 6.3 6.25
Foreign Component : - - 8.6 —mm 5.50 (%/year)

Escalation factors for (&M are determined baged
en the assumption that the cost comprises 207 of
F/C and 80% of L/C.
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HEAD WORK

Table 8-11 Cash Flow of Project Investment at Current Prices

1/

DOWN STREAM DEVELOPMENT

Generating Equipt. & Irrigation Soeial (million yen)
Dam Transmission Facilities Infrastructure Total
Capital Capital Capital Capital Capital
Year F/6  L/C  Total °™ Fjc T 1/C  Tetal °% TF/C /e Toral UM THIC T ujc Total ™ F7e  1jc Tetai O™ 1oral
1980 - - - - - - - - 166.4 68.9 235.3 - - - - - 166.4 68.9 235.3 - 235.3
1981 1,934.4 1,144.0 3,078.4 - - - - - 270.4 93.6 364.0 - - - - - 2,204.8 1,237.6 3,442.4 - 3,442.4
1982 4,943.9 1,147.9 6,091.8 - - - - - 1,859.0 392.6 2,251.a - - - - - 6,802.9 1,540.5 8,343.4 - 8,343.4
1983 5,032.3 1,179.1 6,211.4 - - - —- - 2,460.9 1,242.8 3,703.7 - - - - - 7,493.2 2,421.9 9,915.1 - 9,915.1
1984 7,468.5 1,758.9 9,227.4 -~ 1,508.9 92.3 1,600.3 - 960.7 1,874.6 2,835.3 - - - - - 9,937.2 3,725.8 13663.0 - 13,663.0
1985 6,602.7 1,565.2 8,167.9 - 668.2 286.0 954.2 - 1,302.6 2,371.2 3,673.8 - 275.6 410.8 686.4 - B,B849.1 4,633.2 13/482.3 - 13,482.3
1986 - - - 196.3 - - - 44.2 665.6  446.9 2,112.5 477,11 92.3 3,270.8 3,363.1 - 757.9 4,717.7 5,475.6 717.6 6,193.2
1987 - - -  208.0 - - - 45.5 686.4 409.2 2,095.6 505.7 42.9 §40.7 483.6 959.4 729.3 1,849.9 2,579.2 1,718.6 4,297.8
1988 - - - 221,0 - - - 49.4 423.8 759.2 1,183.0 536.9 -~ - - 1017.9 423.8 759.2 1,183.0 1,825.2 3,008.2
1989 - - - 235.3 - - - 52.0 - - - 569.4 - - - 1080.3 - - - 1,937.0 1,9372.0
1990 - - - 248.3 - - - 54.6 - - - 604.5 - - - 1146.6 - - -  2,054.0 2,054.0
Total 25981.8 6795.1 32776.9 2,1v6,2 378,31 2,554.5 8,795.8 9,659.0 18,454.8 £10.8 4,122.3 4,533.1 37,364.6 20,954.7 58,319.3
1/: Escalation factors are assumed as follows:
1983
1978 1979 1980 1981 1982 onwards
Local Component - 12.2 7.9 7.9 6.3 6.25
Foreign Component : - 8.0 5.50 (2/year)

Escalation factors for O&8M are determined based
on the assumption that the cost comprises 20% of

F/C and 80% of L/C.
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Chapter IX: RECOMMENDATIONS AND QUTSTANDING ISSUES

Feasibility study having been concluded, the Moragahakanda
4gricultural Development Project awaits the detailed survey at the
earliest possible point of time. To facilitate such survey, the F/S
team would like to point out some actions to be taken by the Govern-

ment of Sri Lanka, under two headings:

A: MORAGAHARANDA DAM AND POWER STATION

In order to step up an early implementation of the Project, the
financial arrangement shall be expedited side by side with the prepa-
ration of definite plan of the Project and tender documents for the
construction,

The definite plan investigation will be needed to consolidate the
economic and technical viability of the stage development of power
station as recommended in this Report. Some supplementary investiga-
tions will be required for preparation of the tender design.

The definite plan investigation will mainly include the topographic
survey around Kongetta Oya Afterbay site and possible NCP canal route
to the Kongetta Oya, the geological investigation at the Afterbay weir
site as well as around the Elghera Anicut as an alternative site, and
material survey for the constructionm.

The supplemantary investigation for the tender design will include
the following:

(i) Topographic survey on such areas not covered by the existing
maps as inlet of diversion channel, quarry site, contractor's
quarters etc.;

(ii) Topographic survey along the proposed transmission—line to
Bowatenna Power Station;
(1ii) Additional core drilling, permeability test, grouting test
and aditing at the damsite and core drilling at the quarry;
(iv) Trial mix test of concrete and shearing test of rock material;
{v) Collection of additional meteo~hydrologic data for estimation

of probable maximum flood;
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(vi) Reconnaissance and assessment of present conditions of
transportation facilities such as roads, railways and port,
and

{vii} Collection of cost data.

It is recommended that the investigations mentioned above and the
tender design had better be made in collaboration with the competent,
international consulting engineers in view of the earliest implementa-
tion of the Project, The period required for the investigation and the

preparation of tender design will take 12 to 15 months at the shortest.

B: DOWNSTREAM DEVELOFMENT

Prior to the commencement of the detailed design survey on the
irrigation/drainage facilities (rehabilitation and new provision}, it
is desirable to have the following data and materials collected, pre-

pared and compiled for-ready reference:

(i} Topographic Maps (1/2,500 - 1/5,000 with 2' contour) for
System Dy, Dz and A/D;

{(ii} Survey to identify the area under unauthorized cultivation
which is being distributed widely inm the Project Area and
totalling 7,600 ha (18,700 ac});

(1ii} Profiles and crossings of the existing canals which would be
utilized for new land irrigation will need to be identified

along the undermentioned courses and distances:

(1} Parakrama Samudra: D]-Main Canal and Dj-North Canal
(inel. RB 18} and Dy-East Canal
{(Incl. RB 10},

(2) Elahera-Minneriya Yoda Ela: Downstream of the rehabili-
tated portion; and

(3) Minneriyva-Kantalai Yoda Ela: Portion or portions badly

requiring repair and rehabilitation.
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