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Table H.2.1 EVALUATION IN THE TRANSBASIN DIVERSION STUDY (TDS)

Total Net Capital Energy Lost
Baenefits Cost* or Consumed
{106 Rs.) {10°6 Rs.) {GWnh/year)
1. SEDZ alone + 121 3,727 -
{40,000 ha)
2.  NWDZ alone -~ 225 1,260 72
(32,200 ha)
3. NCRB, System M only, - 4B9 6,430 17
UNDP/FAC solution
{54,200 ha)
4. NCRB, Systems Il & M - 604 6,411 126
- JVMTDS solution
{62,500 ha)
5. NCRB, Systems I, M ~ 941 9,250 440
& L1, JYMTDS solution
{112,800 ha)
6. Full NCRB area, - 1,585 18,244 1,395
_NEDECO soélution
(195,800 ha)
Remaiks: * Capital costs for conveyance systems only,
Source: Ref. 27, Table 6.1, Main Report.
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Table H.2.2 GENERAL FEATURES OF CANDIDATE RESERVOIR AND TANK

Dimension of Dam

Name of Catchment Crest : ‘ . . _ S
Resorvoir E.L. wWidth Height Length F.5.L. L.W.L. _ Spillvay Gate Spill Crest
{km}) {m) {m) {m) {m) ()} {m} Type O{m"3/s) - Nos.xBxH - Level Length

- Hydropower and Muitipuxpose dam on Mahaweli River Basin
Caledonia 235 1065 10 0 270 1380 1341 G 2470 - 1369 -
Talawakele 363 1203 10 20 102 1200 1193 G 3500 Ix Bxi2 - -
Kotmale Extension 562 135 10 95 945 131.5 665 G 5560 Ixl4xis - -
k‘atawala. 69 1034 ig ;1Y 200 1032 1010C G _ 800 " 2w 8x 7 - -
Ulapane 182 603 0 70 500 600 590 G 6500 Ix18x15 - -
Sudu Ganga 305 . azg 10 55 400 325 300 G 2000 3x8.5x12 . - -
Uma Scheme-i000 168 974 10 90 5658 970 916" G 1700 3x X 16 - -
Uma Schoma-500 622 503 10 25 150 500 4198 G 3700 3x10x 12 = -
Wewabkenna 267 234 10 80 300 230 200 G 1500 3x8.5x12 - -
- Irrigation Tank
¥alu Ganga 204 175.0 10 50 3,060 170.0  148.0 G/C 2000 3x 10x7? 170 300
Horowupotana 950 29.5 g 24 3,100 85.5 58.0 & 5600 ) (54 iniO 65.5 -
Yan oya 1320 45.0 1 16 4,420 41.9 30.0 G 7300 8x15%9.5 21.90 -
Hitulgala 104 89.0 7 18 3,100 85.0 73.0 C 1190 - 85. 300
Mukunuwewa 142 95.0Q 8 32 1,252 a1.0 73.0 C 1200 - 91,0 340
Salgamuwa 11 124.0 7 10 760 100.0 9g. 9 Cc 200 - 100.0 60
Tamrannewa 14 1317.5 B8 19 5,600 i13.5 i04.0 C 00 - 113.5 200
HMalwatu 2113 60.0 7 iz 1,720 56.0 49,5 G 8400 9x 15x8 56.0 -
Parangi Aru 427 60,0 8 i9 5,600 56.0 £7.0 C 2300 56.0 600
rali Aru 21 79.¢ 8 1 6,300 5.0 64.:0 < 150 - 75.0 230
KanagalLayan 85 83.0 7 17 3,709 79.0 68.5 C 740 - 79.¢ 210
Gallodai Aru 35 89.5 8 24 2,000 85.5 63.0 C 1000 - 85.3 170
Maha Oya 230 84.0 8 a1 2,850 BO.G 52.9 C 2000 80.0 520
Rgnbukan Aru 140 84.0 g 31 2, GO0 80.0 60.8 C 50 he 8G.0 260
Magalawatawan 115 .0 8 43 1,900 13.0 50.0 < 11690 - 73.0 3310
Remaris: Type of spillway

C: aqverflow type
* (: Radial gate type
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Table H.3.1 SUMMARY OF WATER BALANCE S:IMULATION
FOR SCREENING OF TRANSBASIN CONVEYANCE SYSTEM
(Polgolla Diversion: 875% MCM)

. Alternative Case
‘Alternative Case A B c D

Run Casgse. Unit Al45 B151 Cci45 D199

1. Irrigation System _ . .
AMDP AMDP AMDP AMDP

NCRB NCRB HCRSB -
NWDZ NWDZ NWDZ -
2. Irrigation Area = 00 e — e
- Uhdér'AMDP ha . 200,300 200,300 200,300 200, 300
— New Irrigation Area ha 103,450 103,450 103,450 -
- Existing ha 15,250 15,250 15,250 -
~ New Dev. Area ha 88,200 88,200 88,200 -
~ Cashew Area
(Non-irrigated) ha 20,000 20,000 20,000
- Total ha 323,750 323,750 323,750 200,300
3. Spillout at
- Angamedilla MCM 380 399 377 718
- Minipe MCM 154 146 185 1,438
- Kandakadu MCM 2,538 2,541 2,594 4,290
4. Pump-up Volume MCM 761 1,515 896 -
5. Irr. Demand-Deficit Ratio
-~ Sub~-system~1 % 9(10) 9{13) 16{13) 7{9)
-~ Sub-system-2 % 81¢(9) 7(6) 9(12) ~{=)
-~ Sub-system-3 % 10(10) 9(11) 9{12) 79
~ Sub-system-4 3 1(0) 1(0) 1(0) 0(0)
— Sub-system-~5 % 2{2) 2(3) 2(3) 1{2)
~ Sub-system-6 % 7(9 8(12) 8(10) 4(3)
~ Sub-system-7 % 2{3) 4(5 3(5) 0(1)
- Sub-system-8 % 5¢7) 4(7) a7 - ()
-~ Average % 7{-) 7{-) 8(-} 5{=)
6. Energy Output
-~ Existing Plant GWh 2,138 2,020 2,017 2,26¢
- Proposed Hydropower GWh 1,808 1,824 1,824 -
- Total GwWh 3, 94¢ 3,844 3,841 2,264
Remarks: AMDP Area: Existing and comitted irrigation area under the AMDP
- Potential Irrigation Area : NWDZ + NCRB
Case A : New alternative {(Minipe-Minneriya-Pump St.~NCP)
Case B : THS's solution (Minipe-Hettipola-Pump St.,-Elahera-NCP)
Case C : UNDP/FAOQ as revised by NEDECO
(Minipe-Existing Minipe LBC-Anganedilla-Pump St.-NCP)
Case D : present case including committed irrgation area
{ } : Number of years exceeding irrigation

deficit-demand ratio of more than 10%.
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Table H.3.2 SUMMARY OF WATER BALANCE STMULATION
FOR SCREENING OF DEVELOPMENT PLAN
{Polgolla Diversion, 875 MCM and 1,280 MCM)

Polgolla Diversion

875 MCM ' 1,280 MCM.
Run Case Unit 2118 Al45 1209 a242
1. TIrrigation System . AMDP AMDP AMDP AMDP
NCRB NCRB NCRB NCRB
- NWDZ - NWDZ
2. Trrigation Area L )
- Under AMDP ' ha 200,300 200,300 200,300 200,300
-~ New Irrigation System ha 90,200 103,450 90, 200 103,450
~ Existing ha 12,700 115,250 12,700 15,250
-~ New Irrigation Area ha 77,500 88, 200 77,500 88,200
- Cashew Area : -
(Non-irrigated) ha 20,000 20,000 20,000 20,000
- Total ha- 310,500 323,750 310,500 323,750
. Spiliout at
- Angamedilla MCM 421 380 363 392
- Minipe MCM 197 154 177 151
- Kandakadu MCM 2,626 2,538 2,577 2,561
4. Pump-up Volume MCM 553 761 360 435
5. Irr. Demand-Deficit Ratio
- Sub-system-1 % 9(9) 910} 8(11) 6(9)
- Sub-system-2 % 7(7) 8(M 99} S(11)
- Sub-system~3 % 7T 10(¢10} 10{10) 10¢11)
- Sub-~system-4 % 1{0) . 1{0) 1¢0) I (0}
- Sub-system-5 % 2(2) 2(2} 2(4) 3(4)
~ Sub-system-6 5 6(8) 7{9) {12 10¢(13)
~ Sub-system-7 % 24(3) 2(3) 3(4) 3(4)
- Sub-system-8 5 5(7) 5(7) 5(7) 5(7)
~ Average % 6(-) i) T{-) T{-)
6. Energy Output _
- Existing Plant G#h 2,221 2,138 1,967 1,998
- Proposed Hydropower GWh 1,818 1,808 1,866 1,868
~ Total GWh 4,039 3,946 3,833 3,866
Remarks: AMDF Area: Existing and comitted irrigation area under the AMDP
Potential Irrigation Area : NWDZ + HCRB
Case A : New altexnative (Minipe-Minneriya-Pump St.-NCP)
( ) :  Number of years exceeding 10% of irrigation

deficit-demand ratio
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Table H.3.3 GENERAL FERATURES OF CONVEYANCE SYSTEM OF ALFPERNATIVE PLAN

.
T Feature of Conveyance System ’
Major System Case-Al43 Cage-0151 Case-C143
o* 8 HorR N L 1. Q* B HorR i L o* B HorR N i L
(m3/=) {m} _ (m} - - tkm}  {m3/s) (m} {m}. - - (kot  ¢m3/s) {ml {m} - - (km)
1. NcE Canal
- Rlahera Head Works
- canal 53 11 3.8 - 10000 2.7 90 14 4.5 -~ 1ceo0 2.7 45 12 4.3 - 10000 2.7
-~ Tunnel - - - - - - - - - - - - - - - - - -
-~ Elahera - Kiri Oya
- Canal S5 11 3.8 - 'to000 38 90 14 4,5 - 10000 k! 45 12 4.3 - 10000 21
- canal - - - - - - - - - - - - % 14 4.5 - 10000 11
- Tunnel 35 - 3.3 x1 3000 L] 90 - 3.9 %t 3pc0 4 30 - 3.9 x1 3000 4
- Kirl Oya-Hurulu wewa
- Canal a0 14 4.5 - 10000 15.3 0 14 4.5 - 10000 15.3 50 14 4.5 - 10000 195
~ Tunnal %0 - 3.9x1 3000 3.2 90 - 3,9 x1 3000 3.2 %3 - 3.9 x1 3000 3.2
-~ furelu—Tammannewa
- Canal 60 12 4.0 - 10000 2B.5 60 12 4,0 - 10000 38.6 50 12 4.0 - 100060 339
- Tunhnel 60 -~ 3.4 %1 3000 0.4 &0 - 3.4 x1 3000 0.4 &0 - 3.4 x1 3000 0.4
~ Mahakandarama-Tammannewa
- Canal 40 3.7 10000 238.% 40 3.7 ~ 1000G 38.% 40 8 3.7 - 10000 39
.= Tunnel 40 ~ 2.8 xl 3000 0.4 40 2.8 xl 3000 0.4 40 - 2.8 xI 3000 0.4
- Kalu Ganga-Elahera
- Canal 15 2.3 - €000 16.2 a0 12 4.5 - 10000 16.2 15 3 2.3 - 100090 1%
- Tunrel 15 1.8 xt 2500 @.7 80 - 3.8 x1 3000 6.7 13 - 1.9 %1 3000 0.7
2. Minipe-LB
< Minipe-Angamedilla
- Canal &5 12 4 -~ 10000 94.3 65 12 4.0 ~ 10000 74 65 12 4.0 - 100600 4
- Canal - - - - - - - - - - - - - - - - -
- Tunnel 63 -  3.5x1 3000 0.7 685 - 2.3 x1 3000 0.7 (351 -~ 3.5 x1 3000 0.7
- Angamedilla-Minneriyafwewala
- Canal 65 12 4 - 1000G 16,7 - - - - - - 45 9 3,7 - 31000 4.1
~ Tunnei 65 - 3.5 xd 3000 1.3 - - - - - - 45 - 3.3 x1 3000 5.2
- Angamedilla-Kaudula
« Canal - - - = - - - - - - - - 20 & 3. - #8ooo 3.2
- Tunnel - - - - - - - - - - - - 20 - - - -
- Kaudula-Kantalai
- Canzl - - - - - - - - - - - - 10 4 2.5 - 53980 2.8
- Tunnel - - - - - - - - - - - - - - - - - -
i, Pump Station
- Minneriya klel - - - - - - - - - - - - - - = - -
- Hettipolla - - - - - - 65 - - = - - 45 - - - - -
- Hewala = - - - = - - - - - - - - - - - - -
4. NWDZ
- Bowatenna
—~ Canal 28 - - - - - 28 - - - - 28 - - - -
- Tunnel 28 - 2.5x1 2500 6.9 28 - 2.5 x1 2300 6.9 28 - 2.5 x1 2500 6.9
~ fransbasfn Canal
~ Canal 25 4 2.8 - 8GO0 29.4 25 4 2.8 - 8000 29.4 25 4 2.8 - 2060 29
~ Tunnel 25 - 2.3 x1 2000 - 25 - 2.3 x1 2000 - 25 - 2.3 x1 2000 -
Remarks: @ : Discharge
8 : Canal Ped Width
# * Canal Helght
R : Radlus of Tunnel
H : Numbexr of row
L : Length
i ¢ Hydraulic Gradient
* 1 Refer to ANNEX-I.
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Table H.3.4

GEKENAL FEATURES OF CORVEYANCE SYSTEM OF DEVELOPMERT PLAN

Bresent Polloy 835 HoH

Faatuye of Conveyanve Syastem X . .
- Alternative Policy 1280 MCH

Hajor System e AL45 Az03 A4
Qt B HorR N 1 L o B HorR N B L o # HorR N 1 L a* B HorR H i L
(m3fs) dm) _dmy - - fkm im3fs) {m)y dmb - - dkm} {m3f8) (m} fm}. - - {km} (m3fs) (m) {m) . - - {km)
1. NCF Canal
- Elahera Head Works : .
~ Camal 60 12 4.0 - 10000 2.7 55 31 3.8 - 1hooo 2.7 75 12 4.4 - 10000 2.7 W 12 4.2 - 10000 2.7
- Jenrnel - - - - - - - -~ - - - - - - = ~ - - - - - -
- Elahera - Klri Oya
- Camal 60 12 4.0 - 14000 38 55 11 3.8 - 15000 38 75 12 4.4 - 10000 21 .1 12 4,2 - 10000 231
~ Tunnel . &0 - 3.4 a1 2000 4 35 - 3.3 x1 3000 4 7 - 37 ox 300D A MW~ 3,6 w000 4
- ®irl Oya-Hurulu wewa . ' : ’
- canal 90 14 4.5 - 10000 15.3 80 14 4.5 - 10000 15.3 90 14 4.8 - 10000 15,3 30 4 45 - 10000 15.3
~ Tuhnel 20 - 3.9k} 3000 3.2 90 « 3.9 xi aoee 3.2 20 = 3.4 x1 2000 3.2 an - 3.9 X aoon 3.2
- flurulu-Tarmannewa : . )
- Canal &0 12 .0 - 10000 38.6 62 12 4.0 - 10000 38.6 6¢ 12 3.8 - 10000 - 3B.6 6 12 4.0 - 10090 38.%
- Tunnel’ 60 - 3.4 %k 3000 0. (1] - 3.4 xi 3oca 0.4 &0 - 3.2 xi 3000 O. 60 = 3.4 xi 3000 0.4
- Mahakandarama-Tammannewa . -
~ Canal 40 § 3,7.- 10000 38.% 40 8 3.7 - 10000 38.6€ 44 8 3.7 - 10000 38, ¢ 8 3.7 - 10000 38.6
- Tunnel 40 - 2.8x1 3000 0.4 40 - 2.8 xi NGy 0.4 40 2.8 xt 3000 0.4 40 he 2._8 X1 3000 0.4
- Kalu Ganga~Elahera .
- gapal 15 3 23 - 000 16.2 15 3 z,3 - 5000 i6.2 15 3 2.3 - 6000 16.2 15 3 2.3 - e0ce 16,2
- Tupnel is - 9 xl 2560 9.7 15 - L9 xl 2500 o.7 15 - 1.9 x1 - 2500 0.7 5 - 1.% x1 2300 0.7
2. Hlnipe-LB
- Minlpe-Angaredilla . - .
- Capal 60 12 4.6 - 10000 94.3 65 12 4.0 - 10000 94. 55 11 3.8 - 10600 o4, 55 11 3.8 - 10000 94.3
- Tupnel 60 - 3.4 xl 3a0e 0.7 65 - 3.5 xt 3000 0.7 5% - 3.3 - 3000 0.7 5% ~ 3.2 - 300 6.7
-~ Ahgaredilla~-Minnerlya/wewala . . . .
- Canal 60 12 4.6 - 10080 16.7 65 12 4.9 - 10000 18.7 45 g 3.7 - 10000 4.1 15 9 3.7 - 1000 1.1
- Tunnhel . 50 - 3.4 x1 agoo 1.3 &5 - 3.5 x1 3000 1.3 45 - 3.3 x1 3000 5.2 45 - 3.3 X1 3000 5.2
- Anganedilla-Kaudala
- Canal - - - - - - - - P - - - - - - ~ - - - - - -
- Tunnel - - - - - - - - - - - - - = - - - - - - - - - -
— Kaudula-Kantalal
- tanal - - - - - - - - - - - - - o~ - - - - - - - = - -
~ Tunnel - - - - - - - - - - - - - - - - - - - = ~ -
3. Pump Station
~ Minneriya 30 - - - - - 35 - - - - 15 - - - - - 20 - - - - -
- Hettipolla - - - - - - - - - - - - - - - - —~ - - - - - . -
- Wewala - - - = - - - - - - - - - - - - - - - - U - -
4. NADL
- Bewatenna
- Canzl 28 - - - - 28 - - - - - 28 - - - - - 28 - . - - .
- Tunnel 28 - 2.53x 2500 6.9 23 - 2.5 xi 2500 6.9 28 - 2.5 xi® 2500 8.9 28 - 2,5 X1 2500 6.9
- Transbasin Canal | .
~ Canal - - - - - - 25 4 2.8 - 8000 29.4 - - - - - - 2% 4 2.8 - 8BGO0 2%.4
- Tunnel - - - - - - 25 - 2.3 x1 z000 - - = - - - - 25 - 2.3 x1 2000 -
Remarks: : Discharge

+3
B : Canal Bed Hidth

H : Canal Helght

& : Radius of Tuanel
¥ : Number of row

L : Length

£ : Jydraulic Gradient

* ¢ Refer to ANNEX-I.
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GENERAL FEATURES OF PLANNED PUMP STATION

rable RH.3.5
Polgolla Diversion Policy
Alternative
: Present Policy B75 MCM Policy 1ZB0 MCM
Case Unit Alls AldS 8151 c145 a209 AZ242
nane of Staticn Minneriva Minneriya Hettipola Wewala Minneriya MLnneriy-a
Annual’ Discharge MCM 653 761 1515 89¢ 360 435
pischarge m*3/sec 30 35 [ 15 15 24
High Water Level m 135 135 162 135 135 135
Low Water Level m a8 88 82 15 28 3
Net Head m 47 47 80 60 47 47
Gross Head i 52 52 88 66 52 52
Required Power My . 23 27 84 44 12 15
Energy Consunption Glh 125 l4s 498 219 10 84
Enerqgy Cost $10"6 6.1 7.1 24.2 10.%6 3.4 4.1
gonstruction Cost
- Equipment $10"6 16 54 1649 88 23 31
- Pump House 31076 21 24 76 39 10 i4.
Energy Qutput in ‘Mahaweli
- Present output 2264 GWh
- Bxisting. .Plant GHh 2,221 2,138 2,020 2,017 1,967 1,998
- Loss of- Energy 5106 2.1 6.1 11.8 12.0 14.4 12.9
Deécri_p_r.ion' .
-Approach Channel " km 2.0 2.0 0.5 0.5 2.0 2.
-Tunnel work R= ™ - - 2.9 2.2 -
~Tunnel ‘work Length km - - 2.0 5.2 - -
-Pipe Line diametex mxNo 2.4 x 2 Z.4 x 2 3.0 x 3 3.0 x 2 2.4 x 2 2.4 x2
-Pipe Ldne Length m 500 600 500 100 600 600
- outlet Kiri Oya Kiri Oya Kalu Ganga NCPSt2l1 Km Kiri Oya Riri Oya
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Table H,3.¢

SUMMARY OF CONSTRUCRION COST {CASE-Al18)

Puamp O&M

Replace

Const. Beconemic Annual
ltem Cost Casl, Running Cost - Cost Cost,
No. Work ltems Total Exg. Total Annual*  Cost

) uss uss uss us$ T uss 08§

{196 {1076} (10°6) {3076y  t19°3) {16°3) {1086}

Water Resources Development .
1. Watawala 44.2 42.8 - 450 10,450 -
2. Ulapane 117.0 112.90 B 1,008 20,995 -
3. Caledonla 156.4 149.3 - 1,194 14,535 -
4. Talawakele 215.7 207,71 - 2,011 13, 60_5 -
5. Kotmale Extension 236.56 232.7 - 1,862 5,890 -
6. Scheme-100D 249.1 240.0 - 1,920 43,320 -
7. Scheme-500 228.5 220.5 - 1,764 15,980 -
8. Sudu Ganga 83.1 §0.8 - 1,050 25,650 -
POWER SCHEME TOTAL 1,330.5 1,285.9 - 11,326 210,425 -
NCRB .
A Regulating Tank
1. Kalu Ganga i42.4 133.5 1G.9 867 2,375 1.6
2. Elahers regulation tank 4.8 4.4 0.4 22 171 0.4
3. Kiri oya Regulating Tank 13.5 2.6 1.0 63 166 - 3.1
4. Horowupotana 67.1 62.8 5.1 314 8,835 5.4
5. Yan Oya i2.5 63.0 5.0 340 11,400 5.9
6. Tammannewa 47.0 43.2 3.5 216 165 3.7
7. Malwatu Oya 31.7 35.¢ 2.9 1 12,806 3.1
B Transbasin canal m*3/sec
1. Kalu Ganga-Elahera 15 15.8 15.9 1.2 113 409 1.2
2. Elanera Head Works 60 1.1 10.6 0.9 79 2,185 0.9
3. NCP Elahera-Kirioya 60 78.5 15.2 6.1 564 - 247 6.7
4. WCP Kiri ova-Hurulu wewa 90 13.4 70.4 5.8 528 646 6.3
5. NCP Hurulu wewa-Tammannewa 60/40 47.6 45.1 3.7 338 466 1.0
6. Minipe LB (~-62Km 60 54.2 51.1 4.2 383 185 4.5
7. Winipe LB B2ZEm-1313 X¥m 3] 93.5 89.%2 7.3 a69 247 8.G
C Pump station m*3/sec . _
1. Minneriya 23 MW~ 30 143.0 140.4 11.5 6.1 3,51 58,16% 21.1
D Downstream development ha .
1. System-F 1,900 1.7 1.2 0.6 54 285 0.6
2. System-M 25,000 123.3 116.7 9.5 §75 4,845 10.4
3. System-MH 26,300 6.6 63.0 5.1 412 2,016 5.6
4. System-H 42,400 11.7 11.2 0.3 84 463 1.0
5. System—IH 4,700 1.3 1.3 0.1 9 52 g.1
6. System-I 61,300 23%.5 226.5% 18.5 1,700 9,412 20.2
NCRB TOTAL 161,600 1,35%2.4 1,283.3 ic4.8 5.1 11,181 116,682 122.1
1. NWDZ
1. Galgamuwa .0 0.0 0.0 0 G .0
2. Additional Bowatenna Tunnel 24 mi/sec G.0 0.0 0.6 0 0 0.0
3. NWDZ Transbasin Canal 2% m3/sec G.G G.0 0.0 0 0 .0
4. System—NWDZ 0 9.0 0.0 0.6 0 o 0.0
WADZ TOTAL 0 0.0 ¢.0 0.0 0 0 0.0
Grand Total 181,600 1,35%2.0 1,283.3 104.8 6.1 11,181 116,682 122.1
Power+lrrigation 161,600 2,682.8 2,969.2 - 6.1 22,507 327,107 -
Remarks: * Discounit rate = B%
Us$ 1.00 = Rs.32.50 ¥140
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Table H.3.7

SUMMARY OF CORSTRUCRION COST (CASE~A145)

Const. Ecenomic Pump O&M Replace  Anpual
tem ) Cost CostL Running Cost Cost. Cost
No. Work Items Total Eq. Total Annual* Cost

0ss 0ss uss Uss Uss uss uss

{1063 {10°6) {1076) {(10"86) {1073) {10~3) {106}

water Resources Development : .
1. Watawala 14.2 42.8 - 450 10,450 -
2., Ulapane . 117.¢ 112.0 - 1,008 27,985 -
31, Caledonia 156.4 149.3 - 1,194 14,535 -
4. Talawakele 215.7 207.7 ~ 2,077 43,605 -
5. Kotmale Extension 236.6 232.7 - 1,862 5,890 -
6. Scheme-1000 249.1 240.0 - 1,920 43,320 -
7. Scheme-500 228.5 220.5 - 1,764 45, 989 -
8. Sudu Ganga 83.1 80.8 - 1,058 25, 650 -
POWER SCHEME TOTAL 1,330.5 1,285.9 - 11,326 210,425 . -~
NCRB
A Regulating Tank ) -
1. Kalu Ganga . 142.4 133.5 10.9 667 2,375 il. 6
?. BElahera regulation tank 9.8 5.4 0.4 22 171 0.4
.3. Kiri oya Regulating Tank 13.5 12.6 1.0 &3 466 211
4. Horowupotana B7.1 62.8 5.1 314 8,835 5.4
5. Yan ‘Oya - 72.5 68.0 5.6 340 11, 400 5.9
&. Tammannewa 47.0 43.2 3.5 216 105 . 3.7
7. Malwatu Oya 37.1 35.9 2.9 178 12,806 3.1
B Transbasin canal m"~3/fsec
1. Kalu Ganga-Elahera i3 15.8 15.0 1.2 113 409 1.3
2. Elahera Head Works 55 10.9 19.4 0.8 78 2,185 0.9
3. NCP Elahera-Kliiova 55 75.2 2.0 5.9 540 297 6.4
4. NCP Kiri oya-Hurulu wewa 20 73.4 T8.4 5.8 528 646 6.3
5. NCP Hurulu wewa-Tammannewa $60/4C 47.6 45.1 2.7 338 466 4.0
&, i*ii.nip'é L 0-62¥m a5 56.5 53.2 4.3 399 485 4.7
7, Minipe LB 62Km~113 Km 65 a71.0 92.5 7.6 694 247 8.3
C Pump station m*3i/seq
1. Minneriya 23 MW 35 163.4 160.5 13.1 1.1 4,013 58,169 26.2
b} Downstream development ha
1. System-F 1,900 1.7 P2 0.6 54 285 0.6
2: Syétem—M 25,800 123.3 116.7 8.5 81% 4,84% 19.4
3. System—MH 26, 300 66.6 63.G 5.1 41z 2,616 5.6
4. 'Sys\'.em*“H 42,400 1.7 11.2 0.9 g4 4413 1.
5. System-IH 4,760 1.3 1.3 6.1 9 52 g.1
6. System-1 61, 300 23%.5 72%.% 18.5 1,160 9,412 0.2
NCRB TOTAL 161, 600 1,374.73 1,305.% 106.7 7.1 11,700 116,682 12%.5
I1. NWDZ
1. Galgamuwa : 16.1 14.9 i.2 15 34z 1.3
2. Additional Bowatenrna Tunnel 24 m3/sec 5.7 15.2 1.2 114 200 1.%
3. NWDZ Transbasin Canal 25 m3/sec 21.0 9.8 i.¢6 148 485 1.8
4. System-NWD2 13,250 67.7 64.0 5.2 480 2,990 5.7
NWDZ TOTAL 13,250 12¢.6 114.9 9.3 818 3,116 1001
Grand Total 174,850 1,495.2 i,419.5  116.0 7.1 12,517 119,798 135.6
Power+Irrigation 174,850  2,825.8 2, 705.4 - 7.1 23,843 330,223 -
Remarks: #* Discount rate = 8%
’ Us$ 1.00 = Rs.32.50 = Y140
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Table H.3.8 SUMMARY OF CONSTRUCTION COST (CASE-B151)

Const . Economic Putnp . O&M Replace Tokal
ltem Cost Cost "_Running Cost Cost Annual
No, Work Items ’ Eg. Total Bg. Total Annual* Cost Cost

Uss uss Uss Uss Uss Uss Uss
(i0~6} {1076} (10°6) {i0°6) (1073} {103} - t10~%)
Water Resources Development
1. Watawala 44,2 2.8 - 450 10,450 -
2. Ulapane 117.0 112.0 - 1,008 20,995 -
3. Caledonia 156.4 149.3 - 1,194 - 14,535 -
4. Tatawakele 215.7 207.7 - 2,017 43,605 o=
5. Kotmale Extenslon 236.46 232.7 - 1,862 . 3,890 -
6. Scheme-1000 249.1 240.0 - 1,920 43,320 s
7. Scheme-500 228.5 220.5 - 1,764 45,380 -
8. Sudu Ganga 83.1 80.8 - 1,050 25,850 -
HYDROFOWER SCHEME 1,330.5  1,285.3 - 11,326 210,425 - -
Birect cost
1. HNCRB
A." Regulating Tank _
1. Kalu CGanga 142.4 133.5 10.9 667 2,375 il. 6
2. Elahera Regulating Tank 4.8 4.4 G.9 22 . 171 - 0.4
3. Kiri oya Level Crossing 13.5 2.6 1.0 63 . 4&6 1.1
4. Horowupotana 67,1 62.8 5.1 314 - 8,835 5.4
5, Yan Oya 2.5 68.0 5.6 340 11,400 5.9
&. Tammannewa 47.0 43.2 3.5 216 105 3.7
7. Malwatu Oya 31 35.¢ 2.9 179 12,8086 3.1
B. Transbasin canal = m"3/sec : -
1. Kalu Ganga-Elahera 30 4z. 8 40.9 3.3 307 209 3.6
2. Elahera Head Works 90 13,4 2.7 1.0 96 2,185 1.1
3. NCP Elahera-Kiri oya g0 191.7 97.5 8.0 131 247 8.7
4, NCP Kiri oya-Hurulu wewa ag 3.4 0.4 5.8 528 646 6.3
5. NCP Hurulu wewa-Tammannewa  60/40 47. % 45,1 3.7 338 466 4,0
6. Minipe 0-74 km 65 38.8 36.3 3.0 213 485 3.2
7. Minipe 74113 km 65 0.6 0.0 0.9 G 0 0.0
C. Pump station m~3/sec : 'j
1. Hettipola 78 MW 65 434.5 427.8 34.9 24.2 10,694 56,169 $2.8
D. Downstream development ha :
1. System-F i,900 1.1 1.2 0.8 54 . - 285 . 0.6
2. System-M 25,000 123.3 116.7 9.5 875 4,845  10.4
- 3. System-MH 26,300 66.6 63.0 5.1 412 . 2,810 5.6
4. System-H 42,400 110 11.2 2.9 84 463 1.0
5. System-IH 4,700 1.3 1.3 0.1 g sz 0.1
6. System-I 61,300 239.5 226.6 18.5 1,700 9,412 20.2
nCP TOTAL 163,600 1,587.0 1,51%.8 124.0¢ 24.2 17,963 116,435 166.1
IT. §40Z .
1. Galgamuwa . 16.1 14.9 1.2 S5 - 342 1.3
7, Additional Bowatenna Tunnel 24 m3/sec 15.17 i5.2 1.2 - 114 200 1.4
3. NWDZ Transbasin cansl 25 mifsec 21.0 19.8 l.8 148 485 1.8
4. System-NUDZ 13,250 67.7 64.90 5.2 480 2,090 5.7
Sub total 13,25¢ 120.6 114.90 9.3 gig 3,116 10.1
Grand Total 174,850 1,107, 6 1,631.0 133.3 24.2 18,781 119,551 176.2
powertirrigation . 174, 850 3,038.1 _2,916.9_ - 24.2 30,107 329,976 -

Remarks: * Discount rate = 8%
Uss 1.00 = Rs,32.50 = ¥14Q



Table H.J.9 SUMMARY OF CONSTRUCTION COST (CASE-C145)

: . ) Censt., Egonomic Punp 0&M ° Replace Annual
Ttem o . Cost Cost " Runhing - Cost Cost  Econemic
No. Wwork . Items Eq. Total 'BEg. Total Annual* Cost Cosk
' ) uss Uss uss uss uss Us§ uss
{10°6}) {166} (10763} {10°6) {10"3} (10~3} {10°6)
Water Resources Development
1. Watawala ) 44.2 42.8 - 450 10,450 -
2. Ulapane 127.0 112.0 - ' 1,008 20,995 -
3. caledonta = _ 156.4 149.3 - 1,194 14,535 -
4. Talawakele 215.7 207.7 - 2,077 43,605 -
5. Kotmale Extensicn 236.6 232.7 - 1,862 5.890 -
6. S_c:he_me-'lﬁ()() 249.1 240.0 - 1,920 43,320 -
7. scheme-500 : 22B.5 220.5 - 1,764 45,980 -
g. sudu Ganga 83.1 80.8 - 1,050, 25,650 -
POWER SCHEME. TOTAL 1,330.5 1,285.9 - 11,326 210,425 -
1. NCRB
A. Regulating Tank .
1. Kalu Ganga ' ’ 142.4 133.5 ig.9 667 2,315 11.86
2. Blahera Regulating Tank 4.8 4.4 0.4 22 im 0.4
3. Kirl oya Level Crosslng 13.5 12.6 1.0 63 466 1.1
1. Horowupotana 67.1 62.8 5.1 314 8,835 5.4
5. Yan Oya . 72.5. 62.0 5.6 340 11,400 5.9
. 6. Tammannawa 47,0 ©43.2 3.5 216 105 3.7
7. Malwatu Oya . 371 35.9 2.9 1748 172,800 3.1
B. 7Transpbasin canal m*3/sec
1. Kdlu .Ganga-Elahera 15 15.8 15.¢0 1.2 113 £09 1.3
2. Elahera Head Rorks - 45 16.4 9.9 0.8 74 2,18% 0.9
3, NCP Elahera-Kirioya | 45720 94.3 99.5 7.4 679 247 B:1-
4, NCP. Kirl oya- Hurulu wewa 90 73.4 70.4 5.8 528 646 6.3
5. NCP Hurult weva~ Tammannewa 60/40 41.6 45.1 3.7 338 466 4.0
6. Minipe 0-74 km. existing ~ 65 38.8 36.3 3.0 273 485 3.2
7..Minipe 74 km - Angamedilla 65 S 1201 €8.2 5.6 511 247 6.1
3. Angamedilla-wewala 49 48.1 46,2 3.8 346 247 4.1
9. Angamedilla-Kaudula 20 23.8 22.4 1.8 168 247 2.6
16. Kaudula~Kantalali 10 20.8 19.86 1.6 147 247 1.8
C. Pump statlion ' m~3/sec
Wewala - 40 MW 45 221.6 218.2 17.8 10.6 T 53,456 58,169 33.9
b. Downstréam development ha
1. System-F 1,900 7.7 1.2 0.6 54 285 0.6
2. System—M' o 25,000 123.3 116.7 9.5 3875 4,845 10.4
3. System-MH 26,300 66.6 63.0 5.1 472 2,616 5.6
4. System-H 42,400 11,7 11.2 0.9 84 463 1.0
5. System-TH 4,700 1.3 1.3 0,1 9 52 0.3
6. System-1I : 61, 300 239.5 226.6 18.5 1,760 9,412 . 20.2
NCRB TOTAIL 161, 600 1.502.4 1,428.2 116.7 i0.6 13,628 117,423 140.8
1. NwWDZ .
1. Galgamiwa ) 16.1 4.9 1.2 15 342 1.3
2. ndditional Bowatenna Tunnel 24 ml/sec 15.7 15 2 1.2 114 200 1.4
3: NWDZ Transbasin canal 25 m3fsec 21.0 19.8 1.6 148 485 1.8
4. System-NWDZ © 13,250 67.7 64.0 5.2 480 2,090 5.7
NWDZ TOTAL : 13,250 120.6 114.0 9.3 818 3,118 i0.1
Grand Total : 174,850 1,622.9  1,542.3 126.0  10.6 14,448 120,539 151.1
Power+Trrigation 174, 850 2,953.4 2,828.2 - 10.6 25,774 330,964 -

Reﬁafksﬁ: * Discount rate = 8%
US$ 1.00 = Rs.32,50 - ¥140



Table #.2.10

SUMMARY OF CONSTROCTION COST (CASE-AZ09)

Const. Economic Pump OsM Replace Annual
1tem Cost coslk Running Cost Cost ‘Cost
to. Work f{tems Eq. Total Eg. Total Annual*  Cost
Uss Us§ uss Uss$ Us$ Uss$ uss
(106} {106} (10°6) {(10°6) (10~3)  ~{1073) {106}
Water Resources Development
1. Watawala 44,2 42.8 - 450 10,450 -
2. Ulapane 117.0 i1z2.0 - 1,_008 20,995 -
3.Caledonia 156.4 149.3 - 1,194 14,535 -
4. ralawakele 215.7 207.7 - 2,077 43,605 -
5. Kotmale Extension 236.6 232.7 - 1,882 5,830 -
6. Scheme~1000 249.1 240.0 - 1,920 43,320 -
7. Scheme-500 228.5 220.5 - 1,764 45,980 -
8. sudu Ganga 83.1 80.8 - 1,050 25,650 -
POWER SCHEME TOTAL 1,330.5 1,285.9 - 11,326 210,425 -
NCRB
A Regulating Tank. . : .
1. Kalu Ganga 142.4 133.5 10.9 667 2,375 1176
2. Elahera regulation tank 1.8 4.4 0.4 22 171 - 0.4
3. Kiri oya Regulating Tank 13.5 12.¢6 1.0 63 466 1.1
4., Horowupotana £7.1 62.8 5.1 314 8,835 5.4
5. Yan Oya 12.5 68.0 5.6 340 11,400 5.9
6. Tammannewa 47.0 43.2 3.5 216 105 3.7
7. Halwatu Oya 37.7 35.9 2.9 179 12,806 3.1
B Transbhasin canal m~3/sec )
1. Kalu Garga-Elahera 15 15.8 15.0 1.2 i3 " 409 1.3
2. Elahera Head Works 73 1.3 10.7 0.9 81 2,185 1.0
3. NCP Elahera-Kirioya 15 23.0G 89.2 7.3 £69 241 8.0
4. NCP Kirl oya~ Hurulu wewa an 73.4 7G.4 5.8 528 616 6.3
S, NCP Huruly wewa- Tammannewa 6Q/40 47.6 45.1 3.7 338 466 4.0
6. Minipe LB 0-62Km 53 52.0 18.9 4.0 367 485 4.4
7.Minipe LB 62Km-113 Km 55 99.1 25.9 7.0 645 247 7.7
C Pump station m*3/sec - .
1. Minneriya 23 MW 15 7.3 75.9 6.2 3.4 1,897 98,169 11.5
D  Downstreamn development ha . ) '
1. System~F 1, 200 7.7 7.2 0.6 54 285 0.6
?. 5ystem-M 25,600 123.3 116.7 9.5 B3 4,845 10.4
3. gystem-Mi 26, 300 56.6 $3.0 5.1 472 2,616 5.6
- 4, Systom-H 42,400 1.7 11.2 0.9 84 463 1.0
5. System-IH 4,750 1.3 1.3 D.} 9 52 0.1
6. System-1I 61,300 239.5 2260.6 18.5 1,700 49,412 20.2
HCRB TOTAL 161, 608 1,295.3 1,227.4 100.3 3.4 9,633 116,682 113.3
I1. NWDZ
1. Galgamuwa 8.0 9.0 0.0 ¢ 0 0.0
2. hdditicnal Bowatenna Tunnel 24 mldfsec ¢.0 0.9 0.0 ¢ Q 0.0
3. NWDZ Tzansbasin Canal 25 m3/sec 6.0 0.0 0.9 ] 0. 0.0
4. Bystem—NWDZ 0 .0 ¢.0 0.9 0 0 0.0
NWDZ TOTAL 4 6.0 0.0 0.0 ¢ 0 0.0
Grand Total 161, 500 1,295.3  1,227.4  100.3 3.4 3,633 116,662  113.3
Power+Irrigation 161,660 2,625.9 2,513.3 - 3.4 20,959 327,107 -
Remarks: * Discoepnt rate = 8%
USS 1.0 = Rs.32.50 = Y140
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pable H.3.11  SUMMARY OF OUNSTRUCTION COST {CASE-A242)

: Const., Economic Puing oM Replace Annual
Item o Cost - Cost Running Cest Cost Cost
No. Work Items ) Eq. Total Eq. Total Annual* Cost

Uss uss US§ Us$ 0S$ uss$ iisg
(10°8) (109) {10°6) {10"6) {10-3) 120°3) (1076}
water Resources Devélopment _

- 1.Watawala - 44.2 42.8 - . 450 10,450 -
2.Ulapane . . 117.0 £12.0 - 1,008 20,995 -
3.caledonia : 156.4 149.3 - 1,184 14,535 -
4. Talawakele 215.7 207.7 - 2,077 43, 665 =
5. Kotmale Extension 236.6 232.7 - 1,662 5,890 -
6.Scheme-1000 - 249.1 240.0 - 1,320 43,320 -
7.5cheme-500 228.5 220.5 - 1,764 45,580 -
8.5udu Ganga 83.1 80.8 - 1,050 25, 650 -

POWER SCHEME TOTAL 1,330.5 1,285.9 - 11,32¢ 210,425 -

NCRB

A  Regulating Tank

1.Kalw Gahga N 1472.4 133.5 16.¢ 567 2,315 i1.6

2.Elahera regulation tank . 4.8 4.4 C.4 22 171 0.4

3.Kiri oya Regulating Tank 13.35 12.6 1.0 63 466 1.1

4. Horowipotana . 67.1 2.8 5.1 314 8,835 5.4

5.Yan Oya . . 2.5 ag. 0 5.6 340 11,400 5.9

6. Tammannewa - 47.0 43.2 3.5 216 105 3.7

7.Malwatu Oya . 37.F 35,9 2.9 119 12,808 3.1
8 ‘Transbasin canal m*~3/sec

1.Kalu Ganga-Elahera 15 15.8 15.0 1.2 113 409 1.3

'2.Elahera Head Works 0 11.1 1G.6 0.9 79 2,185 0.9

3.NCP Elahera-Kirioya 70 89.8 86.1 7.0 648 247 7.7

4.NCP Kiri oya- Hurulu wewa 90 73.4 0.4 5.8 528 6456 6.3

5.NCP Hurulu wewa- Tammannewa 60740 47.% 45.1 3.7 13s. 466 4.0

.6.Minipe LB 0-6Z2Km 55 52.0 48.9 4.9 367 485 i.4

?'.Min'ipe LB 62Km~113 HKm 55 90.1 85.9 7.0 645 247 1.7
C. Pump station . m~3/sec

1.Hinneriya 1% MW - .20 100.2 98.4 8.0 4.1 2,466 58,169 14.6
D Downstream development ha

1. System-F 1,900 7.7 7.2 0.6 24 Z85 0.6

2. System~M . 25,000 - 123.3 116,71 9.5 375 4,845 10.4

3. System~-M{ 26, 300 [ 63.0 5.1 472 2,616 5.6

4., System~H 42,400 il.7 11.2 G.9 B84 463 1.0

5. System—IH 4,708 1.3 1.3 0.1 9 52 .1

6.Systen-1 61,300 239.5 226.6 18.5 1,760 9,412 20.2

NCRB TOTAL : 161, 600 1,314.% 1,246,717 101.9 4.1 18,172 116, 682 116.3

II. NWDZ. _

1. Galgamuwa : 16.1 14.9 1.2 75 342 1.3

2.addictional Bowatenpa Tunnel 24 m3fsec 15.13 15.2 1.2 114 2480 1.4

3.NWDZ Transbasin Canal 25 mi/sec 2:.9 19.5 1.6 148 485 1.8

4, System—NpDZ 13,250 67.7 §4.0 5.2 480 2,680 5.7

N®EGZ TOTAL ' 13,250 12G.6 114.0 9.3 818 3,116 0.1

Grand Total | 174,850 1,435.% 1,350.7 111.2 §.1 10,98% 119,798 126.3

Power+Irrigation 174,850 2,766.0 2,646.6 - 4.1 2R, 315 330,223

Remarks: .= *Discount rate = 8%
US$ 1.00 = Rs.32.50 = ¥140
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Table #.3.12

COMPARISON OF TRANSBASIN

CONVEYANCE SYSTEMS

Alternative Present
Unit Plan Condition
Al45 B151 C145 Dl1o9
A. Principal Features _ .
1. Combination of Irrigation AMDP AMDP AMDP AMDP
Area ' NCRB NCRB NCRB - -
NWDZ NWDZ NWDZ -
2. Yrrigation Area
- AMDP Area ha 200,300 200,300 200,300 200,300
- Mew Irrigation Area ha 103,450 103,450 103,450 -
-~ Cashew Area (Non-irigated) ha 20,000 20,000 20,000 ) -
Total ha 223,759 323,750 323,750 200, 300
3. Pump Station '
- Pumping Volume MCM 761 1,515 896 -
- Energy Consumption GYh 146 498 219 -
4., Average Water Deficit % 6 7 6 4
5. Energy OQutput
" -~ Bxisting Power Statien GWh 2,138 2,020 2,017 2,264
- Proposed Power Station GWh - 1,808 1,824 1,824 : -
-~ Total GWh 3,946 - 3,844 3,841 2,264
B Economic Comparison
1. Total Irrigation Area ha 323,750 323,750 323,750 200, 300
2. honual Benefits
- Agricultural Benefit Us510° 161.7 161.7 161,7 -
-~ Loss of Epnergy QOutput Uss10® -6.1 -il.8 -12.0 -
Total Us$10%  155.6 14¢9.8 149.7 -
3. Annual Costs
- Annual Eguivalent Cost* Uss10®  116.0 133.3 126.0 -
- 0&M Costs Us$10%  12.5 18.8 14.4 -
- Energy Costs for Pump Us$1086 7.1 24.2 10.¢6 -
Total Us$10®  135.%6 176.2 151.1 -
4. Bconomic Compatvison
- B/C 1.15 0.85 0.9¢9 -
- B-C US$§10° 20,0  -26.4 1.4 -
Remarks: #* A discount rate of 8% was applied. -
No consideration was gilven to the implementation schedule

and the built-up period of the scheme.
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Table H.3.13 SCREENING OF AGRICULTURAL DEVELOPMENT PLAN

Present Policy Alternative Policy

iteﬁ

Unit 875 MCM 1,280 MCM
All8 Al45 A209 A242
A. Principal Features
1. Combination of Irrigation AMDP aMDbP AMDE AMDP
Area NCRB NCREB NCRB NCRB
- NRDZ - NWDZ
2. Irrigation Area
- BMDP area . ha 200,300 200,300 200,300 200,300
= New_Ir:igation area ha 96,200 103,450 80,200 103,450
-— Cashew Area ; _
{(Non-irrigated) ha 20,000 20,000 20,000 20,000
Total - - ha 316,500 323,750 310,500 323,750
3. Pump Station
- Pumping volume McM 560 161 249 262
- Energy consumption GWh 108 146 67 64
4. Average Water Deficit % & 1 7 1
5. Energy Output _ _
-. Bxisting hydropower GWh 2,221 2,138 1,967 1,998
- Proposed hydropower GWh 1,818 1,808 1,886 1,868
Total GHh 4,039 3,946 3,833 3,866
B. Economic Comparison .
1. Total Irrigation Area ha 310,500 323,750 310,500 323,750
2. Bnnual Benefit
- Agricultural benefit us$10®  149.6 161.7 149.6  161.7
- Loss due to water deficit 08§10° - -0.9 -1.5 ~1.4
- Loss of energy Us$10® -2.1 -6.1 ~14.4 -12.9
Total - 085108 147.5 154.7 133.7  147.4
3. Annual Costs
- Annual equivalent cost*  US$10° 104.8 116.90 100.3 111.2
-~ Energy cost for pump Uss5108 6.1 7.1 3.4 4.1
- O&M costs uss10® 11.2 12.5 5.6 11.0
Total 085108  122.1 135.6 113.3 126.3
4. Economic Comparison
- B/C 1.21 1.14 1.18 1.17
- B-C us$10®  25.4 19.1 20.4 21.1
Remarks: * A discount rate of 8% was adopted,

“built~up period
of the schenmes.
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No consideration was given to the implementation

schedule and the
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ANNEX-1 WATER BALANCE

1.1 INTRODUCTION

This ANNEX prosents the results of the water balance qtudy, which was made
based on the results of hydrologlcal study in ANNEX-B, and study on irrigation water
demand in ANNEX-F and on hydropower in ANNEX-G, to formulate an overall
agricultural development plan in the NWDZ and NCRB areas.

The aims of the water balance study are to determine irrigation areas, required
capacities of conveyance system and reservoirs within an allowable water deficit. As
studied in ANNEX-H, there are sevéral alternative plans for transbasin conveyance system
from the Mahaweli Ganga to the NCRB area, including possibility to increase the diversion
water at Polgolla to the Sudu Ganga. All these alternative plans were simulated by using the
water balance simulation modet, and all the results were incorporated into fommlauon of an
ovemll development plan in the smdy area.
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L2 CONDITION OF WATER BALANCE
1.2.1 Division of Basins

The Mahaweli river basin and other river basins in the study area were divided into
72 sub-basins, considering the existing and potential dams and intake sitcs, as well as
existing and potential irrigation areas. The basin model for the water balance is
schematically presented on Figs. 1.2-4 to 1.2-7 depending on the conveyance system to be
selected. Though there are numerous tanks in the study area, only major existing tanks with
an active capacity of more than 5 MCM and the proposed tanks are considered in this
division of basins. '

Catchment area and average monthly runoffs of the respective sub-basins are
presented in Tables 1.2.1 and 1.2.2, The derails are discussed in ANNEX-B.

1.2.2  Transbasin Conveyance Systems

There are several transbasin diversion plans from the Mahaweli Ganga to the NWDZ
and NCRB areas studied by UNDP/FAQ, subsequently in the ISS and in the TDS. The
details are discussed in ANNEX-H.

The following these alternatives to convey irrigation water to the NCRB area were
selected:

Case A : New Altemnative Plan (See Fig. 1.2-1)
Minipe - New LB canal - Minneriya tank
(Pumping station) - NCP canal

Case B : Elecrowatt (TDS) Solution Modified (See Fig. 1.2-2)
Minipe - Hettipola Oya (Pumping Station) - Kalu Ganga dam - Elahera
- NCP canal (NEDECO route)

Case C: UNDP/FAO (ISS) Solution revised by NEDECO (See Fig. 1.2-3)
Minipe LB canal - Angamedilla (Pumping Station) - NCP canal

The schematic system diagrams mentioned above are shown on Figs. 1.2-4 to 1.2-6.

As discussed in ANNEX-H, Bowatenna - Kalawewa - Mahakatunoruwa -
Galgamuwa tanks route was adopted as the NWDZ conveyance system. The schematic
flow diagram is shown on Fig. 1.2-7.

1.2.3  Natural! River Flow

The most important factor for the water balance study is to correct the reliable flow
data, which will affect the quality of the study. Flow data for the Mahaweli Ganga and
Amban Ganga were scrutinized in the HCP and prepared the data-base system on the
weekly basis at each of the major structures and ganging stations.
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- In the MWRMP, the weekly flow data were recompiled into monthly basis for
31 years (1949-81), considering the existence of series of large storage reservoirs. The
monthly natural river flow data complied in the MWRMP for the period of 1949-81 were
adopted in the present study. Moreover, additional flow data for the period of 1981-86
could be utilized for the study. However, series of multipurpose dams on the Mahaweli
Ganga and Amban Ganga, as well as the irrigation development projects have been
performed since the late 1970s. In order to keep the continuity of the data base, all the
measured river flows were converted to the natural river flow for the local catchment area.

As discussed in ANNEX-B, local inflows to the respective irrigation tanks were
calculated by using available measured flows, or in case of missing data, by sorting rainfall-
runoff coirelation method to estimate the runoff coefficient in the catchment area.

The average natural river flow (1949-86) at the major control points such as
reservoirs, tanks and diversion point are summarized in Tables 1.2.1 and 1.2.2. The
monthly inflow daia at the existing and proposed dam sites and major structures are given in
ANNEX-B,

2.4 Irrigation Water Demand

. The irrigation water demand for respective existing, on-going and commitied
projects under the AMDP as well as potential irrigable areas was calculated on monthly basis
for 37 years from October 1949 to September 1986, using Penman formula. The present
overall irrigation efficiency was evaluated to be 50% for Systems E and C, and 56% for
other systems. The irrigation demand at the matured stage in the year 2020 was calculated
by adopting an improved overalt irrigation efficiency of 60%, since the GOSL puts enforce
the rehabilitation of existing projects to improve farming practices and to save water through
proper water management.

The average monthly irrigation demand for respective projects and schemes 1s
presented in Tables 1.2.3 and 1.2.4, and the details are described in ANNEX-F.

1.2.5 Return Flow

_ Return flow from irrigation schemes located in the upper stream is considered as
usable water resources for the downstream areas. Ratio of return flow to diversion
irrigation water is generally considered in a rage of 0.20-0.30. In this study, there is no
“actual measurement and assessment of the return flow, it is assumed to be (.25 of the
diversion water requirement. Reusable return flows are schematically shown on Fig. 1.2-8.

1.2,6 River Maintenance Fiow
As discussed in ANNEX-B, the river maintenance flow is the indicator of the
allowable limit of water withdrawal from the river, to be considered in allocating and

developing water resources. Increased water withdrawal should not be allowed, if it is
expected to impair the river maintenance flow frequently.
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As seen in Table 1. 2 5, the ‘minimum river flow at qudmpmy'l has -been
substantially decreased with the progress of land and water resources development since
1976. The requirement for the river maintenance flow should be determined for each river,
based on the conditions particular to the river. The river maintenance flow at M*m'unpmyd-
was decreased for Jast 12 years, however it seems that there was no serious problem. The-
results of the flow duration analysis show that the average river {lows during the low flow
period (flow kept more than 275 days of the year) and the extremely low fiow period
(355 days) were estimated at 31 m3/sec and 14 m3/scc for the perlod of 1976-87,

respectively.

Usually the river maintenance ﬂow ranges between the above two hg,urcs
Thcretore, since there is no such available data and studies, the maintenance: flow at the
estuary was preliminarily assumed 1o be 15 m3/sec for the water balance study, referring to
the results of the flow duration analysis at Manampitiya, and irrigation demand for the
existing Allai scheme of 7,000 ha of which the intake is located at Mandmprtlyd

downstream.
1.2.7 Reservoir and Tank Parameters

In the Mahaweli river basin, there are six (6) existing multipurpose dams, 1.c.
Kotmale, Pol goila, Victoria, Randenigalla, Bowatenna, Maduru Oya. The Rantembe dam is
under construction and will be completed in 1990. Moreover, the GOSL has decided to
implement the Moragahakanda dam. These eight mulnpurpme dams are con31dered as thc
existing dams in this master plan. :

There are ninc'(9) candidate dam and hydropower schemes and 15 candidate .
irrigation tanks. Tables 1.2.6 to 1.2.8 present the principal features of existing and
candidate dams and tanks. Tables 1.2.9 and 1.2.10 show parameters adoptcd in the water
balance simulation.
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I3 SIMULATION MODEL
1.3.1 Siinuiation Model

A simulation model was developed to represent a water resource system by adopting
modes, with or without storage, which are connected by channels having flow limits, based
on the schematic tlow diagramme shown on Figs. 1.2-4 to 1.2-7.

_. - Since there are numerous irrigation tanks in the existing and potential irrigation
argas, in the model a certain simplification for irrigation system was introduced in
representing irrigation systems.. Reservoirs or tanks with an active storage of more than
5 MCM wete basically incorporated into the model.

In representation of the reservoir system, active reservoir storage was divided into
9 zones for the reservoir operation as illustrated on Fig. I.3-1. Each storage zone has a
purpose in storing and releasing water according to system water demand such' as flood
control, flow conservation and augmentation, etc. Each zone has a upper and lower
boundary, and is specified within a space between the high water level (HWL) and the low
water level (LWL) of a reservoir.

The upper zone (zone-1) is used for the flood surcharge storage space, the lowest
zone (zone-8) for dead water storage, and the zone-7 only for a firm energy generation. The
upper and lower rule curves were fixed on the basis of a try and error method, referring to
the study results of the MWRMP for the exisiing dams, to maximize power generation as
well as to minimize water deficit in irrigation areas and spillout from respective reservoirs
and tanks. '

With regard to multipurpose dams, the following operation rule is given:

- .In case that reservoir water level at a certain time is higher than the lower rule
curve (above the 6th zone), water is released to meet downstream irrigation
~ water demand or to maintain a fiom power generation, which is greater.

- In case that reservoir water level is lower than the lowest rule curve {within the
7th zone), water is released to maintain only a firm power generagion,

- As afirst trial, water balance from the upper to lower reservoirs is carried out to
maintain a firm generation at each hydropower station. In case of irrigation
- water demand being higher than demand for a firm generation, water release is
first made from a reservoir or tank with the highest zone among all multipurpose
dams and irrigation tanks, and if not to meet the irrigation demand, a
downstream reservoir with the 2nd highest zone releases water to meet irrigation

* demand.

' Conceptionél flow chart of the simulation model are itlustrated on Fig. 1.3-2.
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3.2

(1)

(2)

Reservoir and Tank Operation
Operation Rule for Main System Reservoirs

For the water balance study, the operation methods of the existing and proposed
dams were set at the variable draft operation considering the characteristics of the
multipurpose dams, except the proposed Talawakele, Watawela, Uma Oya
Scheme-500 hydropower stations which arc the river run-off type. Even though
existing dam series in the Mahaweli river basin including several steps of transbasin
diversion are so complicatedly connected, all the multipurpose reservoirs were set at
the variable draft operation to release water to downstream, according to the
downstream water demand keeping the present water rights for water users.

The Polgolla diversion policy is the most important key factor for the formulation of
a future development policy and plan. Comprehensive economic and social benefit
as a whole should be taken in consideration. At Polgotia, water demand for the
Amban Ganga will be released through the power channel with maximum discharge
of 148 MCM per month.

The principal concept of the rule curve for the main system reservoirs would be to
maximize the overall hydroelectric energy, keeping the firm hydroelectric energy
production for each system and/or as a whole system, and irrigation demand for the
downstream areas. :

Simulation was made in order to evaluate the rule curve for each reservoir, referring
to the results of the MWRMP for the present condition. - For the future development
¢ases, simulation Tuns were carried out to maximize the overall hydroelectric energy
generation, at the same time to meet the imigation water demand within an allowable
deficit by adopting a try and error method. The rule curves for the major reservoirs
are illustrated on Fig. 1.3-3.

Operation Rule for Irrigation Tanks

The simulation runs were performed to evaluate the rule curve to minimize diversion. -
demands from the main system reservoirs and to make maximum use of local

inflows, i.e. to minimize spillout from respective tanks, while at the same time,

maintaining allowable irrigation reliability.

Every irrigation tanks have respective characteristics such as commanding area, its
own catchment area, storage capacity, etc. As seen in Tables 1.2.6 and 1.2.8,
almost all of the tanks have very limited tank capacity to irrigate its commanding area
for about one-two months. High irrigation demand will be usually occur in May to
August and November to February. Therefore, reservoir water level at end April
and end QOctober be kept at a certain level for the next irrigation water issues.
Considering these fact and referring to the results of the MWRMP (Ref. 18),
simulation runs were performed to fix the rule curve so as 1o minimize spillouts at
respective tanks. The rule curves for major tanks are presented on PLg 1.3-3.
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(3)

b

1

Polgolla

Minipe

Kandukﬁdu

" Blahera

 Diversion Rule at Key Points

The first priority is to release the river flow for firm energy
demand for Ukuwela Power Plant and the second priority is
given to the supply of additional released flows for downstream
hydropower energy demands of the Mahaweli Ganga and
downstream irrigation demands of each system.

Priority is given to the supply of diversion requirements for
each system.

The first priority is given to the supply of diversion

requirements for System A and the second priority is to
matintain the downsiream river flow.

Priority is given to the supply of diversion requiremenis for
each system,
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1.4 WATER BALANCE STUDY

1.4.1 General

Assessment of available water resources undet the present condition is essential for a.
future development plan. Moreover, the Polgolla diversion policy is of paramount
importance and a key factor for the future development plan. 'As discussed in Section 1.2.2
and ANNEX-H, there are three alternative transbasin conveyance systems, and two
potential irrigation areas (NCRB and NWDZ). Taking into account these possible
alternatives and future development plan, the water balance simulations were performed for
‘the following cases:

Polpolla Diversion : o

Conveyance System A B C b A A A
Simulation Runcase A4S BISI  Cl4s DI ALIS  A209 A2
[rrigation Area AMDP AMDP AMDP AMDP AMDP AMDP AMDP
NCRB NCRB NCRB - NCRB NCRB NCRB
_ NWDZ, NWDZ NWDZ - - - NWDZ

The maximum possible irrigable areas were delineated by using the water balance
simulation model and allowable deficit criteria for irrigation project, i.e. 80% probability in
occurrence and 90% probability in quantity as adopted by the ID. The results are
summarized in Tables 1.4.1 and 1.4.2, and illustrated on Figs. 1.4-1 to 1.4-8. The results
of simulations are briefly described in succeeding Sections.

1.4.2 Procedure of Water Balance Simulation

Water balance simulation was carried out in the following procedures in order to
provide the basic information for the alternative transbasin conveyance sysiem study for the
NCRB and NWDZ areas. '

{H Case D (Present case including the existing irrigation areas) -

In order to grasp the availability of water resources for a future plan and the present
reliability of irrigation water supply demands, the study was made on the present
condition including the existing, under-construction and committed irrigation areas
under the AMDP. '

(2) Cases A, B and C with the combination of NWDZ+ NCRB for the.scréening of a
transbasin conveyance system '

In order to select a transbasin conveyance system for the NCRB area, the study for
potential irrigation arcas with the combination of NWDZ + NCRB was made by



taking into due consideration the economic comparison study. The comprehensive
economic comparison study is described in detail in ANNEX-H.

(3) Based on the transbasin conveyance system selected in the above process (2) for
NCRB area, the study was undertaken to select an appropriate combined case
through the scxcemng of development pl'tns

1.4.3  Water Balance Simulation under the Present Condition

Water balmlcc simulation under the present condition including the existing, the
under-construction and committed irrigation areas under the AMDP was carried out to grasp
the avatlablhty of water resources for a future plan and the present reliability of irrigation
water supply. The results of the simulation are summarized in Table 1.4.1 and systemn flow
diagrams for the present case are illustrated in Fig. 1.4-4. As seen in the results, about
1,440 MCM at Minipe and about 4,850 MCM at the proposed Kandakadu intake site on
the main stream of the Mahaweli Ganga, and about 720 MCM at Angamedilla on the
Amban Ganga are wasted to the downstream or sea.

Keeping the river maintenance flow at the estuary, such surplus water will be
utilized for the irrigation purposes. This surplus water is wasted mainly during the Maha
season, because hydropower stations are generating electricity throughout the year by
discharging water for a firm energy generation even in the Maha season. However, the
irrigation demand in the Maha season is less; especially in March and April. Tt is possible o
atilize this surplus water for irrigation purpose by providing regulating dams and tanks, and
modifying the rulg curve of a certain multipurpose dan.

In order to utilize the surplus water in the Maha season, there is a possibility to
release water according to the irrigation demand, i.e. to relax the reservoir operation policy
of the-Randenigala power station to some extent,

Under the fixed Polgolla diversion policy, i.e. long term average of 875 MCM fixed

by NEDECO, almost all of diverted water should be released to Systems H, IH and MH

“areas through the existing Bowatenna irrigation tunnel.  Unless modification of the

diversion policy at Polgolla and option to reduce a firm generation were permitted, there is
no possibility to increase diversion water to Systems H and the NWDZ,

1.4.4 Water Balance Simulation for Future Case

(..1) * Water Balance Study for Future Case (Polgolla Diversion: 875 MCM)
Water balance simulations for a future case were performed to select an appropriate
transbasin conveyance system among Case A, Case B and Case C. The results of

the simulation are summarized in Tables I.4.1, and 1.4.2 and illustrated on
Figs, 1.4-1 to 1.4-8. The results of each case are summarized hereunder:
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Case - A (New Alternative Plan):

Under a certain limitation of the Polﬂolh diversion to the Amban Gfmgd, a4 new
conveyance canal parallel to the existing Minipe LB canal was planned to divert
water from the existing the Minipe anicut (crest EL 114) to the Minneriya tank
(FSWL: 93.7m) crossing the Wasgamuwa National Park with minimum
disturbance to the park. This diver ted water to the Minneriya tank will be utilized for
the existing System D1 and its cxpansion areas of the on-going Moragahakanda
Project (about 740 MCM per annum) which would be originally irrigated by using
water supplied from the Moragahiakanda reservoir. About 760 MCM per annum at
the Minneriya tank depending on the conveyance system selected will be pumped up
to the NCP canal with a static hcad of 45-53 m.

The results of the smmldnon show that about 76() MCM out of about 1,480 MCM
to be diverted to the Minneriya tank will be boosted up te the NCRB areas, and
about 730 MCM of irrigation water originally supplied to System D1 from the on-
going Moragahakanda dam and about 250 MCM from the plopoqed Kalu Ganga
dam will be supplied through a new NCP canal to the NCRB area.

The results indicate that increaseéd diversion water to the NWDZ under the present
Polgolla diversion policy (875 MCM) will be so difficult to keep the firm generation
al the Bowatenna hydropower station (2 hrs peak operation) 'md the on- gmng
Momg*ﬂmkanda mulupm poqe project.

According to results of water balance study, possible d:vmsmn water thi()ugh the
Minipe RB canal ‘was estimated at about 1,420 MCM per annum on an average
(1949-1986). There is a certain possibility to divert about 240 MCM -from the
Maduru Oya reservoir to the Gallodai Aru basin, by using the existing Minipe RB
canal and providing additional irrigation tunnel between Ulbitiya and Maduru Oya
reservoirs. This diversion is subject to the future study.

Case - B (TDB Solution):

As discussed in Case A, about 1,510 MCM of surplus water at Minipe will be
diverted to the NCRB areas. Possible irrigation area in the NCRB is the sane as
Case A. However since the Kalu Ganga dam is proposed and pumped water
should be regulated. In this case, all diversion water should be pumped and static
pumping head is about 85 m, and annual O&M costs for the pump stauon will be-
very high compared with Cases A and C. - :

As far as the water balance concerned, possible irrigable area in the study arca will
be similar to Case A with acceptable reliability of irrigation water supply..

Case - C (UNDP/FAQO Solution):

Diversion water at Minipe will be led to Angamedilla then to the.Kaudu!h mnk by
gravity through the enlarged and extended existing Minipe LB canal. The results of
simulation show that about 900 MCM out of 1,430 MCM diverted at Minipe will

I-10



@

be boosted up to the NCP canal, and about 530 MCM of irrigation water originally

supplied to a part of System D1 from the on-going Moragahakanda dam and about
250:MCM from the proposed Kalu Ganga dam will be supplied to the NCRB area
thlough the NCP canal within the allowable deficit,

'Water Balance Study for Future Casc (I) (Polgolla Diversion: 1,280 MCM)

Based on the economic comparison, Case-A was selected for the further detailed

- study to formulatc an overall development plan stated in ANNEX-H. There is a

certain possibility to irrigate the NWDZ and NCRB areas, by increasing the Polgo!la
diversion to the Armban Ganga, the NWDZ and NCRB, and by decreasing pumping
water from the pump stations proposed in the respective alternative cases. Water

'b'ilance simulation runs for the selected conveyance system of Case A under

increased Polgolla diversion of 1,280 MCM per annum are carried out by the

~ simulation model. The results of the study are summarized in Table 1.4.2 and the -
- schematic flow diagramme are presented on Figs. 1.4-6 and 1.4-8.

As seen in Table 1.4.2, increase of diversion water at Polgolla results in decrease of

_ an average annual energy output especially on the existing hydropower stations on

the Mahaweli main stream. Mareaver, the trrigation deficit ratio is a little higher than

~ that of the allowable deficit criteria.

I-11



	ANNEX - H
	LIST OF REFERENCES
	TABLES
	Table H.2.1 EVALUATION IN THE TRANSBASIN DIVERSION STUDY (TDS)
	Table H.2.2 GENERAL FEATURES OF CANDIDATE RESERVOIR AND TANK
	Table H.3.1 SUMMARY OF WATER BALANCE SIMULATION FOR SCREENING OF TRANSBASIN CONVEYANCE SYSTEM (Polgolla Diversion, 875 MCM)
	Table H.3.2 SUMMARY OF WATER BALANCE SIMULATION FOR SCREENING OF DEVELOPMENT PLAN (Polgolla Diversion, 875 MCM and 1,280 MCM)
	Table H.3.3 GENERAL FEATURES OF CONVEYANCE SYSTEM OF ALTERNATIVE PLAN
	Table H.3.4 GENERAL FEATURES OF CONVEYANCE SYSTEM OF DEVELOPMENT PLAN
	Table H.3.5 GENERAL FEATURES OF PLANNED PUMP STATION
	Table H.3.6 SUMMARY OF CONSTRUCTION COST (Case-A118)
	Table H.3.7 SUMMARY OF CONSTRUCTION COST (Case-A145)
	Table H.3.8 SUMMARY OF CONSTRUCTION COST (Case-B151)
	Table H.3.9 SUMMARY OF CONSTRUCTION COST (Case-C145)
	Table H.3.10 SUMMARY OF CONSTRUCTION COST (Case-A209)
	Table H.3.11 SUMMARY OF CONSTRUCTION COST (Case-A242)
	Table H.3.12 COMPARISON OF TRANSBASIN CONVEYANCE SYSTEMS
	Table H.3.13 SCREENING OF AGRICULTURAL DEVELOPMENT PLAN

	FIGURES
	Fig. H.2-1(1/2) General Features of Transbasin System (Case-A)
	Fig. H.2-1(2/2) Schematic Flow Diagram: Case-A
	Fig. H.2-2(1/2) General Features of Transbasin System (Case-B)
	Fig. H.2-2(2/2) Schematic Flow Diagram: Case-B
	Fig. H.2-3(1/2) General Features of Transbasin System (Case-C)
	Fig. H.2-3(2/2) Schematic Flow Diagram: Case-C
	Fig. H.2-4 General Features of Transbasin System to Gallodai Aru
	Fig. H.2-5 Plan of Planned Hettipola Pump Station
	Fig. H.2-6 Plan of Proposed Minneriya Pump Station


	ANNEX - I
	TABLE OF CONTENTS
	I.1 INTRODUCTION
	I.2 CONDITION OF WATER BALANCE
	I.2.1 Division of Basins
	I.2.2 Transbasin Conveyance Systems
	I.2.3 Natural River Flow
	I.2.4 Irrigation Water Demand
	I.2.5 Return Flow
	I.2.6 River Maintenance Flow
	I.2.7 Reservoir and Tank Parameters

	I.3 SIMULATION MODEL
	I.3.1 Simulation Model
	I.3.2 Reservoir and Tank Operation

	I.4 WATER BALANCE STUDY
	I.4.1 General
	I.4.2 Procedure of Water Balance Simulation
	I.4.3 Water Balance Simulation under the Present Condition
	I.4.4 Water Balance Simulation for Future Case



