Table 4-3 Irrigation Benefit at Full Development Stage

(Unit:_million Rp/) -

Without Project Condition

Name of Projects ) irigated rainfed rainfed - swamp other total primary
. PU arca* PUarca - nan-PL arca area profit
SILAU/BUNUT area(ha) 11104 1000 5290 0 1065
. profitha N 0.331 0.331 - 0.331 .
. e Lprofit : 8,006.0 - 331.0 1,751.0 0.0 352.5 10,440.5
TAMBUNG TULANG arca(ha) o 4040 0 1715 o
. profittha 0.331 ' : - :
t.profit 0.0 1,337.2 0.0 0.0 0.0 - 1,337.2
S.EMPAT ' area(ha) 0 0 0 2800 (N :
profitha
t.profit 0.0 . 0.0 0.0 0.0 0.0
PA.MAHONDANG area(ha) 1600 1120 50 3438 o 580
profivha 0.721 0.331 0.331 0.331 - .
Lprofit 1,153.6 370.7 16.6 0.0 1920 - 17329
LEIDONG-ASAHAN  arcatha)** 80 13240 2640 29540 - 0 :
profit/ha 0.721 0.331. - 0.331 : -
Lprofit 517 43824 873.3 0.0 0.0 -5,314.0
KANOPAN LEFT area(ha) 0 1384 : 680 - 2256 0
profitha 0.331 0331 C
- Lprofit 0.0 458.1 2251 0.0 0.0 683.2
AEK NATAS arcatha} 0 2704 0 1206 280 '
. profitha 0.331 0.331 ) :
. t.piofit 0.0 895.0 0.0 00 - 92.7 9877
KUALUH RIGHT area(ta) 0 4] 2040 385 . 0
~profitfha 0331 : :
L.profit 0.0 0.0 675.2 00 - 0.0 675.2
AEX NAETEK area(ha) 0 2400 0 1050 . 0 ..
profit/ha ) {1331 o
_ L.profit 0.0 794.4 0.0 0.0 00 794.4
SMALL-SCALE area(ha) 1664 1392 4590 0 16
profitha 0T 0.407 0.407 . 0.331 :
tprofit 1,199.7 566.5 1,868.1 0.0 : 53 13,6397
With Project Condition- Irrigation Benefit
Name of Projects irrigated new jrrigated and control total primary Benefit Per ha
lowland small scale system drainape Profit {Total} {$/ha)
SILAU/BUNUT area(ha) 13380 14710 0
profitfha 1.092 0.95 -
t.profit 15,157.0 13,974.5 0.0 29,131.5 18,691.0 39
TAMBUNG TULLANG areatha) . 0 -4 5755 o
’ profitfha - 0.769 : o
: t.profit 0 0 4425595 4,425.6 3,088.4 . 303
S.EMPAT area(ha) 0 -0 2800
profitfha : 0.769
profit 0 0 21532 2,153.2 2,153.2 434
Pd MAHONDANG area(ha) 20060 10370 '
profit/ha 1.092 0.95 : : o o
1.profit 2184 93515 0 12,035.5 10,3027 -9
LEIDONG-ASAHAN  arcathay** 100 33500 _ 28800
profitfha 1.092 095 1.9923 S L
. tprofit 109.2 31825 57378.24 89,3124 83,998.5 1,044
KANOPAN LEFT areatha) 0 0 4320 .
profitfha ) 0.769 :
L.profil 0 0. 3322.08 33221 2,638.9. 345
AEK NATAS area(ha) 0 8380 0 ’
profit/ha o 095 o T )
) t.profit 0 7961 0 7.961.0 - 16,9733 940
KUALUH RIGHT arcatha) 4] 4850 0 o
prolit/ha ) 0.95 o ) : o
Lprofit 0 4607.5 0 4,607.5 3,9323 916
AEK NAETEK arca(iia) 0 69500 0] :
profitfha 0.95 : .
tprofit 0 6355 0 6,555.0 5,760.6 243
SMALL-SCALE arca(ha) 0 12,277 0 : :
profitha 0,95

tprofit 0 11662,77 0 11,6628 8,023.1 781

*:Cropping irilcnsily for irrigated lowland is 160 %, other land except swamp 100 %/
*+including oil palm land of 28800 ha indicated in colum of control drainage
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Table 4-4

Main Features of Proposed Project Works

Item

Description

1. Location
2. Water resources

3. Project Command Area

(1) Gross area
(2) Net irrigation area

4. Agrieultural Development Plan
(1) Cropping pattern
(2) Cropping intensity
(3} Annual incremental paddy produclion

5. Proposed Project Work
(1) Water resource facilities
{iy Construction of Silau integrated weir
{i1) Construction of inter-basin diversion canal
(iii) Rehabilitation of existing weits on Bunut river

{2) Rehabilitation and construction of imrigaiton canals
{3) Rehabilitation and construction of drainage canals

{4) Construction of farm road network
{5) Construction of Bunut flood dike
{6) Consiruction of or-farm facilitics
{7) Land reclamation
(8) Construction of agri-business quarier
(9) Procurenient of O&M equipment
(10) Training program for Q&M stalf and Farmers

6. Project Cost *
(1) Construction cost (Rp. miltion)
(2) Other costs (Rp. million)
(3) Total (Rp. million)

7. Project Fund Requirement
(1) Foreign currency portion (USS 1,000)
(2) Local cwrrency portion (Rp. million)
{3) Total cost (Rp. million)

8. Implementation Program
(1) Implementation period
(i) Detaited design and pre-construclion management
(ii) Construction period
(iii) Total period

(2} Exccution agency

9, Economic Evaluation **
(1) Economic capital costs (Rp. million)
{2) Annual economic benefit (Rp. million)
(3) Economic Internal Rate of Return (%)
(4) Benefit-Cost (B/C) ralio {at 12 % discount raic)
(5) Benefit minus Cost (B-C) ratio (at 12 % discount raie)

Noth-east of Kisaran, 150 kin from Medan, North Sumatra Province

Conjunctive use of Silau and Bunut river flows

14,300 ha
10,300 ha

Pouble crop of paddy per year
200%
74,000 tonfyear

Rubber tube type movable weir on the Silau river

Diversion canal from the Silau to the Bunut river (L= 8.3 ki)
3 weirs of Serbangan, Panca Arga and Buluru
"49 canals of 170 km in total

(Rehabilitation : 60 kim, New construction ; 110 km)

48 canals of 180 km in tota}
{Rchabilitation : 82 km, New construction ; 98 km}

354 km in otal(New roads)

Construction of earth dike and dredging of river bed for 34 km
9,510 ha ( area of 790 ha has been developed)

670 ha from coconuis ficld to paddy fields in Silau system

70 sites {each has drying yard and building in 2,000 sq-m land)
Operation vehicles, maintenance equipment, elc.

Nos. of trainees : Government staff ; 58 , Farmers ; 550

100,426 (USS 5,500/ha)
31,635
132,061

56,520
57,211
157,311

2.5 years
4.5 years
7 years
DGWRD, DPU
(Project office will be established)

148,432
22,901
132%
1.10
Rp. 9,580 million

Remarks:
1. Conversion rate : USS 1.0 = Rp. 1,770

2. Price escalation ratio : Formgn currency ; 3% [ year, Local currency ; 8 % fyear

.
&k

The cost does not include a price contingency

The ceanomic evaluation is made based on the cosis and benefits of the Project and Silau flood control works by DGWRD
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Demand increase curve
{A) 15% of demand increase in North Sumaitra Province is
produced in ths study area.

(B): 10% of demand increase in Noith Sumatra Province is
produced in ths study area.
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Table A-1 SUMMARY OF CLIMATIC CONDITIONS

JAN.

NOV.

DEC.

Trem FEB. MAR. APR. MAY JUNE JULY AUG. SEP. OCT, Annual
Mean Temperatur {degree C))
Sci Dadap ('66-88)  25.7 26.0 26.3 26.6 26.7 26.6 264 263 26,2 26,2 26.2 259 26,3
Marihat  ('73-'88) 239 243 24.6 24.8 24.8 24.3 244 24.4 24.2 242 4.2 240 2d.4
Balipe ('73-'88) 18.6 18.5 189 189 190 18.8 18.7 18.5 18.5 18.6 18.8 18.8 18.7
Daily-Max Tcmpérnture {degress .C.)
Sei Dadap ('66-'82) 3L5 32.0 324 2.7 329 329 326 324 32.1 318 34 313 322
Marihat  ('73-88) 294 30.0 30.3 30.4 30.4 30.6 30.2 30.2 29.6 29.6 29.3 293 299
Balige ("73-'88)  25.5 258 25.5 26.0 26.4 262 26.1 25.9 25.4 25.7 25.6 24.6 25.7
Daily-Min ‘Femperatore (degress C.)
Sei Dadap ('6_9-'82) K 215 219 22.7 22.7 225 223 22.2 225 226 225 222 223
Marihat  ('73-'88) 19.5 19.8 20,0 20.4 204 20.0 19.6 19.8 19.9 199 20,0 19.7 199
Balige = ("75-'88) .14'? 14.9 15.0 5.5 15.7 151 15.% 15.0 15.0 15.1 15.0 15.6 i5.1
Absolute-Max 'l'cmpcr:alpre (dégress Co
Sci Dadap ('66-'82) .34.5 35.0 350 35.5 36.0 l 360 355 355 353 350 335 35.0 36.0
Marihat  {'73-'88) 33.0 330 3340 34.0 335 a1s 335 34.0 34.5 335 X 335 345
Balige {'73-'88) 29.8 298 29.6 29.0 28.6 28.6 29.0 29.8 28.2 28.2 29.8 215 298
Absolute-Min Temperature (degress C.)
SeiDadap (69-82) 168 170 186 187 200 135 182 165 195 190 200 186 135
Marihat  {'73-88) l6..‘_'> 16.0 175 18.5 17.5 15.5 16.0 16.5 115 16.0 170 - 115 15.5
Balige {75-'88) 10.2 ‘130 12.6 13.0 12,0 13.0 12.5 110 12.0 10.5 13.0 12.5 10.2
Relative Humidity (%)
Sei Dadap {'06-'88) 88.7 87.0 88.2 58.4 819 86.8 7.0 88.3 88.5 39.4 89.7 89.3 88.3
Marihat  ("73-'88) 84.7 83.6 84.1 854 84.8 82.6 83.5 3.6 36.1 6.2 864 861 84.8
Balige ('73-'88) 870 86.3 878 872 80.2 36.1 565 86.2 86.9 17.8 §7.6 85.8 86.8
Wind Veloci ty Gv/s)
Seci Dadap ('79-88) 0.19 0.24 0.25 0.23 0.24 0.25 0.25 0.23 0.28 0.22 0.21 0.21 0.23
Marihat  ('84-88) 0.24 0.29 0.28 023 0.19 0.20 0.18 0.23 0.20 0.18 0.24 0.29 0.23
Balige ('85-88) 0.89 0.70 0.714 .65 0.58 1.12 0.48 045 0.56 0.50 0.66 - 0.66
Sunshine Duration (%)
SeiDadap - . . - - - - - . - - - . .
Ack Lobka ('70-'88) 515 65.2 54.0 54.2 378 595 [{¥ R 59.9 52.2 591 570 50.2 574
Marihat ('7338_8) 60.5 69.2 8.8 67.1 66.1 032 65.6 64.1 564 55.1 52.0 517 62.6
Batige ('73-°88y 583 555 62.5 54.6 53.8 62.2 54.3 54.8 39.0 36.8 43.6 40.3 51.3
Lvaporation (mum)
Sci Dadap ('79-'88) 935 104.8 LS 1125 111.9 108.3 1124 114.8 106.0 105.5 87.‘). 91.9 1261.0
Marihat  ('84-'88) 100.7 100.0 107.9 107.0 104.5 108.5 1003 88.5 86.7 92.6 g4.1 9l.5 11793
Balige - - - - - - - - - - - - _ -
Rainfall {mnnn)}
Sci Dadap ' ('58-'88) 102 78 99 106 131 19 143 151 230 242 164 137 1,702.0
Ack Loba ('70-'§8) 144 92 158 112 187 227 222 20 272 324 251 189 2,379.0
Marihat  ('73-'88) 21 193 205 230 310 157 219 21 320 356 253 256 2,924.0
Balige ("73-'88) 127 138 120 171 130 98 118 85 173 192 229 218 1,799.0

Source; Bandan Metearologi dan Geofisika (BMG), Balai Wilayah 1 Sampali
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“Table A-2- MONTHLY MEAN TEMPERATURE AT SEI DADAP

., . L : : (Uniy; degrees Contigmde)
YEAR -JAN FEB MAR _APR  MAY JUN . JUL AUG SEP QCT -~ NOV__ DEC  AVE.

1966 - 261 26 21.0 213 26.6 263 26.5 26.1 259 259 25,6 o

1967 218 25.4 264 266 2o 26.5 26.1 26.0 25.9 25.6 23 258 26.0
1968 252 25.4 266 264 255 264 26.0 262 239 26.1 259 2583 260
1969 26.1 264 272 215 Z13 21.0 26.8 263 26.3 26.3 264 25.7 206
1970 25.5 264 266 26.9 26,8 273 263 2635 25.6 25.9 257 261 26.3

1971 ¢ - 254 256 262 265 265 259 258 259 257 264 252 -

1972 252 25.6 26.1 26.1 27.0 26.8 21.3 269 262 268 - 265 264 264
1973 - 268 - 27.2 271 21.2 271 - T 2635 26.4 267 25.5 -
1974 - - - 26.2 - 262 258 - - ’

1975 264 264 262 264 266 %4 214 260 268 264 262 262 . 265
1976 254 259 262 266 | 264 262 - 262 262 266 %2 262 .
1977 260 258 260 271 270 268 270 262 268 . 260 260 264 264
1978 262 - 262 267 268 274 21 261 269 (262 261 260 260, 265
1979 26.1. 262 265 266 . 269 269 264 266 262 . 263 262 260 264
1989 260 %2 260 267 210 268 268 263 . 266 264 264 262 265

1981 258 258 260 262 266 268 264 . 262 264 264, © 264" 260 263
1982 256 256 266 265 266 266 262 262 2640 264 264 264 262
1983 260 264 266 268 268 268 264 266 264 266 262 260 265
1984 256 259 262 266 266 264 261 260 2610 24 258 237 261
1985. 256 260 258 264 262 258 256 256 - - - -

1986 - - S : .. -
1987 262 256 262 264 262 264 258 - - - . - -
1988 250 262 263 264 264 262 - 259 258 - - -

AVE, ‘25.7. 26.0 263 6.6 20,7 26.6 264 263 262 262 26.2 B9 . 203

MaX. 264 26.8 212 115 214 2713 214 269 268 263 26,7 26.4 26.6
MIN. 24.8° 254 256 261 26.2 25.3 25.6 25.6 259 5.6 237 252 26.0

Source ; Badan Meteorologt dan Geofisika (BMG)

Table A3 MEAN DAILY MAXIMUM TEMPERATURE AT SEI DADAP

. (Unir ; degrées Cémigradej
YEAR JAN FEB MAR  APR  MaAY JUN JUL.  AUG - SEP OCT  NOV - DEC- ANNUAL

L3211 319 328 33 326 319 324 ite 30T 30.6 04 318

1965 -

967 303 307 321 0 320 324 321 320 319 315 3Ll . 310 311 305
1968 308 3.6 325 325 311 330 330 332 326 321 322 314 322
969 319 328 331 MO 31 330 334 323 21 3R 303 U307 323
1970 311 S 334 325 321 334 3nl 37 313 3Ll 30 30 320
1971 - N4 315 25 323320 21 34 313 312 303 227 B4
972 303 320 326 321 33O - 329 337 331 336 0 322 33 33 0 322
1973 - 326 - B R2 B4 3B - 3RO 320 33 s

1974 - . . - - - - - - ms - 30 3k6. -

1975 32.0 325 325 330 325 332 3z0 320 _3'1.5 32.0 315 315 - 322
1976 313 302 314 334 331 322 - 313 3235 322 3240 316 320
1977 322 315 325 32.0 334 325 333 32.5 32 312 313 322 23
1978 320 330 330 331 330 330 322 33.0 320 321 318 32.1 325
1979 320 325 334 325 332 3.1 321 327 320 O 321 31.0 315 - 323
1980 320 324 32.7 325 328 130 328 316 323 240 $].9 315 323

1981 315 320 324 327 328 332 12§ 328 24 06 RT 320 0 325
1982 320 326 305 330 320 330 327 . 3129 - 128 325 - 123
1983 - - . -k - - .
1984 - E - - - - - - - - - . .
1935 - - - - - - E L - - - - .
1936 - - . - - . - - . - . . .
1987 - - - - - - - - . .- - - -
1988 - - - - - - - - - -

AVYE. 315 320 324 327 2% 329 32.6 124 321 31.8 al4 313 22

Source ; Badann Meteerologi dan Geofisika (HMG)
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Table A-4 MUAN DAILY MINIMUM THMPERATURE AT SEE DADAP

(Unit ; degrees Centigrade)

YEAR JAN TEB  MAR APR  MAY JUN - JUL  AUG _ SEP  OCI. NOV __ DEC  ANNUAL
1966 - - - - - - - - - -
1967, - - - - - - - - - -
1968° - - - - - - - - - -
1969 . - . . - - - « 25 216 216 218

1570 217 206 210 214 215 24 210 208 206 214 210 209 201
1971 - 202 207 230 2E 223 21 215 224 125 219 220 220
1972 207 208 215 224 221 232 227 222 233 T 234 233 23
19713 - 235 - 2370 233 23.6 233 - 23.0 235 229 222

1974 - -, T - . - - 230 - 235 220 -
1975 220 223 R0 230 230 225 225 230 20 225 220 230 225
1976 214 2001 20 220 20 224 - 201 223 N6 224 224 22.0
w77 - 215 215 20 228 228 225 224 226 23.0 229 228 23.0 20.6
1978 225 0 222 - 230 226 235 230 224 228 225 28 m8 217 227
1979 232 0 223 222 230- 231 231 228 225 230 229 231 220 228
1980 219 203 220 230 231 230 230 224 2300 230 126 230 234
1981 220 20 220 226 231 225 20 217 225 226 226 221 223
1982 215 215 R0 25 28 199 226 . - - - . -
1983 - - - - - - - - - - -

1984 - - - - -
1985 - - - - - - -

1986 - - - - - - -

1987 - - - - - - - - - - - - -
1988 - - - - -

‘AVE. 218 215 219 227 27 225 223 22 2SS 226 225 222 23

Source ; Badan Metcorologi dan Geofisika (BMG)

Table A-5 ABSOLUTE MAXIMUM TE.\ﬁ’ERATURE AT SEI DADAP

(Unit ; deprees Cemigrade)

~ YEAR JAN FEIR MAR  APR  MAY JUN UL AUG SEP OCT  NOV_ DEC MAX
1966 - 335 335 _34.5 360 350 345 34.5 34.0 325 33.5 320 36.0
1967 325 325 335 34.5 35.0 35.0 15 335 335 325 325 325 35.0
1968 325 335 340 34.0 325 335 35.5 34.0 34.0 335 33.0 335 355
1969 33.0 335 350 35.5 36.0 34.0 3590 335 50 325 325 320 36.0
1970 325 345 34.5 345 3.0 35.0 34.0 35.0 335 330 33.0 35.0 350
1971 - 331 335 340 34.0 348 345 330 330 3310 320 3z 34.8
1972 325 335 343 34.0 345 35.0 352 350 336 310 330 335 35.2
1973 - 342 - 35.0 5.0 360 35.0 - 34.0 35.0 33.0 x5 -
1974 - - - - - - - - 34.0 - 325 325 -
1975 34.5 335 135 340 345 34.5 34.0 345 3.0 34.0 335 325 ns
1976 330 335 3490 345 350 34.5 - 345 335 335 335 310 5.0
1977 335 335 345 355 355 34.5 355 355 355 s 330 34.5 35.5
19713 335 35.0 34.5 345 M5 4.5 34.0 345 340 3.0 3300 330 35.0
1979 335 34.0 35.0 345 345 35.0 34.0 350 s s 33.0 33.0 35.0
1980 33.0 34.0 345 335 333 345 34.0 330 335 335 330 330 M5
1981: 325 34.0 335 34.0 34.0 335 345 4.0 330 315 335 336 345
1982 335 325 3315 333 33.0 335 335 330 3.0 33.0 - 33.5
1983 - - - - . - - - - - - - -
1984 - - - - - - -
1985 - - - - B . - R
1986 - - - - - - - - R
1937 - - - - R
1988 - - - - - - - - - .

34.5 350 350 355 36.0 36.0 35.5 355 355 35.0 335 35.0 360

MAX.

Source ; Badan Melcorologi dan Geofisika (BMG)
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Table A-6 ABSOLUTE MINIMUM TUMPERATURE AT SEI DADAP

(Unit ; degrecs Centigrade}

IEB

APR

AUG.

YFAR __ JAN MAR - MAY  JUN UL SEP  QCT. NOV__ DEC _MIN,
1966 - - - - - - - . - - -
1967 - - - - . . - . -
1968 - - - - - . - -
1969 - - - - - - . 205 200 205 . 205 -
1970 200 185 195 2057 205 195 190 190 195 205 200 . 186 186
1971 - 185 186 187 200 190 182 205 . 195 190 203 199 182
1972 168  17.0 194 210 205 214, 202 204 S ans w2 NS 168
1973 - 213 - 70 215 222 A3 . 210 220 213 205 .
1974 S . . ) ) . 20.0 .. 215 205 -
1975 200 205 205 215 315 205 205 20 205 205 210 210 200
1916 190 195 200 210 200 190 . 165 205 215 . 205 210 165
1911 190 180 - 210 205 - 210 200 - 210 . 205 2100 20 205 210 180
1978 205 190 215 215 215 215 203 215 . 2100 205 0 205 205 190
1579 195 205 200 226 215 225 20 200 210 205 25 193 195,
1080 . 200 - 205 215 228 . 2L 220 205 210 220 245 215 213 - 200
1981 200 200  21¢ 220 220 70 .10 210 215 25 210 20 200
1982 190 200 200 215 220 - 135 220 - - - - - :
1983 - - - - - - - - - - -
1984 - . - - - - - - - - - -
1985 - - - - - - - -
1986 - - - - - - - - - - -
1987 - - - - - - - . - -
1988 - - - - - - - - - -
MIN. 168 170 186 187 200 135 182 165 185 160 200 186 135
Source ; Badan Melzorologi dan Geolisika (BMG)
Table A-7 RELATIVE HUMIDITY AT SEl DADAP
‘ . (Unit; %)
YEAR __JAN _ FBEB - MAR APR  MAY JUN JUL. AUG SEF __ OCT__ NOV__DEC AVE.
1966 - 8.9 895 885 854 888  GLS 906 877 896 902 897 -
1967 800 880 860 870 870 830 920 940 950 970 910 - §T0 915
1968 970 970 - 960 970 970 840 930 940 970 940  Yi0 D %45
1969 890 900 960 960 920 870 840 830 B840 880  YLO0 900 826
1970 910 870 900 850  B9.0 830 880 900 930 920 930 4.0  89R
1971 - 8.0 900 $70 §7.0 - 870 - 880 9.0 ~ BSO0 900 88O 930 -
1972 940 900 890 940 920 880 850 8.0 880 870 S00 910 898
1973 - 82.0 - 91.0 870 850 850 . 880 900 80 900 -
1974 - . - - - - - - $1.0 . 500  88.0 -
19I5 860 880 880 §7.0 870 870 880 860 890 850 880 910 8I8
1576 890 870 870 80 390 880 . - 380 900 920 920  89.0 -
1977 890 880 850 840 840 340 320 850 840 870 80 850 853
1978 840 840 850 - 840 850 870 880 860 8.0  §6.0 850 870 . 859
1979 860 RI0 340 80 850 8.0 860 850 &0 870 880 860 861
1980 g60 80 870 870 850 860 820 860  &70  §7.0 870 880 862
1981 870 8.0 860 880 880 350 80 850 860  BED 870  B5D 865
1982 870 880 BBO0 870 %90 860 %60 89.0 860 .0 860 870 813
1983 880 860 860 B0 860 870 860 §.0 8380 880 880 §80 870
1984 900 860 BBO 880 %80 880 830 880 B8O  BEO  G0G 900 8RS
1985 880 890 B90  80.0 880 860 . 380  88.0 - - - - -
1986 - - - - . - - - . . . .
1987 870 870 870 880  BBO 8RO 870 . - - - .
1988 900 8.0 80 870 870 880 &0 900 - - .
AVE. 887 8.6 82 884 819 88 8.0 883 885 804 - 897 893 883
MAX., 970 970 960 9700 970 888 930 940 970 970 970 970 945
MIN. 840 820 840 840 840 B340 820 850 840 860 80 850 853

Source ; Badan Metcorologi dan Geofisika (BMG)



‘Table A-8 WIND VELOCITY AT SEi DADAP

{Unit ; m{fsec)

YEAR JAN FEB  MAR APR MAY JUN JUL _ AUG SEP QCI  NOvV ~ DEC AVE.

1979 - - - - 0.36 0.43 0.36 031 0.47 0.24 0.22 :0.21 -
1980 - 0.23 030 - 031 0.33 030 034 027 03t 0.26 0.24 0.23 -

1981 037 030 031 027 026 030 . 0329 030 028 02 019 025 0%
1982 025 028 025 027 025 032 036 030 025 024 027 013 07
1983 022 025 026 027 025 030 033 020 029 023 024 021 036
1984 018 027 025 024 020 010 006 002 609 000 008 015 014
1985 @18 025 026 023 023 023 0 026 - - . -
1986 - - - . - . -
1987 016 022 026 017 07 019 017 - . - - -
. 1988 005 009 007 Ol 009 008 010 006 . - - - - -

AVE. 0.19 0.24 0.25 0.23 0.24 025 0.25 023 028 0.22 0.21. 0.21 023
MAX. 0.27 0.30 2.31 0.31 0.36 043 036 0,31 0.47 0.26 0.27 0.25 0.27
MIN. 0.05 0.09 0.07 0.11 0.09 0.08 0.10 0.02 0.09 0.09 0.08 0.15 0.14

Source; Badan Meteorologi dan Geofisika (BMG)

Tablo A-9 EVAPORATION AT SEI DADAP

{Upil ; mm)

YEAR JAN FEB MAR  APR__ MAY JUN JUL AUG SEP OClU_ NOV_ DEC ANNUAL

1979 - - - - 1180 960 74.0 1090 840 8.0 69.0 99.0 -
1980 - 1030 1080 1090 1040 1140 1360 1060 1200 1130 98D 113.0 -

1981 1020 1150 1150 1140 1180 1230 130.0 13606 1110 1050 930 93.0 1138.0
1982 99.0 95.0 1050 1140 1090 1140 1240 1150 1140 1120 1020  96.0 1105.0
1083 99.0 1040 1240 1200 1180 1140 1210 1210 1050 ~ 127.0 1050 84.0 11390
1984 1.9 83.9 1213 1158 984 887 815 98.3 1019 919 60.6 66.3 924.9
1985 1005 1061 1032 1093 1084 1291 1178 1292 - - -

1986 - . - -
1987 859 1281 1183 1077 1077 1120 1216 - - - - - -
1988 90.2 103.3 97.5 1102 125.6 83.5 1039  103.6 - - - - -

AVE, 915 1048 11LS 1125 1119 1083 1124 1148 1060 1055 879 21.9 1062.7
MAX. 1020 1281 1240 1200 1256 1291 1360 1360 1200 127.0 1050 1130 1139.0
MIN. 719 83.9 91.5 107.7 984 83.5 4.0 98.3 84.0 34.0 60.6 66.5 1086.7

Source ; Badan Meteorologi dan Geofisika (BMG)
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‘Table A10 SUNSHINE DURATION AT AEK LOBA

" (Unit; %)

YEAR JAN FIB MAR APR  MAY JUN . JUL AUG  SEP OCE  NOV__ DEC _ ANNUAL

1977 67 59 N 66 - 68 61 . 68 ‘61 62 47 56 62 749
1978 63 72 53 .63 &9 51 61 65 63 55 N 64 -
1979 69 69 & 6 77 66 59 72 68 53 51 67 783
1980 . 89 66 67 st 10 6, 65 60 6 - 42 40 .
" 1981 68 050 &0 65 58 68 80 69 52 43 50 738
1982 6 .72 23 46 ‘50 6 63 50 55 4 sy 52 658
1983 50 72 59 45 57 67 63 56 25 1 57 34 624
1984 44 44 35 32 17 ¥ W 41 35 . 44 23 al 411
1985 56 49 44 35 24 60 6 53 30 53 40 .. 46 556
1986 42 &9 47 65 63 73 0 57 51 43 63 54 697
1987 41 87 15 66 - 50 47 63 62 47 51 36 - 48 684
1988 Y 53 57 ® - n M 6 53 52 43 45 54 664
AVE. 515 652 549 542 518 505 621 599 522 . 5901 510 502 0 689
MAX. 6% 87 75 66 77 3 76 30 69 55 63 61 183
" MIN. 42 44 2 32 17 M 31 41 25 39 2 31 41

Source ; Badan Meteorologi dan Geuﬁﬁka (BMG)
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Table A-11 MONTHLY RAINFALL AT SEI DADAP

: S o . _ _ (Unit : mm)
YEAR TAN T FEBR MAR APR MAY JUN  JUL AUG  SEP  OCT NOV__DEC ANNUAL

1968 170 178 168 182 223 387 353 297 514 347 317 247 282
1960 255 181 114 109 155 122 140 144 196 289 601 440 229
1970 287 139 162 216 156 218 218 219 337 346 4l9 287 251

1971 - 182 248 327 150 134 172 109 160 250 154 111 213 18.4
1972 115 9.1 6.5 5.7 6.0 50 . 36 38 108 129 187 12.1 8.8
1973 198 141 209 293 193 226 120 188 262 283 238 693 25.5
1974 282 286 198 217 193 180 172 158 201 234 202 260 222
1975 251 2200 200 - 347 287 183 174 137 284 288 326 305 251
1976 287 225 - 168 267 21,3 204 193 193 - 191 264 355 287 23.7
1977 202 164 142 143 157 1535 95 130 177 - 430 326 279 20.0
1978 159 17.0 - 142 138 160 193 155 85 154 213 210 235 16,8
1979 168 135 115 201 - 139 196 131 0 99 168 204 333 220 17.5
1980 166 137 253 159 ° 238 132 104 252 170 205 320 227 197

1981 243 190 126 163 202 147 144 94 267 279 247 153 19.5
1982 155  19.0 232 315 340 142 136 152 176 220 204 181 204
1983 . 143 101 119 74 143 125 146 133 249 304 - 156 284 16.5
1984 377 380 322 218 466 - 251 195 195 214 280 308 333 30.0
1985 246 18.1 232 222 263 114 159 144 233 364 432 413 25.1
1986 . 355 325 245 379 16, 199 116 90 131 365 283 317 24.6
1987 . 154 . 109 . 247 240 226 138 143 253 239 417 335 298 234
1988 ~27.0 351 - 285 161 197 244 237 200 395 195 302 340 264

Tolal 439.4 3791 379.5 4148 4200 3533 3041 3160 4521 5615 6000 5797 4335

Ave. 209 181 181 198 200 168 145 150 215 267 286 276 20.6

Table A-12  MONTHLY RAINFALL AT AEK LOBA

o ‘ ' : (Unit : mm)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCTI _NOV DEC ANNUAL

1977 540 1710 570 . 89.0 1360 1700 108.0 362.0 2450 2560 1850 1440 1977.0
1978 97.0 550 1366 2163 1469 1984 2120 190.0 2411 - - -
979 - - - - - 70.0 3180 138.0 1860 1120 2680 3720 750 -
1980 1056 810 1330 1321 2662 2266 2444 3492 2054 5718 1834 - -

1981 2465 797 390 1120 4080 2302 3410 121.0 4820 2480 280 1100 27024
1982 © 1220 550 2409 820 1070 960 1877 1279 2000 2400 1090 B8RO 16555
1983 78.0 220 130 600 1550 3010 2160 191.0 3570 2830 20i3 -
1984 - - - - - - - - - 3390 880 2449 -
1985 1002 820 1964 1140 2000 37.0 2050 1935 1663 3303 20674 3467 2238.8
1986, 143.2 1181 199.0: 1657 177.0 2805 3278 1660 2247 4324 3148 1584 2707.6
1987 2684 0.0 2663 - - - - 1205 4168 3838 4o0.1 - -
1988 2293 2512 297.7 358 2059 4125 240.0 1985 3447 2138 2958 3451 30703

AVE. 1444 915 1579 1119 i87.2 2270 2220 2005 2723 3242 2511 1894 23794
MAX. 2684 2512 2977 2163 4080 4125 3410 3620 4820 5718 460.1 3467 30703
MIN. 54.0 00 130 358 700 370 1080 1205 1120 2138 880 780 16555

Source ; Badan Melteorologi dan Geofisika (BMG)
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Table A-14 CORRELATION COBFFICIENT OF MOMTHLY RAINFALL

STATION

1) Locations of the stations are presented in Fig, A-5.

2) The above 10 stations are selecied among 8O stations taking into account the

observaticn period and locations.

3) Correlation between selected stations are very low of less than 0.6

3A-10

CODENO. 709 18 602 515 .6;07 143A 144D 626 621 1013
109

7.03 0.53

6,02 050 056

5.15 050 036 045

6.07 073 052 052 057

143A 031 03 028 030 034

144D 039 04 037 041 0359 0.7(5'

626 059 042 033 062 060 041 054

6.21 051 03 051 056 059 023 045 0.51
10.13 034 025 046 014 035 - 022 025 021
Note:



Table A-15 PROBABLE MAXIMUM DAILY RAINFALL OF RIVER BASIN

{ Unit : mm/day )

Return Period - Silau-Bunut River Basin -~ Asahan River Basin  Kualuh River Basin

. (Station) ' (T eluk Manto) - {Ack Loba Empt) (Labuhan Haji)

12 89 | 106 112
/5 ' 151 175 159
16 . 193 221 190
1/20 ' 232 265 220

1/30 255 290 237
- 1/50 283 322 258
1_/100 : 322 363 287

Note:

1) Values presented above are the maximum probable daily rainfall among the selected
stations located in each river basin, Probable rainfall of the selecled stations arc

presented in Tablc A-16.

2) Gumbel method is applied [or the csimate of the probable rainfall.
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_ _Tuble A-16

PROBABLE DAILY RAINFALL
(EXECEEDANCE PROBABILITY)

- (Unit : mm)

" Kugdluh River

Retom'. Bunu,Silau Asahan River
. ] River Basin - ‘Basin : Basin
Period 622 619 6.24 6.26 6.01 7.03 108 1.10 T.13 NRY)
2 84 88 85 89 106 101 100 112 © 110 105
5 106 2. w2 s 115 31 - 133 159 148 141
10 121 128 114, 193 221 151 155 190 174 165
20 135 143 125 232 290 170 176 220 198 188
30 143 152 131 255 290 182 188 237 212 - 201
50 154 163 139 283 322 195 203 258 230 217
100 167 178 150 322 363 214 223 287 253 239
Note: 1) . Code Slaliou.Namc
6.22: Serbangan
6.19: ‘Sei Dadap
6.24: Teluk Dolam
6.26: ‘Teluk Manto
601 Aek Laba
T03:  Ack Pamlengke
7.09: Kanopan Ulu
7.10: Labuhan Haji
7.13: Membang Muda
1.17: ‘Padang Malabah

2) Locations of the rinfall slations are presented in Fig. A-1.
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 PROBABLE MONTHLY RAINFALL

Table A-17

(NON-EXCEEDANCE PROBABILITY)
.~ {Return Period 1/5) B (Unit : nirm)
Code Jan Feb =~ Mar  Apr May Jun Jul Aug’ Sep Oct * Nov Dec Annual
5.04 56 a8 3/ 51 6 70- 56 85 136 151 92 87 1,354
6.01 _ 76 29 61 A 133 . 106 123 186 198 139 93 1,671
6.04/145D 3 .52 112 4 165 127 141 - 148 201 279 200 132 2,342
607 70 39 65 82 145 116 133 Y6 . 206 267 202 141 2,260
6.16/146C 71 a8 99 86, 144 63 184 128 181 278 169 104 2,134
6.18 32 28 30 kL 45 53 44 (7 v’} iz 76 58 1,167
6.19 46 . 3% . 55 4 74 61 .77 82 138 143 87 60 1,547
6.22 42 3 51 53 . 69 68 90 96 129 202 106 13 1,574
703 nsooomn 103.  10¢ 150 101 18 112 185 231 199 165 2.258
7.09. 67 59 %0 89 . I78 134 110 151 229 250 18 151 2317
7.10 _ 70 . 62 95 82 133 108 125 135 27 218 172 133 2,219
7.131498 gi - 70 72 11 161 130 132 168 250 245 213 140 2,503
Ave, 67 43 7 76 122 97 110 120 183 215 154 118 1,976
(Return Period 1/10) (Unit : mm)
Code Jan - Feb Mar . Apr  May Jun Tub Aug “Sep “Oct Nov Pec Anntal
504 35 30 27 37 ) 41 32 58 106 132 58 0 1,280
6.01 45 17 19 50 115 92 74 93 144 150 87 7 1,669
6.04/145D 48 33 75 64 121 88 110 7] 167 244 141 100 2,122
6.07 43 11 35 51 m 28 97 110 179 236 154 99 2,041
6.16/146C - 6 22 49 57 128 41 162 105 158 239 150 77 2,010
618 - 15 17 17 18 26 30 21 46 ] 87 9 36 911
6.19 10 21 37 23 49 41 51 63 105 100 i 35 1415
6.22 2 14 29 38 49 46 70 69 9 173 82 95 1,580
7.03 22 49 7 65 105 33 103 85 151 176 151 129 2,060
7.09 41 34 63 54 145 99 89 126 200 206 - 126 111 2,167
7.10 41 3 58 43 103 79 86 114 19t - 188 1i6 91 2,107
7.13/149R 47 46 49 71 118 01 93 127 213 209 148 104 2,254
40 28 44 48 93 % &2 92 151 178 118 83 1,800
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Table A-18 MAIN FEATURES OF RIVER BASIN AND CHANNEL

Item ._Unil Silau Asahan Kualuh Bunut
1. Calc_hmem area at river (sq.km) 1,'183 6,863 3,820 021
mouth  {conf. with Asahan) (conf, with Kiri)
2, River length (km) 124 152 198 59 -
3. Blevation of upper’ (BL.m) 1,100 1,450 1,600 - 300
basin . i (900 m at lake Toba)
4. Average basin slopé ‘ 1/113 1170 1/120 . 1/195
5. Elevation of river bed (EL.m) - 22.5 26 -4.8 13.6
at 50 ki point from river : : (37 km point)
mouth and ils slope 111,550 1/5,810 1/29,000 1/2,230
6. Meandering of river course Small Rerarkable Remarkable Small
7. Topography and geology :
- Mountain area Tertiary volcanic do. as left | do. as left do. as left
: “rocks
- Hilly arca Laterite underlain by do. as left do. as left do. as lelt
) soft white turl _
- Alluvial plain - Fine silty soils do. as lef do. as left do. as tefl
- Coastal sand bar Alluvial terrace deposit do. as left do. as lefi do. as lefl
8 Land use -
- Mountain area Foresl do. as left do. as lef do. as lefl
- Hilly area Plantation of paim oil do. as left do. as feft do. as left
_ and rubber
- Alluvial plain Paddy field, bush, do. as left do. as left do. as le
SWAIps
9. Mean annual rainfall (mum) 2,800 1,900-2,000 2,500-2,600 2,300
10. Mean annual daily diséharge (cum) See Table A-19 do. as left do. as left do. as left
11. Length as taidal reach (k) 5 37 65 18
12. Length of saltwater intrusion . (km) 0 6.5 35 10
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Table A-19  HYDROLOGICAL CHARACTERISTICS OF RIVERS

Gauge Calchment  Average Annual ~ Average Annual - Runoff  Observation

River ‘Station  Area (km2)  Mean Dischwrge  Basin Rainfall Rate Period
(m3/5/100 km?) - (mm) -
Asahan . PulauRaja 4,486 3.40 ©1900-2,000 055 1977-1988
Sitau Kisaran 1,050 6.21 2,800 0.70  1973-1989
Piasa T.Raja 317 8.54 © 3,100 087  1985-1988
Kualuh Pulo Dogom 1,116 541 2,500 - 2,600 0.67 1979-1989
Kanopan - Pemuditan . 206 1.68 2,800 - 0.19 1985-1988
Natas Bandar Durian 530 5.49 2,400 - 2,500 0.71 1984-1989
Note: _
i) Average annual mean rainfall is estimated by usmg lsohyeml map of mean ammal total
precipitation. '
2 Monthly mean discharges at Pulau Raja in the Asahan rivet, Kisaran in the Sitau river, ,'I‘i_nggi Raja
" in the Piasa river, Pemudilan in the Kanopan river and Bandar Durian in the Natas river are shown
in Tables A-20 10 A-25, |
)] According to the seascnal distribution of monthly mean discharge -and annual runoff rate,

streamflow characieristics of the rivers are cnumcrated as follows;

() A period of walter sh()rldg(, oceurs in June, July and August The most droughty
discharge appears in August. ' :

(ify  Seplember through }anuary and May can be calegorized as flood season..

(iif)  Average annual runolf ratc of every river except the Kanopan river are estimated on
the ranges from 0.67 10 0.87.

(iv)  Asto the Kanopan river, low runoif raie of 0.19 was obtained. This reason seems (o
be that since water gauging station is located in the upper swamp area, observed
runoff from the swamp area is quite low. Based on the results of runoff rate in the
Kanopan river, it is assumed that runoll rate in the swamp area is about 0.2,
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Table A-20 MONTILY MEAN DISCITARGE AT PULAU RAJA
Unit: m3/see
Catchiment Area ; 4486 km?2
YEAR JAN FER  MAR APR  MAY JUN Jul.  AUG SEP OCTF - NOV DEC ANNUAL
19717 ) ~ B « 1362 1497 1421 f2?..9 1188 1108 167.9 1888 207.0 -
1978 1611 157.6  147.6- 1464 1514 1447 - 1193 885 979 1182 1307 147.6 - - 134.3
1_979 1175 1001 %04 1139 970 1270 914 788 1005 122.4 1805 1794 116.6
1980 1544 1449 1825 1616 1935 157.0 1308 1603 1356 1491 198.5 164.2 161.5
1981 188.6 - - - - - - - - 1440 1929 107.5 -
1982 88.0 615 1057 2350 3371 1907 1074 366 1420 147.0 1689 1613 155.9
1983 1486 1060 883 5.2 86.5 916 1134 1021 1359 1386 1176 1602 113.8
1984 268 3229 2232 2613 3052 1981 152.8 1414 1465 168.3 i59.4 175.2 2073
1985 160.1 142.7 165.7 134.1 1717 137.8 1429 14,0 1535 167.2 2192 2136 164.0
1986 1936 1744 1692 1945 1434 148.0 13t.4 1263 1456 1861 194.6 195.6 166.8
1987 1483 14535 147.0 1484 1622 7170 1307 133.8 1393 1714 190.7 189.5 153.0
1988 14420 1649 1402 1310 1344 1221 129.3 . . - - 1651
AVE. 157.5 155.1 1465 1603 1756 1445 1248 1187 1307 152.7 176.5 172.2 152.6
per 160
km2 35 346 3.2 57 192 3322 278 2.65 2.9 340 3.94 3.84 340
.Tablc A2l MONTHLY MEAN DISCHARGE AT KISARAN NAGA
Unit: m3fsec
Calg:hmem Area: 1,050 km?2
YEAR JAN FEB  MAR APR MAY JUN JUL AUG SEP OCT. NOV DEC  ANNUAL
1973 59.4 452 62.3 84.7 582 612 0.5 56.9 765 31.8 703 189.8 743
1974 B1.5 835 59.6 4.6 58.3 55.0 527 - 60.6 7.2 84.6 75.9 -
1975 733 66.2 62.3 99.0 829 55.8 53.1 43.5 823 %3.1 934 817 736
1976 2.9 720 5_1.5 9 63.4 6.2 58.3 58.1 519 Ry 1009 829 703
1977 60.5 51.2 44.7 453 488 48.3 325 0 415 543 1206 934 80.8 60.2
1918 49.2 53.0 4.7 44.0 49.4 583 48.2 299 481 63.3 628 69.2 51.7
1979 516 43.7 31.6 604 44.0 592 418 334 519 61.1 953 65.2 53.8
1980 51.1 76.5 49.4 70.0 422 348 73138 523 614 91.8 67.1
1981 1.5 58.2 40.6 50.5 843 46.4 453 320 780 807 126 47.6 59.0
1982 48.2 58.2 68.4 90.6 96.8 45.1 43.1 47.5 540 65.2 61.2 4.9 61.1
1983 451 34.7 38.7 270 449 40.6 458 423 5.0 8714 48.8 82.0 50.9
1984 1065 1078 922 807 130.1 737 587 58.7 63.9 81.2 83.8 94.9 86.49
1985 721 55.9 68.5 66.0 76.6 3.6 483 407 631 83.9 1031 114.2 69.2
1986 1007 816 81.8 997 513 - 538 380 310 48.1 1053 86.3 79.6 ne
. 1987 492 49.6 591 63.9 664 485 515 719 - .
1988 . - - - - 1212 70.8
1989 68.0 453 - -
AVE, 66.9 60.8 50.2 66.9 658.4 529 461 47.4 65.7 9.6 324 831 65.2
per 100 . )
km2 6.37 579 5.04 637 658 5.03 4.39 4.52 6.20 1.58 7.85 8.11 6.21
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Table A-22 MONTHLY MEAN DISCHARGE AT PEMUDILAN

" Unit: m3fzec
Catchment Area : 206 km2

YOAR  JAN BB MAR  APR MAY JUN  JUL. AUG  SEP  OCT _NOY  DEC AVE.
1985 - - - - . 168 258 265 445 536 531 .
1986 - 474 488 314 380 276 346 223 154 257 515 466 506 367
1987 323 103 130 185 193 224 210 . - - .

1988 487 3545 404 36 374 - - . 224 435 1 556 - 645

AVE 428 378 28 109 281 285 200 206 249 465 519 561 347

per 100 . _ : -
km2 2519 1837 1389 1499 1365 1383 0972 1000 - 1207 2258 2521 2722 1.684

Table A-23 MONTYLY MEAN DISCHARGE AT PULODBOGOM

unit: m3fsec
Catchment Arca: 1116 km?2

YEAR . JAN FEB  MAR APR -~ MAY JUN JUL. AUG SEP OCT NOov DEC  ANNUAL

1979 : - - - - - . . - . - - -
1980 527 442 785 590 726 459  2®O 493 438 693 846 598 573
1981 934 610 330 555 790 494 478 260 785 800 680 455 603
1982 342 555 S83 814 796 423 366 430 527 784 518 630 56.6
1983 550 351 300 201 357 400 500 306 823 752 553 1043 513
1984 1111 809 874 1033 1166  S7TS 474 424 5001 G8® 397 806 155
1985 583 508 842 562 654 300 257 00 499 749 - 835 84l 573
1986 968 851 635 705 512 463 276 211 245 817 113 835 636
1987 - . - - - - . - - - -
1988 - - - - - - 1018 1411 579 873 1035 -

1989 76.2 293 56.3 51.6 - - - - - - -

AVE. 722 560 - 614 613 7.5 44.6 316 43.0 65.4 73.3 75.5 T80 - 60.3

per 100
km2 647 502 . 5350 5.59 06.40 3.99 .57 31.86 5.86 6.57 6.77 6.99 541
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Table A-24 MONTYLY MEAN DISCHARGE AT TINGGI RAJA

unit: m3fsec
Catchment Area: 317 knmi2

YEAR JAN  FEB__MAR __APR__MAY _ JUN _ JUL _AUG _ SEP  OCT _NOYV _ DEC _ ANNUAL
1985 T - - : - 1594 1439 2330 3642 4316 4183

1986 3552 3550 2831 3788 1616 2504 - - 1308 3645 2828 3198

1987 1545 1104 2474 2337 2264 1375 - 1449 2534 2300 3092 33ds - -
1988 2677 3505 2855 ° 1607 {9074 2442 2375 2000 3947 1948 3017 4655 27.50°
AVE. . 2581 2720 2720 2577 1951 2007 1806 1991 3325 3307 3377 4013 27.07
per 100 ) )

kmn2 .17 8.58 8.58 813 6.15 .0.65 5.70 628 1049 1043 . 1065 12.66 8.54

Table A-25 MONTYLY MEAN DISCHARGE AT BANDAR DURIAN

unit: m3fiec
Carchment Area: 530 kin2

YEAR JAN FEB  MAR APR  MAY JUN JUL AUG  SEP OCT NOV_ DEC  ANNUAL
1984 - - - - . - - . - 357 . 319 414

1985 - - - . - - 123 140 1le - - -

1986 - - 300 380 192 258 C. 106 202 43D

1987 - - . . . . . . N . ; .
| 1988 - - - 268 213 202 372 520 419 31T 266 465

1989 205 233 431 445 - - - - . - .

AVE. 205 233 366 364 203 215 M8 255 47 368 203 440 2.1
per 100 .

km2 387 440 691 687 38 519 468 481 466 694 553 830 549
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Table A-26  SPECIFIC TIDE LEVELS

Tlem  HHHL  HHL

MHHL  MSL

LLLL; " Lowest low level {recorded min.)

Zj In the Strait of Malacca, both high and low tides regularly repeat twice a day.

MLLL LLL  LLLL
1 ~ Bagan Asahan o
Gauge Height (m) 4.40 405  3.35 220 099 039 = 0.30
Elevation (m) _ 2.20 1.85 1.15 0.00 -1.21 -1.81 -1.90
Il Kuala Tanjung
Gallgc Height (m) 3.22 2.97 2.37 1.52 0.66 -0.07 -0.45
Elevation (m) 1.70 1.45 0.34 0.00 -0.80 -1.59 -1.97
Note: _
1) HHAL;  Highest high level (recoided max.)
HHW; Higher high level (average of monthty max.)
MHHI; Mean higher high level (average of daily max.)
MSL; Mean sea level .
MLLL,; Mean lower low level (average of daily otin.}
LLL,; Lower low level (average of monthly min,)

3) Tide levels have been observed at Bagan Asahan, localed in the lower end of the Asahan river

' fééing to the Strait. Based on the recorded data in 1983 1o 1987, the respective values have been

compiled by the Detailed Design Team of the Lower Asahan River Flood Control Project in

1988. Tide géuge readings record at Bagan Asaban are shown in Table A-27.

. 4y Tide tevel rccordé at Kuala Tanjung as shown in Table A-28 werc newly coltcct-cd after 1985 by

adding to those collected by the Part 1 Study Team.
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Tab[e. A:27 TIDE GAUGE READING AT BAGAN ASATAN _
o ’ (Unit : cm on gange)

Year = Jan Feb Mar  Apr May Jun Jul Aug Sep Oct Nov Dec  Annual

Higher High _Le‘.,'c! (H.H.L} : .
1983 - - - - - K . N o B ) }

1984 390 400 420 420 400 330 390 430 430 440 380 - 440
1985 370 390 400 420 430 420 410 400 s - - - -
1936 - 390 410 420 400 390 390 390 380 350 430 440 440

1937 400 400 - - - - o - - - - - -

Max 400 400 420 420 430 420 410 430 430 440 - 430 440 . 440
Ave 387 395 410 420 410 397 . 397 407 405 415 405 415 405

Mean Higher High Level (MLILH.L) _ .
1983 - . . . - - .- - B 1

1984 329 326 332 . 33 330 32\ 336 30 336 335 A . 332
1985 323 337 319 335 349 345 337 333 - - - - -
1986 - 33 34t 341 333 331 344 2 342 33 346 345 339

1987 333 333 - - - - S L Lo -

Ave 328 - 333 331 338 337 335 339 335 338 336 334 - 338 335

‘Mean Sea Level (M.S.L) N - _
1983 - : - - . B oo .13

1984 209 210 214 216 214 215 217 222 222 220 215 - 215
1985 217 218 222 224 226 225 225 25 - . . - -
1986 - 220 222 221 219 220 220 224 218 220 224 223 221

1987 22 223 - - - - - - - . - -

Ave 216 218 219 220 220 220 221 224 220 220 220 2138 220

Mean Lower Low Level (M.L.L.L} o ;
1983 - - - - - - - - BEE - - 95

1984 88 n 9 93 98 101 97 103 108 105 108 - 99
1985 102 S0 105 103 99 101 109 117 - - - -
1986 - 9 88 . % 101 102 105 115 90 88 100 96 97

1987 94 103 - - - - - - - . IR

Ave 95 94 96 96 99 101 104 112 99 97 104 96 99

Lower Low Level (L.L.L)

1983 . . . - . ; . . - . 50 .
1984 40 40 40 40 50 50 so 40 0 a0 40 - 40
1985 40 40 40 30 30 30 30 40 - - - - -
1986 ; 30 30 30 30 30 30 40 50 50 40 40 30
1987 40 30 - ; ; - . ; 3 ; L

Ave 40 35 37 13 17 37 37 40 45 45 40 45 39

Min 40 30 30 30 30 30 30 40 40 40 40 40 30

Sonrce : Direktotat Perhubungan Laut ( DPL : National Port Authority )
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Table A-28  TIDE GAUGE READING AT KUALA TANJUNG

(Unit ; cm on pange)

Jul

Year Jan leb Mar Apr May Jun Aug Sep Oct Nov Dec  Annual
Higher High Level (H.H.L} _ _
1983 oo - - 292 305 293 285 291 300 302 322 283 -
1984 285 201 302 300 315 292 206 309 321 305 296 200 301
1985 270 280 291 305 317 314 288 281 293 317 316 205 297
1986 258 276 295 305 305 285 295 294 208 306 310 295 294
1987 270 270 271 203 300 295 296 299 302 303 .
1988 288 300 307 316 314 283 312 320 321 282
1989 269 279
- Max 288 - 300 307 316 317 314 296 312 321 317 322 205 322
Ave 273 283 294 303 308 20% 291 298 306 307 313 289 207
Mean Higher High Level (M.H.H.L) .
1983 - - XX 245 271 228 238 242 249 256 231 -
1984 229 228 239 244 248 246 240 249 248 243 235 235 240
1985 219 223 229 235 242 253 237 236 236 248 246 229 236
1986 219 - 219 225 233 237 236 238 236 238 242 243 220 232
1987 209 216 221 223 236 231 251 241 236 234 - -
. 1988 235 236 239 243 - 250 239 . 248 238 - 239 233
1989 227 232 ; ; ; ; - ; .
Ave 223 226 231 235 242 248 239 241 240 243 244 230 0 237
Mean Sca Level (M.S.L)
1983 - - - 148 160 177 148 ISL G150 158 169 150 -
1984 149 144 150 156 163 160 156 161 164 166 156 154 156
1985 139 143 140 138 157 172 160 154 153 152 155 149 151
1986 138 133 135 148 158 155 159 161 153 155 148 136 148
1987 136 133 129 137 160 163 165 154 150 155 - -
1088 153 151 149 157 168 158 163 152 - 157 149
1989 140 140 . - -
Ave 142 141 141 147 160 166 158 157 154 157 156 148 152
Meanr Lower Low Level (M.L.L.L)
1983 - - 63 74 82 &7 63 58 66 82 69 .
1984 69 60 61 67 77 73 72 72 79 89 62 67 71
1985 60 51 54 60 67 87 75 64 63 72 70 68 66
1986 51 45 44 60 77 70 80 77 66 &7 73 49 63
1987 45 41 36 52 75 77 76 67 61 69 - -
1988 69 63 56 68 83 75 73 62 56 74
1989 53 40 - - - - - - -
Ave 58 51 50 62 74 79 14 69 65 s 69 65 66
Lower Low Level I(L.L.L)
1983 - - 10 18 26 -1 22 24 7 24 -7 B,
1984 -18 30 24 4 24 15 2 -8 - 19 -16 2 4
1985 -10 30 -39 39 8 21 14 -10 20 -8 -10 -4 -11
1986 28 37 20 -2 10 6 12 3 & 0 3 16 6
1987 45 37 33 1 9 5 3 13 15 2 . .
1988 23 28 20 10 1 i -1} -7 3 5 -
1989 24 - 35 -
Ave 25 -33 27 -4 14 12 5 10 12 0 0 -5 7
Min -45 -37 -39 39 3 ] i 22 24 -8 -16 -16 -45

Source ; INALUM (Indonesia Asahan Alvminium Company )
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Table A-20 RANGE OF TIDAL REACH

S Tidal reach range
River - ' -
Length from mouth (km) Upper-end Point
1. Bunut River 18 - Road bridgie' located in the
swampy area
2. Silau River 5 - About 5 km up.st'ream' of
' o conf. with Asahan
3. Asahan River 37 - About 7.km downstream of
' conf. with Nantalu
4. Kualuh River 6s _ About 10 km upstream of
: _ 3 conf. with Kanopan
5. Kanopan River 19. : . Road bridge

6. Leidong river 22 .. - Pasar7

Note:
1) Length and hpper—cn‘d point of the tidal reaches are estimated based on the field observation,

information obtained from inhabitants and surveyed river channel proliles.
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Table A-30  ESTIMATED RANGE OF SALT WATER INTRUSION
River Length from Rivermouth Upper-end Point
- | (km)
I. Bunut 10 Confluence with Balai river
2. Kualuh 35 About 10 km downstream of
the confinence with Kuo river
3. ‘Kaﬁopmi - No intrusion
4. Leidong 12 - Just upstream of rock bridge
Note:

1) Severat field obscrvations of the salt (chlorine} concentration of the river water were carried out
during spring tide in order to know the seawater intrusion into the major rivers of Buriut,
Asahan and Kualuh,

2) For Asahan river, the observation was made on March 8, 1985 when the river discharges were
drought of 147.m3/s in the Asahan and 35 m3/s in (he Silau. According to the above results,
it was judged that the upper-end of the salt wedge be approximately 6 km upstream from its
rivermouith. .

3y For_Bunut, Kualuh and Leidong rivers, the observations and discharge measurements were

carried out in July and August, 1989, Sampling sites of the river water arc presented on
Fig. A-10. The lide level estimated at Bégan Asahan is illustrated on Fig. A-11. River
discharges at the observation (ime are 3.6.m3/s in Bunut, 80.m3/s in the Kualuh, and 3 m3/s

in the Leidong,respectively. The resuit of the observation is summarized in Tables A-31 to

" A-33 and Fig. A-12.
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TABLE .A-Z_H MEASU RHMI%N‘I: RESULT OF Cl- CONCENTRATION IN BUNUT RI1VER

Time : PM 4.00 July 20 '8%

Time : PM 5.00 July 20'89

2). : Sampling at L-3 site was made a1 AM 7:45
3).. Sampling at L-4 site was made al AM 8,30

3A - 36

Sampling
Site/Depth Elevation ‘Temperature Cl-concentration Flevation . Temperalure Cl-concentration
(El.m) {Degree () (Mic.s/om) (Elm} (Degree C) {Mic.sfen)
B-1 Site S )
S_mf_aoc 1.50 7 30.0 more than 5,000 ‘1.50 205 more than 5,000
Middie -2.50 305 more than 5,000 -1.50 30.0 -more than 5,000
Botom 4.10 7 30.0 more than 5,000 -3.50 30.0 more than 5,000
B-2 Site _ :
Surface 1463 300 less than 200 1.603 290 less than 200
~ Rotiom 0453 , 29.5 less than 200 0.603 2920 less than 200
B-3 Site p
Middle 301/ 30,0 less than 200 3.01 20.5 less than 200
TABLE A-32 MBASUREMENT RESULT OF Cl- CONCENTRATION IN KUALUH RIVER
Sampling Time : AM 8.00 July 22 '89 Time : AM 9.00 July 22 ‘89
Site/Depth Elevalion Temperature Cl-concentration Elcvation Temperalure Cl-concentration
(Elm) . {Depree C) {Mic.sfem) (El.m) - (Depree C) {Mic.sfem)
K-1 Site .
Surface 2.10 28.6 less than 200 2.15 285 less than 200
Middle -1.90 28.5 less than 200 -0.85 285 tess than 200
Bottom’ -3.50 284 1,200 -2.85 285 Less than 200
K-2 Site L
Surface 249 31,0 Less than 200 2.53 -30.5 less than 200
Middle 0.49 31.0 " less than 200 0.53 309 less than 200
Equom ~1.81 310 less than 200 -1.27 202 less than 200
K-3 Site o
Surface d=3m 285 less than 200 d= 3m 280 ° less than 200
Bottom 28.3 less than 200 218 less than 200
K-4 Site : o
Surface d=28m 310 tess than 200 d=28m 0.8 less than 200
Botlon 310 less than 260 31.0 less than 200 -
Note 1) Sites are given in Fig. A-10
2} Samplings at K-1 and K-4 wers made at PM 4.00 and PM 5.00 on July 21,89
TABLE A-33 MEASUREMENT RESULT OF Ct: CONCENTRATION IN LEIPONG RIVER
Samplirlg Time : AM 7.30 Aug, 21 '§9 Time : AM 8.15 Aug. 21 '89.
Sie/Depth Hevation Temperature Cl-concentration Elevation Temperature Cl-cancentzation
{El.m) (Degree C} {(PPM) {Eim) {Degree C) {PPM)
. L-1Site
Surface 2.34 285 more than 5,000 2.15 23.0 morc than 5,000
Middle -0.36 282 more than 5,000 -0.55 23.0 more than 5,000
Bouom -2.26 230 more than 5,000 -245 28.0 more than 5,000
L-2Site '
Surface 218 28.0 3,200 2.08 282 3,400
Middle 0.18 285 3,100 0.08 28.2 4,000
Boltom <212 254 3,100 -2.22 232 4,100
1.-3 Site
Bottom d=4m 28.0 less than 200 - -
L-4 Site '
Bowom d=2m - 280 less than 200
Note : 13. : Sampling a1 -2 site was made at AM 8,00 and at AM 3.45 respectively.
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Tablo A-34  Water Quality Criteria for Irrigation

Parameter Unit " Upperdimil Remarks

1. FAO's STANDARD CRITERIA

1L pH . - 65-8.3
2. Ec - : mmbosfem 0.75-
3. adj.SAR . - 3.00
4. Aluminium {Al) mgfl 5.00
5. Arsenic " (As) mgfl Q10
6. Beryllium -~ (Be} mgfl 0,10
7. Boren (1) migfl 0.75
8. Cadmium (Cd)- . mg/l 0.01
9. Chromium Cry mg/l 0.10
10. Cobalt (Co) - mg/l 0.05
11. Copper (Cu) ' mgfl 0.20
12, Fluorine . [43] mgfl 1.00
13, Iron (Fe) mgfl 5.00
14, Lead” (Pb) ‘ mgfl 5.00
15. Lithiun (Li) mgfl 2.50
16, Manganese (Mn) : mg/l 0.20
17. Molibdenum {(Mo) mgfl 0.01
18, Nickel . {Ni} mgfl 0.20
19. Selenivm (Se} mg/l 0.02
20. Vanadium v} mgfl . 0.10
21. Zinc . {Zn) Comgh 1.00
22 Ammonia (NH3-N) mgfl C 5.00
23, Nitrate - (NO3-N) mg/l 5.00
11, INDONESIA STANDARD
1. Physics o o
Temperaturs °C “normal wates )
: lemperatre _1f
Dissolved residue : mg/l . 1,006 - 2,000
Electric conductivity pCfem 1,750-2,250 2/
. . (25°C)
2. Chemistry
pH ' . 5-9
Mangancse (Mn) mgfl 2
Copper (Cu) mg/fl 02
Zinc (Zn) ingfl 2
Chromium (Cn) mg/l 1
Cadmivm {Ca) mg/i [
Mercury (Hg) mg/l 0.005
Lead (Pb) mgfl 1
Arescmic (As) mg/l 1
Selenium (Se) mg/l 0.005
Nichel (ND mp/l 0.3
Cobali (Co) mgfl 0.2
Roron {R) mgll 1
Sodium (Na) % ()
Sodium Absorption Ratio 10-18 3
Residual Sodium Carbonate 125-25 4
3. Radioactivity -
Total Beta activity ) pCifi 1,000 5f
Strontium 90 pCif 10
Radium 226 pCifl 3

i According to lecal condition
2/ - 1,750 for sensitive plant
2,250 for medium sensitive plant

3/ maximum 10 for sensitive plant
maximum 18 for low sensitive plam
af maximum 1,25 for sensilive plant

makximum 2.5 for low sensitive plant
5/ activities without Sr-90 and Ra-226

Source : Water qualily standard for Kep. Men. Neg. KLHNO: Kep.-2/Men. KLH/1/1988
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Table A36 RECORDED ANNUAL MAXIMUM FLOOD PEAK DISCHARGES

Asahan R. (Pulau Raja) Silau R, (Kisaran) Kuatuh R. (Pulo Dogon)

Year : : ' '
~ Datg - W.L Discharge Date W.L Discharge Date W.L Discharge

(m} (cms) . {m) {cms) (m) (cms)

1973 - - - Dec. 1 3.90 800 - - -

1974 - - - Sept. 30 2.25 292 - - -

1975 - _ - - Dec. 29 2.16 27 - - ,

1976 . " - - - Feb. 5 - 205 247 - - -

1977 ~Sept. 20 3.62 373 Sept. 30 2.90 164 - - -

1978 . Dec. 22 . 33 0 324 Jan. 25 1.83 202 - - -
1979 Déc. 13~ 3.10 278 Nov. 19 1.80 196 - - -
1980 Nov. 3 14 333 Mar. 17 1.75 187 "Nov. 22 3.26 450
1981 Nov. 17 = 332 . 317 . May. 29 222 ..285 Oci. 23 313 . 416
1982 May, 23 4.18 491 May. 24 247 346 Oct. 18 i3 463
1983 Sepr. 13 - 3.20 - 295 Pee. 18 200 236 Dec. 8 . 3.60 549
1984 Jan. 25 431 521 May. 24 2.10 258 Jan. 25 402 674
1983 Nov. 24 358 397 " Dec. 4 242 333 Nov. 26 2.09 193
1986 - Dec. 6 3.92 459 Dec. 7 2.80 435 Nov., 2 330 460

1987 Nov. 11 3.66. 411 Dec. 7 2.60 380 - - -
1988 Feb. 16 325 304 Nov., 7 2.50 353 © Sept. 9 2.15 325
Avg 375 330 : 441
Max (1984, Jan.) 521 (1973, Dec.) T 800 (1984, Jan.} 674

Min (1979, Dec.) 278 (1980, Nov.) 187 (1685, Nov.) 193

Note:  The peak discharge of the Asahan and Silau rivers are revised and updated in the detailed design work for the Silau
and Asahan rivers by DGWRD. The peak discharges of the Asahan and Silau in 1988 and the Kualuh rivers in
1985 to 1988 are estimated in the Part-2 study.
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Table A-37 - PROBABLE PEAK FLOOD DISCHARGE OF ASAHAN
AND SILAU RIVERS UNDER EXISTING CONDITION

(Unif: rﬁ3/s)

Site | Return Period (year)

3 5 0 15 30 50100

Asahan River S
Regalation dam 315 400 400 400 400 400 - 400

Proposed site of 394 562 650 698 807 899 1033 .
Parhitean dam _ _ _ - _
Before join Sakur R. s12 675 810 882 1,061 1182 1,403
Pulau Raja 65 826 1,000 1106 1355 1523 1839
Afterjoin Telk R. 703 848 1022 1,127 1377 1,546 1,861
Flood érea .
Inflow 904 1,000 1,081 1,187 1437 L607 1,923
Outflow 391 429 436 - 440 447 453 460

After join Kepayang R. 402 440 448 452 459 464 471
After join Silau R. - - 753 797 810 816 828 835 861

Silan River _ o
Kisaran 449 457 565 670 911 1055 1,300
Tanjung Balai 362 369 375 403 463 490 532

Tributaries ' A ,
Sakar River 113 157 220 253 326 374 448
Masihi & Teluk Rivers 136 140 143 145 147 149 151
Nantalu & Lebah R. 140° 142 143 144 145 145 146
Sukaraja River 106 106 106 106 109 116 124

* Max. Flooding W. Level

Asahan River (EL, m) 359 407 408 400 410 411 413

Silau River (EL, m) 3.52 3.56 3.59 3.75. 407 . 422 4.45

Source:  Appendix II in Master Plan Study on the Lower Asahan River -
Basin Development in Aug. 1985
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Table A-38- PROBABLE PEAK FLOOD DISCHARGE OIF KUALUH
- AND KIRI RIVERS UNDER EXISTING CONDITION

(Unit: m3/s)

Site - _ " Return Period (year)

2 3 10 15 30 50 100

.Kualuh River

Pulo Dogom 661 720 880 978 1,101 1270 1378
Guntung Saga Atas 657 673 795 885 1,001 1,170 1,299
After join Simangalam 547 5715 605 676 165 8717 967
River _ o '

Afterjoin NatasR. 760 791 828 914 1,022 1,155 1,265
Aferjoin KanopanR. 669 691 705 714 734 782 822
After join Kuo R. 698 719 732 741 769 816 857
After join Leidong R. ~ 747 772 789 799 812 828 849

Kiri River
Bunut 51 63 70 73 80 88 95
Desa Gajah 71 92 101 105 113 121 129
After join Silau Tua R. 197 231 253 266 287 307 325
After join Balai R. 251 294 321 338 364 390 413
After join Kanan R. 290 339 353 366 389 412 433
Tributaries '

TembusR. -~ 221 265 324 362 411 468 521
Simangalam R. 1o 111 111 111 12 112 115
Natas R. | 214 218 226 240 258 279 299
Kanopan R. 82 82 83 83 83 84 84
Kuo R. 43 43 43 43 43 44 44
Leidong R. 54 54 54, 54 54 54 54
Silai TuaR. 78 93 102 108 117 125 132
BalasiR. 57 67 74 78 85 92 98

. Kanan R. 3 4 46 48 3 5T 6l

Source: App.endix If in Master Plan Study on the Lower Asahan River
~ Basin Development in Aog. 1985
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Table A-39 PROBABLE PEAK FLOOD DISCHARGE OF ASAHAN AND
“SILAU RIVERS (URGENT PLAN AND LONG-TERM PLAN)

(Unit; -m3/s)

- ' Urgent plan _ Long-term plan
Site : ' _ with Dam without Dam
S-yr  10-yr  15-yr A5-yr  30-yr . 50:yr  30-yr
Asahan River | | | |
Regulation dam 400 400 400 400 400 400 400
Parhitean dam | _ . : |
Inflow s62 650 698 698 807 899 807
Outflow 562 650 . 698 500 500 600 807
Before join Sakur R. 675 810 882 690 753 896 1,061
Pulau Raja 826 1,001 1106 941 . 1,067 1,250 1,355
Retarding bas_in ' | o | |
Inflow 948 1,044 1,106 1,057 1,127 1250 1,355
Outflow 705 719 723 720 726 734 755
After join Kepayong R. 718 732 736 733 739 747 762
After join Silau R. 1,160 1,171 1,198 1,192 1322 1,475 1,495
Silau River.
Kisaran 469 565 670 670 911 1,055 911
Tributaries ‘ _
Sakur River 157 220 253 253 326 374 326
Masihi & Teluk R. 140 143 145 145 147 149 147
Nantalu River 86 87 87 87 88 88 88
Sukaraja River 106 106 106 106 109 116 109
Lebah River 43 - 43 44 44 45 47 45
Retarding basin . ' '
Max. W.L. (EL.m) 293 300  3.02 301 304 307 310
Max. Area (km?2) 89.1 920 934 92.4 942 96.6- . 985
Max. Yol. (MCM) 82.5 90.0 88.2 963 - 100.0

87.5

91.6

Source: Appendix Il in Master Plan Study on the Lower Asahan River
. Basin Development in Aug. 1985
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Table A-40 PROBABLE PEAK FLOOD DISCHARGE OF KUALUH AND KIRI
RIVERS (LONG-TERM PLAN WITH CHANNEL IMPROVEMENT)

KualohRiver Kiri River
Site . : Peak Discharge ' | Site Peak Discharge
(m3/fs). - (m3/s)
Main Stream _ Main Sfream | _
Pulo Dogém ' 1,101 ~ Bunut 80
Guntung Saga Atas 1,001 | Desa Gajah - : 110
After join Simangalam R. 797 : After join Silau Tua R. 298
After join Natas .R. 1,055 After join Balai R. 377
After join Kanopan R. 1,006 After join Kanopan R. 394
After join KuoR. | 1,(.)367
After join Leidong R. ' 930
Tributaries : ' ' Tributaries
TembusR. ST Silau Tua R. 117
Simangdlam R B 112 BaliR. 85
. Natas R. 258 . Kanan R. , 53
Kanopan R. 118 |
KuoR. | 43
Leidong R. ‘ 54

Remarks: Probabiliiy of rainféll volume is taken up for 30-year return period.

Source: Appendix II in Master Plan Study on the Lower Asahan River
Basin Development in Aug. 1985
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Table A-41  DESIGN FLOOD DISCHARGES FOR RIVER STRUCTURES

(Unit : m3/s)

o Proposed Design 10-year
River Type Project ~flood flood
Bunut - Intake facility Silau - Bunut 80 70
Silau ~ Integrated weir Silau - Bunut 950 600
Silan ' Inter basin - Silau - Bunut - 600 350
diversion facility
Asahan - Intake facility " Leidong-Asahan 1,100 1,100 -
Pd. Mahondang = (1,100) (1,100)

Kualuh - Intake facility Ack Naetek 1,050 800
Kualuh Intake facility Kualuh Right 1,050 800
Natas ~ Intake facility Ack Natas 390 310

Note: _ _
1} I)‘esign' flood discharges arc basically estimated on the basis of the probable peak flood
discharges calculated in Part 1 Study. The estimated runoff hydrographs ohtainéd by the
flood runoff analysis are shown in Fig. A-14 and the results of major sites of the respecii{fe

‘rivers are shown in Tables A-37 10 A-40,

2)  As for th{iAsahan aﬁd Silau rivers, flood runoff was. re-analized taking into account the
add_itionai Mood records 6bléined after 1985 by the Detailed Design Team of the Lower
Asahan River Flood Control Project (the Detailed Design Study) in 1988, The analysis is
made by storagc—function mcthod with qdcfﬁcicnts determined in The Part 1 Study. The
results of the anglysis demonstrated the appropriateness of the {lood runoff simulation model

constructed by the Part I Study Team.
3) Runoff simulation model is shown in Fig. A-13.

4) Design ftood : 30-year retuen period is adopied in due consideration of long term flood control

plan proposed in the Part 1 Study.
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Table A-42  SUPPLEMENTAL FORMULA APPLIED FOR

FILLING UP VACANT DATA
Station : Supplemental ‘Cortelation  Nos. of Supplemental
(Y) Station (X) Rate Daia formmla

Tinggi Raja ‘Kisaran 0.94 26 1Y=04x -95.2
{Piasa R.) (Silau R.) _ .
Pulo Dogom. {3 Asahan residual - 0.83 77 2Y =665 x+9.25
(Kualuh R.) - area (per 100 km?) '
Bunut nghway Br. - Proposed diversion .0.83 5 H2Y =0.094 x-0.46
{Bunut R.) - point (Prapat Janji,Silau R.) : '
Bandar Durian Pulo Dogom - - 0.90 13 2Y=05x-18"
(Natas R.) _ . (Kualuh R.) o
Pemudilan Pulo Dogom 0.91 18 /1Y =0.043 x +320

(Kanopan R.) © (Kualuh R.)

1 X, Y - monthly total dlschargc (m3/s) '

Note: /1
/2 X, Y - monthly mean d:scharge (m3/s)
3

The dlscharge at Pulau Raja in the Asahan river has been affcctcd by the regulation of
Lake Toba and the dams upstreamn, it is not applicd to the other stations. 'Monthly mean
discharge at Pulau Raja from residual area excluding the catchment area, therefore, was
estimated as the discharge from catchment area of 100 kmZ, based on the discharge at
Siruar until 1982 and the inflow to the reservoir of the Tangga Power Station and
outfiow from its reservoir after 1983 in the upper reaches of the Asahan river. The
estimated discharges above mentioned were applied to estimating for the dlscharge of the

Kualuh river.
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Table A-43 RUNOFF CHARAC’I’ERISTICS OF THE OBJECTIVE RIVERS

: Catchment Average Annual Average Annual
Calculating River Area . Mean Discharge Basin Rainfall  Runoff Rate
Point. {(km?) (m3/s/100km?) {mm)

‘Pulau Raja Asshan  * 4,486 340 1,900 - 2,000 0.5

- Asahan/l 100 7.42 3200 0.73
Kisaran Silauw 1,050 6.21 2,800 0.70
Proposed Diversion  Silan 605 . 575 2,700 0.67
Point (Prapat Janji) .
T. Raja . . Piasa 3 7.37 13,100 0.75
Bunut h'ighway ' Bunut 115 3.74 2,300 O.Si
AckKanopan . Kanopmn 148 370 2,800 042
Palo Dogom Kualuh ~ 1,116 5.29 2,500 - 2,600 0.65
Bandar Durian Naias 530 5.33 2,400 - 2,500 0.69
Suka Sari Leidong 50 1.34 2,200 0.19

Note: /1 R.esidual area excluding catchment area of Lake Toba.

1) Estimated monthly mean discharge of the respective rivers and those per caichment area of

100 km? are shown in Table A-44 o A-51 and in Fig. A-16.

2) The discharges of the Bunut and Kanopan river are estimated on the assumption that the
runoff rates of the Bunut and Kanopan rivers are ranging from 0.4 and 0.5 by referring the
field discharge measurcment results by the Team in the drought season in 1989 and runoff
rate of the Percut river ,which is considered as similar river 10 these rivers, located

between Medan and Kisaran and having dramage area of 340 kmZ.

3 The discharge of the Leidong river, its caichment arca is cxtended over swamp area, is
estimated on the assumplion that runof( rate of the river is 0.20 by referring to runoff rate

at Pemudilan of the-Kanopan river.
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Table A-dd4  BSTIMATED MONTYLY MEAN DISCHARGE OF KUALUHRIVER f_\T PULC DAGOM o

“unit: m3/sec

.

. Catchment Area : 1116 km
YEAR JAN FEE = MAR APR MAY JUN JUL AUG Sup ocT NGOV DEC  ANNUAL
1973 56.3 - 466 57.9 72,0 559 61.0 426 53.7 61.0 485 632 1403 654
1974 102 69.6 56.5 596 - 557 333 518 . 510 €36 -T2 - 659 .
1975 650 605 58.1 3l . 109 538 521 458 706 .2 75 - 0 741 65.1
1976 709 . 630 511 €6.6 58.1 512 555 545 552 613 823. 708 62.8
1977 - 810 . 511 466 386 469 487 4715 412 515 B59 745 653 556
1978 49.6 553 40.9 46.9 486 542 44.0 289 40.2 472 609 720 499
1979 46.0 346 263 24 - 312 551 28.1 227 62 . 538 84.4 1613 440
1980 527 442 785 591 726 45.9 280 493 43.8 693 84.6 508 513
1981 4 610 330 555 791 494 418 260 . 785 800 68.0 455 - 603
1982 342 555 583 814 “79.6 423 366 43.0 527 184 53.8 630 566 -
1983 550 351 301 211 357 401 500 0.6 ‘823 - 752 558 104.3 513
1984 111.1 809 874 1033 116.6 519 474 424 50.1 68.8 59.7 80.6 155
1985 58.3 508 B4.2 56.2 654 0.0 257 30.0 49.9 749 . 835 . 84l 5718
1986 96.8 85.1 635 70.5 512 463 276 211 M5 817 i3 835 63.6
1987 463 435 ‘45,1 50.3 65.0 3.7 400 S41 - 593 8.1 1068 - 1047 615
1988 61.9 807 522 - - - - 101 8 141.1 579 813 103.5 -
1989 6.2 203 56.3 516 - - - . - - - . -
AVE. 64.8 56.0 550 50.8 622 48.6 416 434 60.4 70.8 766 803, 590
per 100 ’ ’ : '
km2 5.80 502 4.93 5.36 5.57 435 3.73 3.89 541 634 686 7.19 529
" Tsble A45 ESTIMATED MONTHLY MBAN DISCHARGE OF PIASA RIVER AT TINGGIRAJA
. ' Catchment Area : 317 km2
- unit : m3/sec

YEAR JAN FEB MAR APR  MAY JUN JUL AUG " SEP OCT Nov DEC . ANNUAL
1973 2068 1469  21.35 3070 2021 2371 12.55 19.70 27437 2967 . 2496 1286 2658
1974 29.54 30.01 2075 2268 2024 1883« 1802 - 207 2449 30.66 2729 -
1975 26.25 2306 2186 3641 3000 1916 1818 - 1432 - 2075 3048 34,19 32,01 2629
1976 30.11 23.54 17.55  27.97 2230 2131 20.24 2015 19.97 nmn 37.20 30.08 C24.84
1977 2112 1741 14.81 14.96 16456 16.14 902 13.54 1855 4516 34,20 2924 2096
1978 16.60 17.81 14.83 14.42 16.67 20.15 16.19 8.88 1608  2226- 2195 24.62 17.54
1979 17.55 14.08 1195 2100 1455 2052 13.66 10.29 17.57 2137 24.96 23.00 1833
1980 17.36 - 2653 1660 2494 1372 10.33 2646 17.73 21.50 33.53 23.75 -
1981 25,51 19.90 13.18 1702 3065 1540 1508 974 2302 2933 2588 15.96 2046
1982 16.19 19.89 2428 13.05 35.65 48 1417 1591 1845 2301 2131 18.89 21.30
1983 14.97 10.48 1239 7.61 14.91 13.09 1526 1386 2604 3188 16.34 29.73 17.21
1984 39.55 30.86 3382 2911 4857 2632 2041 20.43 2239 2940 . 3234 34.89 3146
1985 25.76 1896 2434 23.21 27.58 1188 1594 1439 . 2330 . 3642 4316 4185 25.57
1986 3552 3550 2831 37.88 1616 2504 1212 933 1308 3645 28.28 31.98 25.80
1987 1545 1104 2474 2337 22.64 1315 14.49 2534 23.90 1992 33.46 - .
1988 26,77 4505 2853 16.07 1974 2442 2395 2000 39.47 19.48 30.17 46.55 27,50
1989 24.13 1471 - . - . . . . - - . )
AVE. 23.71 2170 2123 23.25 23.86 18.64 15.67 16.16 2268 2926 30.16 32,18 2338
per 100 . '
km2 7.48 685 6.70 7.34 7.53 5.88 494 510 115 9.23 9.51 10.15 7.37
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Table A-46 BESTIMATED MONTHLY MEAN DISCHARGE OF NATAS RIVER AT BANDAR DURIAN

Catchment Area: 530 km2
unit: m3/sec

YEAR' JAN FER MAR APR MAY JUN JUL AUG SEP OCT = NOV DEC  ANNUAL

1973 264 212 213 W2 262 287 19.5 2510 317 32.5 208 63.4 0.9
1974 333 B0 265 28.0 26.1 249 . 241 B X 30.0 143 312
1975 30.7 285 273 . 383 337 25.1 243 211 335 138 70 352 308
1976 337 29.7 218 315 276 268 26.0 255 25.8 31.9 304 13.6 20.6
1977 267 238 215 175 217 226 220 218 27.0 412 355 309 26.6
1978 230 26.1 232 21.7 2.5 253 202 127 183 21.8 287 34.2 231
1979 212 155 114 194 13.8 25.8 123 96 163 252 404 .9 202
© 1980 2.6 203 115 7.8 34.5 2.2 122 229 20.1 129 405 281 269
1981 449 3L.7 147 60 38 29 21 - 112 315 182 322 210 284
1982 153 . 260 274 389 - 386 194 16.5 197 2.6 374 25.1 2.7 26.5
1983 357 158 133 88 16.1 183 232 135 394 35.8 26,1 504 239
1984 538 387 419 49.9 565 212 219 194 23.3 157 319 414 6.8
1983 214 216 103 26.3 0.9 132 123 40 119 157 400 403 6.3
1986 465 40.8 100 18.0 192 25.8 120 106 202 430 539 400 317
1987~ 214 '20.0 208 234 30.7 15.1 18.2 253 279 428 516 50.6 20.0
1988 202 3186 243 26.3 213 29.2 372 520 a9 17 26.6 46.5 138
1989 205 233 431 445 . - . . . .
"AVE. 291 26.9 267 29.5 285 732 20.3 203 26 344 353 383 283
per 100 S :
km?2 5.60 5.07 504 5.57 538 438 1.92 383 502 6.48 676 7.23 533

Table A-47 BSTIMATED MONTHLY MEAN DISCHARGE OF BUNUT RIVER AT HIGHWAY BRIDGE

unit; m3/fsec
Catchment Area: 115 kin2

YEAR - JAN FEB MAR APR MAY JUN JUL AUG . SEP OoCT NOV DEC  ANNUAL

1973 3.94 3.11 a11 551 3.88 444 271 3.79 5.00 531 462 1192 4.86
1974 530 5.46 395 a2 338 369 353 - 4.03 476 5.50 4.95 T
1975 479 440 411 . . 639 5.40 173 3.56 298 535 5.40 604 568 4.82
1976 539 4.94 346 . 509 4.49 406 3.88 3.87 3.87 5.03 6.50 5.3 4.64
1977 402 345 185 3.09 330 329 23 2.85 3.64 1.69 604 5.26 4.00
1978 332 3.60 305 a0l 334 388 3.26 214 3.26 4.18 4.16 4.55 348
1979 347 3.01 2.61 402 3.00 394 247 236 3.50 4,05 6.15 4.30 161
1980 343 : 5.10 335 460 290 245 482 3.53 4,06 594 441 .
§981 470 3.90 279 342 5.46 116 3.08 227 5.10 525 476 122 393
1982 326 3.90 4.50 5.87 623 308 2.95 322 162 430 4.06 3.67 4.06

1983 306 247 268 '1.98 106 2.80 317 239 479 5.66 3.3 534 343
1984 682 6.92 5.96 526 8.27 483 - 390 3.90 423 5.29 576 612 5.60
1985 472 377 451 436 499 262 330 268 405 4.84 6.10 7.8 4.44
1986 '6.65 53 546 6.30 3.58 2.94 264 221 1.57 7.02 5.92 4.86 474
198 343 3.94 151 41 447 153 377 505 ; . . - .
988 . - . - - - . 833 5.23

1986 © 447 3.3 - - - - - - -

AVE. - 442 409 _3.92. 440 . 451 3.53 315 3.22 4.39 5.20 5.35 .5.50 4.30
per 100 o : o .
km2 3.85 '3.55 341 .. 3.83 392 3.07 . 274 2.80 3.82 4.53 465 4.79 3.74
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Table A-48 ESTIMATED MONTYLY MBAN DISCHARGE OF KANOPAN RIVER AT AEK KANOPAN

unil: m3f5e0

. : Catchment Area : 148 km2
YEAR JAN TEB MAR APR . . MAY JUN TUL AUG sHp oCT NOV DEC  ANNUAL
1973 523 421 . 537 6.68 5.19 5.66 3.95 4,99 622 636 5.87 13.02 6.07
1974 6.52 6.46 524 5.53 5.7 4.95 481 . 5.29 5.90 6.70 612 .
1975 6.03 5.62 539 ] 6.58 4.99 484 425 655 = 661 7.19 6,88 6,04
1976 658 5,85 474 6.18 545 531 515 506 512 6.25 .64 6.57 5.83
1977 520 4,74 433 3.58 4.35 452 4.4] 4.38 5.34 797 692 £.06 5.16
1978 4.60 518 4.63 4.35 4.51 503 4,08 268 3.73 438 5.65 6.68 4,63
1979 4.27 321 2.44 3.94 2,90 512 2.61 AN 336 5.00 7.83 6.25 S 409
1980 4.89 4,10 129 549 6.74 426 2.60 458 4.07 6.43 7.85 5.55 532
" 1981 8.67 6.22 3.06 5.15 7.34 459 4.44 241 7.29 7.43 61 . 422 5.59
1982 37 5.15 541 7.56 7.39 393 3.40 1.9 4.89 7.28 4,99 "5.85 535
1983 LR 3.26 279 1.96 3.3t 372 4,64 2.84 7.64° 6.98 518 - 0.68 4.76
1984 1031 7.51 811 9.59 10.82 537 440 394 4.65 6.39 5.54 748 R
1985 541 472 782 . 522 6.07 218 2.39 278 " 4.63 6.95 7.5 1.8 5.36
1985 299 7.0 5.89 6.54 473 4.30 2.56 196 227 (758 1033 715 5.90
1987 430 404 419 4.67 603 3.13 in 5.02 5.50 8.27 291 9.72 57
1988 515 7.49 485 - - - - 945 13.10 5.37 2.10 9.61 : -
1989 7.07 272 5.23 479 - - - - - - - -
AVE. 6.01 5.20 511 5.55 577 4.5t 3.87 4,03 560 6.7 7.11 7.45 548 .
per 100 . . . . _
km?2 406 3.52 3.45 3.75 3.90 3.08 2.61 2.72 379 444 481 54 3

Table A-49 ESTIMATED MONTYLY MEAN SPECIFIC DISCHARGE eF ASAHAN RIVER

unit: m3/sec
Catchment Area: per 100 km2

YEAR JAN FEB MAR ~~ APR MAY JUN JUL AUG SEFP " OCT NOV DEC  ANNUAL

1973 7.08 5.53 731 9.44 7.01 178 5.01 6.69 8.68 891 812 1970 - 844
1974 916 9.08 7.10 1.57 6.98 6.62 6.40 - 718 817 946 .8.52 -
1975 838 270 7.35 10.80 9.27 6.70 6.45 5.50 9,23 9.32 1026 9.75 839
1976 9,77 8.09 6.30 8.62 7.43 7.21 6.95 6.30 6.91 813 10.98 9.26 .05
1977 118 6.29 5.62 442 5.66 593 515 5 726 1152 9,81 843 - 696
1978 6.07 700 611 5.66 591 6.76 523 2.96 4,65 571 777 944  6IT
1979 552 1.81 256 499 330 6.89 2.84 203 405 671 11.30 8.73 523
1930 6.01 5.21 9.05 5.62 9.54 565 422 795 5.63 7.14 13.00 3.12 7.26
1981 819 6.96 527 6.20 9.41 580 572 474 12.96 9.80 11,37 804 7.87
1982 595 6.68 745 7.94 10.97 6.84 6.34 5.63 601 .95 5.58 . 6:69 . . 669
1983 5.17 41 536 3,06 450 473 7.36 541 9.62 071 6.34 1050 .. 632
1984 1134 7.70 8.92 8.42 9.68 9.36 6.92 5.68 677 10.14 8.54 1075 (813
1985 821 5.69 8.69 6,79 277 378 431 3.77 5.56 .02 1562 14310 -1
1986 11.53 9.08 7.84 1168 464 539 3.45 2.69 5.50 11.55 1249 12.49 B9
1987 5.57 515 5.39 6,17 3.38 368 4.62 6.74 71.52 1201 1467 14.35 . 7.85
1938 791 10,74 646 - - - - - 13.17 7.78 - -
1989 748 . 508 - - - - - - - - - . .
AVE. 165 6.70 6.67 7.16 743 624 5.44 516 754 .01 1035 10.61 C 742

Note:  Discharge from the residual area only : the discharge from upstream catchment area of the Lake Toba is not included.
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Table A-50  ESTIMATED MONTYLY MEAN DISCHARGE OF THE LENDONG RIVER AT SUKA SARI

unit: m3fsce

Caichment Agea ; 50kin2

YLEAR JAN FEB MAR APR MAY JUN JuL AUG SEP oCT NOV BDEC ANNUAL
1973 0.63 0.52 0.65 0.81 .63 0.68 048 0.60 075 0.77 0.71 1.57 0.73
1914 079 0,78 0,63 0.67 0.62 060 058 - 0.64 0 0.81 0.74 -

1975 073 0.68 0.65 0.91 079 060 -0.58 051 0.7% 0.80 0.87 0.83 073

1976 0.7% 071 0.57 075 0.66 0.64 0.62 0.61 0.62 0.75 0.92 079 0.70
1977 0.64 0.57 0.52 043 - 053 055 053 0.53 0.64 0.96 0383 0.73 0.62
1978 056 0.63 0.56 0.53 0.54 061 .049 032 0.45 0.53 0.68 0.8] 0.56
1979 0.52 039 0.29 047 0.35 062 - 0.31 0.2% 041 0.60 0.95 075 0.49
1980 0.59 0.50 0.88 0.66 0.81 0.51 0.31 0.55 049 0.78 095 0.67 0.64
1981 1.65 075 0.37 0.62 ‘0.89 055 054 0.29 0.88 0.90 076 051 0.68
1082 0.38 0.62 0165 0.9 0.89 047 041 048 0.59 0.8% 0.60 0.71 0.63
1933 0.62 0.3% 034 . .024 040 Q.45 0.56 0.34 092 0.84 0.63 1.17 0.57

. 1984 1.24 091 0.98 1.16 1.3t 065 053 047 0.56 017 0.67 0.90 035
1985 0.65 0.57 0.94 0.63 0,73 0.34 0.29 0.34 0.56 0.84 0.94 0.94 0.65
1986 108 0.95 071 079 T 057 052 031 0.24 027 0.92 1.25 094 0.7t
1687 0.52 049 0.51 0.56 0.73 038 045 0.61 0.65 1.00 1.20 117 0.69
1988 0.62 0.50 0.58 - . - L4 158 0.65 0.98 1.16 -
1989. 0.85 .33 .63 0.58 - - - -

‘AVE. C 073 0.63 0.62 067 070 054 047 049 068 079 086 050 0.67

Table A-51  ESTIMATED MONTHLY MEAN DISCHARGE OFF SILAU RIVER AT PRAPAT JANIJE
FPROPOSED DIVLERSION POINT)
Catchmenl Arca: 605 km2
unit: m3fsec

YEAR JAN FEB MAR APR MAY RN JUL AUG SEP ocr NOV DEC ANNUAL
1973 319 25.2 333 44.6 314 ‘ 35.9 219 30.7 40.5 43.0 374 96.5 394

1974 - 429 44.2 320 4.6 314 20.9 286 Lo 126 8.5 44.5 4.1 -

11978 33.8 35.6 333 517 437 302 28.8 24.1 4313 43,7 43.9 46.0 39.0

1976 43.6 40.0 28.0 41.2 339 329 314 313 313 40.7 526 43.6 375
1977 325 219 247 25.0 26.7 26.6 18.7 231 295 62.2 48.9 42.6 324
1978 T 269 29.1: 24,7 24.4 270 314 264 173 264 33.8 337 36.8 . 282
1979 28.1 244 251 © 3235 24,3 319 232 19.1 283 32.8 49.8 34.8 20.2
1930 27.8 - 41.3 271 3712 235 19.8 39.0 28.6 az9 48.1 357 )

21981 380 356 226 LT 44.2 25.6 24.9 18.4 C 413 425 385 26.t 318

11982 264 k1Xd 364 47.5 504 249 239 26.1 293 34.8 329 297 328
1983 24.8 200 21.7 16.0 243 22.7 25.2 23.4 3188 458 26.8 432 278
1984 55.2 56.0 L4B.2 42.6 66.9 39.1 31.6 1.6 34.2 428 46.6 49,5 454
1985 382 305 365 35.3 404 . 21.2 267 217 328 30.2 494 507 360

i 1986 53.8 43.0 44.2 51.0 2%.0 23.8 214 17.9 289 56.8 479 9.3 3R.1
1687 27.8 319 284 334 6.2 236 30.5 40.§

1988 - - - - 674 423

1989 362 25.3 -

‘AVE. 5.8 331 1.8 356 365 285 255 26.0 35.5 42,1 43.3 44.5 .8

per 100
km2 5.92 547 . 5.25 5.89 6.03 4,12 4.22 430 588 6.96 7.15 136 575
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Table A-52° SUMMARY OF PROBARLE DROUGHT DISCHARGES -

Nate of Name of Carchment  Drought Discharge - Speciﬂc Drought

Station River Area (km?) (m3/s) Discha_rge (m3/s/km?2)
Kisaran Sitaw 1,050 29.9 0.028°
TinggiRaja = - Piasa 1317 - 9.3 - 0.029
Palaz Raja ~ Asahan 4,486 815 0.018
Pulo Dogom Kualuh 1,116 . 24.4 0.022
Bandar Durian *  Natas = - 530 10.9 0.021
Bunut highway ~ Bunut 115 2.1 0.018
bridge ' _ _ N
Kanopan _ Kanopan 148 2.3 0.015
Proposed . .- Silan 605 17.0 . 0.028
Diversion point _ '
Note:

1) Drought discharges of the respective rivers were estimated by Gumbel Method.

2) The results of menthly non-exceedance probability of the respective rivers are shown in Table

A-S3. : : Y

3) As for the Asahan river, the influcnce on the discharge at Pulau Raja due to the regulé]tion of
the dams does not exist judging from the observed niomhly discharée befbre and after 1_98.1. .
Drought discharge at.Pulau Raja, therefore, was.caicuiatqd in same me'lhbd.' At present No. 3 _
dam is projected downstream from Tangga dam ='in_ih'o Asahan river,-however,'proposed No.3

dam will not affect drought discharge badly because of the regulation of it
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Table A-53 PROBABLE MONTHLY DISCHARGES OF RIVERS (NON-EXCEEDANCE)

S-years return period

River = Station CA © Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec  Annual

(Km2)
St Kisarin LESO 507 443 440 489 492 442 (394 M6 509 658 699 600 560
Pissa - TinggiRajs 317 IS 0 139 157 158 164 147 125 113 172 29 W7 215 197
Asahan  Pulau Raja 448 1266 1050 105 . 1142 1107 U9l 11L4 971 M43 1355 1549 1505 1284
Kualuh  Pulo Dogom LII6 475 46 402 430 445 419 337 - 25 . 400 616 621 b8 525
Matss  Bandar Durian 530 210 202 185 207 197 198 146 123 194 208 286 287 246
Bunut  Highway Br. 115 34 31 30 33 33 30 27 24 35 43 46 40 37
Kanapan Ack Kanopan 148 44 38 37 40 4l 39 3t 26 37 57 58 56 49
Leidon - per 100 11 09 0% 1o 16 6% 08 06 6% 14 k4 14 12
Silan  PJanji* 65 277 251 245 268 270 41 21 WS 280 352 375 320 303

1{years return period

River Suation CA Jan Feb Mar Apr May Jun - Jul Aug Sept Oct Nov Dec  Annual

Km2)
Silau Kisaran 1,050 433 39.8 389 394 446 a6 359 299 43.3 623 612 56.5 520
Piasa Tinggi Raja 317 152 113 12.9 123 4.7 128 112 93 15.6 206 214 196 17.9
Asahan  Pulau Raja 4486 1109 94 934 97.4 934 1088 1034 8.0 1060 1256 1391 1356 1183
Kualuh  Pulo Dogom 1,116 42.1 351 337 355 -394, 372 286 2.4 36.4 3595 56.8 55.4 49.3
Natas Bandar Durian 530 8.6 17.4 14.8 16.4 173 17.3 127 19.9 160 269 262 26.1 229
Bunut  Highway Br. 115 3.1 28 27 31 28 23 2.1 33 4.1 4.1 317 35
Kanoparn Aek Kanopan 148 3.9 33 3.1 33 37 35 27 23 34 52 5.3 5.1 4.6
Leidon . per 100 0.9 038 0.8 0.8 0.9 0.8 0.6 05 08 13 1.3 12 Ll
Silan P.Janji * ©60s 25.1 228 216 222 2.8 223 203 172 26.9 334 332 -303 283

Note: * : Proposed diversion point from the Silau river w0 the Bunut river

C.A : Catchment area
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