(b}  Finite Difference Form of Equation of Continuity

L i/ el -n-]/ - l/
(Bh[,",-(Bh);";l " QHI/:.: 4 1/£2J +Q!.J+f/2 .- 12/2

At ' Ax Ay

= 0

whete, |
suffix 7, J : mesh number of x and y direction
“suffixn  : computative time step number

84  Iniiial Condition for Computation

The maximum inundation depth and the inundation area aré examined under the probable flood
discharge o'f'z-y'car,' 5&0_:;11", 10-year, 20-year, 30-year, 50-year and 100-year return period. As the initial
condition for computation, it is necessary to give the overflow discharge to the inundation area and the
overflow section. Under this consideration, the following initial conditions are taken into account:

{a). The overflow scctions are sclectcd where the flow capacnty is very poor compared with the
- adjacent stretchcs

(by Itis :assumcd' that in the probable flood hydrograph, the surplus discharge over the flow
- capacity overflows at the overflow section. The overflow discharge at the overflow section
is given by the surplus discharge over the flow capacity in the flood hydrograph after

" subtracting the overflow discharge at the overflow section.

85  Computation Resulis

The probable inundation area and maximum wates depth in each river, which correspond to the
probable flood discharge of the master plan are shown in Fig. 8-2. Except the Ular River, the probable
inundation area is estimated at about 500 km” in total for the six (6) other rivers.

A]th(mgh the adequacy of the inundation model is not verified due to lack of hydrological
records, this model scems to be applicable because the water depth between the actual flood of
November 1990 as described ‘in Section 5.5 and the compuiation results of a 10-ycar return period are

smnIar as’ shown in Flg 8-3.
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Table 2-1  DAILY RAINFALL RECORDS AVAILABLE AT PMG ‘IN THE STUDY AREA

Location ' ‘Year of Record

No  Name of EL
Station {m.MSL) _
Longitude  Latitude 1950 55 60 65 70 /5 80 85 90
i ' |
1  Sampali 25 98° 47° 3 4 € L et i e >
2 Polonia 3 98 42' 3 ag' ' o S —— >
3 Belawan 27 95 ! ¥ o _ e >
4 Tanjung Morawa Cuummmanan———— >

Table 2-2  DAILY RAINFALL RECORDS AVAILABLE IN THE ULAR RIVER BASIN

Locétion _ . Year of 'Recoi*d

Ho Name of Station L
or Estates {m.MSL) - ' o : _
Longitude Latifude 1950 55 60 65 70 75 .80 85 90
i (NN NS RN N N NN NN A
1 Perbaungan 15 g8 86' 3° 34! : ’ : " BAABAAABAAAAAA
2 Kotarih 110 98* 82' - -3° 20" BAABABAADBAAAA
3 Gunung Meriah 680 98" 42* 3* 0o7' . : : BBBOA A ARAB
4 Negeri Dolok 250 98" 51' 3 10 : ' " BAABABAAABAAAR
5  Tiga Runggu 1310 98* 43 3= 54° ' - BOABABABAB
6  Sarang Padang 1080 08* 42' 3 03 ‘ BAABBBAABBE
7 Silinda 200 98° 48' 3 16° . DAAABB
8  Rumah Belang 210 98° 45"  3°-18'  BAABB
9 Tiga Jubar 310 98° 43' 3°-16' " BAABB
10 Hegeri Kasihon 280 .98 50 -3 10" : o ©.o.o. ;... DAABA
11 Paku 70 98° 53+ 3 21 : . : ' .
12 Bah-Bah 540 98° 42' 3° 12
13 Sarang Ganjang 1400 9g° 37 - 2° &BY
14 Pematang Raya 1010 98° 51' = 2* 58' ’ EBBBBA
15 . Siporkas 910 98 51' 3 01! e : BABABAANB
16 Sangai-sangai 950 98* 48' 3 00 BBABAB
17 purba Etek 1400 98* 37' 2* 58 ' o ©'BAAABA
18 Huta Raja 1200 98° 43' 27 56" - - BAAABB
19 Marubun Lokung 360 98° a5'  3° 12° "+~ . BAABB
20 Huta Silay 130 98° 54 3* 15 BABBBA
21 Purba Sinumbah 1300 98* 39* 2° &8 BABBEB |
22 Durian Tinggun 530 98° 32' 3 12! BAABBB
23 Bandar Pinang 80 9g8* 55' 3 19' BAABRB
24 Bandar Kuala 1 98" 54' 3 220 : BAAABE
25 Serbajadi 70 98* 57' 3 23° o

N N Y Y Y T O

Note : A = complete data, B = incomplete with missing
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“Table 2-3{1/3)  DAILY RAINFALL RECORDS AVAILABLE AT ESTATE IN THE STUDY AREA

Co Location Year of Record
No Name of Station EL
or Estates {m.HSL) _
Longitude tatitude 1950 55 60 68 70 75 80 8 90
: (SN Y R ORI FU
o 1.0t Balai Penelitian 32 95° 41" 3 33t AAAMAAAAMAAAAAAAAAAAAMAMMMMAAMA
1.02  Bandar Baru 864 98° 30' 3 16" BAAA
1.03 - Bandar Khalipah .16 93° 45’ 3 36 AMMAMAAAAAMAAAAAAAABBBABAAMBAMB
1.04 - Belawan Estate 40 98° 36' 3 32t BAAARAAA
1.05 Bulu Cina - S1l g8* 34" 3 42 AARAMAAARAAAAARAAAAAAAABBBAARARAABARB
'1.06 - Glugur . : - 80 gg8* 33! 3310 AMAAAAARAARAAARAAAAAAAARDR
1.07  Helvetia - o 15 98" a0’ 3 38 - AAMAAAAARAAAAAAARAAANAAAMAAAABABE BBB
1.08  Klambir Lima 17 98* 36 3 3@ BEAAAAAAMAAAAAMASAABBBBAAMNAAAAARAND
£.09 "Klumpang : : 14 98° 36 3¢ a0 BAARAAAAAAARAAARAARAAARAAABBAAAANBBAB
1,10 -~ Mabar - 12 ag° 41’ 3 40 " BAABAAABAAAAAAABABBAB B
L1 Mariendal . . - 46 98° 92! 3 3 ADAAAAAAAAARARARAARAAARAAAAABBAAA AAB
: 112 ‘Hedan Estate 2 98" 42' 3 36 ARMAAMAAAAAAMAAAAARAAAAABARAAAAD -
1.13  Medan Putri ' 20 3* 40’ 3* 36 AAAMARAAARARAAAAAAAAABAAAAAARAAA .
1.14 ' Paya Bakong 14 ' BARAAAAAMAAAAAAMAAABEBABBBAAAA
1.15 Patumbak - . 89 og* 413* 3 2 AAARARAAAAARARAAAAAAAAAAARARE AABAB
1,16  Sei Semayang A. .29 G8° 34' 3 35 AAAVAAARAAMMAAAABA  BAAABABBABAB
1,17 = Saentis -7 93" a5 3 ap BAAMAAAAAAAAARMARAAAAAR BBAAMAAAABAAAR
1.18 Sampali - = - .12 98¢ 43 3+ 38 MAAFM\AAMAAAMMMBMAAAABAAE BEB
1.19  Seruwai : 6 98° 42' 3 44 'BAAAAAMAAAMAAMMAAAMMABAMAAMAB
’ 1,20 Sei Mencirim 50 g8+ 22! 3 33 BAAAB
1.21  3Sei Sikambing . 23 98+ 38 3 35 BAAAAAABBAAAAAARAAAAGR
1.22 - Tandem : 14 9g* 31° 3* 38 AMAAAPARAAAPAAAAANABAA BBAAAAAABAABRE
1.23  Tandem Hilir - . V- 98¢ 31' 3 a2 AMAARAARAARAARAAARAABA BBARAARBAAAAR
s 1.24  Timbang Langkat 29 98+ 31° 3 35' AAAAARAAMAAAAAAAAAAABBERRAAMAA
1:25.  TYuntungan . ' 79 98* 34° 3 30 AAAANAAAE :
'1.26 . Yayasan Karet 5 - 98" 42 - ¥ 8AAAAA B BB
E 1.27 Sefi Sikambing : 5 98" 39° 3 30
; 1.28  Mariendal Coklat - 30 98" 42° . 3 32 . _ BB
‘ 1.29  Glugur Rimbun ' 127 98* 33 2 BBAABAB
1.30

. Bandar Baru(Sairy) 864 98° 33 37 ,
SR (SOOI R RN N SN NS AU MO

Hiote : A = complete data, B = incomplete with missing
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Table 2-3(2/3)  DAILY RAINFALL RECORDS AVAILABLE AT ESTATE IN THE STUDY. AREA -

Location Year of Record
Ho  Name of Station EL ' ' S :
or Estate {m.MSL) ' Co ' :
‘ ‘Longitude - Latitude 1950 55 60 65 70 75 .80 B85 90
' NS SN NN JNNN N N MUY SO

3.01 Adolina Kilir 18 08 57 3 32 AAMAARARA B ABAAA
3.02  Adolina Hulu 30 98° 57' 3 28 B AMAAMAMA S
3.03  Aek Pancur 50 98t 47" 3+ 28* AAAAAARAAAAAAAMARAAAAAABAARAAAMAAAAAARAA
31.04 Bandar Kwala 80 a9 83! 3 22t - RAMARARAAA AAAABBBAABE - A
3.05 - Bandar Hegeri 110 age 57 317  AAMAAAAAAAAAAPAANAAA  BABBAAAAAARB
3.06 Bandar Pinang 98 98° 55¢ 3. 19 B AAMAARAAAAMAAARAAAAABB BABARAAAAAAR'
3.07 Batang Kwis .8 g5* a8 3 37 AAAMAAAMAAAAARAAMABAAAAAAA B BAABAAAB
3.08  Bate Gingging : 118 a9g* 48" 3 23 - PAAMMAAAAAANBBBE - :. ., ..BB
3.09 Batu Rata - 65 g 50 325t " A RAAA ABB AA - . BBAAAABAAB
3.0% a Bangun Purba . 118 98° 48' 3 21 B AAAAAAR ABAB A8 A o AB ‘B B
3.10 Bagerbang 64 98° 49 3 24 . AMAMAAMBBEAMAAA - BAAAABBA - -
3.11 Bengabing 18 93° 00! 33 AARA ARARAARAAAAR BBAAAAAABAB
©3.12 - Deli Huda 3 Vi 98* o1’ 3 34 A AAMAAMMAABBBBABAA BAAMAABABBB
3.i3  Greahan . 137 98 52 322! . AAAMAAAMAMAAM 8B A
.14 Sei Karang 50 98" 52' 3 25 B MMAMAAMMMABABABBBABAAABABABB
3.15° Kwala Namu . 12 98" 53" 3¢ 25! AMAA AMMAMMAMAMMBAB - BABAR
3.16  Limau Mungkur 60 98* 47" 3* 26" AAAA AARAAAAMABAANAAA BB BBBAA
3.17 - Helati T 16 98°. 58! ¥ 33 - A MMAAAMMAAMMMABMBB .
3.18 -:Pagar Herbau 24 98 54 3 AAAA MAAMAAMANW\AMAAA B BABBABAB
3.19 Ramunia ] 08° 54’ 33 A B a @
3.20  Serbajadi 58 g8 56! 3 23 ’ BANMMAMMAMAB. B ..
-3.21  Sei Kart 109 98 32 3 20° AAAAAA AAAAMAJWAABBBABBABBABMB'
3.22 3ei Mereh ) 16 93° 50 3+ 32 BAAAB BAAAAAAARRABBBABAAABABANB
.3.23 - Sei Pancur : 25 ag° 48° - 3 30 AMAMA AMAAMAMAAAARRANBABAARBARAANAN
3.24 Seil Putih : 54 98° 53' 3 ) B AAMMAMMMAAMAMBMBBAMBBBMB-
3.25 Sei Tuan 4 g8+ 48" 3 40° AMAA B
3.26 Tanjung Garbus 14 93* 52° 3w AARA - AMMAMAAAAAMMMB BAB
3.27 Tanjung Horawa Kanan 20 98 47! 3 ARAA AAAPAAAAAAAAAAARBAABA BBA - BASAB
3.28 Tanjung Purba: 60 0g* 5)! 3 2 B . AMAAAAAAARAAAAAAAARARBBEBAABAB .
3.29  Timbang Deld _ 36 858° -54' 3 2 ‘B ARAAARAAAARAAAABAARAABBBABABAAAAAAB
3.30 Tanah Abang ] 27 9g* 54 3 29! . AAR  BAAAABBB -
3.31 Hotari 121 98° 51' ' 3° 19 AAMAAAAMAAABBBABAABBMMB

3.32° Silinda 207 98° 48" 31 _ AAAAMBBBBAAAAAAAAAAD
- Y S N SO RSSO G SO S A

Hote : A = compliete data, B = incomplete with missing
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Table 2-3(3/3) DAILY RAINFALL RECORDS AVAILABLE AT ESTATE IN THE STUDY AREA

Location Year of Record -
flo Hame of Station EL
or Estate © {m.MSL)
Longitude tatitude 1950 55 60 65 70 75 80 8 90
SN R Y RS R RO N I

4,01 Bahilang 30 9g° 08' 3 18! BAAMAMAAAAAMANAE B BBBB
4,02 Bandar Bejambu 43 g 05 - 3 17! BARAAAAAAAAAAAAMAAAAANAABBBABAABBARBER
4,03 Bangun Bandar G0 9% 01! 3 19" AAAAAAAAAAAAAAABAAARBRBABBAAAAABAANAB
4.04 Sinar Kasih - 23 99° 04 = 3 25 BAAAAAAARAAARARAAARAARA BA
4.05 Gunung Honako 110 $9° 00 o BAAAAAAARAAAAAAARAAAR AABAMABABAAAGB
4,06 Gunung Pamela - 76 99° 04" 3 13! BAAMAAAMBAABABBE BAAAABABAABBE
4,07  Gunung Para T 114 99° 06" 3 19 BAAAAAAAAAAAAAAAAAABAABBBBABAAABBABBE
4,08 Hevea Est. 43 9g* 01' 3 22 - AAAAAAAAAAAAAAAAAAAABBBBBAABE
4.09 Mata Poa 7 99° 05" 3 22t AAAAAAARAAAAAAAMAAAANBBEBABAAAAAAAAR
4,10 Naga Raja } 153 99 Q2° "3 o8 BAAAAAAAAAAAAAAAAAAAARBA -
4,11 Ppabatu 30 99 17 3 1 BAAAARAABAAAAAAAA DBBAAAABBABABA
4,12 Paya Mabar 5 99" 12* 3 24 .~ BARAARARAAAAM ABASARA AAAABAABA ABAB
4,12 a Sei Buluh 5 99 11 3 26° AAABAAAAAAAA ABA
4.13 Paya Pinang 36 9%° 11t ¥ 18 BAARAAAAAAAAAAAAAAAABEDBBAAAAABAAB
4.14  Priok .5 99° 13* - 3 2¢° BAAARAAAAAAAAAAAAAAD
4,15 Rambutan T 13 99° 10 3oy BAARAAAAAAAMAAAANAABAABBABAABBBBBAAAA
4,15 a Rambutan Acd. 13 ‘99° 06' 3 31 - BAAAAAAAA  AA
4.16  Rambong Est. 20 99* 03" 3 BAAAAAAAAAAARAAAAAARAAABBEEE
4.17 Rambong Sialang 30 89 00 ¥ 26 BAMAAAA  BAAAABAAABSBBABAAAABAAAR
4.17 b Ranbong Firdaus -7 99 07! I BAAAAAAA B ABAAABAAAEBB OB BBBAAB
4,18 Sarang Gining ' 76 99° 58° 3+ 21! “AAAAAAAAABBAAAAR B BBBAABBBBBE BB
4,19 Sei Bamban 8 39" 10’ 3 26! BAAAAAAARAAAMMAAAAAE B BOABBBBBBAAAD
4.20  Sei Birung .7 9% 15' . 3 22! BAAAAAARAAAAAAAAAABAAARAAAAAAR
4,21 Sei Parit -2 99* 06° 3 27 AAAAARAABBAAMAARAMAAAAA  AAAAABB
4,22 Sei Rampah _ : 5 a9*. 10° 3 i7' BAAARAAA BBAA B BAMAAB
4,23  Sei Bulau 62 99 10° - 315" . BAMAAAAAAAAAAAABAD BBBBABAAAAAAAAR
4,24 Silau Punia © 95 9g°- 58° 3 16" BAAAAARAAARBAAAAAAAAAABBE  ABABBABB
4,25 Tanah Besih 33 o 99 13 3 19" AMAAMAAAAAAAAAAANAAAAAB
4.26 Tanjung Maria 40 29°* 04° I 20" APMMAARAAARARANAAARB
4,27  Tanah Raja : 14 9%* 03" ¥ 3 " BABAAAA B AAAAABBAABAAABABBBEB
4.28 Ratua (ex Mendaris) 30 99* .14} B BAAARAAAAA 8 BBBBAAA
4.29 Mendaris A . 30 99° 14° 317! : MAMAMABABAAAAAR BBB

(N S R S NN N S A

Hote : A = complete data, B = incomplete with missing
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Table 3-1

AREA

WATER -LEVEL STATIONS IN THE STUDY

No. MName of Station River Recorded  Gauge Type
System since

1. Kampung Lalang Belawan 1974 Staff

2. Asam Kumbang -do - 1972  Staff/Automatic

3. fHelvetia Deld 1974 Staff

4, Simeme ~do- 1984  Automatic

5. Tembung . Percut 1974 Staff/Automatic

6. -Kampung 'Serdang Serdang 1884 Automatic

7. 'Tanjung Morawa - do - 1972 Staff

-8, Perbaungan Ular ‘1972 Automat ic

9. Ular Bridge - do - 1971 - Staff

10, Pulau Tagor - do - 1972 Staff

11. Serbajadi Bridge - do - 1971 Staff _

12, Serbajadi -do- 1977 Staff/Autematic

13. Bandar Tiga - do - 1972 Staff/Automatic

14. Paku Bridge -do- 1977 Staff /Automat ic

15. Siujan-Ujan - do - 1977 Staff/Automatic

16. Silau Dunia Belutu 1983 Autonatic

17. Tebing Tinggi Padang - 1982 Automatic
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Table 3-2  DAILY WATER LEVEL -AND DISCHARGE RECORDS IN THE STUDY

AREA

Ho  Name of Station River

Catchment  Start

Data Existence

System  Area(km?) Year
1970 75 B0 85 9D
S NN RN N

1 Kampung Lalang Belawan 254 1974.9 HHHHKHQQQGG0QQQQ-

2 Asam Kumbang -do- - 208 1972.1 HHHHHHRHHKGOQQQQQQ

3  Helvetia Deli 341 1974.9 HHHHHHQQQQQQQQQQ

4 Simeme - =do- 158 1971.7 HOGHHHHKROZQQ000000

5  Tembung Percut m 1974.9 HHHHEHHHHHHEHHRH

7. Tanjung Morawa Serdang 250 1972.1 : QQQQGQQHHHHHHHHH

10 . Pulau Tagor -do- 1,031 19721 Q0QQ0GGHOGHNNNN0Y
17 1877.1 Q09000000QHAR .

Tebing Tingai Padang

919

Y Y

Note ; H = Water Level Data (by Hydrology Section}

0 = Discharge Data (Prepared by IHE)

Table 3-3  HOURLY WATER LEVEL RECORDS IN THE STUDY AREA

River Catchment

No  Hame of Station System  Area(km?} Year of Record

1975 80 85 90

JRNEH Y S

2 Asam Kumbang Belawan 209 1982.1 - 1989.12 Crimmumn >
4 - Simeme Deli 158 1480.4 - 1989.10 SR — >
5 Tembung Percut 171 1983.7 - 1890.1 Commmn>
6  Kampung Serdang Serdang 671 1984.1 - . 1988.3 R
16 Silau Dunia " Beletu 72 1984.9 - 1990,1 Cmmmmmn >
17 Tebing Tinggi Padang 919 1985,1 - 1989,.12 . L

S Y NS D

Hote : Water Level Chart by Hydrology Section
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Table 3-4(1/3)  FLOW REGIME IN OBSERVED DISCHARGE

Flow Regime (m3/fs)

Station _ Hean
(Catchment River Year Bischarge
' Area) . Daily - 28% 50% 80% 05% 95% Hin (m3/s)

Max

.1982 69.2 15.6 .8.56 5.16 4,36 3.00 2.3% 12.72 *
1983 50.3 17.3 10.2 6.08 4.70 4.19 3.34 13.40 *

Asam 1984 - 74.0 16.1 0.6 - 7.78 6.29 4.44 3.74 - 13.98 %
Kumbang Belawan 1985 105.0 13.5 7.82 417 2.12 '1.65 1.52 11.69 *

(209 km2) .- 1986 (107.0} (18.8) (9.53) - (4.34) (2.65) (1.81) (t.72) (13.94 *)
e : - 1887 (90.5) (20.4) (11.6) (6.73) (4.88) (4.38) (4.62) (16.73 %)
1988 (252.0) (15.0) (11.6) (8.48) (7.03) (5.89) (5.30) {20.26 *)

Hean 74.6 15.6  9.30 5.80  4.37 3.32 2.74 12.9
fkm2 0,357 0,075 0.045 0.028 0.021 0.016 ©0.013  0.062

1980 40.2 13.4 7.98  3.33 0.96 0.84 0.66 10.35 *

1981 40.8 14.2 10.4 5.9 3.4 2.65 2.32 11.58 *

T 01982 38.4 1i.7 - 7.63 5.17 .47 3.33 2.87 16.19 *

Kampung 1983 39.5 12.3 8.70 5.94 5.32 4,28 1.95 10.52 *

l.alang Belawan . 1984 44,0 15,9 - 11.0 7.34 5,76 5,20 4.50 13.43 *
‘ (254 km) ' 1985 43.7 14.3  8.69 = 4.38 2.49 2.34 1.88 10,95 #
1986 43.1 17,2 16.6 7.02 2.85 2.27 2.14 12.93 *

1987 - 41.3 14.1 7.50 5.06 4,02 3.z 3.12 10.49 *
1988 .(128.0) (21.0) (16.9) "(11.9) (8.88) '(6.78) (6.43) (20.45 *)

Mean 11.6 14,1 9.06 5.52 3.54 3.02 2.43 11.3
fkm2 8.164  0.056  0.036 0.022 0.014  0.012 0.01 0.044

1980 36.9 13.9  8.67 5.43 - 4.32 3.83 3.42 10.49 *

5 : 1981 29.6 . 9.63 7.06 4.55 3.59 3.28 3.11 8.17 *
: 1982 39.7 10.3 6.98 4.44 3.27 "2.96 2.84 8.13 *
| S imeme 1983 - 25.4  .8.82 6.09 4,48 3,39 3.20 2.99 7.47 *
(158 km2)  Deli 1984 (30.6) (15.9) (12.8) '(9.55) (7.30) (7.08) (6.70) (13.54 %)

: " 1985 38.4 10.3 6.71 - 602  3.93 3.8 2.57 8.38 *

1986 27.2 835  &21 3.65 2.81 2.33 2.23 6.66

1987 30.9 9.26 6.5  4.77 4,06 3.70 3.48 8.5

9.0

| ' ' 3
| _ : 1988 259  9.85  8.08  6.66 5.09  1.64  4.43 8 *

| ‘ © Mean 3.8 10.1 6.92 4,88 3.8 3.43 3.14 8.36
‘ fkm2 0,200 0.064 0.044 .0.031 0.024  0.022 0.020 0.053

Note : * is including missing data
( } is not used in calculation of mean value

HY-27



Table 3-4(2/3) FLOW REGIME IN OBSERVED -DISCHARGE

Flow Regimé (m3/s)

Station ) . Mean
(Catchment -River Year : . - " Discharge
Area) Daily 25% - 50% . .80% © 98% 59% Min {m3/s)
Max S i :

&
- -

1080 90,2 22.0 14.0 . 7.08 516 - 4.6 4. 17.47 *

. 1981 65.8 17,5 125 . 9.15  6.84 492 458 15.36
Helvetia  Deli - 1982  55.9 184 - 12.0 .8.60  6.84 6.3  6.12  15.42 *
(341 kn2) 1983 86.5  23.0  16.4 - 12.1 9.5 < 7.80  -7.50 19,35
: 1984 75,9 22.0 16,4 - 1.8 - 10,2 9,60  9.30 - 18.42

1985 815 20,4 13.0 885  5.52 - 4.69 458 - 16.13

1986 74,0 210  14.9  0.45 - 6.60  6:12 6.12  17.23
1987 42,9 177 - 121 10,1 7.50 7.35. 7.20 14.28 *
1988  70.9 244 17.9 13,7 9.90  9.00  8.40  21.47 *

Mean 715 207 1.5 0.1  7.52 6,73 6.47 . 17.2

Cfkm2 0.210  0.061  0.043  0.030 0.022 0.020 0.019 0.050

1972 89.5 141 - 9.22 6.90 6.02 5.80 5.80 13.13
1973  142.0 . 17.5 - 11.6 6:99 - 5.50 :4.60 4.45 17.26
' 1974 (319.0) . (22.5) (13.9} {10.2) (B.70) (7:70) . (6.31) (20.47).
Tanjung 1976 - 93.0 i5.0 11.1 8.00 6.:30 - '

5.56 4,80 1314
Morawa Serdang 1976 174.0 .13.5 10.6  8.19  6.47 5.55 5.25 15.03 *
(250 km) 1977 116.0  -21.7  13.3 . 9.14 6.00 4,54 415 17.51

1978 ‘43.0 16.7 16.4 6.64 6.10 4.54 3.76 - 12,05

Mean 109.60 18.3 1.1 7.684 5,90 5,10 4.70 14.7
fkm2  0.438 - 0.065 0.044 . 0.031  0.024 0.020 G.019 0.05%

1977 110.0 47.0 35.1 - 21.6 . ._15.4 13.3 13.0 37.43
' 1978 96.0 40.5 320 25.4 21.3 18,1 17.8 35.67
Tebing 1579 184.0 4.5 9.3 223 18.1 “16.7 16.0 37.17

Tinggi Padang 1980 1420 50.8 ~ 37.1 25.7 21.9 18,9 19.2 41.51 *
(919 km2} 1981  141.0 51.4  40.0 - 26,4 -19.0 - 16.1 14.7 '43.93 =

1982 126.0 - 52.0 9.1 27.9 21,0 19.2 17.0 42.73 *
1983 163.0 50.0 27.9 21.0 20,0 -.19.2 18.7 38.84 *
1984 142.¢ 60.5 43.5 29.5 24.0 22.8 21.6 48,06 *
‘1985 129.0 53.0 40.5 20.5 19.5 7.8 17.8 44,28 *
1986 92.8 45.5 3.5  21.0 18.5  18.3 18.3 35.91 *

Hean 1326  49.5 . 36.0 25,0 19.9 .18.1  17.4 40.6
/kn?2 0,144  0.054  0.039 0.027  0.022  0.020 0.019  0.045

Note : * 1is including missing data
( ) is not used in calculation of mean value

HY-28



Table 3-4{(3/3) FLOW REGIME IN OBSERVED DISCHARGE

Flow Regime (m3/s)

Station ' Hean
(Catchment  River Year Discharge
‘Area) _ Daily 255% 50% 80% 95% 99% Min  (m3/s)

- Max

1972 123.0 55.8 49.6 43.0 32.4 29.2 26.8  51.12
1973 189.0¢ 60.4 50.8 14.7 10.7 36.3 35.0 56,31

Pulau ' 1974 172.0 67.2 . 50.8 44.1 41.3 3%.0 38.6 53.20
Tagor ar 1975 110.0 51.5 45.3 38.6 35.9 34,2 33.5 46.40 *
{1031 km2) ' 1976 153.0 55.6 44.8 3.6 341 36.0 31.5 50.66

1977  118.0  57.1 6.9 38.4  33.1 20.0 28.8  50.11
1978 109.0 . - 53.0 46.9 3.7 3.3 32.5 30.9  48.06 *
1979 X X X X X X X X
1980 171.6  50.3 43,4 8.4 337 32.0 29.0  46.43 *
T19B1 163.0 ' 53.3 46.9 32.5 28.8 26.7 26,2 46,91 *
1982 130.0  47.5 40.3 314 29.3 28.3 2.0 42.89 *
1983  116.0  53.3 42.1 3.3 325 30.4 9.3 45,77 *
1984 131.0  60.6 52.0 45.5 42.5 410 40.5 85,50 *
1985  161.0 63.1 56.8 43.0 39.5 38.5 38.0  57.00 *
1986 85.0  50.8 46,0 420 37.0 36.5 36.0 48,10 *
1987 9.0  52.7 47,2 43,0 39.0 37.5 37,0 49.93 *
1988 137.0  77.0 65.5 58.0  53.0 51.0 27.4 69,79 *

Mean  134.6 56.2 48.5 40,9 36.9 34.9 31.9 51.1
fkmZ  0.131 0,055 0.047 0.040  0.036 - 0.034 0.031 0.050

Note : * is including missing data
{ ) is not used in calculation of mean value
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Table 3-5(2/2)

ANNUAL. MAXIMUM DISCHARGE RECORDS
(STAFF GAUGE STATION)

Station Kampimg Lalang Helvetia Pulau Tagor

Area {254 km2) (341 km2) {1031 km2)

River - Belawan - Deli - Ular '

H-¢ ¢ = from Table } = from Table Q = from Table
Year Date H Q Date H 9 Date H Q

A(m)  (m3/s) (m) - (m3/s) (m)  (m3/s)

11980 10/0ct 4,00 . 225 - S/Dec 3.90 158 21/Dec 2.68 659
1981 .181H0v 4,50 276 29/0ct 3.58 136 11/May 1.60 254
1982 17/Sep  2.45 100 X X X 2/Feb  1.80 297
1983  13/0ct  3.55 184 X X X X X X
1984 X X X 27/t 4.35 199 24/Apr 1.97 334

| 1985 X X X -6 /Nov 4,60 224 18/bec 1.78 293
1986 X X X 3/Feb 4.75 240 8/dan 1.22 184
1987 X K X X X X X X X
1988 X X X X X X X X X
1980  G/Aug  4.00 225 24fflov  4.55 219 24/Sep  2.44 534
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Table 4-2 gggl{aL MAXIMUM DAILY RAINFALL IN EACH RIVER

{Unit : mm/day)

" Year Belawan Deli Percu;t' -Serdang Yar Belutu Padang

1854 57.2 51.5 84.3 8.4 . 144.4 127.3 97.0
1955 78.8 64.8 58.8 55.3 53.7 72.5 86.6
1956 172.3 165.6 189.1 . 111.8 82.4 a7.8 77.2
1957 65.6 92.7 85.6 - 65.8 57.1 47.8 42.7
1558 70.2 ° 7.8 68.2 60.5 53.3 50.6 63.3
1959 63.5 79.6 . 103.8 0.9 71.2 81.4 143.0
1960 ‘88.1 J1 0 12.6 . 685.3 59.3 56.6 98.7
1961 65.9 85.0 - . 67.0 55.2 57.9 65.9 58.9
1962 70.5 18.3 55.6 .~ 5L.8 78.6 . 68.2 109.7
1963 85.5 76.8 . 78.6 63.8 92.9 56.9 146.5
1964 78.0 69.4 - 50.2- 53.1 91.5 52.9 113.2

1965 13.7 72.9 31.1 65.3 67.0 58.6 101.2
1966 56.4 58.6 54.9 16.8 51.0 47.8 62.6
1967 56.7 46,7 46.5 49,8 54.6 79.0 - 71.4

1968 64.8 57.4 50.8 47.2 86.6 47.1 138.6
1969 74.8 62.8 102.1 74.1 145.3 60.0 61.1
1970 69.9 65.0 61.7 61.6 81.9 53.3 58.3
1971 56.9 £0.6 60.7 - 62.9 £6.4 54.6 61.5
1972 46.6 55.6 54.4 64.1 67.9 37.6 48.4
1973 . 60.4 £8.2 59.2 60.9 93.7 57.7 103.6
1974 68.7 49.6 66.5 53.9 103.1 42.2 98.8
1975 - 76.5 62.8 51.2 43.§ 79.1 54.2 6B.2

1976 76.0 46.8 83.4 63.9 120.4 3.7 ‘95,8
1977 65.6 55.1 . 62.0 79.9 83.6 57.2 60.6
1978 77.4 76.1 78.4 63.6 79.3 55.4 62.0
1979 69.5 66.4 58.5 65.7 76.6 70.3 86.4
1980 67.1 78.7 71.8 54.8 126.4 46.8 58.8
1981 62.2 18.9 53.7 . 48.0 66.4 60.6 - 98.8

1982 69.8 65.3 - 69.9 49,4  112.8 58.6 §6.7
1983 52.6 70.1 109.5 66.0 159,0 65,3 113.7
1984 57.8 57.6 63.9 47.8 94.0 55.8 76.4
1985 76.5 54,7 114.2 71.9 173.2 53.9 65.6
1986 67.4 65.4 61.4 67.8 95.2 52.9 82.5
1987 106.5 97.8 50.7 68.0 150.6 74.6 85.5
1988 72.5 62.0 82.1 54.5 105.1 71.2 72.1
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Table 4-3  CALCULATION RESULT OF PROBABLE RAINFALL

(Unit : mm/day)

Year Belawan Deli Percut Serdang Utar Belﬁtu Padang
2 §6.9 66.3 67.9 60.4 86.6 59.6  79.9
3 78.6 76.0 77.2 66.7 0.7 0 67,60 92.2
5 89.4 86.8 87.6 73.8  118.6 76.3 1059
8 98.7 96.1 96,5 79.9 133.2 - '83.9 - 117.7

10 103,0 100.4 100.6 82.7  139.9 87.4 -  123.2
20 116.0 113.5 113.1 ~ 61.3 160.2 98.0 139.7
30 123.5 121.0 120.3 95,2 172.0 1044 149.2
50 132.8 130.4 129.2 102.4 185.6 ~ 111.8 161.1
60 136.2 133.7 ° 132.4 104.6  191.8 114.5 165.4
80 141.4 136.0 137.5 108.0 200.0 - 118.7 172.0
100 145.4 143.0 °© 141.4 - 110.7  206.4 1220 1772
150 152.8 150.4 148.4 115.5- 217.9 128.0 - 186.5
200 158.0 155.6 153.4  118.9 226.0 132.3 . 193.2
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Table 5-1  LAG TIME OF BASIN BY RZIHA EQUATION

River Catchment Elevation Atitude River Average - Velocity Lag Time

Area Maximum = Minimum Difference Length - Gradient .

(km2) (m) (m) {m) (km) (km/hr) - (hr)
Belawan 647 1,100 0 1,100 76 0,0145 5.68 13.4
heli 358 1,500 1 1,459 ' 82 -0.1183 . 6.53 12.6
Percut 186 1,520 8 1,512 64 0.0236 7.60 . 8.4
Serdang 671 i,450 4 1,445 - - 63 0.0230  -7.49 - 8.4
tar 1,081 1,330 30 1,300 -9 0.0143 5.63 16.2
Belutu 500 1,000 4 986 76 0.0131 5.34 o 4.2
Padang 019 1,020 6

1,014 82 0.0124 . 5.17 15.9

Table 5-2  LAG TIME OF SUBBASIN

I o
River Subbasin  Channel Lag Time | River Subbasin  Channel Lag Time
{R.Length) : Length ] - {R.Length) Length . _
() ~(km) (hr) o) - (km) {br)
Belawan B1 22 1.9 | War U1 45 4.0
{76km) B2 19 1.7 | (91km) 2 39 3.5
(13.4hr) B3 29 2.6 | (16.2hr) U3 2 21
B4 14 1.2 i u4 2 0.2
B5 1 0.1 | U5 26 2.3
B 6 24 2.1 | b6 7 0.6
B7 39 3.4 | u7 S 3% 3t
B8 10 0.9 } us 1 0.1
----------------------------- } u9 16 1.4
Deli D1 28 2.2 ! i T
(82km) D2 19 1.5 | Belutu Bt1 27 258
(12.6hr) D3 5 0.4 | {76km) Bt2 10
D4 30 2.3 | (1a.2hr) Bt3 9 - 0,8
D5 12 0.9 i Bta 33 3.1 .
D& 1 0.1 .} Bt5 5 0.5
--------------------------------- TR B Bt6 S 32 3.0
Percut Prl 22 1.4 | aty 14 1.3
{64km) Pr2 4 C0.3 e - mmemeammrm—— e ————
{8.4hr) Pr3 b4 0.1 } - Padang P1 £]1 4.0
------------------------------------------------ ! (82km) P2 25 2.4
Serdang s1 23 1.5 | (15.9hr) P3 - 6 0.6
(63km) s2 7 0.5 | P4 S 32 3.1
(8.4hr) 53 2y -1.9 | P5 36 3.5
S 4 37 2.5 | P& 6 0.6
S5 27 1.8 | P7 24 2.3
S6 22 1.5 i P8 38 3.7
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- Table 5-3 ° CHARACTERISTIC FEATURES OF RIVER CHANNEL

River Channel Upstream Downstream Relative Channel Average Average Storage coefficient
lo. Elevation Elevation = Elevation Length Gradient #idth weetvvonieononann

(m) (m) (m) (km) {(m) K T
Belawan 1 89 .68 21 5 0.0042 10 2.8 0.06
2 68 24 a4 1 0.0080 20 7.0 0.13
3 24 13 1 5 0.0022 20 5.8 0.1
4 13 1 12 29 0.0004 - 20 37.4 1.07
Deli 1 186 50 . 136 15 0.0091 10 5.7 0.12
2 50 12 38 18 0.0021 20 14.1 0.29
3 12 1 1 21 0.0005 20 5.3 0.69
Percut 1 233 12 221 37 0.0060 15 18.9 0.3
12 8 4 5 0.0008 15 4.7 0.13
Serdang 1 145 1 134 34 0.0038 5 12.7 0.40
2 11 5 6 6§  0.0010 20 5.9 0.14
3 11 5 6 70,0000 20 7.1 0.17
Ular 1 245 88 187 20 0.0078 50 18.3 0.20
2 58 45 13 5 0.0026 60 5.7 0.07
3 400 68 332 25 0.0133 50 6.2 0.16
4 68 45 23 6 0.0038 60 6.1 0.07
5 a5 30 15 17 0.0009 80 29.9  0.42
Beluty 1 119 g5 24 7 0.0034 10 6§  0.09
2 95 2 69 21 0.0033 20 1.4 0.2
3 26 7 19 15 0.0013 20 3.6  0.31
a 7 4 3 6  0.0008 30 9.1 0.22
padang 1 42 21 21 1% 0.0013 20 14.5 0.33
2 21 w7 15 0.0005 50 26.1 0.49
3 104 14 90 38 0.0024 20 8.6 057

Hote : K is constant of Storage Function Hodel
Tt is lag time
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Table 5-4(1/2)  SUMMARY OF PARAMETERS OF- STORAGE FUNCTION MODEL

Parameter in Storage Function

River Subbasin.-  CatChment a-=siimmmccimmmdr e o e e o i e s
/Channel Area(km2) K P SR & BRI 5 § fisa
{Subbasins) : _ . _ .

Belawan B1 76 3.5 0.8 1.9 0.3 300

B2 65 3.5 0.8 1.7 0.3 =300
B3 68 3.5 0.8 2.6 - 0.3 300
61 - 45 3.5 0.8 1.2 0.3 300
B4 15 7.0 ¢.8 8.1 0.3 300
B& 126 7.0 0.8 J2.1 - 0.3 300
86 ~223 7.0 0.8 3.4 0.3 300
‘B7 29 1.0 0.8 0.9 0.3 300
(Channels) : :
1 B 2.4 0.6 {1
2 ) 7.0 0.6 0.1
3 4.8 0.6 0.1
4 o 37.8 0.6 1.1
: {Subbhas ins)
Deli - m : 23 3.5 ¢.8 2.2 0.3 300
D2 65 3.5 0.8 1.5 0.3 300
03 a4 3.5 - 0.8 - 0.4 03 - 300
D4 .99 3.5 0.8 2.3 0.3 =300
D5 40 3.5 0.8 " 0.9 0.3 300
D6 - 17 3.5 0.8 0.1 0.3 300
(Channels) S
1 5.7 0.6 0.1
2 14,1 0.6 0.3
3 - 25.3 0.6 0.7
(Subbasins) : :
Percut Pi 105 3.5 0.8 - 1.4 . 0.3 <3060
P2 66 3.5 0.8 0.3 0.3 300
P3 15 3.5 0.8 0.1 0.3 - 300
(Channels)
i 18.9 0.6 0.4
2 4.7 0.6 0.1
(Subbasins)
Serdang S1 159 4.0 0.9 1.5 0.3 306
hY4 103 4.0 0.9 0.5 0.3 300
S3 83 4.8 0.9 1.9 0.3 360
S4 189 4.0 0.9 2.5 0.3 300
S5 71 4,0 0.9 1.8 0.3 300 .
S6 66 4.0 0.9 1.5 0.3 300
(Channels) _
1 12.7 0.6 0.4
2 ' 5.9 0.6 0.1
3 7.1 0.6 0.2
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Table 5-4(2/2)  SUMMARY OF PARAMETERS OF STORAGE FUNCTION MODEL

Parameter in Storage Fupction

River Subbasin CAtCRMENT oo oo e
[Channel Area(kn?) K p T f1 Rsa
{Subbasins)

Utar ) 292 13.7 0.9 4.0 0.3 300

U2 154 13.7 0.9 3.5 0.3 300
U3 54 13.7 . 0.9 2.1 0.3 . 300
B4 . ~73 13.7 0.9 0.2 0.3 300
o s 180 13.7 0.9 2.3 0.3 300
- U6 - 104 13.7 0.9 0.6 0.3 300
7 134 13.7 0.9 3.1 0.3 300
g 12 13.7 0.2 6.1 0.3 300
U9 68 13.7 0.9 1.4 0.3 300
(Channels)
: i ) 18.3 0.6 0.2
2 5.7 0.6 0.1
3 16.2 0.6 0.2
q 6.1 0.6 0.1
5 29.9 0.6 0.4
(Subbasins)
Belutu ‘Btl 64 8.0 0.9 2.5 0.3 300
Bt2 8 8.0 0.9 0.1 0.3 300
B3 56 " 8.0 0.9 0.8 0.3 300
Bt4 < g 8.0 0.9 3.1 0.3 300
Bt5 - 33 8.0 0.9 0.5 0.3 300
Bt6 . 166 8.0 0.9 3.0 0.3 300
Bt7 . 77 8.0 0.9 1.3 0.3 300
(Channels)
1 ] 3.6 0.6 0.1
2 14.4 0.6 0.3
3 13.6 0.6 0.3
4 9.1 0.6 0.2
_ {Subbasins}
Padang . Pl 241 8.5 - 0.9 4.0 0.3 300
p2 129 8.5 0.9 2.4 0.3 300
P3 a4 8.5 0.9 0.6 0.3 300
P4 110 " 8.5 0.9 3.1 0.3 300
P5 121 8.5 0.9 3.5 0.3 300
P& 114 . 8.5 0.9 0.6 0.3 300
p7 Bl 8.5 0.9 2.3 0.3 300
P8 99 8.5 0.9 3.7 0.3 300
{Chamnels)
1 14.5 0.6 0.3
e 26.1 0.6 0.5
0.6

3 8.6 0.6
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Table 5-5  PERIOD OF AVAILABLE RECORDS OF NEW HYDROLOGICAL
‘ STATION
River Catchment  Period .of Record
Kind Station - System Area(km?)
T.Morawa Serdang "Sep 1999 - Jan 1991
“Apr 1991 ~ continue
Kutajurung -do- Sep 1990 - Apr 1991
Rainfall Apr 1991 - continue
Station Sinan Kasih Belutu Sep 1990 - Janm 1991
Apr 1991 - coniinue -
Bandar Negiri  ~do- Sep 1990 - Mar 1991
: Mar 1991 - continue
pabatu Padang "Sep 1990 - Apr 1991
’ Apr 1991 - continue
Sindar Raya ~do- Sep 1990 - Apr 1991
Apr 1991 - continue
Bedimbar Belumai 262  -Sep 1990 - Oct 1590
{Serdang) ~ Feb 1991 - continue
Pekapahan Batu Ginnging 272 Sep 1990 - Apr 1991
Hater Level (Serdang} Apr 1991 - continue
Station  Rampah Belutu 423 Sep 1990 - Jan 1991
' Apr 1991 - continue
Simpang ~-do- 224 Sep 1990 - Apr 1991
Apr 1991 - continue
Basumb Padang 524  Sep 1990 - Apr 1991
Apr 1991 - continue
Brohot -do- 820 Sep 1990 - Apr 1961
Apr- 1991 - continue
Table 5-6 ZERO GAUGE ELEVATION OF NEW
WATER LEVEL STATIONS '
River ~ Catchment Floor Zero Gauge
Station System  Area{km2) Elevation Elevation
Bedimbar Serdang 262 22,39m 14.00m
Pekapahan ~do- 272 14.99m  8.41m
Rampah Belutu 423 4.90m -0.67m
Simpang -do- 224 30.1%m 25,14m
Basumbi Padang 524 27.12m 20.65m
Brahol ~do- 820 20.45m 14.32m

Hote : Elevation are based on the National Bench Mark (T1G).
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Table 5-7  RESULTS OF PARAMETER ANALYSIS FOR
NEY HYDROLOGICAL STATIONS

(Parameters in Storage Function)
Runoff Time

Catchment Date . Storage Coefficient Ratio lag
River Station Arealkm2) of Flood K p f Tl
. : (hr)

16718 Sep 1990 4.18 8.9 6.272 6
Bedimbar 262 :
Serdang . 27 6 Oct 1990 4.20 0.9 0.485 8
River = mmeeceeeesmseeemeeeesae e '

Pekapahan 272 14718 Dec 1990  16.83 = 1.0  0.172 16
Belutu Rampah 423 1825 Oct 1990  26.00 1.0  0.467 10
2 L= T T
Simpang = 222 17 3 Hov 1990 6.87 1.0 0.477 12
25729 Sep'1990 8.49 ¢.9 0.152 7
) 5" 8 GCf 1990 6.74 2.9 0.127 6
Basumbu 524 : _ .
16721 Oct 1990 (15.52} 6.9 " 0.193 5
. 11715 Dec 1990 10.24 0.9 0.261 6
Padang = = 0000 eeeemaew e
River Mean{Basumbu) k= B.5
25729 Sep 1990 11.17 - 0.9 0.170 11
‘578 0ct 1990  8.61 0.9 .. 0.116 8
Brohol 820
16721 Oct 1990 (21.27) 0.9 0.231 9
11715 Dec 1990 10.80 0.9 g.272 1
‘Hean{Brohol) k=10.2
Mean(A11 Station) : Runoff Ratio f- 0.26

note : ( ) is not inciuded at calculation of mean value
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Table 5-8  DAILY RAINFALL IN NOVEMBER 1990 FLOOD

Dai1y=Raihfail {rm)

Kind Station Nov.24 “Nov.25 Nov. 26 Nov.27
Mannual
Gauge N0 1.01 47.0 0.0 60.0 0.0
ND 1.03 16.0 1.0 88.0 3.0
{by RISPA) NO 1.05 28.0 0.0 26.0 0.0
NO 1.07 78.0 6.0 62.0" 1.0
N0 1.08 15.0 5.0 26.0 0.0
NO 1.09 30.0 3.0 51.0 0.0
N0 1.1t 55.0 0.0 58.0 - 0.0
ND 1.15 0.0 135.0 8.0 0.0
HD 1.16 23.0 0.0 17.0 0.0
N0 1.17 98.0 5.0 23.0 0.0
MO 1.18 13.¢ 20.0 © 0.0 - 0,0
ND 1.23 16.0 9.0 16.0 13.0
NO 3.03 16.0 1.0 - 88.0 3.0
NO 3.06 0.0 3.0 22.0 1.0
NG 3.07 49.0 4.0 - 25,0 0.0
N0 3.08 2,0 10.0 0.0 0.0
NO 3.09 0.0 0.0 18.90 0.0
NO 3.10 0.0 310 0.0 0.0
NO 3.11 0.0 0.0 0.0 7.0
N0 3.12 210 15.0 8.0 0.0
NO 3.15 6.0 2.0 " 15.0 0.0
N0 3.18 17.0 2.0 50.0. 0.0
NO 3.21 6.0 7.0 0.0 0.0
hD 3.22 5.0 41.0 0.0 0.0
NO 3.23 0.0 82.0 - 28.0 0.0
NO 3.24 5.0 0.0 11.0 0.0
THO 3,27 36.0 6.0 30.0 0.0
ND 3.29 7.0 0.0 0.0 0.0
N0 3.31 0.0 . 40.0 0.0 0.0
ND 3.32 0.0 25.0 0.0 0.0

Automat ic Gauge

(by PHG) Sampali 72.5 6.0 26.2 0.0:
(by JICA) T.Horava 2.0 hl.5 26.2 1.0
{( -do- ) Kutajurung 0.5 41.5: 5.5 15.0

Note ; 1 day = 7:00 to next 7:00

Table 5-9  RESULTS OF PARAMETER ANALYSIS ON
NOVEMBER 1990 FLOOD

-~

(Parameters in Storage Function)

_ o .. Runoff Time
Catchment Date Storage Coefficient Ratic Lag
River Station  Area(kmZ) of Flood K P f Ti
: “(hr)
Deli Simeme 158 24721 Nov 1990 3.5l 0.8 0.355 22
River
Percut  Tembung 171 24727 Nov-1990 100.75 1.0 1.0 28
River
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Table 6-2  EVAPORATION LOSS

(1) : (2)
Month Pan Evaporation . Hodifted
(irm/day) Evaporation
{rm/day)
1 Jan. 3.8 2.66
2 Feh. 4.5 3.15
3 Har. 4.5 - 315
4 Apr, 4.7 ©.3.29 -
5 May 4.6 13,22
6 Jun. 4.7 3.29
7 Jul. 4.5 N
8  Aug. 4.8 - 3.36
9 Sep. 2.1 2.87
10 Oct. 4.0 2.80
11 Nov. 3.9 2.73
12 Dec. 3.4 2.38
Total 1,565 mn/year 1,100 mm/year

Note : (1) = Mean value of recent 10 years:-at Sampalj
{2} = (1) x 70%

Table 6-3  PARAMETERS IN TANK MODEL

Tanjung Tebing

Kampung o . Pulau

Symbol  Unit Lalang - Simeme Heivetia  Horawa. Tinggi Tagor

al 6.30 630 . 0.30 0.30. 0.40

Upper al -0.20 0,20 same as . 0,20 0.26 .. 0.10
Tank a? 0.10 0.20 S 0.25 0,10 0.05
Al nm 100 160  Simeme 100 100 159

A2 mm 10 10 10 20 50

initial Xt omm 0 0 ¢ . -0 0

b0 0.15 0.15 ) : 6.20 - 0.08.  0.10

Hiddle bl 0,05  0.05 same as - 0.08 0.05 0.05
Tank b2 0.03 0.02 ' 0.03 0.02 0,03
B1 m 100 100 Simeme 100 160 100

B2 mm ] 0 : ¢ - 0 0

initial X2 mm .0 L 0 Q- 0

c0 0 - 0 @ 0 o

Lower cl 0. 0 same as G -0 0
Tank c? . 0.002 0.002 0.002 6.002 0.603
C1 e .0 0  Simeme 0 0 0

ce TN 0 0 0 .0 g1

initial X3 mm 1000 1500 1500 1000 1500
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Table 6-4  COMPARISON OF FLOW REGIME BY CALCULATION AND OBSERVATION

mi/s/fkin2

Station Flow Regime {m3/s)
{Catchment Kind of Period
-Area) - Data :
Max 25% 50% 80% 5% 99% Min Mean

Kampung Observation ~ 1980 - 87 © 41.60 14.10  9.06 5.52. 3.54  3.02 2.43 11.30
Latang Calculation -do- 47.70 9.84 6.57 5.38  4.86 4.60 4,51 8.76
(254 km2) -do- 1969 - 88 41.50 9.60 6.51 5.28 4.75 4.50 4.40 8.59
© m3/s/km? -do- . 0.163 0.038 0.026 0,07t 0.019 0.018 0.017 0.035
_ Observation 1980 - 88 31.80 10.10 6.92 4.88 3.81 3.43 3.14 8.36
Simeme . Caleulatfon  =do- 35,30 8.21 65.21 4.27 3.86 3.69 3.62 7.10
{158 km?) ~do- 1969 - 88 33.60 8.07 5.30 4,34 3.91 3.7 3.68 7.13
m3/fs/km2 ~do- 0.213  0.051 0.034 0.027 0.625 0.024 0.023 0.045
Observation 1980 --88  71.50 20.70 14.50 10.10 7.52  6.73  6.47  17.20
- Helvetia Calculation ~tlD- 74.30 13,90 9.19 7.50 6.75 6.45 6.32 12.80
(341 km2)  -do- 1969 - 88 67.50 . 14.30 8.71 . 8.02 7.23 | .6.92 6.78 13.30
) oo m3/s/km2’ - -do- 0.198 0.042 0.028 0.024 0.021 - 0.020 0.020 0.039
Tanjung Observation 1972 - 78 109,60 16.30 11.10 7.66 5.9 5.10 4,70 14,70
© Morawa - Calculation ~do- 64.90 - 10.60 6.68 5.53 5.04 4.03 4.74  10.30
(250 km2) m3/s/km2 1969 - 88 75.80 13.50 8.01 6.53 5.93 5.71 5.61- 12.20
~do- 0,303 0.054 0,032 0.026 0.024 0.023 0.022 0.049
Tebing Observation 1977 - 86 132,60 49.50 36.00 25.00 19.90 13.10 17.40 40.60
Tinggi Calculation ~do- 145.60 43.60 34.40  28.40 25.70 24.50 24.10 39.80
(919 km2) _ ~do- 1969 - 88  136.00 "43.50 34.80 28.60  25.90 24.70 24.20 39.70
m3/s km? ~do- 0.148 0.047 0.038 0.031 0.028 0.027 0.026 0.043
PuTau - Observation 1972 - 88 134,60  56.20 48.50  40.90 36.90 34.90 31.90 51.10
Tagor -Calculation ~do- 130.80 6£1.20 50,60 41.20 36,00 34,00 33.20 53.60
{1031 km2) ~do- 1969 - 88 140,50 65,50 54.20 44.70 38.70 36.50 . 35.70 57.80
=do- 0.136  0.064 0.053  90.043 0.038 ¢.035 - 0.035 0.056
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Table 6—6(.1/3) ~FLOW REGIME BY RUNOFF ANALYSIS

4.34

. Flow Regime - by Tank-Medel Calculation (m3/s) Annual
Station Year Rainfall
' {mm)
Max 25% 50% 80% gh% 99% tin Mean

1969  35.03 11.05 6.74 5.13 4.44 1,28 8,24 8.85 2,386.3
19720  27.66 8.84 6.63 5.53 4,86 4.63 8,54 8.24 2,0569.5
197217 - 37.82.  11.40 8.02 6.68 6.29 -6.01 5.87 10.10 2,339.8
1972 29,17 . B8.25 6.17 4.96 4,13 4,20 4.12 1.73 1,918.2
1973 36.53 8.47 - . 5.66 4,55 3.96 3.77 3.69 7.44 2,051.6
1974 32.93 8.82 = 6.25 5.44 5.00 4.77 4,66 8.40 2,042.2
1975 32.82 8.84 6.00 4.84 4,50 4,22 §.12 8.14 2,236.4
Kampung 1976 -32.38 g.12 6.15 5.03  4.50 - 4,23 4,17 8.08 2,066.0
- Lalang - 1977 .49.35 3.08 5.75 4.39 - 3.60 3.23 - 3.13 8.33 2,209.3
A=254 km2 1978 52.28 13.08 7.83 5.75 §.20 £.04 4.83 11.15 2,780.9
1979 37.73 10.01 7.44 6.33 5.74 5.55 5.46 g.43 1,920.3
1980 39.51 11.0% 6.50 5.25 4,58 4.32 4.23 g.27 2,521.5
1981 .- 4i.81 12.15 7.82 - 6.26 5.68 5.33 5.21 10.41 2.381.7
1982 - 48.3) 9.60 7.20 6.13 5.75 5.52 -~ 5.40 8.89 2,138.4
1983 29.92 - 10.08 7.13 6.05 5.41 5,12 - 5,03 g.06 2.048.2
1984 33.70 10.49 6.96 6.14 5,78 5.48 5.38 9.34 2,208.9
1985  36.34 2,31 5.88 4,82 4,22 3.92 3.83 8.14 2,087.6
© 1986 39.17 7.83 5.68 - 4,89 - 4,34 4,09 - 3.98 7.54 1,767.3
01987 112,79 8.19 541  3.49 3.13 3.05 3.00 7.39 2,180.5
1988 45,32 6.24 4.93 - 4.00 3.49 3.25 3.16 5.87 1,685.6
Hean 41,50 9.60 6.51 - 5,28 4,75 4,50 4.40 8.59 2,151.6
1969 40,22 11.46 © 7.07 5.72 5.20 5.01 - 4.92 9.53  2,971.8
1970 33.84 9.90 6.48 5.50 4,06 4.82 4.69 8.67 2,698.6
187t = 33.55 13.27 2,13 7.08 6.08 5.93 5.83 10.94 3,476.4
1972 - 27,12 6.72 5.84 5.16 4,71 4.45 4.37 6.93 1,996.6
_ 1973 28.58 6.92 4.56 3.80 3.33 3.18 i1 6.41 2,379.8
- Simeme 1974 29.99 5.60 4.46 3.83 3.53 3.43 3.36 5.70 .1,941.1
A=158 km2 1975 22.06 5.47 - 3.47 2.87 2.66 2.58 Z2.49 5.07 2,212.3
1976 .. 37.63 7.03 4.32 1.4 3.14 3.06 3.00 6.39 2,547.1
1977 27.12 6.98 4.29 3.14 2.74 2.49 2.43 5.99 2,223.3
1978 36.26 . 6.90 4.74 3.9% 3.65 3.43 3.34 6.48 2,413.1
. 1879 . 37.56 7.22 4,66 3.85 3.52 3.46 3.40 6.67 2,100.4
. 1980 38.48 10.06 5.57 4.13 3.74 3.60 3.50 7.85 3,011.8
- 1981 27.43 - 7.91 5.64 4.89 4.43 §.27 4,16 7.25 2,262.9
1982 29.53 6.87 4.68 4,10 3.77 1.67 3.60 6.31 2,340.2
1983 - - 36.87 6.50 4.41 3.35 3.03 2.93 2.88 6.12 2.298.3
. 1984 28.74 8.84 5.63 4,01 4.74 4.58 4.48 7.58 2,675.8
1985  49.90 §.28 5.30 4.55 4,08 3.91 3.87 7.35 2,554.5
1986 - -27.64 °  7.43 - 4.77 4,08 - 3.45 3.12 3.06 6.40 2,238.8
- 1987 46.18 3.09 4.86 3.87 3.55 3.42 3.37 7.14 2,654.9
1988 - 33,33 9,93 6.05 4.52 3.98 3.73 3.64 7.87 2,878.8
Mean  33.60 8.07 5.30 3.9 3.7% 3.68 7.13 2,508.0
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Table 6-6(2/3) FLOW REGIME BY RUMOFF:ANALYSIS

Flow Regime by Tank-Model Calculation {m3/s) Annual
Station Year : ) ) ) Rainfall
: _ . ()
Max 25% 5% 80% © 9R% 99% Hin - Mean

1969 62,40 19,52 14,15 - 11.40 10,24 9.90 “6.62 17.84 - -2,538.9
1970 67.35 17.31  11.71 9.61 - 8.76 ‘8.40 - B.17 15.69 2,428.2
1971 57.23 22.23 14.13 12.13  10.75 - 10.38 10,12 18,49 2,898.4
1972 49,32 13.20 10.72 9.29 ' 8,12 7.68 7.55- 13.07 1,992.1
1973 71.40 - 14.19 8.81 7.38 6.62 6.23 6.14 ~.13.03 2,416.3
1974 52.15 12,98 - 9.72 8.65 8.2 - 7.86 0 7.88 - 12,80 2,035.8
1975 62,65 12,73 7.81.  6.59 5.93 5.68 .5.61 - 11,50 ' 2,265.5

‘Helvetia 1976  49.24 12.52 8.54 7.20 6.56 5.37 6.30 ' 12,08 - 2,197.4
A=341 km2 1977  60.40  12.00 8.03 5.90 4.86 - 4.38 425 11,50 2,137.3
1978  77.3%  13.19 .17 7.46 6.01 - 6.77 - 6.62 12.96 - '2,356.3
1979  72.21° 11.85 - 8.65  7.34 6.82 6.60 ‘6,42 12,22 2,105.3
1980 .89.28  16.06 8.87  6.75 6.25 6.05 .- 5,90 . 13.60 2,634.9

1981 59.66  12.78 9.65 8.21 - 7.25 6.85 6.66 ° 12.66 2,042.7
1982 65.91 11.58 8.16 "6.90 6.22  6.08 : &.00 11.37 2,191.1
1983 £6.83 11.56° ~ 8.32 6.39 - 5.78 5,48 ‘5.36 . 11.65 ~ 2,025.8

1984  68.92 © 13.71 9.35 8.23 7.87 1,10 T 7.57 - 12.67 2,287.4
1985 60,28 13.42 8.83 7.39 6.66 = 6,37 6.24 12.60 2,286.2
1986 66.44  14.08 9.29 ' 7.81 '6.63 - 5.95  5.84 - 12.73  2,260.6
11987 112,72 14.33 9,21 7.19 6.63 6.46 - 6.40 13.37 - 2,432.6
1988  69.53 17.08  11.04 8.67 7.49 . - 7.08 6.93 14.80  :2,642.5

Hean 67.51 14.32 9.71 8.02 723 6.92-- 6.8 1331 o 2,308.0
1969 101,22 19.25 - 9.94 _ 7.81 7.12 6.95 6.83 15.83 3,231.5
1970 69.59 15.93 9.52 - 8.33 - 1.54 7.24 . 7.14 14,69 2,853.2

1971 7100 24.90 - 14.60 1063 ' 9.15  8.92  8.80 ' 19,39  3,855.8
1972 63.40 10.58  9.25 8.9  7.51  7.22  7.00  11.66 = 1,985.9
1973 53.28 11.66  7.02  5.91 5.4  5.00 - 4.94  10.89  2,361.9

Tanjung 1974 - 70.29 1.75 6.25  5.29 4.86 4.7 J4.61 - 6.03 0 1,909.3
Horawa 1975 48.55 8.71 4.92 4,07 - 3.9 3.64 - -3.50 BB - - 2,197.0
A=250 km2 1976 92.75 ~12.00 6.17 4.80 4.42 - 4.28 4.18° 11,12 2,767.5

1977  57.06 11.53 6.26 a4.77 4.26 '3.97 3.88 10.19 = 2,306.6
1978 68.76 11.63 6.92 580 . 5.33 5.01 491 10.76 2,469.8

1979  73.44 1205 7.05 5.76 5,27 516 - 5.02  11.39  2,551.3
1980 80.56 18,30  8.87 6.34 5.86 5.60 550 13.91  3,23%.5
1981  50.38  13.99  8.52 7.62 7.02 6.82 . 6.72 1239 2,397.0
1982 73.12  10.61  7.35 6.48 6.11 5.94 584 10.89 - 2,420.2

1983 100.58 11.30 6.84 '5.33 4,76 4.63 4,56 10.79 2,842.5
1984 63.86  15.04 8.84 7.62 L7190 6.9 6.81 - 13.30 2,892.7
1985  139.59 13.90 . 8.35 7.17 6.54 6.23 - 6,12 ©13.01 . 2,711
1986 67.95 10.42 7.05 " 6.17 5.32 4,92 - 484 710,70 2,239.0
1987 97.71 13.58 7.27 “5.82 . 5.4 5.27 - 5,20 - 12,47  2,Bi4.1
1988 72.55 17.49  6.12 6.86 " 6.00 5,70 ©5.61 - 13.30 3.01i.4

Hean 75.786  13.53 - 8.01 6.53 893 ¢ 5071 "5.61.-‘: 12.19 2,632.6
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Table 6-6{(3/3)

-FLOW REGIME BY RUNOFF ANALYSIS

_ Flow Regime by Tank-Model Calculation (m3/s) Annual
“Station Year : Rainfall
{m)
Max 25% 50% - 80% 95% 99% Min Mean
1969  161.71 47,06 31.64 21.41 18.81 17.41 17.11 39.82 2,996.1
1970  132.90 38.46  31.82 26.79 25.07 23.73 23.41 35.64 2,123.6
1971 103.62 46.41  39.80  .35.11 31.65 29,40 27.56 44,18 2,882.8
1972 84.41 35.50  30.55 26.01 23.18 22.63 21.87 32.60 1;820.3
1973 139.23 39.95  29.28 24.60 22.73 21,32 20.89 35,80 2,587.2
1974 128.36  42.73  36.13  31.21 28.81 22.777 2.3 40.35 2,324,4
1975 81.29 38.76  32.66 27.86 25.65 24.03 23.55 35.42 2,372.4
" Tebing 1976 147.72 40.50 - 33.97 27.25 24,99 23.87 23.41 38.43 2,520.4
- Tinggi 1977 - 135.28 36.61  28.96 25.65 22.82 21.22 20.81 34.13 2,155.3
A=919 km2 = 1978  101.80 30.98  32.87 27.77 25.61 24.18 23.73 37.12 2,271.4
T 1979 220,48 42.84  31.71 25.28 22.67 21.79 21.60 39.12 2,588.8
1980 146.72 46,30  33.06 25.98 22.91 21.50 21.18 38,91 . 2,503.4
1981  197.76 47.24  36.51  30.89 28.48 27.83 27.50 44,09 2,488.1
1982 114.99 45.44  36.82 28.71 26.21 24.93 24,17 40.77 2,583.3
1983  156.94 43.34  33.51 27.41 24,42 23.25 22.96 39.98 2,407.5
1984 126,72 45.01 . 37.25 33.72 30.98 29,49 28.82 42.18 2,456.3
1985 = 129.00 41,5  33.85 28.11 25.90 24.14 23.86 38.44 2,387.2
1986. 125.82 46.26  38.94 30.19  ?7.25 26.43 25,86 42.80 2,707.9
1987  170.11 52.86 - 43.22 32.81 27.65 26.91 26.25 47.89 2,948.5
1988 - 115.62 51,17 43.10 36.04 32.94 31.62 30.60 45.70 2,733.8
Mean 136.02 43,46 .34.78 28.64 25.94 24.67 24.15 30,72 . 2,497.4
196%  219.14 86,69  63.08 52,20 6.78 43.67 43.19 74.61 3,714.6
1970 172.87 78.90  64.99 57.21 50.30 47.09 46.06 70.78 3,134.8
1971 193,23 104,34 95.25 83.58 65.68 61.27 59,01 99.28 1,601.0
1972 - . 107.83 68.49 = 60.99 51.41 46.75 54.46 43,98 61.69 2,031.8
- 1973 117.60 52.87 4342 36.16 30.94 28.87 28,29 46.67 2,535.7
- -Pulay 1974 . 108.51 49,79  41.64 34,07 30.37 29.06 28.38 43.68 2,075.4
© Tagor 1975 71.82 40.83  33.08  26.79 24.53 23.26 22.60 35.67 2,260.3
" A= 1,031 km2 1976. 146,41 61,60  46.42 34.59 30.63 29.27 28.65 51.90 3,207.9
1977 117.06 65.08 48,31 37.43 32.50 30.73 36.35 53,12 2,643.6
1978 120.30 “60.89  53.55 46,10 40.77 37.33 36.42 55.58 2,653.7
197 137.79 58.63 . 28.07 38.64 33.61 32.27 31.80 51.99 2,649.2
1980 151,07 72,92 G0.35  44.92 39.60 37.38 36.56 62.64 3,550.0
1981 108.47 71.08  60.33 53.34 16.87 . 45.29 44,18 63,32 2,570.8
1982 137.76 ‘55,56 46,43  41.43 38.10 35.92 34.78 50.01 2,485.5
1983 150.39 55.47  41.42 30.78 25.51 24.61 23.85 45.57 2,646.3
1984 135.87 .  67.86 58.34 50.97 146.38 43,72 41.90 61.95 3,103.4
1985 211.70 62,53 65,72  45.52 41.29 39.14 38.15 58,78 2,904.7
1986  120.11 - 56.88  46.16 38.02 30.40 27.95 27.14 48,52 2,337.6
1987 153,80 68.06  53.99 43.76 34.76 32.94 32.23 58,72 3,187.8
1988 127.48 73.26  60.61 26,38  38.90 36.45 35,47 61.72 3,180.6
Mean  140.47 65.54  54.15 44,67 38.71 36.53 35,70 57.82 2,868.7

HY-53



Table 7-1  PROBABLE FLOOD DISCHARGES AT SPE_CI_FICi RIVER POINTS

River Divided Catchment Point . Calculated Peak Discharge (m3/s)
Basin Area HUmbBY | s et e -- . S
{km2) in Hodel 2-yr, 5-yr. 10-yr. 20-yr. 30-yr.. 50-yr. 100-yr.

B1 76 .2 101 135 158 182 196 212 234

Belawan B1-B2 141 8 154 210 249 206 309 335 370
-B1-B3 209 11 239 322 382 437 472 510 562

B1-B4 254 15 245 333 401 164 503 548 607

B 15 17 11 15 18 20 22 .23 26

B6 126 2 95 . 126 148 169 182 197 217

B7 ‘ 223 .29 167 223 262 300 324 360 387

B8 29 27 - 22 29 34 39 - 4z - 45 51

B1-BB 647 28 © 245 - 333 401 464 . 503 548 607

D1 93 2 102 139 163 189 " 202 219 244

Deti - D-p2 -~ 158 7 154 211 247 . 287 307 332 369
0-n3 202 i1 o159 219 256 . 295 - 315 3400 379

D4 99 13 111 149 172 0 198 211 28 . 252

DI-D4& n Mmoo 249 348 - 412 482 = - 518 ‘564 632

b5 40 16 51 69 . 81 94 100 109 - 121

D1-D5 it 17 2 384 453 -529 567 017 689

06 17 19 .20 28 33 37 40 - 44 - 49

D1-D6 358 21 - 246 - 350 414 482 515 565 646

Percut Pri 105 2 124 164 190 214 228 247 272
Pr1-Pr3 186 i1 141 - 187 1223 258 279 ‘300 340

. 51 159 2 130 - 161 . 182 2000 211 - 225 246
Serdang  S1-52 262 7 183 - 230 - 261 289 306 326 357
53 a3 10 : &9 86 - 97 107 <113 121 132

st -18% . 12 . 186 192 216 238 251 267 292

53-54 272 13 219 272 306 336 35 0 378 413

S5 71 15 59 73 83 91 96 103 112

§3-55 343 16 274 339 381 419 443 471 514

S6 66 19 54 . 67 75 83 88 93 102

$3-56 409 20 - 299 377 428 473 502 - 536 588

51-56 671 21 469 589 672 746 793 849 934

yi-u2 446 5 209 287 340 -3 422 461 510

Ular u1-u3 500 9 -219 303 361 417 450 492 546
U4 73 13 34 .47 55 .~ 63 - 68 74 - 82

U1-Ug 573 . 14 219 % T 1] | 464 . 502 54% .. 610

U5-UG 294 20 126 176 208 239 259 283 | 315

u7 134 - 22 62 86 101 117 126 =137 152

us-u7 428 23 187 258 307 355 :383 420 .. 466

Us5-U8 440 28 191 265 315 362 9 427 o a74

ul-us 1013 29 430 597 710 " 818 883 964 1067

U9 68 -31 31 43 51 59 64 69 77

U1-u9 1081 13 430 597 ‘710 - 818 883 - 964 1067

Btl 64 2 31 39 45 51 55 - 59 65

Belutu Btl-Bt2 72 7 34 44 - .50 57+ 761 66 - 72
Bt1-Bt3 128 11 . 5l 66 76 86 - 92 g0 - 109

Btd 96 13 : 48 61 70 79. "84 - 91 59

Bti-Bt4 224 14 93 - 120 138 158 169 183 201

Bt1-Bth 257 - 18 “102 131 - 151 172 :184 201 221

BiS 166 20 .83 106 122 . 138 96 158 173

Bt1-BthH 423 21 170 220 . 254 289 308 334 368

Bt7 7 24 38 48 55 63 LTS 72 79

Bt1-Bt7 500 .25 170 220 254 289 308 34 - 368

p1-p2 370 5 229 - 305 355 407 434 470 519

Padang P1-P3 414 10 240 323 378 433 .- 463 502 -554
P4 110 12 70 94 109 126 134 . - 145 160

P1-P4 524 13 301 405 - 473 542 578 627 691

P5 121 16 75 100 117 134 143 155 172

P5-P6 235 20 112 153 181 209 224 244 271

P1-P6 759 21 385 525 616 712 766 838 933

P? 61 23 38 51 60 68. 73 79 88

Pg 99 26 62 a3 97 111 118 128 142

Pi-p8 919 27 385 525 616 712 766 838 933
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- SUPPORTING REPORT
GEOLOGY
1. INTRODUCTION

The geological study is cariied out in two investigation stages to know ihe topographicat and
geological conditions of the study area and the possible sites for structures.

The first stage mainly consists of surface exploration in the whole stitdy area and in places related
to structural measures for flood control and water supply plans, using published topographic maps of
1/50,000 scale and geological maps of 1/200,000 scale.

The second stage consists of detailed geotechnical investigation with drilling and laboratory tests.
Priotity ‘areas for urgent project sites such as the Lausimeme dam site, Medan floodway and river
improvement courses are studied from the geotechnical point of view.

The resulis ‘of the geological study are presented in this report in the following order, inclusive
of data ‘of drilling logs: - - - : -

(a)  Geological Condition in the Study Area

(b)  Geological Condition of Possible Structure Sites
(¢) Geological Condition of Proposed Structure Sites
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2. GEQGRAPHY OF THE STUDY AREA

21  Topography

Topography along the upper reaches of the Ular River consists of a plateau (Toba Plateaun) at
an elevation of 1,000 to 1,300 m, while that along the upper reaches of the other rivers in the study area
stems from a volcano at an ¢levation of 1,500 to 1,900 m which erupted before the formation of Toba
Platean. Toba Plateau and the piedmont of the volcano are at an elevation of about 1,000 m.' The
areas between this elevation and eastern lowlands are hilly lands with a gentle slope of about 5° and a
still gentler slope of about 1° ' '

Among these topography, the hills which account for a inajor part of the study area were formed -
by accumulated pyroclastic flow during the transformation of Toba Caldera from the old geological
formation consisting of a Paleozoic system, a Mesozoic system and a Tertiary system.- Some volcances
that erupted afier the formation of Toba Caldera are observed in the steep mountains on the waest side
of Toba Plateau. ' '

The area in the sea side at an elevation of up to 50 m is flat land called castern lowlands, which
is an alluvial plain formed through sedimentation from rivers. Near Medan City, however, there is a
diluvial upland composed of sand and gravel. Topography of the study area described above is_éh'owu
in Figs. 2-1 and 2-2. |

22  Geology

A major part of the study area is covered with volcanic soils. These volcanic soils came from,
in chronological order, the Takur-Takur- Simbolon Centre, the Toba Centre and the Sibayak Centre,
and were formed during the Plio-Pleistocene and Pleistocene-Holocene. The major component of
volcanic soils is Toba tuff consisting of pyroclastic flow deposits during the formation of the "Toba
Caldera, '

At some places on the west side of the steep mountains, Bruksah Pormation is observed.
Distributed next to Bruksah Formation is Mendem Microdiorite, intrusive. The area around Medan City
is diluvial upland consisting of the Pleistocene Medan Formation, while the eastern lowlands facing the
Strait of Malacca is compesed of Holocene alluvium, The formation of these layers is shown in Fig. 2-3.

Alluvium and Medan Formation are composed of gravel, sand and clay. Unlike Alluvium, Medan
Formation also contains boulder gravels and has been slightly consolidated, This formation is about 30

m deep,

Bruksah Formation, which is a group of layers of sediment; has been consolidated and is
composed mainly of micaceous sand stones and basal conglomerates. Among. the volcanic soils
mentioned above, Sibayak Volcanics and Takur-Takur-Simbolon Volcanics are compbscd mainly of
andesite, andesitic pyroclastics, dacite and dacitic pumiceous pyroclastics, while Toba tuffs' are
pyroclastic flow deposits produced during the formation of Toba Caldera and are composed of
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unwelded and welded tuffs. The layer of this welded tuff is roughly 50 m deep. The lower part of the
layer has been welded, and columnar joints which have developed as cooling joints are observed there,

These layers overlie Tertiary, Mesozoic and Paleozoic sediments, metasediments and intrusives,
This ‘region, however, is largely covered with volcanics, and therefore distribution of the above

formation cannot be confirmed.

The geological formation ‘of the study area is shown in Table 2-1 and Fig, 2-4.
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