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1. Climate

Climatic conditions in the basins were characterized using meteo-
rological data such as temperatures, relative humidity, rainfall,sun-
shine hours, wind speed and evaporétion in the stations of Sei Dadap
in lower plane area and balige in mountainous area as shown in table
A-1. Not so much fluctuations except that For rainfall depths ave
recognized through a year. It seems that the basins have been experi-
enced one or two peaks in rainfall depths. In rainy season which is
appeared in September through December, the maximum rainfall depths

are observed.
2. Rainfall

There are about 80 rainfall stdations mostly established by PMG,
RISPA and DPU as shown in Fig.A-1. All periods of available records at
those stations ave shown in Figs.A-2 and A-3. It shows that some of
daity rainfall records were lost even though moanthly records at the

same period is still kept by them.

In order to kﬁow the local distribution of annuval rainfall, an
area-wise isohyetal map of annual mean rainfall depths covering the
study area was prepared as shown in Fig.A-4, It explains general trend
in the study avea that rainfall depth increases gradually from coastal
area of about 1500 mm towards mountainous area near the Tangga dam of
about 4000 mm, It decreases in reverse to 1500 mm through 2000 mm
around Lake Toba. Although it is recogoized that the maximum value is
recorded at the mountain slope of outside of Lake Toba, range of the
' heavy rainfall is still unknewn because of thin observation net-work
compared with that in the lower area. Local distribution of annual
rainfall seems to be the same as that of heavy rainfall during flood

times.,

Typical annual rainfall pattern from 8 stations is shown in Fig.

A~5. It gives longitudinal change of the pattern in the Asahan river
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basin from the coast facing the Strait of Ma[acca'to the mountainous
area near Lake Toba. It also shows that the basin receives much rain-
£all from September to December, Although the secondary peak appeérs
in March through May, it is not so doainant near Lake Toba. Oa the
other hand only one peak is observed in the coastal zome. The annual
pattern of rainfall coincides with that of flood occurrence through a
year. _
Probable ane day rainfall depths were calculated by the Gumbel
method on the basis of the estimated annueal maximum basin rainfall,

which is shewn in Table A~2, with regard to Pulau Raja, Kisaran, Tanjung
Balai, Teluk Binjai and Tanjung Tiraa stations. The results are shown in
Table A-3 and Fig.A-6. The annual maximum two day rainfall is also

shown i Table A-2 and Fig.A-h for the refereuce.
3. Stream fiow

There are water level records from gaging stations in the Asahan,
~Silau and Kualuh rivers, and also lake Toba. Their locations are shown
in Fig.A~7. At present 9 gaging stations are being operated by both
DPU and INALUM on a hourly-basis except Kisaran station which still
continue thrice~daily staff gage readings at every 7:A.M., f2:1A.M. and

S:P.M. Existence of water level records is shown in Fig,A-8,

Collection of water level records at Pulau Raja, Kisaran and
Pulo Dogom stations of the Asahan, Silau and Kualuh river basins were
completed by the end of 1984. 1In addition discharge measurement was
carried out by the Study Team at Pulau Raja from the end of January
through the beginning of February 1985.to supplement the high water

range of the discharge rating curve. The resutts are shown below ;
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Date Water Level Discharge

(Gauge height)

. (m) {cms)
Jan. 31 '85 2.73 . 202
Feb. 1 '85 2.58 230
Feb. 1 '85 2.52 212
¥eh., 2 '85 2.28 201
Feb, 2 85 2.20 171

Biéchatge'rating curves at the stations were newly revised by use
of both measurement records and hydraulic calculations based on river
cross sections surveyed by DPU. The cross-scctions of the said three
stations during dischatge measurement since 1980 were compared to
examine their fluctuatioins as shown in Fig.ﬁ-9. It reveals that they
have not suffered so much changes. The discharge rating curves are shoun

in Fig.ﬂ"’o.

Daily water level records from the stations were converted to
daily stream flows by use of the rating cufves. The monthly mean dis-
charges at those stations are shown in Table A-4 and Fig,A-11,

Usually high water flow is observed in September through January or
Pebruary, and alsc in May or Jume. In August in general, the discharge

decreases to the minimum about a half of that in May or June,

Monthly mean discharge at Pulau Raja from residual area excluding
upstream catchment area of Lake Toba was also estimated as shown in
Table A-5, which.was supplemented by use of correlation between dis-
¢harges of the Silau river measured at Kisaran and the residual area are

shown in Fig.A-12,
4. Tide

Records of tidal fluctuation at Kuala Tanjung and Bagan Asahan,
which are located in 3°-22'N and 99°-28'E, and 3°-01'N and 99°-52'E

.-A'a_



facing to the Strait of Malacca respectively, were collected by the
Study Team until the end of 1984, The records demonstrate double day

‘tide, They were arranged in Table A-6 and Fig.A-13 being summarized

below ;
(EL.m)
Station HHL MHHL MSL . MLLL LLL
Kuala Tanjuang 1.64 0.85. 0.0 -0.86 -1.87
Bagan Asahan 2.25 1.7 ¢.0 -1.16 -1.75
where , HHL 1 Higher High Level

MHHL ¢ Mean Higher High Level
MSL  : Mean Sea Level

MLLL ¢ Meamn Lower Low Level
LLL i Lower Low Level

"Ao4—
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Table A,2 Annual Maximum Basin Average Rainfall (1/2)

{Unit: mm)

Year 1 day Z day

T.Balai Kisaran T.Balai

_P.Raja Kisaran

P.Raja

1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978

1979

1980

1981
1982
1983

1984

Sep.28
Jan.20
Dec. 17
Nov.9

Nov. 1§
Avg.28
QOct 14

Qct .26

Oct.9
Dec. 1
Sep.29

May 21

"Feb.4

Sep.30
Dec.,21
Dec.12
Nov.3

Sep.?

May 22
Dec, 18

Dec.3

50
39
50

29

42
86
29
36
13
66
38
30
27

49

48

37

33

44

35

36

59

Sep.28
Sep.7

Dec.ﬁ

Mar.19
Sep.22
Jan. 15
Ock. 14
Oct.?I
Sep.20
Sepfﬁ

Dec.1

'Sep.29

Mar,22
Feb.4

Sep.30
Dec. 21
Nov. 19
Mar.1?
Sep, 10
May 23
Dec, 18

May 23

31

77

35

38
37
59
44
21
36
34
39
47
45

Qet. 17
Sep.30
Dec.6

May 20

 Jun.19

Jan.15
Oct. 14

Oct.26

Sep.20

‘Sep.6

Dec.26
Jun.24
Apr.21
Jul;6
Sep.30
Oct;|3
Nov.12
Aug.6
Nov, 17
Aug.24
Sep.9

May 11

24

37

32

24
33
34
39
25
22
28
42

26

30

27

37.

22

28

27

32

29

23

24

Sep.28

Mar.4

Dee, 17

May 21
Sep.22
Oct. 31

Qct.15

:Oct;7

Feb.23
Sep.b
Dec.27
Dec.30
Mar.22
Feb,5
Oct.2

May 21

Jun.12

Aug.7
Sep.?
May 23
Jun. 18

Jan.25

53

58

56
51
68
47

102
38
71
60

122
66
61
43
73
52
41

53
61
44
51

63

Sep.28
Jan.20
Dec.6

Oct.8

“Nov,30

Jan.16

Oct.14
Oct.7

Jan, 5

Sep.6

Oct.21
Jun.24
Mar,22
Sep.23
Sep.30
Déc.Zl
Nov. 14
Dec. 10
Sep. i1
Nov.1

Sep.10

Sep.15

58
76
57
50

63

51
54
58
84

69

62

63
74
52
40
47
61
41
78

78

Oct . 18
Oct, 15
Dec.6

May 20
Nov, 30
Jan.16
ch.l&
Qct.26
Sep.20
Sep.b

Deé.27
Dee.30
Apr.22
Sep.28
Oct.t

Oct. 13
Cct.18
Aug .6

Sep. 11
Oct.31
Sep.10

Feb.t

33

44

37

34
41
45
s4
35
41
37
60
28
35
36

48

30

31
29
38
32
28

29
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Table A.2 Aanval Maximum Basin Average Rainfail (2/2)

(Unit: mm)
Year I day
. T.Binjai (Xualuh R.) T.Tiram {Kiri R.)

1963 Dec.3 44 Sep.28 30
1964 May 14 45 Oct. 14 22
1965 May 21 42 Dec,13 26
1966 Mar.21 44 Oct.3 22
1967 Sep.22 34 Oct.12 26
1968 ' Jul.20 21 Oct, 29 26
1969 Oct.14 40 Oct. 14 35
1970 Dec,25 32 Nowv.5 15
1971 Feb.23 50 Sep.20 14
1972 Dec.4 29 Sep.6 19
1973 | Oct.21 57 Dec. 14 23
1974 Dec,29 38 Feb.4 23
1975 Sep.27 29 Dec.3 29
1976 Nov.3 25 Jul.b 30
1977 Feb.8 29 Oct 10 25
1978 Feb. 14 27 Apr.16 30
1679 Sep. i1 26 Jul.1i 36
§980 Oct.5 30 Oct. 10 35
1981 Nov.23 | 38 Oct. 16 29
1982 Mar.29 34 Apr.28 25
1983 Sep.13 36 Sep.9 24
1984 Jan,23 38 Apr.8 39

-.A.7..



Table A.3 Probable One Day Rainfall

' ; : - {Unit: mm)
Return Period P.Raja Kisaran T.Balai T.Binjai T.Titam
{yr) Asahan R.  Silau R.  Asahan R. Kualuh R, = Kiri R.
100 103 9 Y 64 46
50 92 32 47 60 43
30 84 76 44 56 40
25 80 73 43 55 39
t5 72 66 &1 52 37
10 66 61 38 49 35
3 54 51 34 44 32

2 37 37 28 36 27




(67€9)

2719 L°E8 S°08 0° 8L 0°¢9 % 9% 6°9% AR £°69 9°%9 L798 6°8¢% 2769 TaAay
- £°¢8 879L L°69 £°TS - 9° 8% gLy Va2 104 6764 £ 96 S ve %861
1°28 6°'Z8 B8y %788 8 wL VAR L*Lhy g7 ly 17 9% L78C 0 0% 6°¢¢ Yoy £B861
FANAY 9°9¢ 0" €9 L799 £° 6% £ 8y L ey 675 L*°L6 6716 ¥ E9 £°gs 0 6y F: {3
§° 09 6 8y L%L L*L8 1*64 £°9¢ L9y 9Ly §°¢8 Lo18 gLy L76S L3¢l 1861
£°09 6°39 0°¢6 8°73 9°Ls V8L 4 87SE Lg% £Tis <08 L*8L 9" 0% €S 0g6!
6° %5 <769 ?°96 LT6S AR N 2 S A 7 68 0*sy 9*19 L7 8¢ 6'%Yy FAPAY 6261
£7eS L°0L $' %9 7769 £eY VA A Y] ¥ 68 §°0S 0" ¢% g gk 0" %S £ 08 861
v 1l9 818 g %8 81T L°6S 6" 2% L°LE 9 6% ¢ 08 £Toy 9°§% 9°2¢ 0 LL61
FA N 0*%8 A %784 7°6% 0°8¢ 9°66 %29 9° %9 Ll L*zs LU1L [1°%8 GLél
g% 1768 9°%6 g9 78 FARY:] LT hy £THe £°9S L*4g £°001 87¢€0 9 {9 L°%L L6l
- °9L L*9g 6 TL 0729 - 2°es 1796 6765 1*99 A 1°2¢ 6°Z8 wi6l
- 26l 6°1L £ 08 67LL - - £reo €09 6768 §°¢9 L°%Y 0'19 £L61
(Zwy 0501 Y NEATS) ULAPSIN ! UOIIEIS

(06%L)
87161 L7T9! vl LS A 6°LTL 0°cll £zl LSt 0°06t §° g9l il Q*wst L wSlL " 2AY
£°802 L'gst 0°Q91L 87891 L79v] 6Lyl . %7ggl L 661 £°90¢ 87142 B %22 IR NA g Lze %861
a2 2191 L*gil 7°6¢1L 8 9t! L7201 6°¢CtLlL £ %6 rAA: L6t 0768 67601 ¢ 6wl £86L
Fas-1} FAA Rt G691 9Lyl Al Z°L6 6°LOL L7161 FAR1 %3 £-9ce Vi le]! $°26 788 Z86!
- 1°801 8 €9l 6 vl 6671 - - - - - - - U061 186!
TZot Q7¢ot 6 661 g 6%l L179%1 AN B3 ®TiEl 9" /LS 0*'¢6lL £ zol L788l ARy 2! 6 sl Q861
2oLl 9 08! 0°¢gl Q°¢czt 110! ST6L L*t6 9*LT1 L L6 BTRLL L6l 6°66 0 gll 6L6!
- Yol z'iglL 6°gl! g 86 R 861l Lg% 0°ZsL 0 Lvt LTl VAFAY! - 3L61
- Q00T %061 L7891 IR 7611 STeTl T aA-4) § 085! AN - - - LL6]
(TW 98y ‘Y uryesy) evley neing : wolzeas
*9AY o9 “AON *320 *dag *3uy Anp sunp ATR »ady CaER ~qag ~qep aeaz

(s/¢w :3TUD)

(2/1) °BxeydstQ wean ATYIVOR H°V 21qEL

‘—Alg"'



(€°19)
VARR: 67 0L 8¢9 L5t 279 §U6E LUgw §°87  1°8¢ 2°¢9 L788 - 8°L§ 97 0L * Ay

6°9¢ 6718 0719 L4 grLg L7y 678y 768 8TLEE RTROL gU8e 7728 KARAT 36l
€78 97801 £74% £°9L g € s*le A Tty 0L% 44 6°0¢ 979¢ ¥ 9g 86!
6T LS $°99 £es oT08 €S vty 9° Lt 8Ly 608 $°zg 8766 8795 -2 17 286!

gtl9btLy o 969 €TL8  0T9L - 0°LT  L'8% 870§ §708 8'9S  1°%E  £°89  6°%6  1oe
£°85 €719 676§ 9°0L ST 9°0S  4°6T  Y'LY  L'wl €709 9°6L S  z'we  0gel
- t°g9 - - - - - - - - - - - 6461

(@1 9111 “~y ynieny) wmodog ond : UOI2PAS

"DAY “32q *AON . "3ID0 Lmom *3ny A1np aunp KRByl - xdy * IR *Qag e aeax

(s/gm z3tup)
(2/7) 98aryos1q uroN A1YIUOX %'V 21qQEl

- Anlo -



upIestTy Iv 22xPYdSIp ! o}
- IS
Ienalg 3¢ 231eudsip * o]
ud
eley neind 2% a8aeysstp D ¢ =10un
% I3 ud

7°0L + DGSL0= D~ 0D
- "£072¢ umoys
a>uauuoﬂmmunmuuvumcdnumﬂxummmndnUmﬂwvm>ummpo ﬁuonwommahnvoumsﬂummuummwmmguamnaanuwzmumn" wuoz

{g8°8%)

84S L 9 %L L7389 6°8S 7Ly €79y s°¢es L9 9°9s 8 ¢S s €709 *BAY
0" %L S'eL 8'89 07 gL A Y £°¢s £79f 86 ¢y 9°08 $°¢8 I°86 7361
g7 6% 6718 97 8% 9 ¢! 0°9s 270% AR:) L "8t 6°GE £°6% Ty AA eTey £86!
§°9¢ £ es S €714 A 67 %% §T0s 5796 ARE:S £°¢9 K- FAR Y 7Ly <861
£°29 L% 9 06 1784 ETE0L  (87LE)  (9°S%)  (£7°9%9) (0°SL)Y (¥'6%) (0°I%) ($°SS) {£€°59) L8611
67LS L°%9 g°toL  6°9¢ £y 7°e9 97t ¢ 6y 0°9¢L 8 yy gL STy 6Ly 086!
TS 9769 - L°06 § €S £TZe 2791 A 6°'%¢ £°9¢ 876t 0% 0L Q" vy 6461
L{°8% T4 619 gTsY i°Le 97t Ly 6°€S V7 L% L g% L{°8% 8°¢s  (¥°8%) 86!
§78¢ 7Ly 8L 8716 6°LS S gy 8T¢Y £ LY L'gy eT6e (8T%m) (V09 (TS £i61

199 (8°€L ) (5748) (9°69) (1°§S) (Z°%8) (9°$S) (S°IS) (T°6§) (L°89) (Z2°0S) (§7%9)- (6°€L) 961
6799 (L2eL7) (8718) (€°94) (9°€L) (87€%) (¥16) (#7€9) (6°€L) (1°98) (9°8S) (+°l9) (8°99) - <6l
- (6749.) (¥"SL) (1°59) (ZT°L9) - 0748)  (87Z8) (97SS) (£°09) (9°9S) (%°TL) {0°2L) 9L61L
- (©°Lst) (L799) (0°1L)  (2°69) - - (0°29) (6°§S) (T°SL) (E°8S) {(L'%%) (v79%) €61

23rvasay =22Q “AON *300 ~dag *3ny A1np sung el =ady “aew “qog uepl uwmw.

(W [6L = T2IV Iu2WDITY))
(s/¢w : atup) | |
AENITS JO WCRAISUMOQ TIAY Sutuirvudy woxy elevy neing 37 22aeqasiq wed ATYIUOK POITMIISA ¢V PIQEL

= Al‘i



TPAYT] A0 MO 3 T
T9ADT A07T IDMO0T WEIH ¢TI
19AD7 298 UBIWR :  ISH
19497 Y3TH I9USTH TEAW I THEW

12497 USTH x2uSTH :  IRH ¥ Q10N

0% : - oy oY oy oy 0% 08 0¢ 0¥ oy o% oy 861!
0% Lo - - .- - - - - - - - €861 TTI

66 - |01 . GOl 801 £0! L6 - 10l 86 €6 26 16 2% %861
6 - - - - - - - - - - - £861 CTTIR

€Lz - 1 ¥4 07T 7T (444 AN iz kAYA 9Lz iz 01¢ 602 786l
gz - - - - - - - - - - - £861 ISH

A% - %43 £33 oLt 543 9¢t 6%¢ 0Lt 8Lt FARY 8Z¢ 62¢ %96l
%33 - - - - - - - - - - - €861 THHK

. 0wy : - 08t ory oty R1N 06% 08t oo 0y 0Ly 00% 06 we6!
06% - - - - - - - - e - - £861 THE
uegesy d—dm«.m

o~ - - - 61 L~ g~ T 51 97 H= 9= 0¢- gl- 861
L- %¢ L= VT A <i- b= 9z 8l ol - - - €861 . 1

¥4 - - 68 6L A4 ZL 1A Le £9 L9 .09 69 %861
69 Zs 99 85 €9 L9 78 9L 9 - - - 861 TR
isl - - 991 w91 19l 951 091 €9l 961 0%t ol 6%l %861 _
051 69! 85! ol 1¢l 8%l LLl 09l 8Yl - - - £364 ISK

fA 2 - - e gve - 6%T ove 9%z 8ve 7493 66¢ LrAA 622  ¥86l
' 1e2 9se 693 FA LA 8%¢ TAA LT %7 el - - - . £86! THER

(43 - - 50¢ A% 60t 962 6% - Sit 60¢ 208 162 82  veel
£82 rAA (4o} 00t 162 ges 26T g0¢ T5T - - - £3861 THR
Sunluey, vreny

. TUIR
20 "XTR “EAY Jaq AON . 100 435 ony gitly iy AVR qdqv BV 944 NY[ AB0L

(93v% 2PT1 JO 0i19Z IAQQE WD 3 ITUR)

ueyesy uedeyg pur Junfupl BIENN I8 (9497 IPIL  §°V 21qB]

- A 12 -



=3

s S o] = = S 2 R 0L
E 2 s H ¥ H H 3
.‘ LTLIVE
Woumny @
- wog U :
AN HV..[I +]
fopumeg upsog m—
e ADIMHDY bt e
Jote ADMYETH e 502
! QN3937 |M\l.
: TR
“ /! M
m %3
% KT
iz 37T
|=* #F
SUOT3IDI$ [1DJUIDY JO UOTID0T T-y' 61
b / = 8 2 R
g g 4 8 = 3 sit

- A 13 -



, 351 =66 NOE-2 ¥ WOwNl 7 ON ARITNT
R ‘BEL-66 NOU =Z VWATYNI ¢ ON  WITTYNI
_ Ll =65 'NEZ =2 YAMYN] I'ON WATYNI
3L =66 NI =2 ¥ WITWNT L ON . WY
_ : 39 =66 NIE~Z - N VJSiM Youod Mputd L0
_ [oen— - : . FLL«66 NSL -2 N vaS1Y o busunsg  oUt
_ e ——— — e e — 360 =65 NLZ -7 N VYISI¥ uomndDg ZUOL -
_ . v
. - lr . L__ill..ll : 380 =68 NOZ-Z N IWd =TT
 —————— e — 30 »66 NIZ =2 N . OWd LT L8
300 -66 NLZ -7 T ndg _
‘ : T340 66 N8Z -2 N OWd 03300 BLB
S— _i_l e . e T 300 + 66 "'NI€E=-Z N 9Nd ASPUITDY [ vt
{ : 320 ~-65 NSE-Z N 9Wd Did voqunl - Gg| |
s —— 30 -66 'N9C -7 N OWd NIOIDN A9y D68 |
ewrr— —————————y AW~ o6 'N3L=T N Owg Muig =g 999
_ —— JE5 -85 NLZ =2 N OWd nobung uoug ves
— 367 <86 NSC-Z N OWd vinywolbuny  geg
_ 395 =86 NO7 -2 N OWd 10dong v
_ v
“ JBY =86 NSL-Z N OWd DIDJMNH . 79
| _ . 337 - 86 N -2 Vv  9Ng udluououutd g7g
, [~ . 357 ~86 *NSL~2 N OWg Inobuoo1og - voR
- 4 .
ee— 367 -85 'N6Z-Z N  OWd Wiy 06
- B v — 3BC -86 NBE-2Z N OWg  wobunuouDg  GO6
305 -85 NOY-2Z N 9nd DILOQWY - w06
37 =86 NLE~T N OWd uornoutd 56
—
etees  ————— S [ e— ' 367 ~96 N87-2 N OwWg SNQIOQ . WL
E————— 345 ~B6 NIZS - & N Oing yoloy 1oung 69
v )
 — 07" 86 NS~ 2 N ndd 1056 Sutsoy
78{81 28 8RS 01l e U S v U2 \ Do S 90 s elCale] ,mwm_wnwm%mm serg ez SogeneLros e e oneg. ) S — S
y86L~ 6261 . _

(/1) Sp4023y T1DJUIDY ATUIUOW  Z-¥'51J

“ Al"{l -



ITE-66'NCS - &N VS OSrg Djomy  ZL'9
v v ; JLC 66 NS5 “ I N YeSIH/OWg nors 195 (1279 267
T —————————— | I7T-66NET ~IN Va5 wouCIng §t°g |
ST EE————————— . —— 3ZC-65 NET-IN  vdSig MR OSDlg  wig _
' , . v 20066 NIS=IN veSiiond IPUDIN  rojNg 2471
— a o —— . — SL2°66 NGGIN  vdShy  Suopbg oinW (1§ |
k . - 362-66 ‘NISIN  vaSI¥ sodoy 135 oz’ |
—— . \ _ — e 307765 NI N YSMONd L - Boy nong 905 9994
}i’!iuili_ljllll_ll 366 NI N YdaSiy NADHN mc_...c:..u FAs e
— ————— ————— ' — 3L~ 65 NOT-TNGSI/Ong 1093 NG ORUTE 0 5 QST
_ i _ _ _ [ 38266 NGL-ZN _ VgSIN wbing Butobd &9
e ——————— _, 3CZ-66 NI7-LN . vdom Gon, WY 20§
’ S ——————— | _ JLL-66 'NE6L=-Z'N VaSI®  10W3 5407 w9V 1679
| | . ' . 3SE-66 NLL=IN  WSI¥ 1PV TR A9V VD 9
| e e o— —————0 LG5 NSE*IN  vaSIdy npueT (g
: . " * JBE 66 NYL=ZN Yasiy N UDCouTy )4
_ _ R | ; . v _
i’il 30T~66.NEC~ 2 N VISN/ONd  ORNW CuDquapy £L°L 35T
— " , _ , ] _ 307°66 NSC=IN ~ VJSIJ I0J0H BUOpaT 22 ¢
T S S — T!]I1I 3C7=66 NZE~ZN . Yaoid HoR UDQRQDT Of L
T ——————— 35768 NZL~IN  vasiy OUUDK 80
T e R em————r—— . 38C-68 NEZ=IN VoS nWeQ L0 L
_ _ _ ‘ 37766 NEZ=IN  VaSly  qbueniog wev L
, . ' . : 367-66 'NIZ=ZN  VaSid  UoqeeW Sumpng [{'¢
! 1 _ _ 367-66 NSI"ZN  vasiy D OBHDg | BLL
- - . T e T T ——— JCI" 66 'NOS~-Z N ONd - URUNpUo) o
i | , 3I0L-65 NG-ZV O 5TuS] NG 19g 869
o y u e ——— a0 =65 N8G-I N DWd IQUWor wog ooy
I 30Z-65 NGL=Z N OWd UDNGOT DY KT
36L-65 ‘NgL=Z N g 1N=osoN g
3965 NQL-Z N ONd NSoQg ves
T T — ) 38166 'NOZ-2 N and o DW as8
1 _ — w— ‘ 37166 N®1=Z N Oind Moswoxbuoy, o818
Aiceize]seoaleedods] q%%eEﬁﬁ%ﬁia@wﬁwﬁ%wm S 7SS 2SSO B AL T 7O A iR 6 - - 1P s vutpaooy ke asmos P

(£/2) .mEooom. [10JUIDY ATUILOY

Z-¢°614

-

- A.t5 -



| t | _ | 39065 NZIL - N Oing Ng UOUNGET Ien
392-66 NO=C N YISIY OB nrursRg g
37266 ‘NSO~ N YISIE JOYO] YWTL 60 S
3L-66 'NOL-C N vdSiy IR G5
.30Z-66 'N20-¢ N Sing -DuBAow EFIs
v
JLE~65 NI -Z N NeQSmruanomony .
IYT-66 NSO =€ N YdSId v sobydw 6L g .
FVZ-EE 'NSO=C N OWd  mn g CIATI
JU-66 'NQ=-C N YISIY I uomolul /778 -
ISL-B5NYO-C N - VIS I-uoimg 195 65 -
3665 'NOL-C. N VESIY - voDubgaes Iz 9 ¥
, J9E=65 ‘NWD-C . N -~ vaoIy g 50'9. |
[ - JLC-66 NIO-E N - vdSiw 300015 879
, : 396-65 NeS -z N YIE Z-0(0d YouD) 179
L _ _ o . - 38766 ‘NS -Z N DG 10158 Buniuy, 37
“ . _ 307-66 ‘N&S~Z N VISIH OWON ¥NNL 97 9
o e —————— IE7-66 'NS5=Z N vaSid DITONNS £7 9
_ i . v .
— BI7-65 'NS5-L N WSuomd OSSSH 09 L%
[ — 380”65 'NOS-Z N OWg DINBbun), yog By
) v .
ettt o St ——— e 366 NIS=¢ N VdSIN/Oing Jopog mBuUns 6L g 85
vy S ia—ree—— ’ . J07-65 NBE=Z N Sing YDIOS 1Y SY1
] e mi]!' ILr=65 NIsS=-2 N YISy woing A v .
. ’ v " — : 38C-65 NOS~2 N WSO 00U 55°6 9971
98128 18066 Rl 1] S A L s Toa LT Hryesed ,.wm_.mﬁww&mﬂ&ﬁ@mﬁ&ﬁ%ﬁ%ii wored  [63 SOIPUTPA00) SUAL  emnos wonoIg
=626t .

(S/€) $PJ0I3Y [IDJUIDY ATUILOY  Z-y'51d



35L 66 NOE-Z VAUIYNI 7 ON mATvN I
3CL = 66 NOC =T v wTONI £7ON  WATYNI
JLl - 66 NBZ=Z VWMIYN 7 ON WIYNI
_ 39t =66 NIC- 2 v wrvN L ON WATYNI
T TR =] VDR 391 =66 Nif-Z N YSi¥ Uouog muid oL
3ZL =668 NEZ- I N vasI¥ xnxoudwis LU
360~ 66 WNLE=ZT N YdSiy WOIJDCO 210U
v
 ersiiornive " 380 =66 NOZ=2Z N OnWg wounQrs Ds9e
p—— Tlll!!!llil- 3L0-66 N2~ N Ong Sonog 75
prv— i | 301 66 NiZ-Z YV ndd _
TP erarrrny _ ! 340 =66 NBZ-Z N OWd Sased . B3
] S————— e e P e 380 66 NIE-Z N Owg JPUSDOY ] Yol
. _ m 3E0 -66 'NSE-Z N Owg D3g voQwny  gg
o . O———— 310 ~66 NSE~Z N _OWd . OIoN %Y o989
e ———— or—sros— 300 ~65 NOL=-Z N O9Wd nivd=niluid 59§
T— 365 =96 NLZ-ZT N OWd nbduny UDuQ  veR
— 367 ©% NSC“Z N OnWd Dityroobbumy g6g
[T R—————— 395 “86 NO%—2 N Owd wdong  wim
Tl.i —— q - 4
e — it i R N—— ——— 38798 NSL-2 ‘N Owg olouolny - 998
m - | i 397 =86 N0 =2 'v Owd vobutuowny . grg
P ———— 357 = B6NSL~Z N SNg ndbucsyoleg  vog
; . v
36% ~86 N§Z=2 'N OWd 1duod . 508
] P Sw—— J8E - 86 ‘N8E*Z N OWd uobuovowty Q06
: | ! 305 - 86 NOY~Z N 9OWd DIIDQWY vO6
et e ——— 3786 NLE~Z N OWd URsINSUDY Q8
| P —————— — e T ] 367 ~ 86 NRY~I N OWd. SNQ00H  ACH
, : 3L5-86 NZE-Z N OWd - Uoiod 1w 69,
. W—— v
Iererm— . N 307~ 85 NCS=Z N _nad 1955 Guson
B G S T P B e e S B 0 Y e e e e Pmommmﬁ_hmmmm e B S S S o s [ o - RS SP1BUIPIO0) 9dAL Idunog w01
. : 796l = 6251 - . . . .

(£/T) SPJ03Y 11DIUIDY ATIDQ

e~y 01d

- Aoi? -



3EL- 68 'NSS~T N VdQu/ond nopg - 1eg

129957
IYC-EE NS7-IN  YdSIH uDUDINg - SL°9-
- SZC~ 66 NEY-IN  vdSId 0y USLg 'Y
J0E~66 'NIS-Z NSO - IPUDIW NOIng aLvt
_ 3LT766 NCS-Z N - vdSiH  buDpDyg OH (15 |
BI-65 NIG=Z N VIS sDdoy 195 Q'S
307-66 NC7-Z N VISIHIOWS  (-Dioy noing U9 J97t
JECE5 NIP~TN  ¥dSIY  hADWW bunung 709
3I0-65 NOT-Z N VdSIH/ONG 10W3 0Ong ORUDE 70’9 G971
ABL-66 NGE-I N ~ VdSIY . uyoing Buopoe £19
JCL=5 NIw-Z N YdSI. WAID] My 709
) v SiNg
=66 NEL-Z N VISIH w3 naen dey 109
. 35C-66 NLL-Z N VdSIH TZ-Pv ©GOT oY w09
3EC~65 'NSE-Z N YdSId - L TN
SRETES NYC-T N- VJSRd NIt uDdouod 604
4
307=66 'NELL~T N 7SS/ DR OUDQWew oL Z 3571
30v=66 NSL~T N =~ WSIY - 1020g Dwopat [z L
376 NE-IN  VISIY BOM VDUNQDY QL
F57-65 'NIE-Z N WiSIH DUUDH 850
SBL-66 ‘N6Z-I N  vdSid nwog A0
37r-66 NEZ-Z N  vgSiy buaiwdg xey 0o
AGY-66 NIZ~IN  vgSid uyoqoiow Buopte 417y '
36766 NGL“ZN  vdSId woJDDIUDY gLy
JCL =66 NOS-Z N Qnd uBYNPUO arn
IDL=65 NES-ZVY OlNd SDRQ NG 135 869
Tt D056 NEG-Z N O 1QWDr yog o
| " | 302766 NGL-ZN _ OWd _ W2uNGos.Dd o9
261-56 N®-Z N ONd 1N ~TSoN Vg
A9L~66 NBL-Z N Dd JN5OQ!S v8e
35L=55 NOZ-Z N i OHRDH - Q82
. — . it : 37068 NBI-ZN  OWd  MoSiuonbuoy %8
76 €820 190RI6494 L4 15 v 24 Liel590le oo egloleszs] ,mmwwww_mwm 5 e B T D T - R 2 S R

(£/2) SP40D3Y [IDJUIDY AL10Q

.

§-y'0614

- A8 -



|
[
3CC-66 'NLO-C N VSl UDUDL WPl w0’
27L-66 'NZt-C N SiNng Ny uoyngD | e
BZ*66 NIO-C N V3SI 1QWIMAUsNg g
I7E=65 NGO~ N V4Sid  JMIDg WounL §0'S
3LL-66 ‘NOL=C N VS TIDIRd SIS
302=66 NIO-L N OiNd SunADw AT
. v
ALE-66 NLY-I N Ndd Dunarusy ooy
37~66 NSO=C N YaSY v sehuoW 6UR
38-66 ‘NSO~ N OWg NIy wnsng Pt
3IE-66 NSO~€ N YISIN [uzvonolu g
J5E-66 'NTO-E N TSI W9IDE 195 L9
J6E~66 NOI-£ N VSSIY  uoQuDQINS 7773
J9€-86 "NI=2 N YdSig mng 90y
34666 'NIO-T N vaSId wEoQIs 329
39656 ‘N8&~2 N YISy I-Hoy youDy 2779
IBTY"E6 NES-T N D [OIOF DU, 97
307 =66 ‘N2S~Z N YJSIY OIUOW ¥R 979
3E7-65 'NGS*Z N vaSiM VIS £2°9
_ v
327 =66 NSS=Z N YISO D539 OL'5 29
fowresoER 7 ¢ 380-68 ‘NOS-Z N OWd DINSouD) wog gon
v
30766 'NLS-Z N YeSuIDWd Jopnd 1obung 6.9 go7t
307-66 'NE5=2 N N URIDSIY 87
. I =66 ‘NIS-7 N YSSIY  WoIOQ WML $2°9
| 38£-66 'NOS-T N veSwowd olbUSR_60'9 8570
. PovRR  Swem—— - _ . _ JLE-66 WELS-7 N VdSIY DSUlg Dfomy Z1'9g
_é&ﬁﬁi&ﬂgﬁﬁﬁﬁﬁEﬁﬂﬁﬁiﬂi&&ﬂwm%ﬁﬁﬂiﬁiaﬁagiﬂiﬁagsiﬂ‘ ....... [ soscurpaocosy sdhL  emmog r—

(£/§) $PI0I2Y TIDJUIDY ATIDQ  ¢-y'B1d

- A.19--‘



Isohyetal Map of A’nnudl Rainfoll
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Fig,A-9  Cross-section at Gaging Stations
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~ Flo.A-11 tonthly Mean Discharge
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Fig.A-13  Tide Diagram
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t. Soil Mechanical Surveys Made

Soil mechanical survey for the study has been carried out in the

following three stages:

~ 18t Stage: JICA Geotechnical Engineer asgigned from October 29 to
December 12, 1984 has made field reconnaissance, colleétion and
review of the available geotechnical data, establishment of
detailed survey program and preparation of report on his findings

and studies as mentioned in Progress Report I.

- 2nd Stage: Actual field iﬁvestigations and laboratory tests were
carried out by c.V, SECONj'a consulting firm in'Banduﬁg.under the
contract with DGWRD from Pebruary'1§85.in'accofdance with the
scope of works and technical specifications recommznded in the

Progress Report L.

The scope of geotechnical surveys and tests consists of the

foliowing four work items:

(1) Soil mechanical tests on 40 samples taken from river bed

materials (25 from Asahan river and 15 from Silau river).

(2) Dutch cone penetration tests, augering and soil mechanical

tests at 16 places.

(3) Soil mechanical tests on 9 samples consisting of natural
soils and soil samples mixed with river bed materials.

(4) Soil mechanical tests on 36 éamptes taken from the existing

dikes along Asahan and Silau rivers.

The C.V. SECON was gscheduled to complete the above works and to
submit a final report to JICA Study Team by the edad of May 1985.
As a matter of fact C.V, SECON submitted to JICA Study Team in
Medan a part of the survey and test results on May 4, 1985 and
informed that the final report be submitted on June 1, 1985,
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Therefore JICA despatched the same Geotechnical Engineer to the
site from May 17 to June 30 for review, analyses and engineering

judgement.

- 3rd Stage!: JICA Geotechnical Engineer reviewed and analyzed the
test results submitted by C.V. SECON and found that the results
of Dut¢h cone penetration tests had been satisfactorily carried
out and useful, but other soil teéts had be¢n not. ©On June i1,
he received the second data sheets of soil tests but still in
question. So he visited Bandung and discussed with C.V. SECON
ébout those questions. C.V. SECON agreed to carry out re-test on
all the soil samples and inform the results.to JICA Survey Team in
Medan as soon as possible. JICA Ceotechnical Engineer veceived
the third data sheets in Jakarta on June 28,.1985 and returned to
Tokyo. According to C,V, SECON, the reﬁaining test results will

be submitted as soon as possible.

In the third stage period the following information was obtained

in addition to the data collacted during the ficst stage!

Final Report, Pekerjaan Penyelidikan Geoldgi Teknik dan Mekanika
Tanah di Asahan (1985, P.T. Esconsoil Ensan, Medan).

This report mentions the results of the following surveys and

tests:

{a) Dutch ¢one penetration tests at 108 placas along the Asahan
river and the Silau river (depth of 20 m).
(b) Hanrd augering at the same 1038 places to take soil samples to
the depth of 5 a.
(¢} Test pit at 15 places in scale 1.0 @ x 1.0 m x 4.0 m,
(d) Soil mechanical tests on 85 samples taken from the hand

augering and test pit,
However,'the final ceport of €.V,SECON are not submitted by the

end of September 1985. All the findings and analysis on geotechnical
data are metnioned in Chapter 4, "Geotechnical Recommendations."
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2. Soil Foundation for Embanknent

DGURD has carried out numercus soil investigatiOns for the several
river plaoning projects including Lower Asahaa River Basin Development
along the Asahan and Silau rivers as shown in Fig. B~1. The details
are stated in Ref. T 12 to T 16 attached to the end of this Supporting

Report Vol. 1.

In order to clarify the general foundation c¢endition for this

study, main soil properties are summarized from the above referénces as

follows.

(1) soil Profile

Soil profile along the Silau, Asahan and Kepayang (a small
tributary of Asahan joining near Tg. Balai) rivers are made based on
field classification by a lot of auger borings as shown Figs. B~2 to
B~4, Details on the Silau and Asahan rivers are shown Table B-1 to

B-2, Stratigraphy of the soil Iayer is summarized as shown below.

Stratigraphy of Soil Layer along the Silau River

Layer _ Thickness (m) ' ~ Composition
Top soil 0.5 - 1.0 Clay, organic soil
silt 0 - 2.5 Silt interbedded with
thin sand and ¢layey
layers.,
Upper clay 0.5 - 5.5 Clay
Lower clay ' mere than 3 Clay with little sand

interbadded with thin
silt layers.
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Stratigraphy of Soil Layer along Asahan River

Layér Thickaess (m) Composition
Top soil 0.5 Organic soil, ¢lay
Clay 1 -3 Clay
Eiﬁe—caarse sand 0.5 -~ 5.0 Sandy clay, sénd, sand
with gravel
Silty clay 0.5 - 5.0 CIa}, silt
Sitt more than 1.5 Silt, sandy silt

Stratigraphy of Soil Layer along Kepayang River

Layer . Thickness {m) Compositien
Top soil 0.5 Orgaﬁic goil, peat
Silty ¢lay 2.5 - 3.0 _ . 8ilty clay interbedded
clay
Clay ' 1.¢ - 2.0 Clay
Sandy clay more than 0.5 ~ Sandy clay

The upper part (0 to 2.5 m) of soil feundation along the Silau
river between Kisaran and Tg. Balai consists of 8ilty soil except top
$0il and the lower part is composed of clayey soil,

On the other hand the soil foundatien along the Asahan river is
complicated ia structure, but generally divided into five layers:

namely top soil, clay, fine-=coarse sand, silty clay and 311t layers.

. The one along the Kepayang river is simple in structure and
divided into four layers, namely top soil, silty clay interbedded clay
layers, clay and sandy clay layers.

(2) Cone Penatration Test Results
The Dutch cone penetration tests carried out along the Asahan,

$ilau and Kepayang rivers are illustrated in Figs, B-4 through B-6
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showing the strength of ¢one penectration resistance. Those profiles
suggest the existence of five layers having different resistances,
among which the top layer is weakest less than 10 kgfcn? of
resistance corresponding to about 3 in N-value in the standard

penetration test.

The thickness of this weak top layer aldng Asahan river cangas
from 2 to 6 meters except the lower reaches, 17 km upstream from _
Tanjuag Balai. In this lower reaches the depth of weak layer deepens
more than 15 meters. If embankment is reqﬁired in those reaches
special foundation treatment, such as replacement of foundation soils

by sandy materials, etec. will be required.

The thickaess of the weak top layer aldng.silau river ranges
from ! to 5 meters between Kisaran and Air Joman. It deepens up to

10 meters at Tanjung Balai.

The same weak layer along Kepayang river lies almost horizontally
in depths from 4 to 8 meters. For the design of embankment a sufficient
height shall be added agaiust the post-embankment settlement of those

founrdations with proper drainage facilities.

3. Soil Materials for Embankment

The numerous soil mechanical tests carried out on soil samples
along Asahan and Silau rivers so far are clarified into the following
properties of soils. Some general engineering considerations are

stated in the last part of this Paragraph.

(L) Gradation

Gradation curves of soil samples along the Silau river are shown
in Fig. B~7. These are well gfaded in general. Coefficients of uni-
formity (Cu = D60/D10) of almost whole samples are greater than 10 and
coafficients of curveture {Cc = D302/DIO) greéater than 1,

Gradation curvas of samples along the Asahan river are shown in
Fig. B-8, These also indicate the same tendency as the Silau river
except sandy silt,

- B.5 -



Triangular ¢lassification charts for soil samples aleng the Silau
and Asahan rivers are shown in Figs. B-9 and B-10. Both charts suggest
‘that soil foundation belongs to fine-grained soil {F) and sandy

fine-grained soil, partially sand with fine-grained soil.

(2) Soil Consistency _
The physical propecties of most fine-grained soils and par-
ticularly élayey soils are greatly affecied by water content.

Plasticity charts for the soils aloag the Asahan river and the

Silau river are shown in Fig. B-1l.

In case of the Silau river, most samples are plotted near the “aA"
line, and liquid limits (WL) are greater than 50 %, belonging to CH,
MH and OH in the Unified Soil Classification System. Tt suggests that
soil foundation consists of (1) high plastic¢ity and inorganic elay, (2)

inorganic silt and (3) medium to high plastic¢ity and organic c¢lay.

Samples taken from the Asahan viver are plotted widely above and
bélow the MA™" line and liquid limits range from 40 to 110 X, belonging
to CH, CL, OL, ML and MH. It'suggests that soil foundation is coumposed
of (1) 16w to high plasticity and inorganic clay, (2) low plasticity

and organic silty clay and (3) inorganic silt.

Consistency index {Ic) and liquidity index (IL) are as listed

balow.

Consistency Index and Liquidity Index

River Consistency Index Liquidity Index
(IC} (IL)
Silau *l (-) 005 = 0.7 003 - 145

Asahan *2 (<) 0.2 « 0.7 0.1 - 2.3

Sout‘cé : *1 R R Ref. T 12
*2 LI ] Ref- T 13
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(3) Specific Gravity (Gs)

Specific gravity of soils along the Silaw river ranges from 2.50
ta 2.75,.the one albng'the Asahan river from 2.45 to 2.75 as shown in
Fig. B-12. 1In case of Asahan river, more than half of samples indicate

less than 2.60, suggesting to ¢ontain some organic matters.

(4) Moisture Content {Wn)

Natural moisture content of soils aleng the Silau river is as high
as 30 to 60 % between Kisaran and Air Joman and 40 to 80 % dbetween Air
Joman and Tg. Balai as shown in Fig. B-13. This figure shows that the
lower reaches, the higher natural moisture conteat. Fig., B8~14 shows
moistrue content of soils along the Asahan iner is as high as 20 to

100 Z in general and it has the same tendenéy as in the Silau river.

(5) Dry Density ( d) and natural wet Density ( t)
Dry density of soils aleng the Silau river ranges from 9.9 to 1.3

3 as shown in Fig. B-12., Dry density of soils along the Asahan

g/cin
river ranges from 0.6 to L.2 g/cm’. The one along the Asahan river
is slightly less than the one along the Silau river, suggesting a

little higher content of clayey soil,

Natural wet density of soils along.the Silau river ranges from 1.5

to 1.8 g/em? and those along Asahan river range from l.4 to L.6
glen’,

(6) Void Ratio (e) and Degree of Saturation (Sr)
Void ratio of soils along the Silau river is as high as 0.8 to 1.6
and the one along the Asahan is 1.0 to 4.0, Degree of saturation along

the Silau river aad the Asahan viver ranges from 60 to 100 X.

{7} Permeability

Permeability coefficient ranges mostly in order of 1079 to
1077 ¢mfsec as the soils aloag Asahan and Silau rivers are mostly
clayey or silty. A few soil samples taken from thin sandy layers show

the coefficient of 1073 ém/sec. When those fine sand is mixed for
the embankment materials with clayey soils, it is expected to increase
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the compadtability to gat rathar higher dry and wet density. When a
proper mechanical compaction is madé during embankment o problem is
anticipated as for the permeability.

(8) 1aternal Friction Angle, Cohesion and Shear Strength

Triaxial compression tesfs (unconfined and undrained) and direct
shear tests showed that most of soils have very low internal friction
angle of less than 8 degrees. Cohesion ranges 0.15 to 0.35 kgIsz.
Shear strength distributes in a wide range between 0.1 to 0.7 kglcm2
but mostly in very low range less than 0.4 kg/cmz.

(9) Optimum Moisture Content for Compaction
The standard compaction tests showed the range of optimum moisture
content of 22 t6 26 % and the dry density range of 1.3 to 1.6 g/cm3

under the optimum molsture content.

This means that it is required to dry the natural soil materials

before.embankment.

(10) River bed materials

River bed materials consist mainly of fine to coarse sand, Mean
particle size along the Asahan river ranges from 0.2 m/m to 1.0 n/m, it
has the tendency to decrease from upsfream to downstream. In case of
the Sitau river, the one ranges from 0.4 a/n to 1.3 m/m and it shows

the same tendency as the Asahan eiver, as shown in Fig. B-7 to B-8.

4. Geotechnical Recommendations

As all the above soil tests clacrified, the soil materials in this
area are characterized to have very high content of silty or clayey
materials'with high natural water content. It naturally causes very

low dry density after compaction under the high natural water conteant.

Sufficient drying operation is required before embankment as much
as possible to make the water content nearer to the optimum range of 22
to 26 %. Even so the dry density obtained after proper mechanicat
cOmpaétidn in the field ﬁay ténge between 1.4 and 1.6 g/cm3.



The internal friction angle is also very small. Therefore those
s0il properties shall be fully considered in desxgn of embankment, such
as gentler slopes of both sides for stability.

The foundation soils also have the nearly same properties,
implying that fairly big settlement will be caused by consolidation
after embankment. It is strongly recoamnended to design sufficient
extra embankment against the settlement with enough drainage facilities
along the ¢mbankment. When very weak soil foundation is encountered

such part shall be replaced by sandy materials as required.

"B-g"



10

11

12

LIST OF REFERENCES AND DATA

T0pog£aphy Map in 1979 with scale of 1/50,000; Topography Bureau
of Army

Topography Map in 1985 with scale of 1/20,000; JICA

Aero Photograph in March-April 1984 with scale of 1/10,000; ».T.
EXSA International

Aero Photograph in October-December 1984 with scale of'll20,000;
JICA |

River Profiles and Cross-sections of Silau River in 1981; P.T,
Nusantara Survey _

River Profiles and Cross-section of Asahan River 1982; P.T.
Yaramaya & P,T. Esconsoil _

River Profiles and Cross-sections of Asahan and Silau River in
1985: JICA and C.V. SECON _

General Geological Maps (1/5,000,000 covering the whole Iadonesia
and 171,000,000 ¢overing Sumatra Island)

Project Completion Report Vol. I, Asahan Hydroelectric and
Atuninium Project (March, 1984 by P,T. Indonesia Asahan
Aluminium, Section 2.5 Geology)

False Colour Composite Image (1/250,000) processéd from Landsat
data taken on April 29, 1977 by the Remote Sensing Project
Office, Center for Data Processing and Mapping (PUSDATA) of
Ministry of Public Works

Report of Feasibility Study on the North Sumatra Transmigsion

'Line Project (May 1980, JICA, Section 5.3 Geology)

- (1/2) Laporan Utama, Perencanaan Pengamanan Banjir Sei Silau,

Propinsi Sumatera Utara (April/1981, P.T. Nusantara Survey

Bandung)
- (2/2) Lampiran, Hasil Penyelidikan Mekanika Tanah Perencanaan
Pengamanan Banjir Sei Silau, Propinsi Sumatera Utara (April 1981,

P.T. Nusantara Survey Bandung)

- Balo -



T 13

T 14

T 15

T 16

- (1/2) Laporan Penyelidikan Mekanika Tanah dan Hasil Penelitian
Laboratoérium, Project Perencanaan Pengémanan Banjir Sungai
Asahan, Kabupaten Asahan, Propinsi Sumatera Utara (November 1983,
I.7T.8. Bandung) _

~ (2/2) Laporan Mekanika Tanah, Proyek Perencanaan Pengamanan

Ban jir Sungai Asahan, Kabupé;en Aszhan, ?rdpinsi Sumatera Utara
(July 1983, L.T.B. Bandung)

Final Report, Pekerjaan Penyelidikan Geoteknik dan Mekanika Tanah
untuk Rencana Bendung, Waduk, Saluran Induk Ir13331 dan Tanggul
Utama Sei Asahan {September 198& P.T. Esconsoil Ensan, Medan)
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Table B-1 Main Soil Property of Silau River (1/3)

Iocation Bank Identification of soil natural condition

Sample Classifi- Moisture Specific Unit  Dry. void
description c¢ation content gravity weight density ratio
Unified W Gsgr/cm? nt/m?* d t/m? a.
I Right Sandy clay 38.01  2.553 1.73 1.28  0.83
clay + a CH 102;39 2.629 1.80 1.44 1.03
littie sand MH (56.07) (2.524) {11.77)(1.35) (0.93)
Left Sandy clay CH 40.27 * 2.541 1.62 1.04 0.90
CL 57.78 2,763 1.68  1.35 1.61
CM (50.00) (2.610) {1.65) (1.65) (1.19)
1I  Right cClay cH 26.91  2.528 1.55 1.05  0.84
Sand SM 48,02 2.739 1.849 - 1.49 1.41

{(36.53) (2.632) (1.71)3(1.28) (1.09)

Left  Sand 23.43  2.606 1.63 1.16  0.80
oM 56.79 2,736 1.83 1.45  1.35
(42.68) (2.699)  (1.72) (1.34) (1.34)

IIT Right Clay 64.23 2,564 1.58 0.96  1.67
S 80.24 2.715 1.65 1.33  1.04

Clay + Sand {72.24) (2.640)  (1.62){1.15) ({1.36)

Left  Clay 568.36  2.546 1.62 1,02 1.50

MH 95.47  2.570 1.67 1.35  0.90

{716.92} (2.558) (£.65)(1.19) (1.20)

IV Right Clay cH 70.91  2.627 1.56 0.91  1.89
MH 86.00  2.539 1.47 ©0.79  2.21
(78.46) (2.583)  (1.52){0.25) (2.05)

Left Clay MH 68,23 2.6803 1.60 ©.95 1.88
Clay + Sand cH 108.31 2,738 1.73 1.39 0.9
{94.56} (2.690) {1.66) (1.22) (1.28)

Source  : Report of NUSANTARA 1981

Location I ¢ Kp, Tinggi Raja

ITI : (right) Jemb. K.A. Kp. Setang

I11 : Kp. Tasik Malaya
IV 1 Tanjung Balai
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Table B-1 Main Soil Property of Silau River (2/3)

location Bank

Atterberg limit

Strength

Sieve analysis

% finer % finer

Direct shear

LL PL PI 0.074 m 2.000 mm @8 { °) ¢ Kg/cm?
1 Right 51.55  24.37 27.18  93.40 - 23%0*  0.29
64.85 32,09 39,93  96.65 100 25°30°  0.23
(58.11) (28.02) (31.59) (95.16)  ~ - -
Left  46.15 - 23.60 22.55 79,30 - 21730' © 0.16
75.10  35.81 40.10  96.40 100 27%0' 0.1
( 1.23) (60.89) (31.35) (29.54) - - -
1r Right 68.75 32.44  36.31 =~ - 5 -
53.45 24,71 28.74  97.70 100 6200 0.20
(61.10) (28.58) (32.53) 11.80 - 50°30'  0.19
- NP - (60.26 - - -
Left  32.75 22,44 10.31  28.30 - - -
- NP - 58.35 100 - “
- ~ - (44.09) - - -
11t Right 109.10  47.61 61.49-  95.50 - 5°00'  0.69
91.90  40.60 51.30  80.00 100 - -
(100.5)  44.1} 56.10  87.75 - - -
Left 67.90  38.48 33.42  92.70 - 6%00'  0.06
87.75  40.74 47.01  80.50 ~ - -
(77.83) (37.61) (40.22) (86.606) 100 - -
v Right 70.50  30.38 40.12  90.05 - - 6230*  0.08
81.30  38.86 42.44  97.30 100 5%5'  0.09
(75,90} = (34.62) (41.28) (96.68) - - -
Left 111.0 49.10 61.90  70.50 - 7930 0.10
128.75  52.79  77.68 96,70 100 - -
(122.40)  (50.55) (71.85) (85.97) = - -
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Table B-1 Main Soil Property of Silau River (3/3)

k|

Strength Proctor compaction
j Unconfined s eyt Cptimum Mois~|Maximum dry
. E?gi Bank | Compression Triaxial ture content |density
Naturall Remolded ’ C. ) _
Kg/cm? JXg/cm? | @ ( ©)} (Kg/cm3)| W.opt. (%) d max. (gr/cm3) wWn3
1 Right 1.76 1.41 1936 0.30 24,27 1.39 102,39
0.94 | o.51 21%30'! 0.28 22.52 1.41 44.44
Left 0.35 | 0.19  [21°30'{ o.25 24.31 1.35 45.29
0.50 | 0.30 |24%0'! o.18 22.39 1.32 40.27
1 [Right | o0.42 [ 0.2 | 7%or| o.22 23,14 1.49 26.91
0.45 | 0.31 8%o0'| o0.20 26.31 1.42 28.52
Left - - - - 25.23 1.39 56.79
- - - - 26.41 1.45 49.63
I¥1 |Right 0.46 | 0.28 9%o0'| o0.12 - - .
' - - - - 24.30 1,33 80.24
Left 0.34 | 0.17 7°%0'| o0.15 - - -
- - - - 23.44 1.35 95,47
v [Right ¢.40 | o0.20 6%36* | 0.16 - - -
¢.38 | 0.40 8%30' | 0.15 - - -
Loaft 0.27 | o.18 8%0' | o0.18 - - -
- - - - 26.33 1.31  [107.13
- - - - 24.41 1.39  |[108.31
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Table B-2 Main Soil Property of Asahan River {(1/3)

49.59

Ideht?fication Natural condition
Boring of soil
No Depth _ _ :
Sa@ple des- cu Moisture Specific Un%t Dry Voi@
cription content gravity welght  density ratio
W Gs{gr/cm3) (gr/em?) {gr/cm?) e
BT~1  2.00-2.40 MM 55,54 2.59 1.60 1.03 1.52
BT-5 2.80-3.20 ML 46.17 - 2,55 1.54 1.05 1.42°
BT-10 2.00-2.40 SM 59.71 '2.46 1.51 0.95 1.46
BT-11 2.00-2.40 ML 68.35 2.66 1.56 0.92 1.86
BT-15 2.00-2.40 My 58.52 2.53 1.41  0.89 1.84
BT-18 1.60-2.00 MH  51.70 2.62 1.56  1.04 1.55
 BT-20 2.00-2.40 MH 76.29 2.44 1.52 0.84 1.87
BT-24 1.60-2.00 MH  B86.46 2.57 1.46  0.78  2.28
BT-25 1.60-2.00 MH  71.67  2.72 1.46  0.85  2.20
BT-30 ' 1.40-1.80 ML 55,08 2.66 1.52 0.98 1.73
BT-33 1.20-1.60 MH  86.45  2.62 1.43  0.77  2.42
BT-35 1.60-2.00 MH  48.91 2.62 1.55 1.04 1.52
BT-38 1.60-2.00 ML 51.54 2.73 1,52 1.00  1.72
BT-40 1.00-1.40 SM 64.47  2.76 1,52 . 0.90  1.99
BT-44 1.60-2.00 MH  123.93 2.59 1.38 0.61 3.20
BT-45 1.40-1.80 MH 104,62 2.54 1.42 0.69 2.66
BT-50 1.80-2.20 MH  146.90 2.66 1.33 0.54 3.94
TP. 8 SU(US)1.25 SP 26.49 2.58 1.80 1.42 0.81
TP.18 SU{US)1.50 sW 44.51 2.62 1.60 1.11 1.37
TP.28 SU(UsS)1l.25 SH 29.78 2.74 1.45 1.11 1.45
TP.38 SU(US)1.25 SM . 30.72 2.68 1.79 1.37 0.96
TP.48 SU(US)1.00 CSW 0 34.38 - 2,60 1.63 1.21  1.14
TP~2 BU(US) 1.50 - 30.57 2.63 1.61 1.24 1.13
TP-3 BU(US) 1.50 sP 22.09  2.71 1.77 1.45  0.87
TP-2 SBI(US)1.00 sP 57.20 2.67 1.50  0.96 1.80
TP~3 SBI(US)}1.00 SM 50,25 2.60 .1.58 1.08 1.47
TP-3SBII{US)2.00 SM 55.33  2.63 1,56 1.00  1.62
TP-4SBIL{US) 1,50 sM 2.64 1.57 1.05 1.51

Source 1

Report of ESCONSOIL, 1984
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Table B-2 Main Soil Property of Asahan River (2/3)

Sievae

nging bepth Atterberg imit |onajycis S t rength
| % finer |Unconfined Triaxial
{ LL PL PI |0.074 mm|compression| St |Total

qu (kg/cm3) olkg/em?)| 2 )
BT-1  2.00-2.40|53.2d 43.56 | 9.64] 85.68 0.14 1.62} 0.06 3.5°
BT-5  2.80-3.20 [41.8d 34.97 | 6.83| 75.96 0.15 1.42f 0.55 16°30"
BT-10 2.00-2.40 [39.60 37.62 | 1.98| 36.24 - - | o.10 a°
BT-11 2.00-2.40 46.9d 39.75 | 7.15| 57.65 - - | o.08 4°
BT-15 2.00-2.40 63.50 44.73 ] 18.77] 56.71 - - | 0.08 2°
BT-18. 1.60-2.00 [52.8d 37.95 | 14.85| 95.09 - - | o.08 5°
BT-20 2.00-2.40 [61.50) 48.27 [ 13.27] 69.03 - - | o.08 5%
BT-24 1.60-2.00 60.50 48,12 |12.38| 79.40 - - | 0.05 a°
BT-25 1.60-2.00 [57.05| 45.38 | 11,67 | 73.38 - - | o.10 4°
BT-30 1.40-1.80 {44.04| 35.59 [ 8.65 | 84.64 - - | o.08 2°
BT-33° 1.20-1.60 [68.00] 54.24 | 13.76 | 85.69 - - | 0.10 4%
BT-35 1.60-2.00 51.00] 38.79 | 12.21 | 73.03 - - | o.27 a°
BT-38 1.60-2.00 ¥5.00{36.12 | 8.88 | 57.42 - - | 0.15 4°
BT-40 1.00-1.40 h8.25|35.57 [12.68 | 39.21 - - | 0.9 7°
BT-44  1.60-2.00 L?.zo 62.29 |14.91 | 62.92 - - | o.06 35°
BT-45 1.40-1.80 50.80|50.93 | 9.87 ] 73.07 - - ]0.06 3°
BT-50 1,80-2.20 B3.20|74.91 | 8.29 | 79.32 - - }o.04 3
TP. 8 SU(US)1.25] - - - 1.56 - - - -
TP.18 SU(US)1.50 | - - - 5.72 - - - -
TP.28 SU(US)1.25 | - - - 9.57 - - - -
TP.38 SU(US)1.25 ] - - - 22.81 - - - -
TP.48 SU(US)}1.00 [ - - - 2.41 - - - -
TP-2 BU(US) 1,50 | - - - - - - - -
TP-3 BU(US) 1.50] - - - 8,19 - - - -
TP-2 SBI(US)1.00 | - - - 7.29 - - |o.21 3%30°
TP-3 SBI{US)1.00 | - - - |76.30 - - |o.04 5°
TP-3SBII(US)2.00 | - - - |s3.1s - - |o0.2 5%30"
TP~4SBIL(US)1.50 | - - - le3.72 - -~ 10.06 2°
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Table B-2 Main Soil Property of

Asahan River (3/3)

Strength Consolidation Proctor
ring _ B Compaction
Ez‘ Depth Effective Compression _ Remarks
Co(kg/em?) | ge ( ©) | index Co W opt (%) |d(gr/cm3)
BT-1  2.00-2.40 0.06 5° 0.85 - -
T-5 2.80-3.200 0.45 25° 0.63 - - BT.1(1.T.B)
T-10 2.00-2.40 0.08 14° 0.66 - -
BT-11 2.00-2.400 0.08 7% 0.46 - - BT.2{1.T.B)
T-15  2.00-2.40  0.07 5% 0.60 | - -
ﬁTuls 1.60-2,.000 0.08 7°30° 0.50 - - BT.3(1.T-B)
T-20 2.00-2.40] 0.06 9° 0.55 - -
BT-24 1.60-2.000 0.06 6° 1.21 - - BT.4(1.7.B)|
BT-25 1.60-2.00f 0.10 6° 0.54 - -
BT-30 1.40-1.804 0.06 4%30° 0.68 - -
{BT-33 1.20-1.60 0.10 7° 0.50 - - BT.5(1.T.8B)
BT-35 1.60-2.00 0.24 6° 1.00 - -
BT-38 1.60-2.000 0.14 7° 0.47 - - BT.6(1.T.B)
BT-40 1,00-1.40f 0.18 10° 0.18 - -
Br-44 1.60-2.000 0.06 6° 1.68 - - BT.7(I.T.B)
BY-45 1.40-1.8d 0.06 6° 0.61 - -
BT-50 1.80-2.20 0.04 4°30°* 125 | - - | Br.s(1.t.8)
" ItP. 8 SU{US)1.25 - - - 15.70 1.736
TP.18 SU(US}1.50 - - - 26.00 1.491
TP.28 SU(US)1.2% - - - les.e0  f1.532
TP.38 SUUS)1.29 - - - |23.20  [1.524
TP.48 SU(US}1.00 - - - 24.60 1.502
Tp-2 BU(US) 1.50 - - - |et.10 |1.s554
TP-3 BU(US) 1.5G - - - 20.70 1.620
$p-2 SBL(US)1.00 0.19 7° - |e3.80  [i.562
Tp-3 SBI(US)1.0d 0.04 10° - |24.20  |i.s81
TP~3SBILI(US)2.00 0.11 9° -~ |23.80 [1i.518
TP-4SBIT(US}1.50 0.06 4° - - -
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Fig.B-4  Soil Profile and Cone Resistance Profile along the Kepayang River e

SOIL Prolile_QIOng: Kepayang River
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Fig. B-9 Triangular Classification Chart of Soils along Silau River
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Fig.B-10  Triangular Classificatibn Chart of Soils along Asahan River
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1. Socio-Economic¢ Conditions

L.1 WMational Background

Indonesia is an acchipelago of 13,667 istands stretching along the
equator for 5,110 km from NHorthwest Sumatra to I¢ian Jaya on its
southeastern border. 1Its total land area is 1.9 million kmz, but its
total surface area including the seas within its boundaries is over 4.3
mitlion km?. Of the numerous istands, Sumatea is the second largest

island after Kalimantan and covers an arca of 473,600 kmz.

As of 1983, total population of Indonesia is estimated at agdund
158 mitllion. Anaual growth rate of populatioﬁ is about 2,387 from 1971
through 1933. 1t is projected liowever that the anaual population
growth rate will be lowered to 1.9% in 1995 - 2000. The population
projection in the Statistical Yearbook of Indomesia shows that the
populatien of the country in the year 2000 would reach more than 222.7

miilion.

The distribution of population and natural resources among islands
is very uneven. The island of Java, covering only 7% of the total land
area, sustains almost 627 of the total population (population density
in 1980 : 690 pérsonS/kmz), whereas the island of Sumatra, covaring
24.7% of the total acea, aécommodates 19% of the total population with
the density of 59 persoas/knZ, Hovever, the ratio of the population
in Java to the total population shows a tendency to decrease gradually
owning to tcansmigration programs implemented by the Government and
accounted for 2% during the period from 1971 to 1983, vhile the
population growth of Sumatca was 3.4% in the same period including the

increase by transmigration.
The population of L0 years and over of age was 104.4 million in

1980. Among them, the labor force is 51.6 million corresponding to

49.4% of the population of 10 years and over of age.

"C-l"



Indonesia is basically an agricultural country but bcing gradually
industrialized. The employed population of 23.8 miltlion, 55.8% of the
labor Eorce, are still working in the agricultural secctor such.as
agriculture, forestey, stockbreading and fishery. The GDP share of.
agricultural sector to the whole industry has a tendancy to decrease
from 32.8% in 1978 to 29.8% in 1982, Accérdingly, it is observed that
the shares of manufacturing and service sectors are increasing, as

shiown in Table ¢-2.

such a chaage in industrial steucture is reflacting on the issue
of regional and urban development. Urbanization in Indonesia has been
accelerating. Between 1971 and 1930, the rurai-urban migration
accounted for slightly more than half of the 9.6 millioa increase in
Indonesia's urban population. During the same period, the urban
population increased by 4% per annum compared with 2.67% durcing the
period of 1961-197L.

At this pacé, Indonesia's urban population will be more than
double from its 1980 level of 33 million to 72 million by 2000. One of
the most impoctant features of Indonesia's development is that
rural-urban differénces within regions might be greater than
differences among regions. Due to population pressure, 4.3 million
Indonesians or 16X of the natural iancrease in population resettled
permanently in provinces outside those of their birth between 1971 and
1936. Approximately 1,7 million people (or about 40%) moved from Java
to outer islands in the same pericd. . Of these, | million were

resettled through the official transmigration program.

Owing to the remarkable achieverents of Repelita I, iI and 111,
the proportion of the population living in pdverty.declined from 57% to
40% between 1970 and 1980. The reduction in povecty was conspicuous in
the outer islands, where poverty incidence réduced from 43% to 28%.
Nevertheless, there still exists outstanding theme to redistribute

incomes and alleviate regional socio-sconomic dispavities.

Tiie economy of Indonesia performed well during the decade to 1931,

as shown below!
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GDP Growth of Indonesia

(% per annum, at 1973 constant prices)

1970-79 1930 1981 1932 1983 1931-83

Average Average
7.6 2.9 7.9 2.3 4.0 4.7

Source: World Bank Report

GDP expanded at an average annual rate of 7.8% in this sustatned
growth period. But, the overall economic growth was slowed down since
1981, mainly due to deterioration in the terms of trade by the economic

tessesion all over the world.

In 1982, the GDP growth at constant prices recorded the lowest
growth rate of 2.3% over past 15 years. Real exports declined by 147
due to weaking in demand for the major primary exports, such as
petroleum and its products, wood, rubber, coffee, tin ore, et¢. On the
supply side, the impetus for growth from the agriculture sector
weakened in 1952 due to a severe drought. Table C-2 shows the export
and import of major commodities in Indonesia Erom 1978/79 to 1932783,
Indonesia GOP per capita is estimated at US3$560 in 1983 and expected to

exceed US$600 in 1984 at current prices.

The agricultural sector which accounts for a half or more of total
employment is the mainstay of the national economy and has been givean
the high priority within the public sector investmant program.
llowever, rice, the most important staple food, is continuously imported
at about 1.4 million toms per year on the average during the past 10
years (See Table C€-3), Rice proJuCtion for 1982 is estimated to be
23.2 miltion tous, about 4% above the 1981 tevel (22.3 million tons),
although it increased by an average annual rate of 9,7% during the
period of 1979-1982,
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Under such ciccumstances, the production is expécted to grow at am

average cate of over

3.5% for attaining to food self-sufficiency,

alleviating balance of payments pressures, and improving income,

¢mployment and nutritien levels, etec.

In Indonesia, the Forth Five Year Development Plan (Repelita 1V,
1984/85 ~ 1983/89) is now under execution. The Repelita IV is based on

the following directives:

L) To raise the standards of living, intelléctual abilities and

general welfare of the'people and lay strong foundations for

subsequent stages of the nation's development;:

2) To establish the foundation which will serve as an effective

basis for future sustained development, and to create an

environment

that peovides every incentive and opportunity foc

all concerned to participate and perform, fully and

harmoniously, in the national development effort;

3) To continue
emphasis on
industries:
deve lopment

4) To continue
Development

af econonic

The indications

to give priority to cconomie development with
agricultural self-sufficiency in food, and on

at the same time to give more attention to social
and the development.of ather non-economic Eﬁelds;
to be based on the "Irilogi Pembangunan" or the
Trilogy, namely, equity, a sufficieatly high rate

growth, and a sound and dynémic national stability.

are that the strategy under Repelita IV remains

fundamentally unchanged from the one under Repelita 111 (1979/80 -

1983/84) of placing greater emphasis on equitable development, While

the priority of Repelita IV is still on economic development, greater

empliasis is given to

human resource development comprising education,

health, manpower, clean-water supply, nutrition, housing and human

settlement, as represented in sectoral pefcéntage breakdown of

development budget {See Table C-4).
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In Repelita IV, the average growth rate is expected to be
approximately 5% per annum, comprising 3% in agriculture, 2.4% in
mining, 9.5Z in manufacturing, 5% in coastruction, 5.2% in _
traﬁsportaticn and communication and 5% in other sectors. With the
pléhned rate of growth, agriculture is expected to be able to support
the efforts to consolidate a sustainable food self-sufficiency for the

country as well as to aceclerate the industrial and export development.

The total government develeopment budget for the entire Repelita 1V
period amounts to fRp. 78,609.5 billion, while that of the first year of
1984/85 is Rp. 10,459.3 billion. The allocations are based on the
national priority stated in the Guidelines of State Policy with

emphasis on equity, health, ceducation and social overhead capital.

The transmission progeam is implemented in line with the nationat
policy to alleviate regional social disparities. In Repelita 1V, the
Government attaches high priority to an increase in the rate of
transmigration and aims to resettle 750,000 families of about 3.6
million people from Java to the islands of Sumatra, Kalimantan, etc.

r

1.2 History of Sumatra Island

Colored by the historical vicissitude, Sumatva represents a
tremendous diversity in terms of culture (tribe, language, customs, .
etc.), economic structure and so on. This diversity poses considerable
challenges for the Government. In this context, it is becoming
important to exploce the old to be able to understand the new, i.e. the

trends in conjunction with macco socio-economic development.

Ilistorical background of Sumatra and its pre-coloaial economy <¢an
be sketched as outlined hereunder, based on the studies: E.M. Loeb,
“Sumatra - Lts Wistory and People" edited by Oxford in Asia Paperbacks
and A. Reid, '"The Pre-Colonial Beonomy of Indonesia™, Australian

National Univecsity.
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(A) lliscorical Background

Unfortunately, the history of Sumatra has no unifornity in the

interpretation of original sources.

Sriwijaya in the Palenbang river valley in Sumatca was colonized
by llindus at an early date. The First Hindu Kingdom mentioned in
Sumatra was that oE'Maiayu {Halay Land) in Jambi in 644 A.D. A shore
time aftervards, the Kingdom of Sciwijaya gained a foothold on the

Malay Peninsula and came into ¢lese contact with Java.

The ficst use of the name Sumatra occurred in 1017. As the power
of Srivijaya weakened, the Javanese influence on Sumatra increased

until the name Malayw stood for the entire island.

In 1281, the Islam Kingdoms began to form on Sumatra’s north
céast. At about this time'(1292), Macro Polo, the Eirst European
visited Sumatra; travelling there and found eight small kingdoms. But,
the small states had not yet been convertéed according to the
commentaries of his travel book. 1In 1377, Sriwijays was definitely

conquered by Java.

The Eﬁropean history of Sumatéa consists of the struggle betwvecen
the English and the Dutch for the possession of the island. This
struggle resulted in the.victory of the Dutch. 1In 1824, the treaty was
signed between the two nations to insure the possessions of the British

on the main fand and the possessions of the Dutch on the island.
{(B) Pre-Colonial Economy

Indonesians have grown crops foc export for many <enturies. Rice
was alﬁays the lacgest items of macritime trade. The large commercial
cities such as Aceh and Banten were fed primarily by imported cice of
Java, and saw little need to plant rice their own hinterlands until the
Dutch introduced tactics of naval blockade in the mid-17th century. In
addition to rice, salt and dried or pickled fish were always traded
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from ¢oastal to interior tegions and Ffrequented also over loag

distances.

In the L5th to 17th centuries, the major boon crop was pepper.,
Pepper cultivation appears to have bean introduced to Sumatca from
India only about 1400. Other cash Crops were sihilatiy taken up
whenever a demand presented. Tobacco was extensively growth in almost
every suitable acea by the end of the 18th ¢entury. As to coffee, it
is estimated that Indonesia produced about a quacter of the wocld's

needs in the mid-19¢h century,

In the meantime, Indonesian small holders bepan to produce cubber,
copea, coffee, and most recéntly cloves, eote., long before the era of
modern capitalist penetration. Thus, the successful agricultural
entreprencurs who accumulated the capital as well as modern capxtnlists'
in the 20th Ceatury, promoted the flow of immigrants to their frontier

areas.

1.3 Regional Socio-Economy

The North Sumatea Province covers an araa of 71,680 km
occupying I5% of the total area of Sumatra Island. Admlnlstratively,
North Sumatra Province is divided into L1 Kabupatens (Regencies) and 6
Kotamadyas (Municipalities); 198 Kecamatans (Sub~-Distcicts); and 5,643

Dasas (Villages).

Based on the 1980 census and population projection, the populatien
of the North Sumatca Province in 1983 is estimated at around 9 million,
corresponding to 29% of the total population of Sumatea Island and its
population density is about 127 persons/km?, The population growth
tate was 2.5% per annum during the period of 1930-1983. This growth
rate is lower by 0.1% than that during the period of 1971-1980. Based
on the forecast of futuce population, the North Sumatra Province is
expected to reach a population of some 13.7 mLillon in 2000 with the
- average anoual grouth cate of 2.5% being equtvalent to the rate for the
period of 1980-1933,
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The population of 10 years and over of age in the Proviace was
5.74 million in 1980 comprising 2,35 million of male and 2.89 millien
of femalé, and it cdrrespﬂnds.to 63.9% of the total population. The.
labor force was 2.9 million in 1932, correspOnd:ng to 50.5% of the

population of 10 years and over of age.

The percentage of employee active population in the Province was
99% of the total tabor force in 1982 and the percentage of persons
employed in agricultucal sector was 60,6%, followed by 13.7% Eor
comnmerce, 10.64 for services, 9.5% for others and 5.6% for industry.
The percentage of persons employed in the agricultucal sector fo those
in all the industcy sectors decreased from 67.9% in 1930 to 60.6% in
1932. A gradual decrease in the share of agricultucal sector seeas to
be the recent trend in Indonesia. In 1983, the number of
farm-households in the Province was 974,000, accounting for ?3 5% of

the totat number of households.

The Gross Hegional Domesti¢ Product (Non hining GRDP) of Horth
Sumatra Province increased from Rp. 621.3 billion in 1975 to Rp.
[,055.5 biltion in 1981 at 1975 constant prices {See Table C-5). This
shous the average real growth rate of 2.2% per annum., GRDP on the
North Sumatea Province accounts for 6% of Indonesia's GDP. Assuming
that GDP per capita_index of the whole country is 100, that of the
Proviace quates 105.8 at the 1979 current prices, as figured in Table
C-6. This indicates that Noeth Sumatra Province is thé middle
developed one among 27 provinces of the country, but the index of 105.8

is fairly below that of 164.7 on the whole Sumatra.

The share in GRDP by main sector (at 1975 constant prices} in 1932
was 41.3% for agriculture, 0.2% for min{ng and quarrying, 7.1% for
manufacturing industries, 4.5% for construction, 11.9% for transporta—
tion and communication and 35.0% for trade, financing and other
services, The share of agrlcultural sector reduced by 3.7% ducing the
peciod from 1975 to 1982. Moast of commodities e¢xported from North
Sumatra Province are composed of estate and.plaﬁtation products éuch as
palm oil, rubber, palm kernel, latex, copra chips, etc., as shown in

Table €-7.
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The per capita income of the Province in 1982 was Rp. 324,055 at
the cﬁtrent prices and Rp. 130,805 at the 1975 constant prices. The
average growth rate of the per capita income was 6,5% per annum during
the period from 1975 to 1982. This growth rate is higher than 4.0% for

the whole Indonesia.

L.4 Socio-Economy of Study Area

1.4.1 Study Area

The study area is locafed at about 160 kn south-east of Medan,
capital of the Hocth Sumatca Provinece. The study area consists of
two (2) Rabupatens and one () Kotamadya; greater parts of Kab. Asahan,
some parts of Kab, Labuhan Batu and Whoele Kotamadya Tanjung Balai. Tt
covers about 6,000 km® or 8.4%4 of the gross arca of the North Sumatra

Province.

Catchment areas of the four (4) rivers: Bunut, $ilau, Asahan and
Kualuh comprise a part of other Kabupatens in their upper basin.
However, the study area for socio-economy is limited to 13 Kecamatans
in Kab, Asahan, 3 Hecamatans in Kab. Labuhan Bate aad the whole
Kotamadya Tanjung Balai, judging from the objectives of regional

cconomic study in the present master ptan {Sce Table C-8).

The study area covers 13 Kecamatans among 17 in Kab, Asahan and
its area accounts for 86% of the total arca of Kabupaten Asahan
(4,681 ka?), e ¢ity of Kisaren is the administrative center {Ibu
Kota) of Kabupaten Asahan. Kabupaten Labuhan Batu within the study
area covers 2,035 kmz, corresponding to 22% of the total area. This
Kabupaten is administrated by Ibu Kota of Rantau Prapat. Kotamadya
Tanjung Balai surrounded by Kabupaten Asahan is treated as an
autonomous municipality with the total area of 1.9 ka?. Each
Kecamatan and Kotamadya has several Desa as an administrative
substructure._ Number of Desas in the study area is 199 in total

including 155 i{n Asaban, 40 in Labuhan Batu and 4 in Tanjung Ba'ai.
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1.4.2 Population

Population census in Indoaesia were carried ocut in the years 19561,
1971 and 1980 after the independence. Populations in last thirteen (13)
years (1971-1983) are given in Table C-9, supmacizing thenm for the
whole Indonesia, Sumatra island, North sumatra Province, two Kabupatens
of Asahan and Labuhan Batu and one Kotanadya of Tanjung Balai, and the

areas of these Kabupatens and Kotamadya vithin the study area.

In 1983, the study drea supports the population of some 798,900
consisting of 603,400 iﬁ Asahan, 152,700 in Labuhén Batu and 42,300 in
Tanjung Batai {(See Table C-10). .The population in the study arca is
abouc 9% of the totai of the Province. Average population per
househiold in the area is estimated at 5.3 and this size is sligﬁtly
higher than theose of Sumatra island (5.2) and national average (4.9),

but lower than that of the Province {5.4) as shown in Table C-11.

Population in the study area is unevenly distributed due to its
topography and dense in the northeastern c¢oastal part and coarse in the
southwestern mountain area. Ditribution of population in the study

area is as follows:

1) Majority of the population is concentrated in municipalities
along the provincia[ and local roads from Tebing Tinggi to
Rantau Prapat and from Kisaran to Tanjung Balai.

2) Many fishermen's families are found along the rivers and
coastal areas.

3} 1In southeastecn part of the study area covered with swamps,

number of inhabitants is very few.

The population density in the study area was about 130 persons/
kam? in 1983. This figure is higher tham those in the Province (119)

and the whole of Sumatra island (59).

The population density in Kabupaten Asahan in 1983 was L49 pecsons/

ka. that in Kabupaten Labulian Batu 73 personslka and 22,500

2

persons/km® in Kotamadya Tanjung Balai, as shown in Table 2.13,
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These figures indicate the accelerated ucbanization in the study area,

especially in two ¢ities: Tanjunz Balai and Risaraa.

Table €-12 shows population distribution ratio between ucban and
cural areas. The population ir the urban area was 15.3% in the whole
Khbupatens!Kotamadya and 17.2% in the study area in 1930. These
percentages are fairly_below the national average of 22.4%. In North
Sumatra Province, this figurc is about 26%, owing te the existaence of

big city of Medan.

In connection with the urbanization which has a centripetal force
to attract populatioh, it is noticed that the aanual popuiation growth
rate of neighboring regions has a tendency to decrease in recent
years. The average growth rate ian the study area was only 1.2% per
annum during the period from 1980 to 19383, impiying outflow of
population to outside. This percentage is Eairly small compared with
2.5% of the Province, 3.3% of Sumatra and 2,3% of the country (See

-Table C-9).

Table €-13 shows the population by age and sex groups in the study
area, North Sumatra Province and Indonesia. In the study acea, the
population under 15 years of age accounts foc 46.3% of the total, i.e.
the average age is low compared with those of North Sumatra Province
(45.1%Z) and Indonesia (40.8%). It méans many new labor Fforce will

require much more job opportunities in near future.

l.4.3 Economic Conditions

Characteristics of the North Sumatra Province and the study acea

are summarized hereunder.
(a) Agriculture
About 65% of the population is engaged in the agricultural sector

which is the mainstay of the region. The most important crop is rice.

A part from rice, field crops such as cassava, sweet potata, maize,
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- peanut, soybean ace cultivated (See Table C-14). But, most of them are
locally censumed. The main estate (or plantation) crops are oil pailam,

rubber, coconut, coffee, tea, cacao and so on.

Rice production in North Sumatea Province has mainly been
increased by crop intensification and expansion of irrigation
facilities. The harvested area of paddy (wet and dry seasons) and the
total production were respectively 581,000 ha and i,3[2,00ﬂ toas in
1982, MHowever, this amount of production was not sufficient te meet
the demand of the Province and 80,300 tons of rice wore imported Erom
other Pcovinees, especially from Ac¢eh and West Sumatra. Under these
éirCUmsténces, the increase in rice production, through the expansion
of irrigation of irrigation area and the improvement of irrigation

system, is required to realize the self-sufficiency in the Province.

The arable lands in the study area are mostly cultivated for paddy
and pércnniai crops. OF the paddy fields which cover area of some _
80,000 ha, about 17,000 ha or only 21% has irrigation facilities. The
largest irrigation system is Serbangan scheme commanding 1,75C ha in
the dry season and 1,973 ha in the wet season. However, most of the
existing facilities depend on the Eree intake of'the:rivcf water
without weirs, resulting in difficult water intake in low vater

season. This is the biggest constraints for double cropping of paddy.

Total production of rice in the study area is estimated to reach a
level of 267,000 tons in 1982; Nevertheless, the harvested acea, yield
rate and producétion are not constant or stable and subject to weather
coaditions. Table C-14 indicates that the productions of paddy in
Kabupaten asahan, above all, suffered considerable damages in both wet
and dry seasons, reducing from 268,623'£dns in 1982 to only 101,234
tons in 1983. Besides, the production of dry land haddy in Kabupaten
Labuhan Batu also decreased remarkably from 11,672 tons in 1932 to
3,541 tons in 1983 by severe drought, The unit yield of paddy in
Kabupaten Labuhan Batu is facr lower than that of Asahan, suggesting

I
worse conditions.,

- C, 12 -



According to the annual tepoct (June 1930) of the DPU, about 690
existing and proposeéd ircigation schemes are in Horth Sunatra
Province. As regards the arca to de irrigated in fugure, &5,620 ha ia
Asahan and 50,490 ha in Labuhan Batu are proposed to be developed in
the DPU plan.

The enphiasis of the Government to promote the rice production in
this region was put on the developnent of irrigated sawal (wet field).

Tiie principles of the development are the following:

1) Openiong of nev areas for rice production

2) Ircigation of existing rain-fed sawah

3) Rehabilitation of existing irrigation schemes
4) laprovement of operation and maintenance

5) Improvement of agricultural inputs

The results of land use survey clarified that in the total area of
6,000 ka? ynder study, upland forest occupies about 27% including
mixed cultivation of tubber, oit palm, clove, ete., about 27% under
plantations or estates, about 13% for cultivated land and about 30%
under swamps not developed yet. The both Ffacts namely alreeady
- comparatively high population density and the population cutflow from
the study area, imply that increasing rate of job opportunities is less
than the natural increase of population and not much space to absorb
the populacion is lefe under the present economic conditions with the

present land use.

(b) Plantations and estates

The plantations and estates in North Sumatra Province have been
dcvcioped since long time ago during the colonial periods into one of
the world's leading production zones of pala #il and rubber, as

mentioned in the Saction .2 "History of Sumatra Island”,

Plantations are classified into two categories, estate and small

hiolder plantations. Estate plantations are operated by corporate

- C¢l3 -



enterprises or by other legal institutions. Other plantations which do
not meat the above definition are classified into small holder
plantation. In plantatiods or estates owned by small holders are

estate/limited estate enterprises, perennial crops are produced.

The total area of small holders in Norfh Sumatra Province is
513,562 ha in 1983, comprising 268,807 ha (52.3%) for rubber, L16,283
ha (22.6%) for coconut, 38,044 ha (7.4%) For coffee, 36,937 ha (7.22)
for oil palm 22,0493 ha (4.3%) for benzoin and 31,393 ha (6.2%) for
others. On the other hand, the total planted area of'statellimifcd
estate enterprises amounts to about 576,399 ha, consisting of 303,424
(52.6%) for oil palm 235,625 ha (40.8%) for rubber; 12,706 ha {2.2%)
for tea, 11,827 ha (2;12)=f0r cocoa, 5,268 ha (0.9%) for sugar cane and
4,460 ha (0.8%) for coffee, etc.

Howevér, among this cotal planted area of estates, 29% (or 164,722
ha) is not yet productive because of new or renewed plantations, 1In
addition to the.planted area, estate plantations encompass a huge
land. The total area occupied by the botﬁ small holders and
state/limited estate enterprises represents arbundii,lO0,000 ha, .

accounting for about L6%Z of the whole Proviace.

It is also noticed that the total planted area of rubber in
estates is gradually deéreasing from 99,451 ha in 1979 to 97,703 ha in
1983, while that of oil palm inereased remérkably from 83,132 ha in
1970 to 217,147 ha in 1983.  Such trends are due to the pfoduétivlty
and production cost of the crop (See Table C-15). The production cost
of palm oil (Rp/kg) is approximately from one third to one Eifth of
that of rubber in the small holder's plantations and from 1.9 to 2.0
times in the estates. As for the valués, volumes and prices of main
peceanial crops, the historical €figures Erom 1975/76 to 1982/83 are
given in Table C-16.

The share of plantations in the study area is estimated at about

27% of the total area. In those plantations, oil palm, tea, cocoa and

tobacco which require afterwards the processing treatments are mostly
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(95 - 100%) cultivated by estates, whereas coconut, coffee, clove,
benzoin, casia vera, etc. which need generally plece-works for their
hatvest are raised by small holders. As for rubber, the ratios of
estates &nd_small holders in area {(ha) and production (ton) are
cespectively 46.7 : 53,3 and 66.5 : 33.5 as shown in Table C-17 and
C-18. It clearly shows the average yield per ha in the small holders

is Far lower than that of big estate,

Table ¢-19 shows the plantéd area and pcoduction of small holdeces
by type of plants ia the Kabupatens cbncerned aad the study arca in
L982. 1In comparison with the planted area of North Sumatra Province by
type of plahts, it is noted that the share of coconut plantatien aceas
in the study area accounts for 70%, while that of North Sumacra
Province is only 22.62. Further, this percentage of Kabupaten Asahan
in the study area accounts for 79%. 1In the study acea within Kabupaten
Labuhan Batu, the rubber to the contrary is predominantly cultivated

with the share of arcund 77% in the total harvested area.

Such distribution of plants seems to be due to several reasons,
such as soil conditions of the area, simplicity and productivity of

plant culture and so on,
{c} Livestock

In North Sumatea Province where there are wide planteaux with
relatively cool waather, big‘livestock production such as cow, horse
and milking cow ls active. llovever, in the study area, small livestock
such as goat, sheep, poultry and swine is mainly produced by local

farmers.

Table C-20 shows the number of livestock by its kiad in the area
related to the study aad Morth Sumatra Province in 1932-1933. Humber
of cows in Kabupaten Asahan increased by 6.7% from 1932 to 1983, while
that in Kabupaten Labuhan Batu doubled in the same period. On the
other hand, it is noted that the breeding of milking cows are being
introduced in the study area, even though its number {s still small.
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As foc the number of water buffaioes in the study area, it is
relatively small compared with that in other surrounding areas. This
scems to be related to the land use and its size-and sotio-econonic
situation (land tenure or land holding) of farmers in the regioen,
because a correlation is generally obseeved between the number of water

buffaloes and planted area of wet season paddy in Indonesia.

Livestock in estates is aot ancouraged From a viewpoint of
pratection of plants and products; espacially, goats breeding within
rubbec plantations is strictly prohibited for reason of their
mischiefs. Estate workers are growing small livestock in the vacant
lot only for their private consumption. Taking into consideration the
optimum land use of the study area, it seems that a livestock of large
scale in the area is limited by its spatial cenditions being largerly

cecupied by the plantations.
(d) Fishecry

Following the objectives of rural development program, the
regional authority attaches also great importance to the fishery

developmeant for both local consumption and export purposes.

Table C-21 shows the fisher production in the area related to the
study in 1982 and 1983. The Fishery preduction in two Kahupatens of
Asahan and Labuhan Batu and one ¥otamadya of Tanjuang Balai amounted to
82,5060 tons in 1983,_c0hprising 50,300 tons in sea Fisher and only
2,200 tons in inland Fishery. The share of total production ip the

study area ig éstimated at about 40% that of the North Sumatra Province.

As to the inland fishecy in the study arca, fishery in swamp and
river is popular, as indicated in Table G-22. Humber of sea and inland
fishermen including full time, temporary and periodical wockers reaches
sone 28,500 in 1980, corresponding to about 3.6% of the estimated

population in the study area.
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(e) Industey

Host of existing industries in Horth Sumatca Province are light
and home industries. They are mainly engaged in the processing and
manufacturing of the primary products and goods such as patm oil,

rubber, salted fish, plywvoed, ecec.

The number of ldrge industries in Horth Sumatea Proviunce amountad
to 374 in 1982. Total number of persons engaged was about 40,000 and

the Average monthly enployment cost was around Rp. 43,500 per worker.

In the study arca, there exist two primary cities: Kisaran and
Tan jung Balai. Kisaran city is the center of Kabupaten Asahan and
Kotamadya Tanjung Balai is located at 25 km from Kisaram on the east
coast. the main industries existing in Kisaran area are related to
agricuLtﬁral products such as paim oil, rubber, coconut and rice. The
remainder is Catcgofizcd as small scale home industeies, relating to

handierafts, brick, clothes, food & soft drinks and so on.

Table C-23 shows the number of the existing industries by type and
their production in Kabupaten Asahan in which the majority of the study
area consists., Based on this table, the number of industries in the

study area is estimated to reach around 5,000,
{f) ORDP and regional income

Table C-24 shows the Gross Regional Domastic Product {CGRDP) of
Rabupaten Asahan & Labuhan Batu and Kotamadya Tanjung Balai, in

comparison with CRDP of North Sumatra Province and GDP of Indonesia.

GRDPs of Asahan, Laﬁuhan Batu and Tanjung Balai were respectively
Rp. 262.3 billion, Rp. 178.4 billion and Rp. 15.8 billion in 1931 at
current prices. GRDP of Asahan became 4.2 times of that in 1975. This
increase is fairly high compared with those of Labuhan Batu (3.8
times),.Tanjung Balai (3.4 times), Medan (3.8 times) and North Sumatra
Provinee (3.9 times),
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The GRDP average growth rates of Asahan, Labuhan Batu and Tanjung
Balai were respectively 12.3%, 10.2% aad 10.1Z per anuun during tha
period from 1975 to 1981. These figures are higher than 9.2% of Medan,

9.3% of North Sumatra Province and 7.5%4 of Indonestia.

Table C-25 indicates the shares are growth rates of GRDP by
industcial origin for twe Kabupatens Asahan and Labuhan Batu and one
Kotamadya Tanjung Balai related te the study. Ia the '
Kabupatens/Kotamadya concerned, the shares of agricultura! sector show
a decreasing tendéncy; Erom 67.9% in 1975 to 63.6% in 1980 for Asahan,
from 64.1% in 1975 to 63,5% in 1930 for Labuhan Batu and feom 39.0% in
1975 to 35.3% ia 1980 for Tanjung Balai. This de¢reasing tendency of
the GRDP share in agricultural sector ioplies the reducing labor force

in this sector and the wrban-rural migeation.

As for the average annual growth rates of GRDP in each
Kabupaten/Kotamadya conéerned,'remarkable growth rates were observed
during the period from 1975 to 1981, e.g. 61.1% for construction is
Asaban, 42.2% for electricity, gas & water supply in Labuhan Batu and
55.0% for mining and quarrying in Tanjung Balai. It seems that
construction of asaban Aluminium smelter together with two hydropower
stations commenced from 1978 bad much effects on those sectors. But,
the growth rate of manufacturing in Asahan was only t.5% for the same
peried, while those of Labuhan Batu and Tanjung Balai recorded a steady

increase with the annual growth rates of 10.6% and 7.1% respectively.

The per capita incomes for Kabupatens Asahan and Labuhan Batu aad
Kotamad?a Tanjung Balai were respectively about Rp. 331,000, ¢p.
314,000 and Rp. 372,000 inl1931 at curreat prices, as shown in Table
C-206. These amounts are higher than Rp; 283,000 of prbvincial level,
but below Rp. 386,000 of Kotamadya Medan.

The average growth rates of the per‘cépita income for Kabupatens/
Kotamadya concerned wore 9.L2'fdr Asahan, 5.0% for Labuhan Batu and
8.27% for Tanjung Balai per annum during the period from 1975 teo 1981.
These are also higher than 4.4% for the whole country and 3.5% for
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Kotamadya tedaa, waever, 5.0% for Labuban batu is below the
‘provincial avecage of 6.5%. Such 3 high i{ncome in the area related to
the study seems to be mainly owing to a contrlbut.on of the estates and

plantations which accupy nearly 27% of the total area.

1.4.4 lnfrastructure

(a) Transportation
L) Road

The road netvork in Nocth Sumatra Province comprises 793 &m of
state roads, 2,544 km of provincial roads and 16,539 kn of
Kabupaten/Kotamadya roads, as showa in Table C-27. 1In 1933, 60% of the
provincial road is asphalt paved and relatively well maintained. As to
its surface conditions, about 60.3%, or 6,438 kn of the total

(13,927 km) is categorized as gaod or sufficient,

While, the percentage of asphalted Kabupaten roads are very small;
only 15.5% in Asahan and 30.2% in Labuhan Batu. fn spite of this,
condxt1ons of Kabupaten and Kotamadya roads are reported to be fairly
good; about 907 to the total are judged good or sufficient in Asahan

and Tanjung Balai.

Transportation in the study arca relies mainly on the road traffic
through the provincial road, Kabupaten and Kotamadya roads and local
roads. The provincial road ruas through the study area from Tebing
Tingzi to Rantau Prapat via Kisaran - Pulau Raja ~ Ack Kanopan. 1In
addition, there are many other smaller roads, and some of them are
asphalt paved, especially those in the plantations. MHowever, roads in
the southeastern part of the study area are poor in general, often not
Jeepable in rainy season. Such a pooé condition of the roads is one of

the major constraints for the development of the regional economy.
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2) Railvays

Railways in Mocth Sumatra Province have been developed mainly for
transportation of plantation products to the nearest ports. It was
also a main artery of the north-south transportation through whole
Sumatra. But the recent development of highways and cac transportation
radically changed the situvation of railvays to limit mainly bulk
cargoes. Small commodities and passengers are mostly Eraasported by

trucks and buses cespectively,
3) HNavigation

The main streams of Asalian, Silau and Kualuh rivers are utilized
for local navigation between the estuary to highway bridge by small
Diesel engine boats having 2 to 5 toas capacity. Although those boats
are indispensable needs far the inhabitants in swampy areas where no
jeepable roads are available, the quantity of transportation is very
lictle compared with the road or railvay transportation. If a suitable
roads are constructed along the future dikes, this navigation would be

further limited due to its slow speed.

Some upstream reaches are utilized for floating-dotn of logs f[rom
forest area, but decreasing log production in the forest area mkes this
system smaller scale recently, because the planting of rubber trees or

oil palms is prevailing in the forest acea.

The major pcoblem for'navigatioﬁ is the sediment disﬁositidn at
Tanjﬁng Balai to the river mouth, According to the interview survey
with old agers in Tanjung Balai, the port had many 300 tons size ships
to export rubber sheets, palm oil and copra mainly to Singapoce before
the Wocld War II. But novadays the port can receive smaller ships less
than 200 tons or so even in high tide time. Actually the Tanjung Balai
became a small fishing port accommodating 50 tons or less fishing boats

for inshore fishing.

The sedimentation scems to be accelerated by increasing rate of
sediment transport as well as tho tidal and wind effects. Those

phenomena shall be clarified in due course of survey and study,
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4) Ports

In the study area, there exist only smail ports such as Tanjuog
Balai, Teluk Nibung and Tanjung Tiram. Those ports handle maialy
commodities for local needs and function as inshore fishing bases.
fost of ageicultural crops and industrial gnods produced in the
Province ace kranspocted by rail or by road to the Belavan poct, the
third largest port in Indonesia, located 26 km north Medan city. The
toral export and import tomnage treated inm Tanjung Balai port amounted
to 31,692 tons in 1983 and this volume is 17.8 times of that in 1930.
Nevertheless, the share of Tanjung Balai port accounted for only 0.7%

of the total cargo volume handled in ports of the whole Province.

Dueé to the sedimentation effects and its insufficient facilities,

the function of Tanjung Balai port is considerably limited at present.
(b) Telecommunication

Number of telephone holders in the North Sumatca Province was
52,952 in 1983, which was about 11% increase from that in the previous
year. According to the statistics in 1983, 45.3% of the total number
of telephone in Sumatra island exist in North Sumatra Preovince. The
ratio of population per telephone set is 170 persons in the Province,

-while those in Sumatra island and whole Indonesia are 264 persons and

213 persons, respectively,

tlowever, most of them concentrated in urban area, especially in

Medan., Medan acea represents nearly 50% ia number of calls and about

70Z in number of telephone lin%s.

Communication by phone in the study area is still far behind the
satisfaction to the users for reasons of its shortage of lines and

outmoded system. Long distance c¢all is often uncertain or difficult to

hear clearly.

- .2l -



Number of television sets registered by the Province is 1?8,833 in
1962, The number is increasing capidly in the study area wherever
elecccified. In 1932, perceutagc of the families whieh have television
sets in North Sumatra Province is 52% in urban area and (17 in rural
area, respectively, as shown in Table C-28. However the number of
radio registered in post office decreased by 567 from 330,309 in 1976
to 155,397 in 1982, 1t scems that mass-communication mode is now

rapidly shifting to television.
~{c)} Water supply

In North sumatra Province, the seurce of water for drinking in
uran area is mainly water-well {59.6%) and pipe (33.1%), uﬁilé that in
rural area is well (58.5%), spring (16.5%Z), river (14.72) and so on, as
shown in Table C-29. As for bathing and washing, water of well and

river are comronly used.

In 1981/1982, the percentage of households using piped water for
drinking accounted for 9.7% the whole Province. about 33% of
households in urban acea are dsing piped water, while this percentage

in rural area is only 2%.

The uvrban water supply system is administrated by the Regional
Water Supply Enterprise (PDAM) in each'KabUpaten and Kotamadya. The
water supply system of the eity Kisaran vas commenced in 1928, and at
pcesent about 4,000 housecholds (corresponding to about 23% of the
total) are supplied (20 brs./day) from the Silau river with yield of
40 lit./s. Nowever, most of inhabitants in the study area are using
water of well,.rain andfor river for their drinking, ¢ooking, bathing

and laundey,

The water supply system of Kotamadya Tanjung Balai was started in
1917, using also water of the Silau river. 1Its actual yield is 70
lic./s and about 4,300 households (about 50% of the total) depend on
the PPAM for the supply of water.
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In other main tOwns.in the study area, such as the case in Tanjung
Tiram; the deinking water is supplied only for 430 households by
deepuell. Besides, in the targe and medium industries and estates
which are managed with an autonomous and autacky, water supply

facilities are equipped for their self-use mostly from wells.
(d) Electricity

The urban electricity power supply i$ adninistrated by the State
Electricity Enterprise (PLN), Total.encrgy produced by PLY in
1982/1983 was 663,790,464 kWh tn PLY Wilayah 11, (geographical coverage
in North Sumatra). Most of power plants in Ehe region are Diesel
generators {41%) and gas turbine (59%)}. The tuo hydropower stations
(603 MY in total) are connected with PLN transmission line in December
1984 and surplus pouer beyond the requirement of the alminium smelter

will be supplied up to 50 MW.

Table C-30 shows the percentage of householdé using electricity in
North Sumatra Province and Indonesia. 1In 1981/82, only 24.4% of
houseliolds enjoyed electricity in North sumatca Province, This ratio
is fairly bhigher than that of national areas. In rural arecas, the
percentage of households enjoying electricity was stitl vary low

(12.6%), but its growth was pronounced due to kecen nceds.,

In the urban areas of the study area, the maia cities such as
Kisaran, tanjung Balai, Ack Kanopan, cte. are supplied with electricity
by the PLN by isolated Diesel power plants. Capacities of Diesel
generatiog plants in Kisaran and Tanjung Balai were 3,290 kW aad 2,440
KW in 1984, The 150 kv teansmission line under construction between
Kuala Tanjong and Kisaran is expected to be completed by the end of
1985,

In other small towns, electricity is supplicd by the private
gencrating sets. As for the clectric power of local industeies and
estates and plantations, their own generating plants are operated for

their consumption.
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