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Table 112.5 POPULATION PROJECTION

(1) Indragiri River Basin Unit : person
. Year 1994 | 1999 2004 2009 | 2014 2019
Kab.Indragiri Hulu 331,446] 392,715| 464,160 543,189 624,926} 713,633
Kab.Indragiri Hilir 157551 173825| - 188,163 202,594| 216,749] 230,938]
Sub-Total 488,997| 566,541 652,323| 745,784] 841,675 944,571
- |Kab.Solok . . - | 223,326| 244,402 263,381] 281,785 297,922 314,984)
* |Kab.SwySijunjung 183,556| - 211,307] 241,407 276,476 315,706] 360,058
Kab. Tanah Datar 356,775|  367,334] -376,104] 389,067, 400,083| 411,412
- |Kab. Agam _ | 190,842 195,856 200,203\ 207,103 212,967 218,997
|Kab Limahpuluh Kota - | 243,749 255,043| 265,015 ~281,163] 295213} 309,965
|Kodya.Solok " o .a7914) . 558690 63644 - 75224) 86362 97,140
Kodya.Swl/Sijuﬁjung '_16,3_99 o 17,159 17,829 18,600 19,260 19.,806
Kodya Padang Panjang. 42,068 45453  48,534] 52,802 56,603 60,260
Kodya.Payakunbuh 101,466 112,825 123,442 137,699| 149,661 161,545
Kodya.Bukittingi 93,775 ~ 93775| - 93,775|  93,775| .- 93,775] = 93,775
Sub-Total =~ 11,499,870{ 1,599,023] 1,693,334] 1,813,694] 1,927,553| 2,047,942
|Total = T | 1,988,867] 2,165,564] 2,345,657 2,559,478| 2,769,228] 2,992,514
|KabiIndragiri HilirSWS) *1) 346,612 382,416]  413,959|  445,707] 476,848| 508,065
Grand Total - 2,335,479| 2,547,980] 2,759,616 3,005,185} 3,246,077| 3,500,579
Note: SWS stands for ]n-be_tween area : ' : ' '
(2) Kampar River Basin " Unit : person
Year 1994 | 1999 | 2004 | 2009 | 2014 | 2019
Kab.Indragiri Hulu 65.417]  77,510] - 91,610{ 107,208 123,341 140,849
Kab.Kampar 362,414 418,774| 476,474 539,353 604,101} 671,217
Sub-Total |- 427,831) 496,284 568,085| 646,561 727,441| 812,065
~Kab.Limahpuluh Kotak - - '68,750]  71935|  74,748] - 79,302| 83265 87,426
|Kab. Pasamian 25543 28247]  307ss|  3an1s|  37,064] 39913
“fsub-Total 94292 100,182] 105,503 113417| 120,429] 127,339
- {Total . 522124 5964661 673,587). 759,978| 847,8700 939,404]
Kodya Pekanbaru - " 496,826] 649332 858,754| 1,135,719 1,466,835] 1,872,095 .
|orand Total = 1,018,950] 1,245,799] 1,532,341} 1,895,697 2,314,705| 2,811,499




Table I1.3.1 GDP AND GRDP IN INDONESIA

Unit:10° Rp, .
Tsland Province 1984 | 1985 | 1986 | 1987 | 1985 | 1989 | 1990 | 1991 | Avces wal Growth Rate{%)]
' ] - . ) _§W§’°r1 1 1
T Dacrah Istimewa Acch A 4ZI0] - 4230[ 4593 5010|5418 . 3,716] 6,000 387 691 550
2 Sumatra Uiara 3,3s] - 3,888 4,332 4492) 4999 5479 935 5387 634 920 7.97
3 ‘| Sumatra Barat 1,300 1,356 - 1,424] 14| 15970 1,712] 1832] 1,955 4.68 7.01 600
4 Rinn 6,785 6,501] 73360 8,178] 8502 &%45| 8772 8817 6.42 1.90 331L
5 SUMATRA Jambi : 539] 556" s8]l &29] 697  774]  mas| o as3 662 &8s 789
5 Surnarea Selatan 3,857 4,061 4249 4248 4,509) 4,864 4879 5231 3 483 416/ 4
7 Bengkulu . 278| - 300 332} 357 397 427] 460| - 498 8.69 8.68 8.68) &
8 Lampany 1,183] 12700 1396] 1.529] 1.645] 1780 1920 2011 8.93 7.09 787
T—.Iq“goa Z1,756] 22,140] I1,6830 25,507 27336 29,308 30,359 31,687 5.46 538 332
g DK] Jakarta 92051 9,679 10,164] 10,758] 11,369 12,586] 13,665) 14,709 533 £.13 €93
10 Jawa Barat 11,940| 12,671f 13,505 14,008] 15,111| 16409 17959 19231 @ - 547 824 705
11 JAWA Jawa Tengah 8232 8919} 9460 10,018 10652 11,340| 12,334] 13,003 676 - 674 6.75
12| DI Yogyakaria 810] 21|  8es| ezl 976] 1038 1085 1341 437 - 550 .02
13 Jawa Tieur - 11,513) ‘12,147 12.896) 13524} §4,420] 15495] 16737 17924 551 730 653
Tom a3.700) 44,337 46,910] 9,207 5260 56,36&‘?%851 T Y £ I
13 ~Ball ' 1,073 1,154 1,252F 1,355 1,473] 1,604] 1,137 WL 833 §38
15 Nusa Tenggara Barat S75] 593|629 . 648] | 691 751 B8] . BM 4.06 7.92 625
16/ NUSA TENGGARA |Nuss Tenggara Timar 536 556 sas| eo8] 632 668] 708|748 429 532 a88|
17 : Timor Tinrur oy g_g 2’392 e ltlj‘sf 2’1 1; - (1}23 y 140 3,;53 273 .71 8.42]
o . 1 [ T8 AT 26 ¥} 370 1 i T T3
18 Kalimantan Hare! _895F 962 1,104| 1,06 L304] 1,470{ 1573 1,679 1009 862 933
119 Kalimanisn Tengah s04f  s36l - 590|633  eem el 73| osasl - . 7aw 746] - 164
20| KALIMANTAN [Ralimentan Sclatan 961 S88| 1,017 1,105| 1,198 1,283; 1374] 1,464 476 729 620
21 Kalimantan Timnur 52371 5276] 5318 5315] 5309 54450 5812 6,187} - 049 387 241
. Total TE0] 62 B030] . B250] B0 BITY OSH[ 10174 pE:3 335 §25)
22 Sulgweai Utara BRI 705 - 730]  7i0] B3| BI3| 957 1,048 418 100 642
23 . : Sulywesi Tengah 374) . 393 419] 449|486 S535|  sm 635 628 908 786
24 SULAWESI Sulawesi Sclatan LB 1966 2094| “2167) 2363 2609) 2785 3082]  ssof . 903 7.63
25 Sulawesi Tenggara _ 322 - 335) 366) - 386 421  a6s|  s2el  ses] - 623 11.57 9.25
_ [Toal 13307 3399 3,609 3772 4005 4457 _E% | ~ 5341 556 U.08 75
26 MATURUand  |Maleku 516 535 601 ) IR ™ 783, 918 ~ 931 8.03 854
127 IRIANTAYA . |Fisn Jaya 7l 775l si9] sy w4| 1004} 1221 235 954 6.40
) . Total 307 1314 AR 157 1653 13 1952 2,139 SR1] .
. TOTAL OF 27 PROYINCES 77,759 81,168! 86,120 90,912 97,130 104,486] 111,544} 118863 5.35 6.93 625
TOTAL OF 27 PROVINCES *) 60,585| 64,391 68,688 72,883 78,788| 85,179 9z026| 9BET3 635 187 22| 4
. . . - . %
" INDONESIA 83,037] 85082 90,080) 94,518| 99,936 107,437[ 115,217] 123,181 44i{ - - 685|580
INDONESIA *) 63,435 66,884 70,993) 75128 80,678 87,371| 94000(100,194] - 580 746 6.75

Source: Statistical Year Book of lndomia, 1993 Central Bureau of thsﬂq
Nate: 1.*) Excluding oil 20d oll products.

2, AL 1983 constant price

3, The difference between the tots] of GRDP of 27 Provinces and the GDP of lndunail ls e 12 (he tﬂﬁmoe in covenge sad mﬁsﬂn! discrepancies.
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'I‘able 11.3.6 PRODUCTION OF ESTATES BY TYPE OF CROP IN INDONESIA

(Uml 100010:1)
S o . Av. Annual
Crops 1987 1988 1989 1990 1991 1992 | Growth Rate(%)
. {1987/92)

Rubber 1,141,3] 1,173.3]  1,180.2| 1,228.7] 1,301.5] 1,334.8 318

Coconut 209850 2,144.0]  2,221.4] 23315| 24783 25109 3.65

Crude Palm Oil| 1,381.2] 11,6093} 1,860.4} *2,096.9| 1,843.6] 2,186.0 9.62

Oil Palm 165.2 156.1 183.7 377.0 413.3 699.6 33.47

Palm Kernel 326.6 355.9] 4471 521.2 491.6 90.8 22.59

Coffee 388.6 391.1 409.0] 4100 4255y 4329 : 2.18

Cocoa 4350 . 794 . 1074 139.0 149.9|  163.5 130.32

’ Tea 127.9 1338 146.8 160.5 152.9 141.0 1.97

Clove 71.0 81.2 56.4 669  84.4 75.3 1.18

Kapok 533 51.7 56.9 63.4 63.6 65.11 4.08

Perennial |Cashew Nut 24.0 232! 279 29.8 31.3 325 6.25

Crops |Nutmeg 15.3 146 151 16.8 17.0 16.4 _ 1.40

{Cassiavera 26.4 25.4 243 26.5 - 267 26.9 : 0.38

|Candlenut tree 27.8 24.3 285 - 356 35.8 35.8 5.19

Areca nut 19.3 18.3 209] . 23.0 232 233 . 3.84

Pepper 49.3 65.3 67.8 69.9] - 625 62.6 4.89

Vanila 1.8 2.4 2.0 1.3 3] L7 -1.14

Cardamom - ‘1,2 1.2 1.6 1.6 1.6} 7.46

Cinchona 3.1 27 18 1.9 2.1 27 2.73

Sub-total 5 064.1]  6,359.2] 6 858.8] 76015 7, 606.1] 7.903.4] 5.79

Tohaco 112.6 - 116.9] 80.9 56.3] . 1419 145-.3 : 523

Citronella 0.3 0.2 0.3 03 03 0.4 592

. Caster Oil Seeds 1.4 1.1 2.8|. 2.0 2.1 2.1 8.45
Annual  |Patchouli - 33 3.3 2.9 291 29| 318"

E .~ |Crops  |Ginger - 63.3 633 791 815 826 6.88

: ' Sugar Cane 20858 20041 20714 2173.2] 2,233.3) 23446F 2.37

Rosella 22.6 13.4} 9.7 14.8 53] 93 -16.27

Sub-fotal 22227 2.202.3]  2231.7]  2328.6] 2.467.3] 2,587.2 3,08

Total _ 8.186.8, 8,561.5 9.090.5] 9.930.1] 10.073.4] 10,490.6 508

Source: Stausucal Y ear Book of Indonesia, 1993.Ceniral Bureav of Statistics

. Note: Av&:rage growth rates of "Cardamon", "Palchouh and "Gmgcr" are durmg the period from 1988 101992,
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Table 11.3.11 TREND OF EXPORTS AND IMPORTS

(Unit:FOB 10° US$)

Year .

Including Petroleum and Gas - Excluding Petroleum and Gas
_ Export Import Balance Export | - Import Balance
1956 926.2 860.1 66.1 670.9 799.7 -128.8
1957 954.4 803.3 151.1 651.6 720.2 -68.6
1958 790.7 544.1 246.6 475.5 484.3 8.8
1959 931.0 481.9 449.1 645.3 436.6 208.7}.

- 1960 840.8 5711 263.1 620.0 551.9 68.1
1961 788.2 796.2 R0 5213 746.6 -219.3
1962 663.7 647.0 16.7|. 447.9| 608.0[ -  -160.1
1963 697.8 521.4 176.4 429.1 489.8 -60.7
1964 724.2 679.9 443 L4577 671.6 -213.9

- 1965 707.7 694.7 13.0 435.7| 682.1 -246.4
1966 678.7 5267 - 152.0[ 475.3 519.2 -43.9
11967 665.4 649.2 . 16.2 425.8 636.6 -210.8
1968 730.7 715.8 14.9 4332 709.7 -276.5| .
1969 853.7 780.7 - 73.0 470.8 - 769.8 -299.0
1970 1,108.1 1,001.5 106.6 661.8].  986.8 - -325,0f .
1971 1,233.6| - 1,102.8 130.8 755.70 © 1,082.4 -326.7
1972 11,7777 1,561.7 2160 & . 864.6 1,531.4 -666.8
1973 3,210.8| . 2,729.1 481.7 1,602.1]  2,6853} - -1,083.2
1974 7,426.3 3,841.9| - 3,584.4 2,2149] -~ 3,658.9] -1,444.0
1975 '7,102.5 4,769.8 2,332.7 1,791.7 4,516.3] -2,724.6] -
1976 8,546.5 56731 2,873.4 2,542.4]  5235.4F -2,693.0|.
1977 10,852.6]  6,2303|  4,622.3 3,474.5 5497.9}  -2,023.4
1978 11,643.2 6,690.4 4,952.8 3,657.8] . 6,110.4] . -2,4526

1979 15,590.1 7,202.3 8,387.8 54264  6,408.8 -982.4
1980 23,950.4]  10,834.4| = 13,116.0 6,168.8 9,085.9{  -2,917.1
1981 125,164.5|  13,2721| 11,892.4 4,501.3| 11,550.4]  -7,049.1

1982 22,3283|  16,858.9 5,469.4 3,929.2| 13,314.1] -9,384.9|
1983 21,1459 16,351.8]  4,794.1 50053} 12,207.0| . -7,201.7
1984 21,887.8| 13,882.1] 80057 5869.7| 11,185.3|  -5,3156
1985 18,586.7  10,259.1 8327.6| - 5,868.8 8,987.5| -3,1187
1986 |  14,805.0| 10,718.4 4,086.6 6,528.4 9,632.0|  -3,103.6
1987 17,135.6 12,3703 4,765.3 8,579.5] 11,3023 -2,722.8
1988 19,218.5| 13,2485  5970.0 11,5369  12,339.4]  -802.5]
1989 22,1589 16,359.6}  5,799.3| 13,480.1| 15,164.4| . -1,6843] -
1990 25,6753} 21,8371 3,838.2|- 14,604.2| . 19,916.6| . -53124]
1991 29,4231 25,868.8] . 3,273.5] 18,0712 23,558.5. -5,487.3| .. .
1992 33,967.0|  27,279.6] 66874 232961| 25164.6] -1,8685

Average

Annual

Growth

Rate(%) o o S e

1956/66 2306 4791 B.68 -3.39 4231 1020 -

|1966/76 2883 . 2683 3417|1826/ 2600 - -5093]

1976/86 5.65| 6570 0 358 - 989 lie29) - -1.43

1986/92 14.84 1685} - "85S - 2362|1736 . 811

1956/92 10.52 -10.08 13.68] . " "10.36 1005

Source: Statistical Year Book of Indonesia, 1993, Central Bureau of Statistics. . . -
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Table J1.3.15 GRDP PER CAPITA

At 1983 Constant Market Price

ILT-20

i Y

N

Unit :Rupiah
Average

Province | Kabupaten/Kotamadya | 1986 1987 1988 1989 1990 |Growih Rate(%)]

| 1986/90

Kab.Kampar 166,096 173,692 188,672 207,871] 230,834 8.58

Kab. Indragiri Hulu 76,114| 83,279  94,948| 104,066 114,466 ' 10,74

Riau  [Kab.lodragixi Hilir 139,737 148,036 155,549| 168,657 186,312 7.46
Kodya.Pekanbaru 451,251) 463,736 476,278| 505,143| 538,602 452
Sub-total 343,728| - 360,661 385,150 412,651| 414,450 479
|province 2,681,477| 2,847,342 2,654,979] 2,661,923| 2,478,492 -1.95
Kab.Solok 338,400| 329,719]" 334,612 315,703| - 317,830| -1.56
Kab.Sawahlunto/Sijunju] 355,614 359,020 350,116] 362,393 | 396,317 275

" |Kab Tanah Datar 337451 340,476 348479 338557 376471| a7
Kab.Agam 302,735 306,888 305,464 300,083| 344,005 325
Kab.Lima Pulub Kota | - 392,825\ 391,499| = 394000] ~400,441] ~441,014] 2.4
Kab,Pasaman | asaosel 3sa1s3]  3assm © 340,786) 360,038 0.43)

West {Kodya.Solok 517,567 470,765 s03,612| 503,754] 429,136 -4.58
.Sumaﬁ.a Kodya.Sawahlunto 1,261,776 '1,1_76,386 1,484,133 1,423,478| 1,585,024 587
| quya.fadang Panjang | 657,734| 628503 640,805 625,086 606,950 199
KodyaBukittinggi | 735.881| 698,790| 719,089 698,655 645,074 324
Kodya.Payakunbu 452,282 462,714] 460,293 | 461,746| 473,146 1.13]
_Sub-iotal 386,376| 378343| 372,561 364,310| 390,790 0.28] -
Province 380,599| 392,562 414,154 437,113| 460,687 4,89
Average of Study Arca | 369,770| 371,452 377447 .383226| 400681 - - 2.03

Source : 1, Riau in Figures, 1992, Statistical Office of Riau Province, : '
2. West Sumatra in Figures, 1992, Statistical Office of Wes{ Sumatra Provuwc
~ Note :  Kodya. Sawahlunto includes coal products,”
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I Land Use

CHAPTER 1 PHYSICAL DESCRIPTION OF STUDY AREA

1.1 Vegetation

' Accdrdmg to the remote sensing analysis and field investigation, vegetation in the
-study area can be classified into four (4) types, namely, forest, plantation, farm crops

and grass/bush.

Forests are further divided into primary forests and secondary forests. Secondary
forest which is less than 20 m in height is a forest that has been Tegrown after cutting
and burmng The dwerslty in sccondary forests is lower than in primary forcsts

Rubber, oil palm and coconut palm are plantcd in plantatlons The diversity in
plantations is generally low except rubber plantations. - Grass/ bush can be divided
inito’some types such as artificial vegetatlon or non-intensive cultivated land, bush,

and alang-alang grass. Alang-alang grass is a compensatory vegetation and occupics
abandoned places after shifting cultivation. Farm crops include paddy and upland -
crops. Paddy, maize, soybean, pcanut cassava and some vcgctablc CIopS are planted

as farm crops. : :

chetatldn of the study area conforms to the topography which is generally classified
into three: mountainous, hilly and flat. plam areas. chctatlon 1in each classification
is explained below.

(1) Mountamous Arca

The mountainous area is located at the upper reaches of the. Kampar and
Indragiri river basins and is composed of steep slopes. Primary and secondary
forests cover almost all of the area. Some protcctcd foreqt areas are found in
the mountamom area.

2) Hlily Area

" The hilly area is located in the middle reaches of the Kampar and Indragiri
river basins. This area has'a large number of .population and is well
developed. Therefore, artificial vcgctatlon such as plantatlon and farm crops
are widely distnbutcd -

3) Flat Plam Area

The flat plam area is composed of swamp and alluvial plam areas., The

* - swamp area occupies the downstream areas of the Kampar and Indragiri river
basins with low altitude of approx. 20 m below. Alluvial plains are -
-distributed along the Kampar and Indragm rivers, Wide alluvial plains have
been developed for farm crops, plantatlon crops and grass/bush. On the other
hand, the swamp area is covered with primary and secondary forests.

(1



Il Land Use-

1.2 Seils
According to the report of the Regional Plénning Program for Transmigraiton, the
study area is categorized into three regions from the agricultural aspect as below.

o Eastern coastal swampland which consists of swamp area and alluvial plain
along the Kampar and Indragiri rivers and their tributaries;

e Eastern plains and hills located between the coastal swampland in the east and

the Barisan range in the west; and
s The Bansan range.

Soils of the coastal swampland consist of alluvial sol downstrcam of the Kampar and
the Indragiri river basins and peat soil on coastal areas and the area sandwiched by the
two rivers where organic materials have deeply accumulated. Peat soil in this area is
extremely acidic with high water contents. Soil layer is comparatively thin in the
vicinity of the rivers, and sometimes exceed 3 meters, Agncultural use of peat soil
area may be possible where the peat layer is thin. However, in areas with thicker peat
layer, devclopment would be difficult from technical and economic v1ewpomts
Furthermore, coastal swamp soils are hlghly saline. :

Soils of the eastern plams and hlllS consxst of soil w1th hlgh organic content in the
surface layer, weathered tuffaceous sediments in the subsurface layer, and well
weathered soils generally- lying on hllly areas which are called redd1sh ycllow
podosol,

Soil of the first two regions is further classified into groups from the v1cwp0mt of

land system and soil- formmg processes as follows.

SOIL GROUP AND TOPOGRAPHY

‘ Topographical Region Soil Group
Eastern Coastal Swampland | Alluvial plain soil
' S | Peat soil .
Eastern Plains and Hills | Old marine terrace soil
" | Undulating plain soil
Hilly plain soil

These soil groups are described in more detail as follows:

ez
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SOIL CLASSIFICATION

Soil Group | Soil
Alluvial Plain Soil Tidal swamp soil

Riverine alluvial soil
Mecander valley alluvial soil
Alluvial valley soil

Fan alluvial soil

i _ Peat Soil : ' Shallow peat swamp soil
Peat swamp soil
_ . o Deep peat swamp soil-
O1d Marine Terrace Soil ‘
Undulating Plain Soil
_Hilly Plain Soil

The main chdractcnstlcs and occuplcd area of thesc soils in the. study area are
summarized in Tablc IIL 1 1.

The areal ratio of so0il groups in the study area is summarized below.

- Unit: %

: : . Soil Group | Kampar River |- Indragiri River In-between

E 3 : _ Basin _ ~ Basin : Arca
Alluvial Plain Soil _ .5 . o013 .30
Peat Soil - - ' 3 9 ,_ 70
Old Marine Terrace Soﬁ 10 8 0
Undulating Plain Soil 17 4 17 ' 0
Hilly Plain Soil - 10 16 | 0
Barisan Range ' 1 27 : 37 ' 0
Total -~ - | 100 ' 1000 | - 100

The alluvial plain soil of the Kaﬁlpar and Indragiri river basins covers 124,400 ha and
212,400 ha, respectively. In alluvial plain soil areas, meander belt alluvial soil widely

spreads, occupying 60% of the alluvial plam soﬂ along the Kampar R:vcr and 30%
along the Indragm River.

In the area of peat SOll shallow peat swamp soil and deep peat swamp soil are

_ dominant. in the Kampar river basin occupymg 50% and 40% of the peat soil, and

‘j . shallow peat swamp . 3011 is dommdnt in the Indragm Tiver basm occupying 70% of
thc peat soil, o
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CHAPTER 2 LANDUSE

2.1  Present Land Use
The present land use in the study area is classified into seven (7) categories. The

areal ratio of each category is given m Table 1I1.2.1 and Fig. II.2.1, as summanzcd
bmow : :

Unit: %

Category Kampar Indragiri In-between Study Area
: River River ~ Area '
Basin- Basin - o

Forest 67.5 55.0 97.7 - 69.8
Bush and 7.0 7.9 0.8 6.0
Grassland : : ' '
Shifting 3.8 49 ' 0.3 3.4
Cultivation - S ' _ :
Upland - 1.0 2.6 R ¢ X 1.4
Cultivation : : ' '
Wet Land 1.6 | - 44 0.5 2.3
Cultivation E . o - o
Tree 190 248 0.1 169 -
Crops/Estate ' - N . , L
Settlement | 0.1 0.4 0.0 0.2
Total ' 100.-0' 3 100._0' 1000 '100.0

As shown in the table above, around 70% of the study area is occupled by forcst In

the forest area, tidal forest is distributed near the coastal arca and peat swamp forest -
widely spreads back of the coastline and around the downstream of rivers, Bush and
grassland which develop after shifting cultlvatlon is. abandcncd or forests are clcarcd '

are located at fnngcs of forest areas. -

Scattered shlftmg cultivation in the study area 1s mainly camcd out by local and .
transmigrant farmers in Riau Province. Cultivation areas are abandoned after some -

years and they develop into bush and grassland arcas locally known as alang-alang

Oil. palm cultlvatlon is camed out. in largc-scale commercial plantanons, while - :
Rubber and coconut cultivation is carried out in small-scale plantations by: prnvate.

farmer and small companies. They are located along the Kampar and Indragln Tivers,

2.-2 Future Land Use

Bascd on the data on the plannmg of future land use (draft) prcparcd by the chlonal : -
Development Planning Bureau (BAPPEDA) in Riau and West. Su_matra_provmccs,

R
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future land use in the study area was formulated .(rcfér to Table I1.2.2. and
Fig. [11.2.2).

From the viewpoint of agriculture, the following items are pointed out to formulate
the future land use plan.

The area for present agricultural production activities should be secured, and
increase of productivity should be targeted.

Present plantation which are already permitted by the government should be
maintained. '

' Wéyward shifting cultivation should be controlled.

Protected forest, conservation forest and limited production forest should be
protected from the viewpoint of protcctlon of forcst respurces and prevention

. of soil erosion.

Existing natural forest should be protected extensively.

The area of wild grassland such as alang-alang and bush should be converted

" to potential area for ag’ricultural development.

- The developmcnt of peat area should be considered carefully, and necess:iry'

survey should be carried out.

Attention should be drawn to the urgcnt requirement for watershed
conservation along the provmc:al boundary bctwccn West Sumatra and Riau,

‘The development priority order is (1) food crops, (2) plantation, (3) other
crops mcludmg pasture and agroforcst

-5
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CHAPTER 1 INTRODUCTION -

Investigations during the Overall Development Plan stage focussed on geological
conditions and soil mechanical properties of the study area and proposed facility sites.
On the other hand, investigations in the Feasibility Study stage concentrated on areas
for priority projects and consisted of the following items of work:"

(1) Field Survey

* Geological mapping
Collection of hydre-geological data

' Drilling and in-situ permeability testing
Test pit excavation '
Sampling -

(2) Laboratory Testing

An overview of the drilling and test pit investigations with their locations is
given in Tables IV.1.1 and TV.1.2,
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CHAPTER 2 GENERAL GEOLOGY

2,1  Sumatra Island

‘According to modcrn mtcrprctanons the Island of Sumatra is part of the Contmcntal
Sundaland Plate, which includes most of Southeast Asia. Subduction of oceanic crust
from the Indian Qcean occurs currently in N-NE direction, obliquely beneath Sumatra
and at a rate of 6 cm per year. The subduction zonc is marked by a trench, off the
west coast of Sumatra., Subduction leads to magma generation, followed by intrusion
and to stress build-up in the overlying plate. :

Thc stress is accommodated by folding and faulting. Some authors suggest that in the
case of Sumatra the subduction already began in Permian times, with an increasing
activity from Tertiary to Recent times and culminating with the formation of a
volcanic arc along the Barisan mountains, striking NW SE, in the west part of
Sumatra.

Stresses induced by the obhqﬁe subduction have been released by dextral fault
movement, parallel to the plate margin. Such an example is the NW- SE striking
- Sumatra Fault System.

The cast part of the island corresponds to the back-arc environment, where a series of -

elongated, cxtensional basins have been generated. This area is. called the Central
Sumatra Basin, The features named above control the present tectonic activity of the
1sland

. The study area is bounded by the Bansan mountains and their foothllls on 1ts SW

side. To the NE, the study area cxtends into the central basm

22 Study Area

The study area is covered by the following geological maps [Scale 1/ 250, 000 edlted )

by the Geological Survey (Bandung)]
*  Solok Quadranglc (unpubllshcd)
e Padang Quadrangle
. Pékanbaru Quadrangle

. Rengat Quadranglc

Fig. IV.2.1 is a simplified geological map of the entire project ared. Thc geologlcal '

history of this area can be summarized as described bclow _

The sedlmentatlon startcd in thc Carbomfcrous Permian times, with thc deposmon of

clastic sediments (shale, quartzﬂe sandstone) and some limestones of the Kuantan
formation. The formation is supposed to be 5,000 m thick. During the Uppcr

~ Mesozoic these rocks have been suchctcd to foldmg, faulting ‘and mctamorphlsm,_ : |
accompanlcd by gramtc and diorite mtrusmns Thxs act1v1ty was probably rclatcd to

vz
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the Thai- Malayan orogenesis. The rocks of the Kuantan formation have been
deformed and slightly metamorphosed (greenschist facies) at that time.

There are no Jurassic or Cretaceous rocks in this area and therefore the idea of a long
period of non-deposition has to be considered.

The Tertiary deformation is controlled by basement block faulting and wrenching

(Sumatra Fault System). The development of a dextral wrench fault is consequent

~ with the oblique subduction of the Indian Ocean Plate, The general result of the
Tertiary to Quaternary  period of faulting was the uplift of the Barisan volcanic arc
and the development of the basin and range topography in the Barisan foothills. In the
foothills the grabens are filled by Tertiary sediments while the horsts expose
pre-Tertiary basement. Such examples can be seen in the Pakanbaru Quadrangle.

The oldest Tertiary formation in the study area is exposed only in the Barisan
mountains. The sedimentation intensified during early Miocene, evidenced by large
exposures of the Ombilin formation in the Barisan mountains and the Telisa
formation in the foothills area, both con31st1ng of marl, hmestone and sandstone.
Basalt and andesite flows in the Barisan mountains, mark a new phase of tectonic
activity during the Middle Miocene. - ‘At this time the sedimentation stopped in the
- ‘Barisan range. Outcmps of the Pliocene Palembang formation, consisting of

claystone, sandstonc and tuff, can be found only in the foothills and the Central
' Basm : : :

The last ‘major pcnod of uplift and block faultlng occurred durmg the Plio-
Pleistocene, In the Barisan range the volcanic activity is ¢videnced by the andesitic-
basaltic bréccias of the Malintang, Talong and Marapi mountains and the deposition
* of pumice tuff and volcanic ash, exposed in the area of Payakumbuh.

The uplift and subsidence continue to the present day in the foothills arca. Further
" east, the subsidence rcsults in large areas of alluvmm dccp swamps and coastal_

. dcposxts

The main, active structure in the Solok Quadranglc is the NW-SE. stnkmg Sumatra'
Fault System, mentioned before. It is ‘a- Miocene structure, showing dextral,
* horizontal movement. Numerous faults with parallel trend are present. They appe:ir
to have only a vertical sense of movement and their rclatlonshlp to the wrenching is
not clear. Most of them havc a long, continuous movement record from the Miocene
to the Pho—Plclstocene

Earhcr N S trcndmg faults exist in thc Centrai Sumatra Basm Thcre is ev1dencc of

N thelr rcactlvanon dunng the Mloccnc and even Quatemary

' 'At hot sprmgs and hlgh hcat frcscnt bascment movements contmuc accompamed by

. uplift ‘and subsidence. Some of the fault structures ‘described above are still active

‘while others havc bcen reaclows are tcshfying the fault act1v1ty
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‘CHAPTER 3 GEOLOGICAL CONDITION AT POSSIBLE DAMSITES

The geological condttlons of the six possxblc damsncs shown -in F1g IV3.1 as
seiected in SECT OR XII, DAM ENGINEERING, are as described below. The local
geological maps were based on the geological map of Solok, scale 1/250,000
(Bandung, unpublished). Some adjustments were requircd to meet the field evidence.

' 3.1 Kapoernan 'Damsite

The local gcologlcal setting is rcprcsentcd in Fig. IV.3.2(1/6). Rocks cxposcd in this
area belong to the Miocene Telisa and Shapas formations. Folds and faults with a
NW-SE trend cross the area.

At the damsite the bedrock comsists of conglomeratic sandstone with siltstone
intercalations, slightly soft. Rock outcrops are scarce and the slopes are covered by
weathering soil; with loose boulders. Under the soil cover the rock is probably
weathered. -The depth of weathcnng shall be 1nqu1red during iatcr stages of
mvcstlgatlon : i :

From the structural point of view, the damsite is locatcd on the NE lmb of a mde
antlclmc The d1p direction of thc beds is accordmgly NE.

In the reservoir area, both the Slhapas and the Telisa formations can be found The
Telisa fonnatlon conmsts of calcarcous sﬂtstones and hmcstoncs

32 Kampar Kiri No. 1 Damsite

The local geologlcal setting is reprcsented in Fig. IV.3, 2(2/6) and Table IV 3. 1 “The
~ table summarizes the exposed rock. formations, in the corresponding stratigraphic
order. The oldest rocks are the limestones of the Kuantan: formation, around the
village of Gema. These limestones have been strongly affected by dlssolunon Thcy

appear now as loose, rounded blocks, surrounded by reddlsh soil. - The limestones

occur only downstream of the dams:tc

The prcdommant rocks are those of the upper member of thc I{uantan formatmn w1th' '

a heterogeneous llthology The rocks are generally harder downstream of the dam

site and rather soft in the reservoir -area. The Kuantan formation' is ‘covered:
unconformaly by the Tertiary Telisa and. Palembang furmatlons The " former is.
exposed  SE from 'I‘angungbcht and the -latter ‘NE from it Downstrcam from

Tan_]ungbeht the river is bordered by a Quatemary ailuvm plaln

Table [V.3. 2 summarizes the geologlcal condltmns at thc damsite and in thc rescrvmr.

area. More details arc dcscnbcd in thc followmg paxagrdphs

V-4
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32.1 Damsite

The outcrops on the left abutment are limited to a narrow band above the water. They
consist of black meta-pelites (slightly metamorphic mudstones) with brown
weathering color. Cleavage is only slightly developed. The rock is slightly soft, a so
called CM:tock. A few tens of meters downstream the rock is slightly barder.

It is a gray shalc, w1thout cleavage. The bedding is difficult to recognize It is
weathered along the joints and macro-fractures. On the slope there is a yellow soil
mixed with boulders and ‘S0 m above the river water there is wcathcrcd white
' sandstonc The exact clevatmn of the latter has to be checked.

Thc foundation rock on the left abutment is expectcd to be mudstone and shale.
Because of the cicavage the upper zone of the bedrock is weathered and weak. It will
be necessary to remove it from the foundation. . Furthermore, where the cleavage is
intensively developed, the rock is more pervious and treatment by groutmg will be

necessary.

The lowcr slopc of the right abutment is covered by yellow soil with rock fragments.
The main fraction is fine sand and silt and the clay percentage varics (more clayey on
the shale). At the foot of the slope the soil thickness is at least 10 m and only 2 m on
the upper slope. ‘At about 30 m above the river bed an outcrop of strongly weathered
sandstone has been found, followed by a large outcrop of hard quartz1tc about 75 m
_ above the river bed. It has a very fine texture.

. The right abutment w1Il be fuunded pamally on mudstonc/shalc and partially on

_ quartzite/ sandstone; Dcep excavation-of the lower slope will be needed, till about 75 -
m above the river bed, in order to remove the soil cover and the weathered sandstone.

" Above this elevation the rock is hard and massive and good for foundation. '

When a rock fill dam with spillway is considered, the spillway can be located on the
narrow hill,  the Bukit Pulauale , on the right river bank. As mentioned above, the
~ top zone of the hill i quartzite and the middle slope consists of weathered sandstone. -
The deep excavation required for the spillway will be malnly in quanz{te and in the
bottom zone, in weathered sandstone.

The exact elevations of the d1ffcrent outcrops and the thlckness of the river channel
' sechmcnts (sands and gravcls) are sub]ect to the future mvcstlgatmn

_3.2 2 Reservo:r Area

' Accordlng to. the gcologlcal map (rcfcr to Fig. IV. 3.2) in: thc reservoir area the
. lithology is the same as at the damsite. It consists of mudstoncs, siltstones, shales and
- fine sandstones: The generally lower and smoother topography indicates that the soft
rocks are. predominant. At the village of Muarabio. for example, the rock is a
'wcathercd shalc, covered by Tiver terracc dcposus

" The rocks descnbcd abovc have low pcrmcablhty and the Teservoir s gcncratly
.-watcrtlght “The only dlscontmmty whlch could lcad to water loss is the ‘strike-slip

= w-_.fs;:
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fault crossing the area at Muarabio. This fault has not been idc_ntificd in the field yet.
Its existence and influence shall be checked during the succeeding investigations.

323 Construction Material _-

Pervious material for the filter zones can be found in the river bed. From
Tanjungbelit up to the dam site there are many sediment bars in the river channel.
They consist of clean sands (SW) covered by clean gravels (GW). The sediment bars
are of small dimensions and several of them will have to be explored. :

Sources for rock material are the quartzites and fresh sandstones. A potential quarry
site is located 2.5 km downstream of the damsite, on the nght river bank. At this
locatlon the entlre hill consists of quartzite. '

'I‘hc matenal supphed by the excavation of the- uppcr part of the Splllway, about 35m
deep, consists of quartzﬁe and it can be used as rock material. The dccpcr matenal
weathered sandstone, is weak and not adequatc : : :

Sites for impervious core materials are more. dlfﬁcult to locatc The ycllow soil

covering the slopes (weathering soil of the Lower Kuantan membcr) can possibly be

used but its limited thickness (a few meters) makes it inadequate. Close to the dam

site only small and 1rrcgular accumulations of such soil have been found at the foot of

the sloPcs

There are th1cker yellow soil dcposns at the v1llagc of Muarablo, about 2km
upstream. of the damsite, which shall be mvcstlgatcd in later stdges -

The hills behind the vxllagc of Tanjungbelit (downstream) have a thlcker sml cover.
This soil is possxbly the weathering product of the Telisa formation (clayey marl,

sandstone). It is a reddish soil, clayey and silty with many pebbles 3-5 ¢m in
diameter, but also containing few boulders, more than 70 cm in dlamctcr Laboratory
 testing is required for better identification. : -

33 Kampar Km No. 2 Dams:te

The local gcologrcal setting. is prcscntcd in Fig. IV.3 2(3/6) and the stratlgraphy in
Table IV.3.1.  The table . summarlzcs the cxposed rock formatlons in’ the
correspondmg stratl graphlc order.

This area consists of prcdommant!y "softcr“ rocks, as reﬂectcd by the gemlc and low
' topography along ‘the Singingi (Kampar Kiri) River. Such.rocks belong to the

Tertiary formations, claystones and uncemented sandstones, and to the older Kuantan - -
formation. - The contact’ betwecn the former two and thc Kuantan formatlon is;an

unconformlty

"Harder" rocks do exist in the- area of the Scmbacang Mountam east of the: tnbutary o
river Sepuh Accordmg to the gcological map (Flg Iv.2. 1) thcse rocks should bclong g

: Iv_-_'6:”
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-to the Tuhur formation: siatcs, silicified shales, etc, The rocks encountered during the

field investigation do not correspond to the above description, but look rather similar
to the sandstones and quartsites of the Kuantan formation.

Table IV.3.2 summarizes the gcologlcal conditions at the dam site and in the reservoxr

. area. More details are given in the following subscctmns

3.3.1 Damsite

On both riverbanks the rock exposures are scarce. The steep slopes are covered by
soil and loose blocks of weathered quaﬂzxtc and sandstone. The steep topography is
usually an indicator of "harder" rock in the undergrnund

On the left abutment, just above the water, a small outcrop of sandstone is visible.
The rock is slight to moderately weathered, the bedding is not well developed. Better
observation of the bedrock has been done in the upper stream (less than 100 m) where

it consists of massively bedded gray-green quartzite, with very fine texture and hard,
‘The thickness of the beds is 1.5-2 m. The beds are steeply inclined downstrcam

Joints are pcrpendlcular to the bcddmg and widely spaced

- On thc nght abutment, there are. no outcrops till the top of the hill, The loose

quartzue/sandstc}ne blocks of thc slope cover is mgmficant for such rocks under the
surface.

Assuming the existence of fairly hard rock (sandstone or quartzite), the dam will have

-a good foundation bed and no major treatment will be necessary. Excavation of the

slope material (colluvium; thickness unknown) and of the upper weathered rock layer

- will be necessary. If the foundation rock is a quartzite the permeability is expected to

be low. - Such massive and cemcntcd rocks are characterized by fracture-porosity
only

3.3.2 Reservmr Area

-Thc two w1dest zones of the reservoir extend from NW to SE (conform to the general

gcologlcal trend), One at Pddalangmdarung and the other upstream of the Sepuh

- River. Both zones have a smooth top{)graphy, with relatively low elevations.
'Accordmg to the geological map (refer to Fig: IV.3.2) the rocks here are dark clayey
“marls. Almost no outcrops of marl ¢ould be seen in the river section. The marls are

- often buried under tiver terrace material, consisting of mainly fine, yellow sand. In

the wide zone at the Sepuh Rlver, wcakly cernentcd conglomcratcs have bcen found

o lylng undcr the terrace dcposns

In betwccn the two "marl-zones" sandstonc and quartzne outcrops are frequent.

 According to the geological map, the upper membcr of the Kuantan formation should
- be exposed in “this area. The rcservmr area 1s watertlght because 1ts largcst part is
: covercd by mari ' : :
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- One reversed fault appears on the geological map (refer to Fig. IV.2.1), at the Scpuh
River, but the fault could not be 1dcnt1f‘ ed in the field.

333 Construction Mateﬁal

Rock material can be taken as well from a quarry site, less than 1 km upstream of the
damsite. Sources for concrete aggregates (sand and gravel), or filter zone materials
are numerous along the river. Many sediment bars have been seen within a distance
of 5 km downstream of the dam.

Rock material can bc taken as well frum a quarry site, less than 1 km upstrcam 0f thc
damsite, where the slopc of the riverbank consists of massive quartzite.

Impcrvious core material is more difficult to find. The "marl” formation can be
suggested as a source of material {especially weathered marl). Therefore the
surroundings of the Sepuh River shall be checked, on some distance from the Kampar
River. The riverbanks of the latter consist of prcdornmantly finc sands which are not
suitable. : : :

Another source of core material'c_ou.ld be the weathering soil of the _Palcmbang

formation (sandstone, claystone, tuff, clay etc.). Such soils can be found. around

" Muaralembu. The distance to the damsite is ratheif far, more than 8 km,

3.4 Upper Sinamar Damsite

. The Iocal geological setting is prescntcd in Fig IvV.3. 2(4/6) and thc stratlgraphy in
Table IV. 3.1,

In the downstredm area, the Permo- Carbomferous hmcstonc of the Kuantan
~ formation spreads out widely. It is often bordered by the "shale member” which.
crops out only in the riverbed. The exposed rocks look different from the typical -

Kuantan formation and rather similar to the rocks of the Tuhur formation.’ They are
mostly dark-gray shale and slate and in the vicinity of the Kalo-Kalo village, black,

silicified shale. The origin' of the rocks has to be clarified durmg the" futulje _

mvcstlgdnon _

Thc arca upstream consists of the lahar deposits of the Mahntang Volcano which arc
now covered by paddy ficlds. These deposits extend-only along the right riverbank, -
~ The hills on the left riverbank consist of rocks of the Kuantan formatmn and '

weathered granite.

341 Damsite

For topographical and geologlcal reasons briefly explamed bclow, thc most adcquate
location for the dam axis is S0° 19’ OO" of latitude and E 100° 46’ 30" of longltude

AR
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The rock at the damsite consists of black shale (slightly metamorphic) or meta-phylite
with intercalations of brown quartzite. The quartzitc has a very fine texture. The

“tock’ is rather fresh and medium hard. Bedding is well developed and at some
* locations cleavage affects the shales and siltstones transforming the rock into a slate.

The beds. dip to the east or south-east, 30° to 40°. According to the geological map -

these rocks belong to the lower Kuantan "shale” member, but their lithological aspect

is different. Bedrock outcrops can be seen only in the nvcrbcd ‘The higher slopes
are covered by ycllow1sh soil.

From the point of view of topograph.y, the river valiey is rather wide at the damsite

‘and the river channel shows a sharp tum. The topography is mere favorable

downstream but the dam axis- cannot be shifted, because of the occurrence of
limestone. The limestone is massive and karstified. The contact between limestone
and shale/quartzite appears to be an unconformity.

3.4.2 Reservoir Area

In the reservoir arca mostly shale/mudstone and siltstone, soil terraces and strongly |

~ weathered granite and granitic sand have been encountered. The soil terraces often

consist of shghtly coheswe soil of volcamc origin and are mtenswely cultivated.

Upstrcam of thc damsite, the right nvcrbank consists of thlck dep051ts of residual
volcanic soil with isolated big boulders and blocks of basalt or andesite. Such

- material comes from the Malintang volcano (lahar deposit). The soil deposit covers

the bedrock. The top of the bed rock appears to be at the level of the river.

Close to the upper end of the reservoir, between Taratak and Bdtuka.bau the area

consists of limestone. For a dam with a contemplated height of 70 to 80 m, this arca'

will not be submerged The rcservmr is conmdcrcd to be watertight.

343 Constructlun Matenal
Aggrcgates, mamly gravel and sand are avaﬂable in small quantities in the nverbed

Good quarry rock is difficult to find. The rock dcscnbed at the damsite contains only
a limited volume of quartzite, Sclectlvc extraction will be required to scparatc it from

the shales and slates.

Anothcr source of rock matcnal in the area- would be the gramte Fresh hard gramte

_'has not becn found 80 far o

*'lecstonc can be uscd for concrctc aggrcgate and rockfill, in- ‘spite of its less
‘resistance. agalnst abrasnon - There arc several ‘examples of successfull usage,
'worldw1dc . S LT T e

Impcrv:ous core matenal ca.n be takcn from thc thlck sml tcnaccs the lahar dcp051ts



IV Geology and Soil Mechanics

3.5  Sukam Damsite

The local geologrcal setting is presented in Flg IvV.3. 2(5/6) and the stratrgraphy in
Table IV.3.1. -

The oldest exposed rocks are the Cretaceous granites, unconformaly covered by the
" Tertiary Ombilin formation. Only the lower and upper members of this formation are
exposed. The upper member consists of "softer” rocks, while the lower member is
harder.  The rocks exposed at the damsite seem to belong to the lower member,
massive sandstone/quartzite, and not to the upper member, as presented on the official
geological map (Solok 1/250 000) This matter has to be checked. in the future
mvestrgatlon

3.5.1 Damsite and Reservoir Area

The dam axis is located 3 km downstream of the Lalan village. The topography isa
canyon, developed in massive sandstone with steep walls 25-30 m high.

'Accordmg to the official geological map, the damsite is located in the Upper member

of the Ombilin formation: clay and matls with sandstone intercalations, Nevertheless,
‘only sandstones have been seen so far. The rock seemed to be continuous at least
-50 m above the riverbed. The sandstone is medium hard, The well developed beds
(1-2 m thick) show shallow d1ps 15° to the southwest '

The upper slope is covered by soil, and it is used for rubber plantatrons A possrble:
interpretation is that the sandstone is overlain by softer marl beds, extendmg up to the * -
top of the hills. : .

The sandstone isa strong foundatron rock The thlckness of sandstone above the

river has to be checked carefully. In case the dam height excceds 50 m, the

foundation could be soft marl. In such a case, excavation down to the top of the

sandstone will be required. The sandstone has low permeability except in strongly

fractured zones. The reservoir area consists of a wide plain where alluvial and
residual soils have accumulated. There are large paddy fi elds and the area is
relatively densely populated. The surrounding hills consist of sandstones of the
Lower member of the Ombrlm formatron :

3.5.2 | Construction Material |

Concrete aggregates are produced ina quarry downstream close to the road to Solok

The material is taken from the river and screened. Only 20% of it is gravel and 80% o

sand. The sand ‘quality is not suitable for concrete ‘because it contains small platy '
fragments of marl which can easily. brake down to: smaller srzes Other sources of '
fine aggrepates should be mvestrgated

The coarse aggregates from the river are insufficient-and have to be supplemented by
crushed sandstone, Quarry sites are possible at several locatlons along the nver
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3.6  Kuantan Damsite
The local geological setting is presented in Fig. IV.3 2(6/6) and the stratigraphy in
Table IV.3.1.

Most of the area of concern is covered by the Kuantan formation, divided into three
members. It appears that the sedimentation of the limestone occurred in parallel with
the -sedimentation of quartzite and later also shale. This means that quartzite,
limestone and shalc can mtcrspercs and the age relationship between them is complcx

The limestone for example, is the Middie member and usually lies on the quartzite

- (Lower member) but locally also under the quartzite. Therefore, the alternating
pattern of rocks along the Kuantan River is not entirely the result of folding but also

due to the mtcrfercncc of thc dlfferent facies (hthologles)

The rocks of the Kuantan formation have been slightly affected by metamorphlsm
All gradations from shale to slate/phyllite and from sandstone to quartzite can be |
found. The term "shales” used in this context include low to non metamorphic
mudstones and siltstones. A more adequate designation would be "meta-phylite".

During the C_rctaceous the Paleozoic tocks have been intruded by granites as a result -
of the activity along the Great Sumatran Fault. Younger rocks belong to the Tertiary

. Telisa formation cxposcd at Lubukambacang, which covers the Kuantan formation:

unconformaly. Downstream from Lubukambacang the alluv:al plam of the Kuantan

" River consists of unconsohdated Sedlmcnts

361 Damsite

At the darrisite_ the river valley. is bordered By steep é_lopes. The riverbanks consist of

mainly quartzite. '_I'he- -frcsh’_roék is gray-whitish, has a fine to very fine grained
texture, and hard, ‘The weathering color is brown-gray. It falls apart along joints,

'marked by a thin limonite film. The outcrops are massive; the thickness of the beds
- varies bctween 1 and 3 m. The rock is folded. ' :

The main joint plancs are oriented 060/85° widely spaced. Short joints or fracturc
cleavagc plancs closely spaced are de ;-,l(}p‘.‘.d only in narrow , dlscontmuous ZOnes.

The dam foundatlon bcd isa- hard quartzue, conmdcrcd to bc a good support for a

concrete gravity dam, 60.- 70 m high. - The upper slopes do not show any rock

exposure.  Here, the quartzite is prcsumcd to be covered by a thin layer of colluvium - -

(slope material) which will have to be removed from the dam foundation. ‘Shales and-
mudstones could possibly occur in-between the quartzite beds, in which case the dam

foundation becomes hctcrogcncous and weaker. This’ p0531b111ty will havc to be
. confirmed in order to establish countermeasures. = '
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The permeability of massive quartzite is related to the frequency of joints and
fractures. Generally, it is expected to be low and grouting will be required only at

isolated (disturbed) spots or in case of soft rock occurrence.

3.62 Reservoir Area

‘The rocks in the reservoir area are mostly old rocks, belonging to the Kuantan

formation. All three members of the said formation.are exposed upstream of the
damsite. The yourgest rocks are granites intruded into the limestones and shales,
- causing local mineralizations.

‘The most extensive is the quartzite member of the Kuantan formation. It consists of

massive. hard rock,. with gray-brown weathering color; The bedding is well-

preserved, The quartzite member is folded in sharp kink-folds with vertical axial
planes, almost perpendicular to the river channel. ' :

As seen in .the river section at Padangtarap, the quartzite lies on the limestone
member. Here, the limestone forms the lowest topography. All surrounding hills
consist of either the shale or the quartzite member. The so called "shale” member has
aiready been described above. - ' ' '

Excgpt for the limcstone; all rocks described above have low permeability _and'-do' not
affect the watertightness of the reservoir. . : - o

1t has been discovered that limestone bcds_arc developed widely in thc'reservoir arca'_
of the Kuantan Dam. The limestone is karstified and it can have an important

_influence on the watertightness of the reservoir.

Information about the ground water in the catchment area is rather scarce. "Especiaily,

the ground water level at the watershed is important, A high water table would

minimize the possibility of leakage. The amount of possible leakage however is

difficult to estimate without full knowledge of the distribution of cavities in the

limestone.

3.63 'Construction Material -

The Kuantan River is a_con’siderable‘ source of concrete 'éggrcgatcs although not the

most convenient,  There are no accumulations of aggregates in the vicinity of the .

damsite or upstream of it.. This is probably. due-to the high energy of the river
discharge flow, which carries the - material - further.  downstream, - The - first

.accumulations are two islands about 5 km downstream of the damsite. ~The material
consists of mainly sand and only thin layers of gravel. ‘The quantities extractable here

are insufficient.

Dﬁring low - water 'le\'rc.l more sand/g;ave_l bar_s _'ap'péa.r' in' the. _n'Qerbéd; bétween )
Lubukambacang and Lubukjambi, but one strong rain shower is sufficient to make =

the river risc and submerge thesc deposits again,

ViR
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Down the river from Teluk Kuantan, in the meandering portion, the sediment
accumulations are mostly consisting of fine sand, which is not suitable as a fine

aggregate.

The fine aggregates are abundant in the river while the coarse aggregates could be
insufficient. Crushed quarry rock will be a good complementary source. The
quartzites of the Kuantan formation arc adequate for this purpose. In the vicinity of
the dam site and upstream of it, the bedrock consists of quartzite, Selective extraction
is recommended because of mudstone intercalations between the quartzites. The
mudstones are supposed to be rather thin at the named locations.
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CHAPTER 4 GEOLOGICAL INVESTIGATION OF KUANTAN
' - DAMSITE AND RESERVOIR AREA

During the Fcasibﬂity Study, the Kuantan damsite and its reservoir .area have been
investigated in detail. The investigation comprises ficld survey and drilling.

4.1 - Kuantan Damsite

The lithological characteristics of this area have been described in CHAPTER 3.
From the general geological picture of the upstream reaches of the river, the best dam
foundation seems to be the quartzite member of the Kuantan formation.. The area
- composed of quartzites has been studied in detail. The geology is complex and
several structural problems have been identified, as mentioned below.

¢ Even in the "quartzite member" the shale intercalations are frequent. The
-shale can beé 1 to several tens of meters thick. The intercallations are irregular

and laterally discontinuous, but certainly present within 100 m of rock section. -

o The orentation of the bedrock is oblique to the river channel. In

perpendicular section (dam axis) quartzite and shale alternate. No site with a’

homogencous quartzite foundation could be identified.

. Folding of the bedrock resulted into disturbance, rupture _:ind brecciation of
the beds. The fold intenisity increases upstream of the tributary river.-

Within this context three alternatives have been cnvis'ag_ed for the location of the dam,
as shown in Figs. IV.4.1 and IV 4.2. : '

The upstream altemative is located close to the site recently investigated by the PLN.

Their study reported poor geological conditions at this focation. Accordingly the

upstream alternative has been abandoned. o

At the downstream alternative the geological conditions are satisfactory. . The
topographic setting, narrow valley, bordered by steep slopes of hard quartzitic rock,

implies some design adjustments. This alternative has been rejected for civil -

engineering reasons,

The midstream alternative presents the best topographical conditions for the
construction of the dam and the power station, and the geological conditions have

been judged promising during the preliminary study. This location has been chosen

for the detailed investigation. It is referred to as the dam axis further on,

4.1.1 Regional Geological Structure

The main features of the geological structure sketched from a satellite photograph are |

presented in Fig. [V.4.3,
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Several kilometers long lineament crosses the region from NW to SE. Its trend is sub
paraliel to the Sumatra Fault. On both sides thin lines mark the traces of mountain
ridges. It secems that the ridges are curved. On the east side they turn from NW-SE
(paraliel to the lincament) to E-W (perpendicular to it). Such a pattern corresponds to
a strike-slip fault with dextral movement. The curved ridges can be seen as drag
folds, resulting from shearing along the fault

In the field the lineament is marked by a large zone of mineralization, the surrounding
rocks are black and their original nature difficult to recognize, brecciation is common.

- No dlsplaccmcnt has been evidenced along thrs lmeament

An interesting fact is thc mtcnmﬁcatlon of the folding and the mineralization in the
arca upstream of the lineament. It seems to separate a gently folded zone to the east
from the tightly folded, disturbed zone to the west. This is one of the reasons why the
damsite has been located on the east side, 5.0 km downstream of thc lineament.

From this figurc it can bc cxplamcd why the geo!oglcal trend in the damsite area

follows the directions NW-SE and E-W, To the west, the gcologlcal trend is NE-SW,
_ markcd by lincaments, fold axes and hthologrcal contacts.

Large topographncal flat arcas can be dlstmgmshed in thc upstream area of thc river
(refer to Fig. IV.4.5). Thesc arc almost always undcrlam by limestone, not visible
from the surface. An exception is the area from Airamo - Kapalakoto which seems to
be underlain by thick clayey deposits, possibly of ’I‘crnary age.

4 12 Geologlcal Structure at. Damsite

Frg IV 4.1 prcscnts the detailed gcologlcal map of the damsite area. The reglonal
geological trend is reflected by the main fold axis, the strike of the bcddmg and the
rock outcrop patterns.

Bedding

At the dam axis and ypstream, the bedding strike is WNW-ESE, oblique to the
riverbed and to the dam axis. In’ consequence, several bands of quartzite and shale
CIOSS the river and intersect the dam axis. About 100 m dcwnstrcam, the strike tums
progrcsswely towards E-W and becomcs paralicl to the river,

The dlp direction shows more vanatlon S, SW and NE are prcdommant D1p values

. are gcncrally steeper in the shales. However, it ‘is not always clear if the planes -

measured in shale correspond to the bedding or to. sccoudary cleavage planes. The

~ dips in the quartzite vary betwccn 40° and 70° in the river section and becomc ﬂattcr,
~20-30°on the slopcs : :

Flg Iv.i4a2 presents three alternatlve CIoss- sections for the Kuantan Dam, . The dlps
marked on the drawings are apparent dlps The dip directions are regular. except for -

the upstream section, - On the right nvcrbank, the bedding rotates and becomes
' parallel to thc scctlon lmc 'I'hcrcfore, it appcaxs to bc honzontal on lhc scct:on :

o = IV_:;- 15 -
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Folds

The arca is traversed by two main folds, a syncline and an anticline, with curved fold
- axis, tuning from NW progressively towards E, The folds are more than 1 km long.

The antlclmc forms a steep and elongated ndge on thc nght nvcrbank its south limb

is marked by a straight and narrow valley which can be mistaken for a fault. The -

valley is developed in shale, parallel to the strike of the beds, which gives a straight
line geometry. The same shale level can be followed over several hundred of meters

~as far as Saddle A. Here, the valley plunges to the opposite side. Saddie A is located

‘on the watershed. In case of a fault traversing the saddie, there could be lcakagc from
the Teservoir, As explained above, thcrc is no cvxdencc of faulting. :

The axis of t_hp anticline p_Iu_nges towards E, into th_c Kuantan Rlver.- On the opposite
riverbarik a syncline is developed, followed by an anticline, 100 m downstream. Such
an offset is generally the result of a stnkc-shp fault. There are no other mdlcatlons on
the cxlstence of such a strucmrc ' :

“The lcft nvcrbank consists of steep dlppmg rocks, showing a series of small folds.” At =
‘the downstream dam axis alternative, thcrc is no geologlcal contmulty betwecn the

nverbanks

The synclme .CIOSSES the river in the vicinity of the dam axis: Its trace can be
followed on the left riverbank, but it is for the most part mtcrpreted on the nght
- riverbank. -

: Faults

One fault has been identified 60 m upstrcarn from the dam axis, on the nght-:

tiverbank. There is no offset along this fault. The massive quartzite beds show a
kink where they have been cut through by the fault. - The dip d:rcctlon changcs from
SWto NE. _

The fault continues for about 150 m, th_rou'gh the vallcy of th'e Sipitung River, 'o'n 'thc E

left bank, and finally disappears. Here, there is no evidence of an offset cither.

Joints

The bedrock at the daxﬁsite is'intensi{fcly affected by jointing. Frdm the dnllmg data:
the joint 1nten51ty is higher on the left bank, A total of 200 Jomts have been measured

in the region of the dam axis and reprcscntcd on a steronet in Fig. IV 4 4. T'he
maxima in th:s figure: mdlcatc thc predommant Jomt dlrcctlons ' :

When the data of both nvcrbanks arc plottcd togcthcr thc prcdommant d1p d1rcct10ns‘ -

of the ]l)lﬂt planes are:

. Con_}ugatcd set: NOIIW/SO 90° and N012E180-90° the con;ugatcd plancs:f

‘make an angle of 25° with each other and
. Joint famlly of N90/ 80°,

thn prescnted separately the prcdommant Jomt dxrcct:ons arc

i Iv-;is__-.: .
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. R1ght Bank: NOOO/’)O" joints sub-perpendicular to the bcddmg, filled by
~ white quartz; N10W/80° and NO90E/80°. '
¢ Left Bbank: NO10E/80-90°.

Al the joints presented above are a few tens of cm to more than 1 mlong, the spacing
is often less than 15 cm, most of them contain iron oxide fill or white quartz fill. On

a smaller scale, many irregular, mm-thick joints are developed. These are responsible
for debrecciation of the quartzite beds.

The shale is oftcn affected by cleavage cspcczally in the shallow zone. The cleavage
planes seem to be sub-parallcl to the bedding. The spacing is betwccn 1-5cm.

I.andshdes

A few large landslxdcs have been seen on the lcft river bank, 200-300 m downstream
of the damsite, The very steep mountains consist of shale. The shale is weathered
and forms a thick cover soil of clayey compos1tlon After cutting of the slope
vegetation, the naked so11 has been exposcd to the rain and it slid.

At the damsite, the uppcr sloPcs consist of quartzite and the cover soil is relatwely '

 thin. No dangcr of slldmg has bcen notmcd so far.

In the reservoir area, at some locauons the river is bordcrcd by stccp, shale slopes
and sliding could occur. -

4 1.3 Geotechmcal Charactenstlcs of Dam Foundat:on

- Fig.1Iv.4.2 presents three altemath cross-sections across the river and m1ddlc cross-

section pass through the dam axis. This section shows the results of the drilling, In-
the riverbed, no drilling has been done so far. The thickness of thc channel sediments
is supposed to. bc 5- 6 m at the ddmsnc and lcss upstream,

The Foundatlon Bcd

The foundatmn bed at the dam axis and downstream is hcterogencous The quartmtc

" is interrupted by a shalc bcd travcrsmg the river obhquely, and thinning out
- upstream. _ ‘ :

-' Samples of shale and quartzite have bccn analyzcd in the laboratory and thc results

are shown in Table IV, 4.1. The specﬁ" ic gravity of the quartzite is 2.5, the density is
2.5 g/cm and the absorption values are low; botwccn 1 and 2 %. The specific gravity
of the shale is 1.9, its density around 2 g/cm Water absorptmn is high, up to 13%

‘on the nght bank and only 7% on the left bank

_' .'Both shale and quartz:tc are Jomtcd The Jomts are 1 mm to a few cm thlck and filled
by red- brown iron oxide, often weathered. Around some joints, a largc zone of
.usually whltc rock is colorcd red- brown by thc iron ox1de
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. (1) Right Riverbank

. The right bank consists of quartzite with irregular shalc mtcrcailatlons, usually
0.5 to 1.5 m thick.

" The quartzite is qualitativcly described as a- B or a CH rock, meaning, it is
hard to fairly hard. In some portions, the rock is hard but affected by intense
jointing. As a whole, the rock mass looses its strength and splits along the
joint planes. Brecciated rock has bccn dcscnbcd as CM. The average RQD of ~ - ‘Q
the quartz:tc is 65% o :

The unconfined compressive strength varies from 308 kg/cm? in CH quartzite
to more than 1,000 kg/cm? in B quartzite. The average value is: close to
500 kg/cm?, meaning, the quartzite is strong. :

The shale belongs to the 'categor.y of soft rocks. Fresh shale is rclauvely

“strong, usually CM and even CH, when there are no joints. In the shallow

portion of hole DA 1, the shale is strongly affected by clcavage and very soft
D-rock.

The unconfined comprcssxvc strcngth varies bctwecn 30 and 75 kg/cm
(2) River Channcl -
The foundation bed in the river channel consists of partly quartzite and partly.

of shale. The shale layer continues on the left river bank , hole DA-3, where
it has been sampled and tested. The thickness of the shale layer is 60 m.

(3) Left Riverbank

The lower part of the left nvcrbank con51sts of shale as shown in drill Iog :

- DA-3. Fairly strong shale, RQD 50% occurs between 7 and 22 m of depth.
Till 45 m the rock is weakened by jointing, RQD 40%. Weak rock has bt:cn
found between 45 and 65 m, where the RQD is ncgllglbic '

The ‘unconfined comprcsswc strcngth is 168 kg/cm in. strong shale, and
“around 70 kg/cm ; between 22 and 45 m. Below, the rock is cxpcctcd to bc
much weakcr :

The upper slope bank conmsts of quartznc of very poor quallty Although thc .

rock itself is fresh and hard, it is completely dislocated into. small fragments
(brecc1at10n) as a result of Jomtmg Over the cntu'e lcngth of thc holc thc _ :
RQD is negligible. § L ST T o

a2

Samples below 40 m of dcpth have been tcsted for unconf' ncd compresswc '

strength and the obtamed value is 35(} kg/cm mcanmg, _moderatcly stmng- B
rock. - . : o

The brecciated quartznc is possibly Iimltcd to a narrow zone but 1t cannot be :
judged from only one drllimg Bccausa of the stcep dlp of the quartz:tc bcds o
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‘the vertical dnllmg cuts through the same laycr for a big part of its lcngth
Test adits are recommcndcd to be excavated in the future.

Foliowmg the description above, the foundatxon bed is less strong on the left

- riverbank,

Design Criteria

For the right bank, c0ns18tmg of hard to rnodcratcly hard quartznc anglc of friction

“of 40° and shear strength of 20 kg/cm® are recommended.  On the left riverbank the

quartzite is brecciated. The design cntcrla have been adjusted in a conservative way
to 35° for angle of friction and 15 kg/cm for shear strength. -

The f:rcsh shalc is estimated to have an anglc of friction of 35° and a shear strength of
10-15 kg/em’. In-situ testing of the shear strength of the foundation is strongly .
recommended on thc lcft nvcrbank : '

- Ground Watcr_ Level .

- Moultonng of the ground water table has been done during the drilling activity. The
‘height of the water table on the right river bank is represented in Fig. [V.4.6. The

influence of the floods can be clearly seen from the pattern of the curves, especmlly in
DA-2. There is less influence on thc uppcr slope. :

On the left nverbank there was no long tlmc monitoring. From the drilling results the
ground watcr shows a pattcrn which is similar to the right riverbank. -

Permcablhtv of the Foundatlon

: Permcablhty test rcsults are summanzed in Table IV42 The upper soil . layer,
‘including slopc deposits, residual soil, weathered rock, is permeable, k = 102 cys.

This layer is 5 m to 10 m thick on' the right riverbank. On the left bank, only the
lower slopc has a pcrwous layer 10 m thlck

- The right bank consists of mamly quartzue Between 10 and 35 m of dcpth the

quartzite permeability is 2 x 107 to 5 x 10 cmy/s (2 to 5 Lu) and between 35 and

- 70 m the pcnncabxhty is 10-5 t0 5 x 10 cm/s ((} 41014 Lu) Such permeablhty

valucs are con51dcrcd to bc low

The lowcr slopc of thc left bank consnsts of shalc The pcrmeablllty valucs are snmlar
to those of the right bank, 2 x 10 bctwecn 10 and 40 m of depth and 1.4 x 10°
bctwccn 45 and 55 m of’ dcpth ' .

The uppcr slopc of the lcft bank c0n31sts of brcccnated quartzltc Bctwccn 15 and
50 m of depth, the permeability is estimated to be 2 x 10 to 5% 10° cm/s 3to 5

- 'Lu). Between 30 and 35 m, the permeability is higher, 10" cmys or 11 Lu, possibly as
& result of intensive fracturing. Even though the quartzite is strongly fractured and
: Jomtcd, thc rock as a wholc seems to bc a compact body w1th acccptablc penneablhty

values

e
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Foundation Treatment and Rccommcndations

On thc right bank, 5 m of overburden shall be cxcavated on the low slope and 12m
on the upper slope, for the foHowmg two reasons:

e To ensure the watertightness of the foundation, the pcrmcabihty k=107 cm/s
of the overburden, being too high; and : :

» To satisfy the strength requirements of the foundation bed. .

The left bank needs special consideration. Excavation of minimal 10 m of depth is
necessary in the shale bed and recommendable in the brecciated quartzite zone, for
the same reasons as mentioned above. '

The rock quallty in the brecmatcd zone (holc DA-4) docs not improve with the dcpth
The tock itself is strong and not weathered, but weak as a whole. Deep excavation
and replacement with a thick layer of concrete is required over its whole length.

After'cxcavation; on the right bank the fOundétion bed has a permeability value in the .
range of 3 to 5 Lu till EL. 40 m and around 1 Lu for the deeper portion. The left bank -

shows more variation. Ori the lower slope the permeability is comparable to the right
river bank. On the upper slopc from O to 50 m of depth the average permeability is

3 Lu. There is a high pervious zone, 11 Lu, bctween 30 and 35 m of dcpth In thc _

lowcr portlon the permeability is 1-2 Lu,

" The petvious zones in DA-3 and DA-4 (>10 Lu) can be treatcd by deep grouting. In - |

the other portions, conventional curtain and consolidation grouting are sufficient. In
thc breccmtcd quartzite Zone, consolidation grouting is necessar to umfy the rock

In future mvestlgataons it is rccommcnded to excavate tcst adits on the lcft nvcrbank
and identify the length of the fractured quartzite zone. The strength of thc rock and
its shear characteristics shall be tested by in-situ plate ioad tests. '

'4.1.4 Characteristics of Foundation of Power S_té_tion |

The power station will be located on the right riverbank, about 80 m downstream

from the dam axis. At this location the topography shows a gentle slope, probably an :

older terrace’ eroded by the river. The subsurface condition is shown in Flg IV 4 2

The upper Iaycr consists of a terrace deposn bng blocks and: boulders. of quartzne, '

rounded, with yellow, silty soil. The deposit is 12 m thick and becomes thinner with
increasing distance from the river. Bclow it, thcrc is massive quart21tc, as dcscnbcd
~at thc dam axis location. - : -

42 - "R_ése_rvbif Area -

The geological condition of the reservoir area is discussed briefly in Se_otioh 3.6. The -
‘most important problem for the reservoir is the watertightness, This can be affected

Ive20

-
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