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PREFACE

It is with great pleasure that I present this_"Master
Plan Study on the Lower Asahan River Basin Development
- (Interim Report)“ to the Government of the Republic of
Indonesia.

This study is composed of two parts, namely Part I on
basic d1rect10n of the lower basin development and feasibility
study on urgent flood control and Part II on development plan
in the sector of agriculture.

This report embodies the result of Part I study which
was carried out (in the Lower Asahan basin, Sﬁmatra Island)
from October 1984 to July 1985.by a Japanese study team
commissioned by the Japan International Cooperation Agency
following the request of the Government of the Republic of
Indone31a to the Government of Japan,

The study teamn, headed by Mr. Makoto Tsuda of the
Nippon Koei Co., Ltd., had a series of close discussion on
the Project with officials concerned of the Government of
Indonesia and conducted a wide scope of field survey and data
analysis,

After the survey team returned to Japan, further studies
were made and the present report has been formulated.

I hope that this report will be useful as a basic refer-
ence for the development of the Project,

I wish to éxpresg my deep appreciation to the officials
concerned of the Government of the Republic of Indonesia for
their close cooperation extended to the survey team,

October 1985

At At

Keisuke Arita
President

Japan International
Cooperation Agency
Tokyo, Japan
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fideveIOPment based on the soolo—ecOnomic
, :conditlons giVen i he :

E well coinclded with the flood control:ﬁastervp an755:'¥“" R

This Interim Report deSc:ibes all the fesults of studies fo: thehﬁ_'
Part I works.. o : - L R







P The £lood contr:ol master: pla'_'_',covering £our major.

: tsl Bunut, IR £t

B '-fsilau, hsahan and Kualuh tivers, 1s presented in thisxlnterim Report

:_Among alternat1Ve plans, the mosb economical f106d GOntrol solution was:f
recommended which mainly COnsists of ea:th dikes along those rivers .

 -  except Asahan tiver whete the combinatIOn o 'eatth émbankment and

" natueal retarding basin is ‘tecommended, - Thé Mastér Plan ains t6~

-,_;=”protect the lands along rivets frOmrJO-year p :bable floéd. _;j‘?ii R

- 6 ?loéd'damage Sutvey olarif)ed that mo _ vast‘and Erequéntwdamages k R
e{hava been occ Md_along the_Asahan riVer downstre ” reaches lowét than}:*f‘] U

s possible diversion plaf“f:om Siiau river is worthy to study Its

possibility and economy 1n Part II study:wo:ks. :;_;




o The sa11ne vater 1ntruszon near estuary of Asahan rlver _as'sur«

:Tiwas obserVed a 11ttle ‘ising of rlver bed of Sllau rlver but not 80
'-ﬂ:ser10us to requ1re urgent &rédglng at;presenﬁ.‘ However, futhe long

':7}€-on1t0ring may be reQn:red to see what changes vill happen after the
”;urgent flood céntrol faclllties are . to be. completed. '_;- Af“

S Onméntal survey proved no serlous problem ex:sting at present
-i:lfkexce”t _mprOVement of 3001a1 health.: The. exxstenco 6f sPecxal malar1a
: Anopheies Sundalcus, which lay their eggs 1nto

'f5ianswer fOr semlhsallne iater flsh pond defalopmént or deep dredglng of
. in‘rivér bed to allow them further multxplicatlon of - thOSo mosqultdes.
‘¥;j?The fload ¢ontrol_and agricultural development will not cause any

‘ﬁ env;ronmental harmé'but rather improwe liV1ng condltiOHS by’ easy domestxc .

 **'27vater supply, inérease of transportatzon amenity, etct 7

'"i; 10,‘_The analys1suand studies on water regulation of Lake Toba revealed '

L1 3a p0331b1e solutiOn to satisfy the requirements frOm both the flood

T 'fcontro1 and; efficient water utlliz t:on.. The recommendable nethod
_.:fﬂ,suggested to set up the seaSOnal water 1eye1 control -and dlscharge
;3_ :contro1 together with 1mpr0ved oporatlén ‘of the existlng rogulatlng
f;fﬁiﬂdam.. According ta one model (Case V) as exp1a1ned in deta11 1n thxs-l:f
-ziifInterim Report, the loo-yoar probabla flood can be regulated less than

e ,sh1fted :y'deve. pmenttof inlan& transportatlon and port Belawan._ It :,7‘-a o



ey into Lake Toba (43 yeats‘ records), Out OE total avetai

23300 m3/seé discharqe frOm the regulating dam below tho reStricted flood
: high water level of BL 905 50m on one hand and the minimum discharge _
' 'from the dam even in driest season can be kept at BO m3/seo even when :
the water level reaches near thé restricted low uater level of BL

- 902 dom. - A R NI N

Bven lf such water regulation is applied on tho past actual:inEIOW'*“=:3

_.ma/seo, 95 6 ‘m3/sec can be utllized for 90wer genézation wh'fh“can '

inflow:cf 101 L SR

_ ; assure the production oE aluminium oE about 95% of 225 000 t/yeat at .f;*lu::

;::full capacity._,_"
_::1_1,.E In addition to the above stuay, a further study was made for '_
_mltigating tho downstream flood tentatively since tho present river
fchannol has very low Elood carryiﬂg capacity until the urgent flood

'control facilities a10ng the Asahan doanstream reaohés are to be _
completed It auggests that it 1s pOSsiole to resttict the maximum

4jtfd19charge ftOm the regulating dam at 200 m3/séo a11 thtough the f100d

E than the restricted flooc water 1eve1 Hencé it may be :ecommendable
to take such measures until the completion oE the flood control
3faoil£tie3 in the downstream reaches of the Asahan tivet. o

_12. Even the flood discharge frOm the regulatlng dam is to be reducéd :

area between the regulating dam and Pulau Raja is considerably big.

~ThereEore it is recommended that a fiood forocasting and warning system;_ﬁ-,“

will be prOvided in the remaining catchment area.'-ﬂ

It may be compOsed of Edur robot fain gages and fOur robot tivor S

water 1evel gages, a control officc at Kisaran and a wireless _
connection botween the control office and Medan DPU office._.ff;~_°'

_ 13. 1In connectiOn wtth the above flood control studles 1t was Eound
that the Asahan No. 3 Powcr DeVelopment Projeot undcr planning will w
have very high intake dam wlth considerably latge storage capaoity. .;ff”




';thhe intake dam,".fN;' ing

to the Feasibiltty Report, wtll have flve .

: .= ,“me‘:t8 draw-down to- regulate the dlschéfge tequxred for power
'-_}ﬁseneratxOn. About 12 mlllion m3 of effectlve storage capacity is there

“ ’~folood contro

A' fw1th thia draw—d'un'

";rthls storage capaemty is utilxzed also Eor .5

_,nded tb plan the Asahan No. 3 Intake Dan to have a L
RE trol;functLOn._ The eleéttic energy loss thus” caused by flood"z'
:’*ncontrol-Operatxcn is estimated to be leaa than one percent of the

xi;;annual energy output expected ' ' ‘ ' |

‘.'..The_‘etalled scope,of aorks, ttme schedule and eurvey programs

17 f  tequifed fOr Part 1 work are described in th1a Interxn Report., Barly -
’-'lfand smboth éxecution of this Part i work is recommﬂnded. ' '

5;-ui*,-'
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CHAPTER 1 INTRODUGT ION

1.1 Purpose of the Report

This Intecim Report for Master Plan Study on Lower Asahan River
Basin Davelopment Project was prepared in accordance with the Scope of
Works agreed on July 27, 1984 batweea the Japan International
Cooperation Agency (JICA) and the Directorate General qf Water
Resources Development (DGWRD) Ministry of Public Works, the Government

of the Republic of Indonesia.

This Interim Rebort is prepared to report all the cesults of
sueveys and studies made for the Part 1 works whiéh aims i) to find the
basi¢ direction of land and water resources development, 11) to
establxsh a flood control master plan, iii) to make a feaSLbllxty study
oa an urgeat flood coutrol project selected from the mastar plan, iv)
to make gstudies and recomméndations on water regulation of Lake Toba,
and v} to cecommend a.detailed survey and study program required for
Part 11 works whic¢h mainly aims at establishment of master plan Eor

agricultural dvelopment.

1.2 Progress of the Study

The surveys and studies for the Pért I works were commenced from
October 1984 ‘and almost all the field works were completed by the end
of July 1985. Siace then the remaining analyses and studies wern
carried out in Japan and completed by the end of September 1985. Thus
this Interim Report was compiled by the middle of October, 1985,



Du:ing the suvey period until the end of July 1985 the JICA Study
Tean submitted the Eollowing four teports to DGHRD,

1. Inception Report December 5, 1984
2. Progeess Report I January 29, 19385
3. Prograss Report II March '23, 1985
4. Discussion Hote July 26, 1985

Officlal meetings between both parties including the Advisory
'Committee of the Japanese Government and Indonesian Authorltles
concerned were held evary time to discuss the above reports and the
vieus an& coments were confirmed by both parties in the Minutes of
Meeting respectively.

All the comments from DGWRD made through an official letter dated
August 19, 1985 were answered in this Iaterim Report,

1.3 Ppersonnel Assigned

The JICA organized and sent a study team consisting of 15
specialists headed by Mr. M. TSUDA, Team Leader and Mr. H. ONO, Deputy
Team Leader to carcy out the required works in their respective fleld.
In addition JIcCA assigned six members of Advisory Committee headed by
Dr. K. NAKAZAWA, Director of JICA to advise the Study Teem and {nspect
the results of study,

The members of the Advisory Committee attended all the official
meetings with DGWRD and eXchanged their views each other for successful
execution of the atudy works,

~ The DGWRD asaigned Indonesfan counterpart personnel to achlave
transfer of kno#ledge ag deep as possible. The twelve persons were
selected from a consulting firm in Bandung Erom the end of Decembar
1984, They have worked together with JICA team members in the same
field, -



The lists showing all the above members assigned are shown in

Tables 1.1 and 1.2 with their itinerary as shown ia Pig. 1.1.

1.4 Transfer of Khowledgg

The above 12 counterpart personnel were trained through on-the-job

training system mainly about the followihg works.

a)

b)

c)

Actual field surveys including ground reconnaissance,
sampling of materials, required field tests at the s$pot,
collection of data from various organizations, intecview

survey with local people, etec.

Analyses on the data collected including statistical
analysis, engineering analyses by calculations or graphical
analyses, hydrological analyses, hydrauliec calculations,
probability analyses, land use mapping, etc.

Especially for £lood comntrol planning the use of electronic
computers was trained regarding the calculations of flood
patterns, flood carrying capacity of river channels, prabable

flood analyses by storage function method, etc.

Engineering judgement én the results of surveys, tests and
analyses was transferred in the fields of hydrology, -
bydraulics, soil preperty related te the structural design,

socio-economy, land use, atc,

However the period of training was limited less than Ffive months

due to short time of field works and the délay_of assignment. Although

short in time most of those trainings were very fruitful for the

counterparts as the knowledge was transferred through actual jobs

immediately understandable at the respective spot.



CHAPTER II  BACKCROUND AND OBJECTIVE OF THE STUDY

2.1 Background of the Study

The study area is located ia the ¢entral part of North Sumatra
Province facing to the Strait of Malac¢ca and blessed with rich water
and land resources implying the high development potential. ESpecLally
Lake Toba, the origin of the Agsahan river, offers Ffavorable stable
water source through its vast regulating capacxty by its large surface
area of 1,100 ka?. Owing to its high surface elévation of El 905 m,
the outflow of about 100 3/3 of annual average discharge is now
being utilized For hydropower generation at Siguragura and Tangga power
stations (603 MW in total) to supply the power to the aluminium smelter
with annual production capacity of 225,000 tons at Kuala Tan jung .

Owing to the rich rainfall, this study area is alsa suffered from
frequent floods due to insufficient flood control Facilities. Ma jor
civers running in the study area are Bunut in the north, Silau and
Asahan in the ceatre and Kualuh civer in the south. The annuat
rainfail myre than 4,500 am precipitates on the slope of mountain
divide from which those rivers originate except the Asahar main
stream. The rainfall gradually decreases toward the coast of the
Strait of Malacca as little as 1,300 am. However the heavy rainfall in
the mountains causes capid flood flow often inundating the plain along
the lower reaches of the rivers. Due to such flooding and insufficient
infra~-facilities, the study area has been constrained to rhe tow

socio~-economic development stage compared with Medan and its vicinities.

The above circumsténCes imply the strong need of raising the land

productivity by means of development of water resoucces. The ever-



increasing population ptressuce, not only by the natural increase bat
also due to transmigration, urges the needs to increase job opportu-

nities and to secure the stable living conditioas as well.

2.2 Objective of the Study

The abjectiveﬂof the Study is, therefore, to conduct a master plah
study for water and land resources development in the Lower Asahan
River Basin, covering the period up to 2005 A.D. from the viewpoint of
long-range policies as raising the productivity, increasing employment
opportunities, promoting transmigration and bettering the tiving

conditions in this region.

The actual program for the whole survey and study works was
divided into two stages from the viewpoint of efficient and orderly
exec¢ution, namely Part [ and Pacrt II. Part T works aimed to carry out
the required surveys and studies mainly for the following five

objectives:

i)  to find the basic direction of land and water resources
development based on the socio-economic and natual c¢onditions
given in the project area _
) to establish a maéter'plan for flood c¢entrol
iii) to make a feasibility study ot an urgent Elood control project
) to make a study and recommendations on water regulation of

Lake Toba

v)  to report a survey and study program required for Part II

works

In continuation to the Part T works, the Part II works will be

carried out mainly for establishment of the agricultural development

master plan well coincided with the Elood control master plan,

This Ioaterim Report describes all the results of studies for the

Part I works.



_2.3 Study Area

Thée study area covers the lower Asahan basin (about 6,000 ka?)
including Bunut river and a pact of Kualuh river basin as the objective
area for the master plan? The upper basin of the Asahan civer
including Lake Tobda is considered in its plan as the external
conditions in relation with the downstream flood problems and eptimum

utilization of water rescurces.

Mninistratively the objective study area lies in Kabupateﬁ'Aséhan
and Labuhan Batu, North Sumatra Province, about 160 km south-east of
Medan, capital of the Province. Being blessed with rich water and land
resources under the tropical monsoons the study area.has béen developed
mainly with targe estates of rubber, ¢il paim and coconut since long
ago. With a pobulation in¢rease, now reaching about 300,000 persons,
acea of paddy field gradually increased to the present level of about
77,000 ha with supplemental upland field of about 15,000 ha for
cropping. However the study area is also suffered from frequeat Floods
due to heavy tropical shower caus ing considerablg damages on crops as
well as oa social and private properties. In spite of much effort of
the Indonesian Covernment to construc¢t earth dikes in cecent years,
still the fLood carrying eapacity of major rivers is fac less than the
flood peak discharges resulting in frequent distruction of those

‘dikes. Hence, this Master Plan Study for flood control is urgently

necessitated.

No big scale industries exist in the study area due to poor
elecericity supply condition and non-existence of underground mineral
resources except coal reserve in extreme southern hills. The major
towns, such as Kisaran, Tanjung Balai, etc. have beea electrified with
isolated diesel generators, although a transmission tine connecting

Kisaran with Medan Network is under construction at present.



CHAPTER IXL  PRESENT CONDITIONS

3.1 Topography

‘The study area 1ies in'thé central part of North Sumatra Province
facing the Strait of Malacea ruhning'ln_the direction from northwest to
southeast., The topography of the étudy 'are_a f3 broadly dlvided into
four zones almost in parallél to the coast line, namely i) steep
mountain area ranging from EL 1,500 m to approximately EL, 100 m in
elevation mostly covered by natural and secondary forests, il) low
undulating hills or terrace e#tending between elev&tions of about 100 m
and 15 m, 1i1) wide and flat alluvial plain lowar than EL 15 m
including lower swampy area, and iv) coastal sand dune or coastal sand
bar in width of 2 or 3 km along the coast line having the maximum
elevtions of 10 to 14 m.

Pour major rivers diSsectiﬁg thls study area rise in the Steep
mountaln area and flow down generally in northeast direction with
remarkable meanders in the lowermost alluvial plain lower than 10 m in

alevation.

The low hilly area, having a good natural drainage with many small
streams, is mostly utilized for rubber and oil palm estates with dotted
gmall paddy fields., gince long ago the'nati¢ﬁa1 railway and the main
highway have been constructed on this hills or along Ehe Eoothills
utllizlﬁg the good drainage conditions. Therefore, most of the major
towns and villages are developed along this zone too. Also many small
hamlets are malnly developed on or albng the natural levees stretéhed
on the both banks of maln and branch streans. Numerous_secondary roads
branch off from the highway in both directisns to mountain area and

coast area,



The wide alluvial plain is classified into two areaé, namely
comparatively higher area than EL 4 m and the lower swampy area. The
higﬁer alluvial atea has been mostly developad into estates of rubber,
oil palm and céconut and éOnsiderably large size paddy fields. The
easy topography to take ireigation water made this alluvial plaia
suitable for irrigated facrming. The silty soils having less
infiltration and rich humus aré well suited for submecged paddy
cropping. But the high groundwater table and less drainable condition
prvaiiing in this alluvial area make the flood damages larger when

inundated.

The lowermost alluvial plain lower than EL 4 m forms wide swampy
area, especially between Asahan and Kualuh rivers and the right bank of
the Kvaluh. The Landsat false color cemposite image clearly shows the
boundé:ies of those swampy areas and the vegetation cover. The ground
reconnaissance with this Landsat photograph made clear that most of the
swamps are covered by Buéhes and shrubs but some areas covered by thick
swampy forests with high trees more than 10 m. The watec in those
swamps is ebstructed their drainage way to the .sea by the high coastal
sand dunes, being ;bliged to drain into the lowest reaches of the main
streams of Asahan and Kualuh throsgh small streams. The drainage
capacity is so small resulting in water logging and stagnation ia long
duration. The bogzing swamps in deeper areas do not accept humaa
aécess, but the fringes of those swamps were gradually developed into
paddy fields or coconut plantation recently by planned settlement or

random settlement under the heavy populétiou pressure.

The coastal sand dunes are mostly utilized for coconut plaatation,
small patches of paddy fields and upland Ffields. The coast margin
affected by high tide is mostly occupied by mangrove.

3.2 Climate

‘The study area lies in the tropical monsoon zone botween 2 and 3

degrees in North Latitude and 99 and 100 degrees in East Longitude.



Annual average temperature on low alluvial piain along the coast
is approximately 26°C with very little seasonal variation. Absolute
maximum temperatutce is around 33%C and the ninimum {s around 21°C.
All those temperatures ardund Lake Toba at the elevation of EL 9i0 m

are about 8°C lower than those values at the coast plain.

Annual rainfall depth differs almost in parallel with the coast
line up to the mountain divide to the catchment area of Lake Tbba, The
mountain ridge around at an elevation of 1,500 m above M.S.L. has about
4,500 mm annual rainfall; while it decreases with elevation toward the

coast where only 1,500 mm average annual rainfall is observed.

The catchment area of lake TbBa is about 3,700 km? surrounded by
mountain canges of about 1,500 a and has.an average annual rainfall of
approximately 1,820 mm., It is observed that southern acea has a little
higher rainfall ranging from 2,000 to 2,200 mm, while the northern area

has less vaiafall ranging from 1,400 to 1,600 mm.

Monthly distribution of rainfall is differeat by the location from
east to west., WNorth Sumatra has a narcow width of about 200 ka between
the Strait of Malacéa and the Indian Ocean, bence the monthly rainfall
distribution pattern at a certain piace is mach affected by its
location because of prevailing monsoons from bath seas. Ia the main
ratay season from October to December the north-east monsoon is
predominant in this region.. The onset of the rainy season begins from
the c¢oast along the Strait of Malacca and gradually.moves.into the

inland area with one or éne and a half month time lag.

While the secondary rainy season covéring March through May is
caused by south-west monsoon from the Indian Ocean. Therefore the
secondary raiany season begins from the coast of Indian Ocean and

proceeds to inland w#ith about one ménth time lag.

The above fact is cleacly analyzed by comparison of the monthly

rainfall records at Medan, Pematang Siantar, Parapat and Sibolga‘ The



- monthly rainfall records at those places are shown in Table 3.1 for 22
year§ from 1920 to 1941. The average momthly rainfalls are convertad
into the share raties against the annual average rainfall and those
monthly ratios are graphicaily shown on Fig. 3.1.  Fron this Figure the
following characteristics of the rainfall distribution are clearly

observed:

1) The maximum rainfall peaks at Medan and Pematang Siantar ocecur in

October, while those at Parapat and Sibolga oceur in Noveraber.

2)  On the cdntrary, the secondary rainfall peaks at Sibolga and
Parapat occur in April, one month eariier than those at Pematang

Siantar and Medan.

3) The influance of the secondary rainy season, czused by the
south-west monsoon from the Indian Ocean is very little at Medan,
especially in February. The influence on Pematang Stantar is also

moderate.

4) The period between the both peak months at Medan and Pematang
Siantar is therefore only five months. It naturaily makes not so
heavy shortage of rainfall during this transit period. On the
contrary, the period between the both peak rainfall months at
Parapat and Sibolga is seven months, two months longer than that
of Medan and Pematang Siantar. At Parapat, therefore,

cousiderably less rainfall months happen in June and July,

The above characteristics of rainfall depth and seasonal
distribution naturally affect on the seasonal runoff of rivers and also
inflow into Lake Toba. 8o that the discharge analysis was carefully
carried out by checking with the monthly rainfalls observed at nearby

observatories.

Relative hunidity is fairly high through a yeac. Monthly
variation ranges between 83 and 92 percent resulting in annual average

of around 88 percent,



Records of wind, sunshine and evaporation are sa few that clear
seasonal tendency can hardly be analyzed. But general tendency is

obgsarved as follows:

1} Wind velocicty is genecally very small through a year excapt sudden
instant gales occurred a few times a year. Annual average wind

velocity is a little less than 0.3 mf sec,

2)  Sunshine houts in the main and secondary rainy seasons are very
short as the number of rainy days reaches more than 15 days pee
month, Considerably long sunshine hours were recorded in June,

July, August and September.

3) Evaporatien records ace available only at two places but the
observation has incomplete with many lacking days. 1t was however
estimated from those records that the aanual average evaparation
may be acouad 1,300 am in the study area. This fairly small
evaporation may be justified by the facts of considerably high
humidity, large aumber of rainy days (no;mally 190 to 220 days a
year), weak wind veloecity and not so high air temperature. Trial
estimations 3uggested_that the annual average evaporation frem the
surface of lake Toba may be around 930 mm per annum ranging froa

1 mnfday to 7 mm/day at the maximum.

As the climatic conditions of coastal area and highlands around
Lake Toba, climatic record at Sei Dadap near Kisaran and Balige is

shown in Table 3.2,

3.3 Hydcology

3.3.1 Rainfall

There are about 80 cainfall gaging stations in the study area
mostly established by PG, RISPA and DPU as shown in Fig. 3.2. The
periods of available records at those stations are shown in Figs. 3.3
and 3.4, Some of daily rainfall c¢ec¢ords have been already lost even
though monthly records at the same period is still available.

.-.l'_ -



" In order to know the aerial distribution of annual rainfall, an
areawise isohyetal map of annual mean rainfall depths covering the
study area wasrprepared as shown in Fig. 3.5, It shows the general
trend in the study area that tainfall depth increases gradually from
coastal area of about L,500 mm towards mountainous area near the Tangga
dam of about 4,000 ma. It decreases in reverse to 1,500 mm through
2,000 mm aroﬁnd Lake Toba. Although it is reCOgnized that the maximum
value -is recorded at the eastern side of mountain outside Lake Toba,
range of the heavy rainfall is stild uncertain because of thin
observation net~-work compared with that in the lower area, Aerial
distribution of annual rainfall seems to be the same as that of heavy
rainfall during flood times. Monthly rainfall patterns of eight

stations are also shown in Fig. 3.6.

Probable one day rainfall were calculated by the Gumbel method on
the basis of the estimated one day maximum basin rainfall every year,
which is showa in Table 3.3, with regard to upper reaches of Pulau
Raja, Kisaran, Tanjﬁng Balai, Teluk Binjai and Tanjung Tiram stations.
The results are shown in Table 3.4 and Fig. 3.7. The maximum two day

rainfall is also shown in Table 3.3 and Fig. 3.7 for veference,
3.3.2 §_£113~e_1_m" £low

There are water level gaging stations along the Asahan, Silau and
Kualuh rivers, and also at Lake Toba. Their locations are shown in
Fig. 3.8. At present 9 gaging stations are being operated by both DPU
and INALUM on an hourly-basis except Kisacan station where theice-daily
staff gage readings at every 7:A.M., 12:A.M, and 5:P.M. are executed.

Availability of water level records is showm in Fig. 3.9.

Collection of wéter level records at Pulau Raja, Kisaran and Pulo
Dogom statioas of the Asahan, Silau and Kualuh river basins were
completed by the end of 1984, In addition discharge measuvement was
cacried out by the.Study Team 4¢ Pulau Raja from the end of January
through the beéginning of February 1985 to supplement the high water

range of the discharge rating cdurve. The results are shown below:



Water Level Discharge

Date (Gauge height)
) o ems)
Jan. 31 '85 2.73 202
Feb., 1 *85 2.58 230
Feb. 1 '85 2.52 212
Feb. 2 '85 2,28 ' 201

Feb., 2 '85 2,20 t71

Discharge rating curves at the stations wece revisad by use of
both the measurement records and hydraulic calculations based on the
river cross sections surveyed by DPU, The c¢ross-sections of the said
thiéee stations duang discharge measurements siace 1980 were c0mpared
to check the changes as shown in Fig. 3,10. 1t revealed that they have
not experlenced so mch changes., Therefore, the diécharge rating
curves showa in Fig. 3.1l were used for conversion of daily water
levels into daily stream fiows. The monthly mean discharges at those
stations are shown in Table 3.5 and Fig. 3.12. Usually high water Flow
is observed in September through Januvary or February, and also in May
or June. In August in general, the discharge decreases to the winimum,

being about a half of that in May or June.

Monthly mpan dishcarge at Pulau Raja from residual area excluding
upstream catchment area of Lake Toba was also estimated as shown in
Table 3.6, which was supplemented by the correlation between discharges
of the Silau river at Kisaran and the residual area as shown in Fig,
3.13.

According to this analysis the annual. average discharge after 1979

at Pulau Raja (4,608 km?) is approximately 150 m3/sec (4.7 billion

o per year), out of which 90 m3/sec (60%) flows From Lake Toba and

60 m3/sec (40%) Flows from the remaining catchment area of 812 km?,

-~

The specific discharges pec¢ 100 ka? of catchment area for

Asahan, Silau and Xualuh rivers are shown below:
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Annual

' Mean Speci Fi¢
River "__Station Catchaent Discharge "~ -Dischaege -
_ : {ka?) (mIfsec) {n /sec/100kan?)
Asahan Pulau Raja 4,608 151.8 3.29

Regulating Dam 3,79 94,0 2.43
Remaining area 81z 57.8 7:.12
Silau Kisaran 1,050 61.2 5.83
Kualuh Pulo Dogom 1,116 61.4 5.50

The lowest specific discharge from the catchment area of Lake Toba
is mainly attributable to the considerably less rainfall and the high
evaporation loss from the Lake sucface, The very high specific
discharge for the remaining area of Asahan river is mostly due to heavy
rainfall in the mountain area. Silau and Kualuh rivers have

comparatively moderate rainfall in the upstream reaches.
3.3.3 Tide

Records of tide level at Kuala Tanjung aﬁd Bagan Asahan, which are
located {a 3%-22°N aad 99°-28'E, and 3°-01'N and 999-$2'g
facing te the Strait of Malacea respectively, were ¢ollected. The
records demonstrate regular two cycles a day. They were arranged in

Table 3.7 and Fig., 3.14 being summarized below:

""""""""""" {€L.m)
CSection . WHL ©  MHML  MSL _ MALL _ BLL
Kuala Tanjung .64 0.85 0.0 -9, 86 ~1.87
Bagan Asahan 2.25  L.17 0.0 -1.16 ~1.75

where; HHL : Higher High Level
MHWL : Mean Higher High Level
MS8L : Mean §ea Lavel
MLLL : Mean Lower Low Level
LLL ¢ Lower Low Lavel

- 14 -



The geological formation of the study area concurs to the foue

topographical éOnés. Theé schematieg topogtaphy and geology are shown in
Fig. 3.15 and the general stratigrachy is as follows:

General Stratigraphy of Study Area

Gecloglcal

Age Stratigraphy Composition
Sand ﬁune ot Bar - Sand, siit
Alluvial Plain Deposit Sand, silt, clay,
organie solil
Quacternary Alluvial Terracs Deposiﬁ sand,. silt
Tuff White tuff, laterite
Volcanic Rocks Lava, ignimbrite,
. Velcanic breccia ete,
Tertiary Sandatone and Shale ; Sandstoneé, shale,
Conglomerate
Pre-Tertlary Pre—Tértiaty Rocks " Sandstone, shale

{Paleozoiq) Quartzlite, Mylonite

Those rocks and deposlts are generally developed in parallel to
the coastal line, well coinciding with the topographic characteristics.

Basement rocks exposed i{n the mountafn area are composed of acidic
volcanic':dcks, which are pyroclastic rocks derived from volcanio
eruptions in early Quarternary, such as rhyolites or liparitic
pytoclastic product, so~called ignlmbrlte or welded ﬁuff. Those rocks
are generally very hard, If not weathered, offering good foundations
for any heavy structuves, |

The ignimbrite is overlain by several layers of tuff sand,

consolidated tuff and top overburden consisting of loamy lateritic
soils,
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Pre~tertiary sedimentary rvocks intercalated coal bed are overlain
in the vicinity of the village Perlacian located upstream about 25 km

from the crossing of highuway and Kualoh river.

_ The Low hiliy area is widely covered by thick latecrite canging
from 5 to 10 m uaderlain by soft white tuff which probably belongs to
'Quarternary.and is characterized by the presence of pumice fragments.
This formatioa is also derived from the Toba voleanic eruptions and
partially interbedded with thin sand and gravel.layets dipping slightly

northeastward.

The lower ends of the hilly area at the elevation of 10 to 15 m
have terrace deposits mainly composed of sand and silt forming belts,
projected low ridges and isolated islands., This formation seems

coastal terrace deposits formed in early Alluvial period.

Alluvial plain deposit (I) mostly consists of Fine s{lty to clayey
soils interbedded by thin sandy soil layers and organic¢ goil layers.
Those were transported from the hiaterland composed of acidic volcanic
rocks, tuff and laterite. Evad now the sedimentation is progressing

continuougly,

Alluvial plain deposit (II) in the vast swampy areas between the
lower Asahan ¢iver and Kualuh civer is made of fine silty to c¢layey

soils and organic soil.

The coastal sand dunes or sand bars acve moskly composed of coarse
to fine sand of volcanic native glass or hard quartz particles

originated from ignimbrite.
All the above geological and geomorphological observations are

compiled in the general geological map of the study area (Fig. 3.16)

and specific geological map of the lower Asahan river (Fig. 3.17).
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3.5 Land Use

3.5.1 Present Land Use

The

results of land use survey covering 6,600 km? were compiled

in two maps on a scalé of 1/200,000, one the Present Land Use Map and
another Existing Paddy Field and Potential Land for Future Agricultural

Development. The reduced copies of the maps are attached to this reports

as Figs- 3-18 and 3-19-
The whole land area was claésified into ten (10) categories of
land use as shown below:
Land Use Category Arvea (ha) Percentage (%)
1. Settlement land 9,079 1.4
2. Paddy field 90,832 13.7
3. Upland cultivated land 15,442 2.4
4. Coconut estate 43,230 - 6.5
5. Rubber estate 107, 607 _ 16.3
6. 0il palm estate 58,398 8.9
7. Upland forest 158,440 23.9
8. Bushes (Swampy) 48,592 I %
9. Swamp (Mostly forest) 125,851 19.0
1¢. Others ' " 4,100 0.6
Total 661,571 100.0
The upland forest includes both the'naturai forest and secondary
forest, The secondary forest consists of rubber trees, o0il palm, clove

trees, coffee, ete. but those trees afe'planted mixed with natural

forest trees, so that detailed demarcation is almost impossible,

Anywvay it shall be noticed that such cash crops are planted in the

upland forest on a small scale private basis.
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The paddy field occupies only about 142 of the total land area and
mostly lies in loew lands. Uplaad cultivated lands are planted with

¢assava, maize, various kinds of pulses aad legumes and vegetables.

The three major estafe ¢rops, namely, rubber, 0il palm and
¢oconut, occupy about 32% of the whole area, rubber estate still
occupies 16.3% but the area is_gradually decreasing and mostly changed
into oil palm estate due to economic reason. The coconul estate also

gradually is being shifted to paddy field.

The swamp Forest and BushES'occupy about 26% of the whole area.
The difficﬁlt access and living conditions reject human settlement by
their bogging ground and frequent floods. Hewever the recent higﬁ
population pressure is obliging local people to intrude into the

fringes of those swanmps.

3.5.2 Adaptability of Presenf'Land'Use

In this study area it was identified to utilize the lands in a
good coincidence of topography. In other words, the general land use
in the study acea is well adapted to the natural given conditions. The
land use characteristics were easily confirmed by overlapping the

geological map and the land use map as identified below:

a) Rubber estates amounting to 107,600 ha are developed in two ma jor
areas, one on hilly area along the Silau river and another on
hilly area along the Kualuh river. Those areas have a good
drainage topographically and also geologically as being uaderlain
by tuff sand layec. The terrace deposits mainly composed of sand

and silt at the lower end of hilly areas are also utilized,

b) O0il palm estates awounting to 58,400 ha mainly concentrate on the

hilly area along the Asahan river,

¢)  Coconut estates mostly excend on the sand dune belt along the

coast of Malacca Strait utilizing high chlorine content in water.
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d)  Most of paddy Fields are developed on the alluviai plain along the
streams or the fringe of'swampy areas, utilizing the high water
hoiding capacity of silty or c¢layay soils and easy topography to

take water from streams.

e}  The highway and railway have been constructed on the hilly area or
the foothills where good drainage and solid foundatien are
secured. The lateral or sécoadary roads were developed along the
natural levees along many streams. Major towns and villages have

developed along those highway and lateral roads.

£}  Upland fields scatter ou=hilly area mostly not irrigated due to

higher elevation than stream flows.

ALl the above land use patterns are well chacracterized by
excellent utilization of the given natucal conditions, such as
topography, drainability, seils, etc. with the wisdom accunulated in
long history. It suggests no neceSSLCy to change the present land use
patterns except improvement to higher 1and product1v1ty, some C¢rop
diversification by future economic trend and demand and national or

social requirement.

3.5.3 Desirable Futuce Development

As identified above, almost no wasted lands exist in the sfudy
area due to ever-increasing population pressure. Or in other words
there is no more physical land space to accommodate the increasing
population. It is therefore prerequisite to raise the land
productivity of the present cultivated land intensively. The
development of swampy areas shall be examined in depth as Ffor their

soil conditions and economy.
The upland forest of about 24% shall be reserved as it is for the

land and water conservation as well as necessacy supply sources of

cattle feed and fire wood for local inhabitants,
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Three major recant changes of land use were observed by compavison

of land use maps of 1974 and the latest one prepared this time as shown
below:

(1) Rubber estatés with old trees were changed into 0il palm estates

due to low international market price of rubber.

(2) Paddy field is gradually extanded into coconut estates or swamp

areas due to shortage of rice supply in this area.

(3) The fringe areas surrounding swamps are changed into estates or

paddy field by random settlement of individuals.

From a view point of ec0n6my it seems that the agricultural
development, particularly the irrigation development on the existing
cultivated land, has the highest priority to raise the land
productivity as well as to achieve self-sufficiency of rice in this

area.

3.6 Socio-Economy
(Refer to APPENDIX € for details)

3.6.1 Present - Socio-Economic Conditions

The objective areas for the master plan study covers about
6,000 kunl including 13 Kecamatans in Kabupaten Asahan, 3-Kecamatans

in Kabupaten Labuhan Batu and Kotamaja Kisaran and Tanjung Balai.

Population in this study acea is 798,900 in 1983 increasing with

annual growth rate of 1,2%,

Traditionally this area has been developed by plantatioas of
tubber, coconut and oil palm since long ago. So that thase estates
still eccupy about two-thirds isreas in the whole arable lands, leaving
one-third for cultivated lands. About 65% of the population is engaged

in the agricultural sector.
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The share of agricultural sector in the Gross Regional Domestic
Product (GRDP} in the study area also occupies a major1ty of about 64%
in 1980,

The per capita incomes in 1981 for Kab. Asahan, Labuhan Bétu and
Kotama ja Kisaran and Tanjung Baiai were appromeately Rp. 331,000,
Rp. 314,000 and Rp. 372,000 respectively at the current prlces. Those
amounts ace higher than Rp. 283,000 of North Sumitra PrOVInCe, but
Lower than Rp. 386,000 of Kotamaja Medan. The average figures seem at
.a comparatively high level due to.higher incomes derived from the

estate crop production.

However the average laad hotding size of the farmers in this area
is as small as 0.8 ha per family. Ia addition the average unit yield
of paddy is also as low as 2.9 ton per ha. Those farmees have far

lower incemes than the above averaga.

Out of total labar force of about 419,000 in the study area,
212,900 are those farmers accounting for 51% of total labor force.
Thus numerous low income level farmers ean hardly purchase enough
fertilizers, chemicals, improved seeds, buffaloes, etc. required for

their paddy production,

The irrigated land occupies only about 20% 6f the total paddy
field of about 74,000 ha net. The existing irrigation facilities are
not so complete to keep high efficienéy and even distribution of
water. Due to those incomplete facilities the annual paddy production
is not stable, for example, at a severe drOught in 1981 the paddy
production in this area reduced to about a half of normal production.
Those cultivated lands normally exteading along the rivers and streams

are frequeatly suffered from floods too.

Social infrastructures, such as transportation, communication,
power and water supbly, etc. are comparatively developed in ma]or
cities of Kisaran and Tanjung Balai., But the secondary networks have
not well developed yet, leaving fairly wide gap between urban and rural

areas.
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It is recognized in recent years that some younger generation

leaves this region to other towns and districts to find jobs.

3.6.2 Basic Direction of Socio-Economic Development

Natural conditions of this region are good on the whole and there
are no major constraints for the regional development except frequent

damages caused by floods.

As the land use'stﬁdy.clarified, all the lands were well utilized
under heavy pobulation pressure except swampy areas. AlthOugﬁ thase
wide swamps ate'wofthy to examine their futuré developmént potential
and its economy, it is easily understood thal much investment will be
required and creation of benefit will take far longer time. It is
therefore recommendable to raise the land productivity of the existing
cultivated lands at first.

' . . .

Among many méasures to raise land productivity of cultivategd
lands, the first priority shall be given to prevent frequent inundation
by floods. This implies the urgent need of flood control of major
rivers, particularly Asahan and Silau rivers in consideration of the

extent of damages.

The second priority shall be given to the vehabilitation and
improvement of the existing irrigation and drainage facilities because

of early generation of benefit with smaller investment.

The improvement of irrigation facilities shall be carried out even

small irrigation projects along small streams.
The third priority will be given to extension of irrigated tands

by enlargement of existing facilities or additional facilities and also

extéension of farm laud by swampy land development.

~ 22 .



‘Since the above develoPment will requlre ¢onslderab1e length of
time, probably eXceeding the target year of 2005 A.D. ef master plan;
it is essential that practlcal realization of pro;ect development should
be formulated through careful study of prQJGct evaluation and priority

sequence of project development.

3.7 River Conditions

3.7T.1 Geéeneral

- The area four major rivers in the study area, namely Bunut, Silau,
Asahan and Kualuh frém the north to south.

The Bunut river is g southernmost thr1butary of Kiri river origi-
nating in lov hills of about 300 m in élevation. It has 621 kn? o
catchment with its 59 knm length. It flows northaastward in parallel
with the Sllau river up to near Kisaran, after which it flows northward
through rubber and oil ralm estates and paddy fields., Finally it joins
with Kiri river about 15 km upstream from the estuary where small port
of Tanjung Tiram lies at the coast. The width of river channel at the
highway bridge is only 15 m. It gradually widens to the middle reaches
but only 20 to 25 m, while it becomes about 40 to 50 m along Kiri river.
In the dcwnstream reaches, the both banks have been developed into paddy
fields, some areas of which are under irrlgatlon. But this area often
sufferb from shortage of water due to little discharge of the river.
Flood peéak discharge is also not so blg, but sometimes it causes inun-

dation over paddy field.

In recent years about'l4_km long Yow &ikes were constructed on

both banks and not so much flood damagés happen now,

The Silau river, large tributary of the Asahan river, has a ¢atch-
ment area of 1,180 km? with a total length of about 200 km.
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The eiver originates on the eastern slopes of Mt, Parparean and
flows northeastward a#long steep and narrow valleys. At Samba Huta, it
joins the Ambalutu rivér. Downstream froam the ¢onfluence, the

topography changes from hill to plain and the land has beea developad
by estates of rubber, ¢oconut and oil palm. Afterwards, the river
flows eastward and joins the Piasa river at Jati Sari. From Jati Sari
to Kisaran, the river flows northward with meandering on the plain.
The civer slope becomes gentler gradually toward downstceam from /800
to 1/1,500. In the downstream reaches from Kisaran, the civer flows
eastward and finally joins to the Asahan river at Tanjung Balai. In
this strecch, theré are some irrigation intakes and drainage sluices.
The land on the both banks of the river has been developed for paddy
field. The continuous dike has been built on both the banks to protect
the land from floodings in a total 1éngth of 28 km.

The Asahan river has a catchment area of 6,863 km? including
Lake Toba catchmeant of 3,796 ka, with 152 km length. The Asahan
civer originates from Lake Toba. The lake has vast naturai regulating
capacity by its wide water surface area of 1,100 kml. The watec
level of the lake is being controlled at bout EL 905 m by Regulating

dam located at 14 km downstream from the outlet of Lake Toba.

The Asahan river flows down northeastward on steep slopes of
mountain along deep and aarrow gorges up to Bandar Pulau, about 65 km
from Lake Toba through Siguragura and Tangga dams for hydropower
genération. Downstream from Bandar Putau, the river flows éastward and
the river slope decreases gradually and the surrounding topography
changes £rom hill to pla{n. The land on both the banks of the river
has been developed by rubber and oil palm estates. At a point about
3 km upstream from highway bridge at Pulau Raja, the river joias the

Sakur river.
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Downstream from Puldu Raja, the civer fiows noctheastward with
meandering on the alluvial plain, The tivgr slope decreases gradually
toward downstream, being 1/4,000 and 1/13,000 respectively in the
vicinity of Pulau Raja aad Tanjung Balai. The dike of about 11 km in
length is built on the right bank to protect the area of Padang
Mahondang. 1In the downstream reaches from Pulau Raja, the swamp area
extends widely to the right bank and partly to the left bank.

At Tanjung Balai, the Asahan river joias the Silau river and
finally empties into the Strait of Malacca. Downs tream from Tan jung
Balai the r{ver widens gradually toward the sea, being 200 m and
1,500 m respectively in the vicinity of Tanjung Balai and the

river-mouth.

The Kualuh river has a catchment area of 3,820 kmé of wide area
with its total length of 165 km. The Kuvaluh river originates on the
northeastéern slopes of Mt. Sihabuhabu and flows northeastward along
steep and narrow valleys. MHear Pulodogom, the river joins the Marimau
river. Downstream Erom Pulodogdm, the rlver flows eastward and the
surround1ng topography changes from hill to plaln. The river slope
decreases gradually toward downstream. At Kileng Sandala, the river
joins the Natas river. In the stretch between Pulodogem and the
confluence of the Natas river, estates of rubber and oil palm and paddy
field extend to the both banks of the river., To protect the paddy
field, the dike has been built on the left bank in the downstream
reaches of highway bridge. Afterwards, the river Flows with meander ing
on the alIUV1a1 plain and joins the Kanopan rtver at Teluk Binjal and
the Kuo river at Kuala Bangka. The swanp area extends widely to the
right bank downstrean from the confluence of the Natas river and the
left bank downstream froém therc0n£luenpe 65 the Kanopan viver.
Afterwards, the Kualuh river flows northward and finally empties into
the Strait of Malacca at Tanjung Leidong. Downstceam From the
confluence of the Kuo river, the Kualuh river widens gradually toward
the sea, being 200 m and 4,000 m reépecti?ely in the vicinity of Xualuh

Bangka and the estuary.

General features of those rivers are illustrated in Fig. 3.20.
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3.7.2 Bxisting Plood Control Facilities

In the study area, the river dikes of 86 km in total leagth have
been constructed in the middle and lower reaches. The dike length for

each river is as follows:

R Bike length (km) - -~ - o

River ---- --Maiastream --- - Tributacy- -+ -- Total - -
Bunut civer 14 - 14
Silau river 28 - 28
Asahan river 11 4 15
Kualuh civer 22 7 29
Total . = . . . _ [ 2 R 36 .

The location of those existing dikes is shown in Fig. 3.21.
Almost all the dikes were cOné;ructed it the form of the cross-section
with crown width of 2 - 3.5 m, side slope of 1:1 ~ 1:2 and height of 1
- 4 m as illustrated in Fig. 3.22. River improvement and

rehabilitation works during 1982 to 1984 are listed in Table 3.8,

Any other flood coatrol facilities such as diversion channel,

artificial cetacding basin, etc., are not found 'in the study area.

The related structuces of the river such as beidge, drainage
outlet, irrigation intake exist along the river courses, The location
and dimension of bridges are listed in Table 3.9 and the profile of
major bridges are shown in Figs. 3,23 to 3.25. The dimension of

drainage outlets, irrigation intakes are shown in Table 3.10.
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3.7.3 Discharge Capacity of Existing Channels "

The discharge capacity of the existing river channel was estimated
based on water level calculation by the non-uniform flow method in the
stretch from the river-mouth to Pulau Raja for the Asahan river and
from Tanjung Balai to the confluence of the Piasa river For the Silau
river. In the calculation, tha values of Hanning'é roughness
coefficient shown in Table 3.11 were adopted in this study considering

the existing c¢haanel conditioas.

The estimated discharge capacities are shown in Table 3.12 and

Fig. 3.26, From the figure, the following facts are recognized.

(1) Bunut river _

a) The channel upstream from bighway bridge at Bunut has
comparatively high discharge capacity of 80 cms.

b} Downstréam from the bridge, theICapacity décreases to 50 cms
near the confluence with the Beluru river.

¢) Downstream from the confluence with Silau Tua river, the
capacities increase towacd the civer-mouth of the Kiri river
feom 100 to 500 cms.

(2) Asahan river
a} The channel upstream from highway bridge at Pulau Raja has
cdmpara#ivély high discharge capaéity of 1,300 cms.
b) Dounstream from the'bridge, the discharge capacities deérease
graduvally toward downstream. Near the confluence of the
Nantalu river, the ¢apacity decreases to extremely low value
of 200 cms. ’
c) Downstream from the confluence of the Lebah river, the
capacities increase toward the river-mouth From 200 to
3,500 cms.
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(3 'Silép'river
a)_ The channel upstream from Kisaran has comparatively high
discharge capacity of 800 cms.
b) 1In the vicinity of Kisaran, the capacity is 700 cms.
Downstream from Kisaran, the capacity decreases from 600 o

only 150 ¢ms.

(4} Kualuh-civer - _

a) The channel upstream from highway bridge at Gunting Saga has
comparatively high discharge capacity of 1,100 cms.

b) Downstream from the bridge, the capacities decrease gradually
toward downstream. Near the confluence with the Pamengke
river, the capacity decreaées to low of 200 cms.,

¢} Downstréam from the confluence, the capacities increase toward
the river-mouth from 350 to 1,500 s .

d) The discharge capacities of the downstream reaches of the

Kanopan river are from SO to 100 ¢ms.

3.8 Flaod Discharge

3.8.1 Recorded Major Floods

Water level data of the lower Asahan, Silau and Kealuh rivers at
Palau Raja, Kisaran and Pulo Dogom are available from 1977, 1973 and
1979 respectively. There is no record of the Bunut river. Gaging
stations at Palau Raja and Pulo Dogem are automatic, but at Kisaran
staff gage reading at 7 o'clock in the morning, 12 o'clock noon and
5 6'clock in the evening. Since then there are some appréhensions that
the flood peak of the Silau river be not recordeh. The annual maximum

flood peak of each river is shown in Table 3.11.

It is recognized that the flood in January 1984 was the most
remarkable in the lewer Asahan and in the Kualuh rivers, and in the
Silau river the biggest flood occurred ia December 1973, Big floods

occur usually in September through January and also in May in this acrea.
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It should be noticed that the runoff in the Lower Asahan river has
been influenced by the actificial contcol of outflow from Lake Toba

since February 1981,

The Asahan and Silau river basins might be suffeced from most
sévere damage by the flood in December 1973 according to the verbal
information from the site. The peak discharge of that flood was
roughly estimated to be 800 m’/s on the basis of discdhtinuobs
hydrograph at Kisaran., It was confirmed from the fact that the basin
rainfall 6f Pulau Raja and Kisaran on Dec., 1, 1973 was ranked in the

first since 1963,

3.8.2 F¥lood Discharge Analysis of Asahan and Silau-Rivers

(1) Flood Runoff in Asahan-and-Silau-River-Basins

The Asahan and Silau river basins were divided into sub-basins as
shown in Fig.:3.27. The flood simulation wmodel to analyze flood runofE
mechanism of the Asahan and $ilav river should simulate hydraulic
behavior in the basin for the various flow condicions. It incocporates
tiver basin components such as sub-basins, channels, dams and retarding
basins as shown in Fig. 3.28. The storage function method was applied
to calculate flood runoff from each sub-basin and channel. All the
coefficients were calculated from the typical past floods in May 1975,
September/October 1977, Hay 1982 and January 1984, After establishing
the mo&el, a check was made by comparison of the calculatad hydrographs
with the actually recorded ones as shown in PFig. 3.29, which shows a
good coincidence. So that this selected storage function model was
applied to estimate the probable flood peak discharges from the

probable maximum daily rainfalls,

(2) FPlood Over lapping

Majocr floods in the past of which daily di#charge wag biggec than
170 w3/s foc the residual area of Pulau Raja and also 200 m3/s for

Kisaran were picked up in due consideration of discharge capacity of
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the existing channel. Seasonal Eréquency_bf flood is shown in Fig.
3.30. The following flood characteristics were recognized from the
frequency analysis:

a) Flood is often appeaced during September through Jannary and
. also in May,
b) Bigger Eloods occur in September through January.

Flood of Sept./Oct. 1977 is recognized as a typical flood.

From the rainfall records since 1963 when the most of rainfall
gaging statioas.started their operations, it is recognized that the
residual area received much rainfall during three months from Gctober
to December in i963 and 1969 as shown in Fig. 3.3l. TIn that season the
'Regu[ating dam might have to spill out surpius water in considerabla
length of tima.

The flood outflow from the Regulating daﬁ of Lake Toba is
400 m3/sec at the maximum under the present operation rule. The
hydraulic study showed that the flood reaching time from the dam to
Pulau Raja and that of the réemaining catchment area to Pulau Raja are
nearly same, So that there is almost no possibility to aveid the
ever lapping of both floods. Therefore the probable flood paak
discharge at Pulau Raja is estimated by adding 400 m3/sec to the
flood peak discharge from the remaining catchmeat area, except for case
of 2-year probability when only 315 @3/sec will be discharged from
the dam.

. (3) Probsble Floods Estimated for'Asahan'and'Silau

The results of calculations are summarized below, the details of

which can be refarred to APPENDIX G,

_ - “Return Peciod- (Year)- o
River _Site 2 b] 10 15 30 =50 -loo

Asahan  Pulau Raja 625 826 1,001 1,106 1,355 1,523 1,839
Sitlau  Kisaran 449 457 565 670 o11 1,055 1,300

- 30 -



	Cover
	PREFACE
	FRONTISPIECE
	LOCATION MAP
	SUMMARY
	CONTENTS
	CHAPTER I INTRODUCTION
	1.1 Purpose of the Report
	1.2 Progress of the Study
	1.3 Personnel Assigned
	1.4 Transfer of Knowledge

	CHAPTER II BACKGROUND AND OBJECTIVE OF THE STUDY
	2.1 Background of the Study
	2.2 Objective of the Study
	2.3 Study Area

	CHAPTER III PRESENT CONDITIONS
	3.1 Topography
	3.2 Climate
	3.3 Hydrology
	3.3.1 Rainfall
	3.3.2 Streamflow
	3.3.3 Tide

	3.4 Geology
	3.5 Land Use
	3.5.1 Present Land Use
	3.5.2 Adaptability of Present Land Use
	3.5.3 Desirable Future Development

	3.6 Socio-Economy
	3.6.1 Present Socio-Economic Conditions
	3.6.2 Basic Direction of Socio-Economic Development

	3.7 River Conditions
	3.7.1 General
	3.7.2 Existing Flood Control Facilities
	3.7.3 Discharge Capacity of Existing Channels

	3.8 Flood Discharge
	3.8.1 Recorded Major Floods
	3.8.2 Flood Discharge Analysis of Asahan and Silau Rivers



