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Preface

The Government of Japan, in response to the request of the
Government of the Republic of fndonesia, decided to conduct a
study for the Overall Ular River Improvement Project (including
flood control, development of downstream plain and irrigation

project), through the Japan International Cooperation Agency.

The Agency dispatched a preliminary survey team in March
1976, and organized a study team composed of experts in various
fields headed by Dr, Seilichi Sato and carried out a field survey
in October 1976. The report that we are submitting herewith has
been compiled taking fully into account alsc of the questions
and answeres voiced at the meetings held in Indonesia. I sin-
cerely hope that this report would make a contribution to the
development of the project.

Finally, I would like to express my deep appreciation to all
the members who participated in the study for their hard work and
my heartfelt gratitude to the authorities concerned in the Republic

of Indonesia.

January 1978.

Shinsaku Hogen (f
President

Japan International
Cooperation Agency

Tokyo, Japan



LETTER OF TRANSMITTAL

Tokyo, January 1978

Mr. Shinsaku Hogen

President

Japan International Cooperation Agency
Shinjukuku Mitsul Building
Nishi-Shinjuku 2-1,

Shinjuku-ku, Tokyo, Japan

Dear Sir:

I have the pleasure to submit you the final report entitled
"Republic of Indonesia, Study Report on Overall Ular River Improve-
ment Project (Including Floed Control, Reclamation of Downstream
Plain and Possible Irrigation Project)". This report has been pre-
pared in accordance with the contracts signed on October 16, 1976
and on August 5, 1977 between the Japan International Cooperation
Agency and the joint venture composed of NIKKEN Consultants, Inc.
and Nippon Koei Co., Ltd.

The Team made the studies in Indonesia including data collec-
tion and necessary surveyings for about. two months from October 26,
1976 to December 24, 1976 in cooperation with the Indonesian Coun-
texpart Team organized by the Ministry of Public Works and Electric
Power, the Government of Indonesia. In Japan, studies were continu-
ed for analyzing the collected data, formulating the plans and
evaluating the economic feasibility thereof.

Prior to finalizing the report, final discussions were made
both in Jakarta and in Medan between the Study Team and the offi-
.cials concerned of the Indonesian Government as well as the
Indonesian Counterpart Team. The report was completed taking ac-
count of the conclusions obtained in the above-mentioned meetings

and finally approved by the Advisory Committee of the Japan Inter-
national Cooperation Agency.

The Study Team wishes to express its sincere appreciation to
the Counterpart Team and the officials of Directorate General of
Water Resources Development, the Department of Public Works, North
Sumatra Province and other authorites concerned in Indonesia for



the hearty cooperation and support extend to the Team, Lastly,

the Team wishes to acknowledge the wholehearted encouragement given
to the Team by the Embassy of Japan in Jakarta, the Consulate of
Japan in Medan and the Japan International Cooperation Agency
during this study.

Yours falthfully,

Dx. Seiichi Sato

Leader of the Study Team
for the Overall Ular River
Improvement Project

85/yw



Sunset on an inundation caused by breaches
of a dike about 3.5 km upstream from Ular
Bridge during the 1973-flood,

The office of Ular River Urgent Flood Control
Project and a rain gage set in its premise.



The lower Ular river viewed upstream from a
ferry boat at about 10 km downstream from
Ular Bridge in the 1976~rainy-season.

Paddy field in the project area



Sedimentation in Perbaungan irrigation canal

Sumber Rejo irrigation canal
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SUMMARY AND CONCLUSIONS



SUMMARY

Originating in the somma of Lake Toba and its adjoining plateau
of about 1,200 m in elevation, the Ular River flows through the center
of the agricultural area of approximately 400 km? in the lower plain
and it debouches inte the Strait of Malaceca at a point about 30 km east
from Medan, the capital city of North Sumatra Province.

The Buaya and the Karal Rivers which have nearly the same catch-
ment area join at a point about 40 km upstream from the estuary. The
area of the basin at the confluence is about 1,000 km?, The whole
basin stretches over both Kabupaten of Simalungun and Deli-Serdang.

The total length of the river is 115 km and the slope of river
channel downstream from the confluence of the aforementioned two
rivers varies between 1/700 and 1/1,000.

Most of economic activities in the downstream area of the Ular
River are plantation and farming by the inhabitants, except small
scale commercial activities in the twon area of Lubuk Pakam and
Perbaungan. In the project area, there are about 8,700 ha of paim
oil plantations, about 3,500 ha of rubber plantatiom, 1,200 ha of co-
conut plantations and 18,500 ha of rice field, and the national railway

and. the national highway run east and west connecting Medan with the
other important area.

In such a productive area, control of river water is one of the
most important problems. That is to say, flooding from the Ular River
which flows through this productive plain should be prevented and at
the same time the water should be used effectively in order to increase
‘the agricultural production. ' '

© It was said that overtoppings or breaks on the dikes in a stretch
about 10 km upstream form the highway brdige (Ular Brdige) took place
almost every year, which gave serious damages to the downstream pro-
ductive area. The Feasibility Report prepared by the OTCA, JAFPAN in
March 1971 recommended a temporary design discharge of 600 m3/sec which
both the bridges enable to pass. Based on this report, an emergency
flood control project was commenced in 1972 as Urgent Flood Control
Project with an aid of Japanese Yen Loan on a stretch between Ular
Bridge and a point 10.0 km upstream from the bridge. Elimination of
the constriction formed by the highway and railway bridges was also

recommended and the rebuilding works are now under way as independent
works.

As the result of this Urgent Flood Control Project, damages to be
caused by floods in the midstream area were markedly decreased, and

the productivity in the downstream agricultural area was distinctly
increased. :



In view of the fact that the above-mentioned works are an emergent
one, planning of the Overall Ular River Improvement Project which con-
tains not only flood control measures but alse improvement and devel-
opment of irrigation and drainage in the downstream plain area has been
required, which led to the present Overall Plan Study.

The project area for the study of Overall Plan was determined as
a triangular area in the alluvial plain downstream of the Ular River
with its vertex at Serbajadi Bridge. The area bounds with the Serdang
River on northwest, with the Rampah River on southeast, and with the
Strait of Malacca from east to west.

In studying flood contrel plan, four cases of peak discharges of
600 m3/sec, 800 m3/sec, 1,000 m3/sec and 1,200 m3/sec at Serbajadi
Bridge were taken into considerarion in view of the faet that a survey
during the Urgent Project reported that there were some floods exceed-
ing the temporary design flood discharge in the past. With regard to
each of the four discharges were considered flood control measures by
river channel improvement alone, dam construction alone and combina-
tion thereof. In case of dam construction, dam to be used exclusive-
ly for flood control was taken into consideration since no dam is
needed for securing water requirement for irrigation as mentioned
later. It was found from this study that construction cost of flood
control works by channel improvement alone is the minimum. The con-
struction works shown in Tables 3-5-2(1} to 3~5-2(4) including design
works for flood control sector were planned to be carried out during
five years from 1978/79 to 1982/83. The construction cost (economic
cost) for flood control was estimated at Rp.2,65]1 million for 600 m3/
sec, Rp.3,170 million for 800 m3/sec, Rp.4,132 million for 1,000 m3/
sec and Rp. 5,251 million for 1,200 m3/sec at the 1976-prices.

With regard to the foodstuffs condition, the Indonesian CGovernment
still have to import about one millicn tons of rice annually, because
of the high demand for foodstuffs due to the rapid population growth
rate of 2.1% per annum together with an increase in rice consumption
per capita resulting from the raised standard of living. The Second

. Five-Year Development Plan (PELITA~II) was launched in 1974 and aims

at the attainment of self-sufficiency in foodstuffs, According to this
plan, the Government directs its national effort toward an early in-
duction of the improved irrigation farming.

The above-mentioned project area covers an area of approximately
40,000 ha which consists of 18,500 ha of rice filed, 13,400 ha of estate
field. 1,100 ha of horticulture filed, 4,600 ha of houses and roads and
2,400 ha of others such as seacost. Since the project area has already
been fully developed and there are no rooms for further reclamation,
the objective area for irrigation plan was determined to be all rice
field of 18,500 ha which comprizes the irrigated land of 7,000 ha and
the rain~fed area of 11,500 ha.

Planting of paddy extends over about 100% of the whole rice field



in the rainy season, while it decreases to about 25% in the dry season.
The unit yleld of paddy is different depending on location and har-
vesting vear, but is estimated at 3.1 tom per on an average. Annual

total production of rice amounts to about 70,000 tons in the project
area.

The present irrigatioﬁ andmdrainage gystems include 13 intake
facilities, main irrigation canal of about 50 km, secondary canal of
about 90 km and drainage canal of about 57 km.

The main reasons for such a low planting ratio in the dry season
and low crop yield are considered as follows:

(1) The amount of available water is not enough to irrigate the whole
" farmland in the dry season due to the shortage of irrigation fa-
cilities on farm level.

(2) The surface drainages in the project area are inhibited mainly
due to the shortage of capacities of natural rivers and drainage
channels, a distinctive topography of sand dune along the coastal
line, tidal actions, etc. The condition of such poor drainage
restricts the vigrous growth of crops.

(3) Institutional activities with emphasis on water management are
not satisfactory due to the shortage of well-trained staff, the
lack of mutural communication and coordination among institutions.

(4) Farm inputs are not applied properly in volume and in time.

As the discharge of this river is considerably abundant, it was
concluded that irrigation water needed for the project can be supplied
by free intake without building any dams on this river. However, for
the purpose of smooth supply of irrigation water, 6 intake facilities
as well as the mailn irrigation canals 42 km long will be rehabilitated.
Secondary canal 74 km long will newly be constructed and that 43 km
long will be rehabilitated. 23 turnouts, 14 drops, 3 aqueducts, 11
syphons, 3 conduits, 1l bridges and 5 spilways will newly be con-
structed or rehabilitated. Furthermore tertiary canal, farm ditch,
branch road and farm road will newly be comstructed at the density of
20, 40, 30 and 15m/ha, respectively. In addition, 14 km of drainage
canal will newly be constructed and natural rivers 39 km long will
be improved. ' '

Upon completion of the said works, a year-round irrigation farm-
ing will become possible over the whole farm land of 18,500 ha. An
intensive rice farming of double cropping of paddy per year is to be
introduced. The yield of paddy will attain its maixmum of 4.5 tons of
paddy per ha in the 7th year after the completion of irrigation and
drainage facilities. Annual production of paddy in the project area
~will reach about 150,000 tons.



The construction works including the design works for irrigation
sector were planned to be carried out during few vears from 1978/79
to 1982/83. The construction cost {economic cost) necessary for the
sald works amounts to Rp.4,395 million at the 1976-prices.

Based on the aforesaid costs and considering the benefits to
accrue therefrom, benefit-cost analyses were made with regard to the
three cases of flood control alone, irripgation and drainage alone
and combination of the two, by discharges of 600 m3/sec, 800 m3/sec,

1,000 m3/sec and 1,200 m3/sec. The results are shown in the following
table.

Benefit-Cost Analyses

Kind of Dig— IRRE Benefit-cost ratie Net present value
project charge (%) (B/C) (B-C)

(m3/s) 104 12% 15% 104 12% 15%

x106 Rp

600 12.7 1.25 1.05 0.84 474 88 -251

800 20.0  1.99 1.67 1.34 2,216 1,396 638

Flood controly 44, 18.5 1.84 1.55 1.24 2,453 1,480 586

1,200 15.4 1.52 1.28 1,02 - 1,941 960 76

" Irrigation : 21.8 2.72 2.20 1.67 5,806 3,724 1,841

_ 600 20,6 2.43 1.97 1.51 7,493 4,715 2,199

Flood control 800 - 26.0 3.25 2.65 2.03 12,641 8,557 4,799

& drrigation 4 44 26.2  3.29 2.68 2.06 14,371 9,751 5,497

1,200 24.6 3,01 2,45 1.88 14,213 9,495 5,165

/1 : Internal rate of return.
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CONCLUSIONS

The alluvial plailn area governed by the Ular River had suffered
from serious damages caused by floods which took place several times
every year owing to breaches on the levees. 1In view of the fact that
this area has a high productiviry, an emergent work for flood control
was planned and commenced in 1972. This project has brought a develop-
ment effect beyond expectation as well as the expected effect to the
productivity and the stabilization of the people’'s livelihood, which
encouraged the authorities concerned to plan, as the follwoing step,
an overall river improvement project partly because the project im-
plemented so far was only an emergent one. For this purpose, an
overall plan study was planned.

The first cbjective of the present study is to find and propose
an overall plan for the Overall Ular River Improvement Project that
includes both flood control and improvement of irrigation and drainage.
In view of this objective, it was expected at the time of commence-
ment of the study that the Overall Project would be composed of such
individual projects as sabo project, multipurpose dam project, river-
channel improvement project and irrigation/drainage improvement
project.

With the progress of the study, however, it has become clear that
no sabo work i1s needed at present, no dam is needed for the purpose of
supplying irrigation water because of abundance of river water, and
dam plan for flood control falls behind channel-improvement plan in
the cost. Accordingly for studying the priority order as the second
objective of this study, it has become unnecessary to take the above-
mentioned individual projects into consideration.

In stead of the above, we decided to compare the profitableness
of three kinds of projects; a flood control project by river—channel
improvement alone, a project of irrigation/drainage improvement alone,
and a project comprizing both of flood control by channel improvement
and irrigation/drainage improvement. '

Economic evaluation was made of the three kinds of projects by
comparing economic costs with economic benefits in the forms of net
present value, benefit-cost ratio and internal rate of return. The
results are shown in the table given at the end of the SUMMARY.

- Ag is evident in the table, the benefit, in any case of the pro-
jects, exceeds the cost when both are discounted at 12%. This means -
that all of the proposed projects are econcmically feasible. The in-
ternal rate of return exceeds 207 in the case of the design discharge
of 800 m3/s for flood control and also in the case of irrigation/
drainage improvement. However, all of the combined projects further
surpass the above two, and, among the four combined projects, the
projects with design dishcarge of 800 m3/s or 1,000 m3/s are the best

with no significant difference between them in the values of IRR and
B/C ratio. '
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With regard to design discharge for flood control, the return pe-
riod of 30 years is generally applied to rivers in Indonesia, while
the analysis shows that the return period of 800 m3/s is 33 years. We
therefore propose that the combined project of flood control and irri-
gation/drainage improvement with the design discharge of 800 m 3/s
should be taken as the overall plan for the Overall Ular River Improve-
ment Project.

The Overall Plan will thus be composed of the river—channel im-—
provement at the design discharge of 800 m3/s over a stretch extending
from the river mouth to Pulau Gambar and the agricultural development
plan over.an area of 18,500 ha situated in the lower region of the
Ular and between the two neighboring rivers, the Serdang and the Rampah.

This objective area for agricultural plan was fixed based on the
conception that the plan shall be formulated as a part of the Overall
Ular River Improvement Project and the area shall not cover other area
topographically connected with the two neighboring rivers. However,
in the future when a regional planning which will cover a broader area
than the above is made, utilization of river water of the Ular to re-
gions beyond the present project area may have to be considered together
with study of adjacent rivers including the Serdang and the Rampah.

As already mentioned, the discharge of the Ular River is consider-
ably abundant. The record of discharge measurement at Serbajadi shows
that the annual runcff of the river is 1,600 x 105 w3 in 1972, 1,770 x
10% m3 in 1973 and 1,680 x 106 m3 in 1974 while the minimum discharge
is 26.8 m3/s in 1972, 35.0 m3/s in 1973 and 38.6 m3/s in 1974. There-
fore, the natural discharge of the river will able to meet the water
requirement for irrigation without special creation by dam. But in
the last ten days of July 1972, the natural discharge of the river will
be only 10.7 m3/s after the diversion of water requirement. This means
that the natural discharge of the river can just satisfy the water re-
quirement while the remaining discharge of 10.7 m3/s will have to be
sustained as a minimum for preservation water of river.

It was found that construction of dam was uneconomical for the
purpose of flood control and agricultural development. However, in
connection with the study of flood control by Buaya Dam, study was made
on the potentiality of exploitation of water resources represented by
electric power production on the assumption that the dam planned for
flood control will also be used for power production or another dam
instead of the above will be built for exclusive use for power pro-
duction. TIn both the cases, electric power production has proved to
be unfeagible by reason of small storage capacity and low available
head. Therefore, it is not advisable to construct dam for electric
power supply. For other utilization of river water of the Ular such
as for drinking water and industrial water, it is recommendable to
make a study on another occasion together w1th a synthetic planning of
regional development.



The present study on land erosion and sand control concluded that
no construction of sabo facilities will be needed for the time being.
It seems however to be necessary to commence a study on the mechanism
of sand production in the headwaters and the quantity of production on
an appropriate occasion in the future against a possible increase in
sand production which may cccur with the progress of time owing to
such causes as development in the headwaters and/or unexpected change
in rainfall. Furtheremore, it is desirable in principle from the view-
point of control of runoff and prevention of surface erosion to cover
the land with vegetation., Fortunately ‘a reforestation and greening
project is being carried out by the authorities concerned continuously
since 1971. At present, reforestation of 2,450 ha and greening of
1,896 ha have already been executed. However, for the purpose of main-
taining the present condition of the headwaters or improving the
condition in future, the aforesald reforestation and greening programs
will desirably be further promoted together with necessary study of
kind of plant which may be more suitable to the headwaters,

It is recommendable finally to study, on the comming occasion of
feasibility study, whether phasing of the respective components of
flood control and irrigation/drainage improvement is necessary or not

and, if necessary, which is the most profitable one among practical
combinations in phasing.

5-7
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CHAPTER I

INTRODUCTION

CL.L. Background of Study. - -

The Ular River originating in the Bukit Barisan mountains that
form - the somma of Lake Toba runs almost to the north and pours into
the Malacca Stralt at a point about 30 km in the southeast of Medan,
the capital of North- Sumatra Province. The river has a catchment
area of about 1,000 km2 and a length of about 115 km. The river basin

- stretches over both Kabupaten of.Deli/Serdang'and Simalungun.

The flat area located on both. sides of the lower reaches has
well—developed plantations of oilpalm, rubber, tobacco, etc. and
‘well-cultivated paddy field. This area is among the best agricultural
" production zones in Indonesia. Furthermore, the national railway and
. the national highway run through this area.

The climate of this area belongs to the troplcal one, the mean’
annual rainfall is 1,500 mm to 2,500 mm in the downstream area and
that in the mountainous area is 2,500 mm to 3,000 mm. Water level of
the river is usually maintained high in the railny season from Septem-
ber to January and large run-off discharges due to squally rainfall
are frequently superposed on it. Almost in every rainy season, flood-
ing occured repeatedly due to breaches of dikes, and caused great
. damages to farm. land, the railway, the highway and other public fa-
cilities as WEll as inhab1tants. '

With the view to- preventing these disasters emergently, a flood
control project was planned over a stretch of 11 km upstream from the
Ular highway bridge in view of the fact that breaches of dikes were
always concentrated on this stretch.  This project started in 1971 as

Ular River Urgent Flood Control Project with the aid of .a loan from
“ the - Overseas Economic: Cooperatlon Fund, Japan, -estimating the tempo-
‘rary design discharge at 600 m 3/5 and is producing a remarkable effect

© to development beyond expectation as well as the effect of - mitigation
of flood: damages. .

However,-in view of the fact -that the above-mentioned works.are
the emergent ones, the Government of Indonesia has intended to formu-
late an overall plan which contains not ~only folld-control measures:
but . also improvement and development. of the irrigation and drainage
in the downstream plain area, and requested to the Government of Japan

" to extend a technical aid in conducting the.study for making the Over-

. all Ular River Improvement Plan. ‘ In response to the request, the
_Japan International. Cooperation Agency dispatched Preliminary Survey
Team to Indonesia in March 1976, and it was decided to carry out the

- present study in ‘cooperation with the Government of Indonesia based
on the Scope of Work which was approved by the letter 4321/Set Kab/ -
LN/P/9/1976 sent to- the Embassy of Japan, Jakarta by the Head of the



Bureau of Internatiomal Cooperatlon, Cabinet Secretariate, the Govern—
ment of Indonesia on September 6 1976

1.2, 0b1ective of Stu_z

The present study aims at formulation of an overall plan for the
Overall Ular River Improvement Project which will be composed of both
flood control and irrigation and drainage related thereto; or it will
comprize a plan for flood control by means of river channel improve-
ment and, if effective, in consideration of flood regulation by dam
too and a plan for improvement of irrigation -and. drainage within an
area located in the alluvial plain downstream of the Ular River ex—
cepting the areas topographically connected with the Serdang River on
the left side and the Rampah River on the right side of the Ular River.

Further, the priority order of the individual projects to be in~
-cluded in the overall plan will be studied from the viewpoint of
engineering and economy .

1.3. Progress of Study.

After the Japanese Study Team arrived at Jakarta on QOctober 26,
1976, discussions were made in Jakarta and also in Medan on the Draft
" Inception Report prepared by the Team. It was agreed by the Govern-
ment of Indonesia with the Note of Understanding. : S

. The :Study Team stayed in. Indonesia up to Devember 24 1976 and
developed its field surveys of the past floods, the existing facilities
for flood control, ‘suitable sites for dams, possible ‘area for retarda—
tion of flood discharge land erosion in the upper basin,’ land use,
meteorology, hydrology, the existing conditions of irrigation and
drainage in the project .area, soil in the same area, water requirement
for irrigation, unit costs of construction works, unit- prices; and
such data necessary for estimation of benefits as: population, general
economy, general properties, agricuitural products, ‘agricultural
‘economy, public facilities, traffic of highway and railway in the
project area and damages due to floods, together with sampling and .
mechanical analysis of bed materials, cross-sectional surveyings at
the sampling sites and dam sites, topographical surveyings for irriga-
‘tion/drainage planning and estimation of benefits and borings at
the dam sites, and data thereon were collected. In-the course of
the fleld surveys, meetings were' held in Medan four times. . At the
fourth meeting held in Medan on Deceomber 18,1976, the Study “Team - : -
suggested the selection of location of bench marks to be ‘established
. in the area together with the specificatlons therefor in accordance
with the Note of Understanding. - ‘s '

Priot to leav1ng Indonesia, the Study Team had the last meeting
with the Government of Indonmesia in Jakarta on.Devember 23,:1976.



After the Study Team returned to Japan, Studies were continued
on return period of peak discharges, hydvographs for dam planning,
sediment transportation, channel improvement, flood regulation by
dam, flood control plans, land use and cropping pattern, anticipated
“yields and crop production, water resources, irrigation water re-
quirement, drainage water requirement, irrigation and drainage plan;
censtruction costs of flood control works and maintenance costs, con-
struction costs of irrigation and drainage works, operation, maintenance
and replacement costs therefor, flood control benefits, and irrigation

and drainage benefits. Based on these studies, an overall plan was
prepared. : : : ' : '

During the study in Japan, a letter of suggestion for locating
the additional recording raln-gage and water-level gage stations over
the Ular River basin was sent to the Government of Indonesia by the
_ _Study Team in accordance with the Note of Understanding.

The Study Team visited Indonesia in March 1977 to submit the

" Interim Report and made discussions with the Directorate General of
Water Resources Development, and the contents of the discussions were
summarilzed by the two parties on March 23, 1977. 1In the course of
preparing the draft of TFinal Report, the Study Team received addi-
tional comments on the Interim Report by a letter dated May 4, 1977.

. Taking account of all the comments mentioned above, the Study

' Team.prepared the Draft Final Report and submitted it on August 18,

1977 to the DGWRD with necessary explanations. - As the result of the -
meetings held in Medan on August 18, 1977 and in Jakarta on August 24,
1977, it was decided to name this study "Overall Plan Study" instead

‘ of "Master Plan Study“ so far called. '

_ In the meetings held in Medan on Novermber 8, 1977 and successively
held in Jakarta on Novenmber 11, 1977, ‘discussions were made about the

-.  Draft Final Report on Overall Plan Study of Overall ‘Ular River Improve-

ment Project and the scheduled Feasibility Study of the Project, and
the Draft Final Report of the Progeet was agreed by ‘the DGWRD.

_L.4 Organizations for Study

B For carrying out the study, the JICA and the Government. of Indone51a'
~established the organizations shown in Fig.l-1 in accordance with the
_Scope of Work. agreed by the Government of Indonesia.

The Advisory Committee of the JICA consisted of the members men-
tioned below.

" Chairman o 'Mr. Yukito Imanaga

River engineer . _'Ministry of Constructlon'“
- Dam engineer S . 'Mr. Katsujdi Komiyama

IR Ministry of Comstruction
'Economist' LT Mr. Tetsuji Maruta

Ministry of Construction’
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Coordinator
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Japan Internationatl
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General
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Sabo engineer' : Mr. Michinobu TsunéﬁatSu_
' ' Ministry of Construction

Agrundmist- . Mr. Shikatsugu Muracka
. ' "Ministry of Agriculture and
Forestry

Irrigation engineer " Mr. Kiichiro Tanaka _
. : Ministry of Agriculture and
Forestry

The Study Team of the JICA consisted of the members mentioned
below.

Team leader - ' Dr. Seiichi Sato
' R NIKKEN Consultants, Inc.
Co-leader ‘ Mr. Kiyomi Kasama
: : : NIKKEN Consultants, Inc.
River engineer : Mr. Shoji Kawabata
' _ NIKKEN Consultants, Inc.
Hydrologist Mr. Noboru Jitsuhiro .
: _ NIKKEN Consultants, Inc.
Sabo engineer Mr. Masahiro Kimura
5 NIKKEN Consultants, Inc.
Dam engineer - . . Mr. Jiro Shimoyama
' T ~  Nippon Koel Co., Ltd.
‘Geologist . .-~ . . Mr. Hisashi Sasaki-
- S R ~Nippon Koei Co., Ltd.
" Irrigation and Mr, Takeshi Nomoto’
drainage engineer . Nippon Koei Co., Ltd.
. Agronomist . ' 'Mr. Kenjiro Onaka .
o . ‘ L 'Nippon Koei Co., Ltd.
‘.Agroeconomist P ' Maéashi Shono
e . Nippon Keel Co., Ltd.
. Surveying engineer = Mr. Masaru Yonai
- : ST NIKKEN. Consultants, Inc.
Project economist o ‘Dr. Kin'ichi Ohno .
o e _ ‘NIKKEN Consultants, Inc.
Measurement and liaison  Mr, Yoshiaki Ishizuka

_NIKKEN ConSultaﬁts, Inc.

" The Indonesian Counterpart Team con51sted of the members -
mentloned below. : '

~ Team leader . ' ._ o If, Machmudin Makdurah

Deputy I team leader = . Ir. Kasim Siregar



Deputy-II team. leader,
river englneer

Assistant river engineer
Hydrologist '
Assistant hydrologist
Dam and sabo eﬁgineer
Geclogist

Irrigation and -
drainage engineer

Agronomist .
Agroéconomist
Surveying engiﬁeer
Project economist
Ceneral affairs
Heasurement'l_

Measurement II

Ir. B.ASimanungkélit'

Mr. B. Tampubolon BIE
Drs. Soedirman

Ir. Aisyah Nasution
Ir, Dartawan

Ir. Sudaryanto

‘Mr. 0. Lumban Goal BIE

Ir, N. Ginting

Ir. Sardjono Adji

. Mr. Sahar BE

Siahaan
Mr. P. Simatupang
Ir. Widiyastuty D.
Mr. L. Pardosi BIE‘V

Drs., Dj.

In the course of the study in Japan, Ir. Sumarso, Ir. Dartawan,
Mr. 0. Lumban Goal BIE and Ir. Widiyastuty D. participated ‘in the
study for one month in February and March 19!/.



CHAPTER 1T

REGIONAL ECONOMY

Sumatra Island the second large one next to Kalimantan in
Indoneaia, belongs to the tropical zone, located between 6° North and
6° South Latitude and between 95° and 109° Longitude. 1In spite of a
fertile land with the climate of high temperature and heavy rainfall,
the island had not shown any notable development in the 19th century.
However, with the development of the estate plantations as well as
-mines, the island began to have direct contact with the world economy
‘gince the beginning of the 20th century. At present, area of the
plantations in Sumatra accounts for. about 60 percent of total area of
the plantations in Indonesia

North Sumatra Province, where the present prOJect is under con-
sideration, is the most developed one awong 7 provinces in Sumatra :
Island. Worth Sumatra Province consists of 6 municipalities and 11 - -
regencies (Kabpaten). . Among Kabpaten, Deli Serdang has the lavgest
population with high density and well—developed plantations and paddy
fileds (Table 2= l) '

Table 2-1.. Area, Population and Population Density. (1975)

T ) topetacton T
 North Sumatra-. . 72,513 . 7,231,259 . 100
‘Kab. Deli Serdang 4,700 1,138,955 235
kec. Galamg .. 168 54,281 323
" Lubuk Pakam 173 - 118,598 686 |
.“  :Perbaungan_ L 203].‘ o 75,484 - “372
" Pantai Cermin 63 23,157 368
" Sai Rampah | 337 . . 85,040 252
0 Teluk Mengkudu 91 L es107 L .276

xSourCe. Census and ‘Statistical Office of North Sumatra and
- Kabpatan and Kecamatan Offices. .

J1o: 1974



The Ular River, the source of which is in the highland in the.
east of Lake Toba, flows to the northwest through the plantation and
paddy field area in the middle part of Deli Serdang, and finally
pours into the Malacca Strait at about 30 km to the east of Medan.

Most of the plantations in the downstream area of the Ular River,
- except a few plantations owned by foreign capital and small-sized
private enterprises, have been operated as national plantations called
PNP (Fig.2-1). However, recently in order to expand their activities,
they are going to be handed over to’ private hands called PTP gradually.
Generally, the major agricultural products in the. plantations are palm
oil, rubber, tobacco, coffee and tea. The downstream area of, the: Ular
River mainly produces palm oil and rubber. Palm oil 1s a very- impor-
tant agricultural export product,. contributing greatly to the earning
of foreign currencies (Table 2-2). On the other hand, some part of -
rubber plantations has been replaced to palm oil plantations in recent’
years because of instability of the rubber price in the internatiomal
market and lower value compared with palm oil. In. the project area,
there are about- 8,000 ha of oil palm plantations and about 3, 300 ha

of rubber plantations in the estate fleld of 13 400 ha and most of
them belong to IT, 1V, VI and IX of PTP.

Table 2-2, Export of Major Agricultural
Products in Indonesia

_Unit: “Thousand' ton

Kind of T T Year - . - ‘ - '
Products = 1970 1970 1072 1973 1974 1975 _
Rubber  790.2  789.3 ~ 774.6 990.2 840.4 . 788.3
Copra 185.1. 7.5 k2.4 he6 - 330
Coffee  ~104.3  74.3° - 107.0  100.8 - 111.9  128.4
Palm oil  159.2  209.0 - 236.5  262.7 . 28L.2  38. 6
Palm 42.4  48.6  SL.b o 39.2 -:[--28.5--. 210
Kernel - e ST 4 : " |
Tobacco  11.0 18,3 . 26.2 . 33.3 '28;1f.j‘f 196
Pepper 2.6 24.2 - 25.7 . 25.6 157  14.5
Tea 411 448 kb0 '39,6i-'-~_55.7 45.9

Source: ‘Monthly Statistical Bulletin, Sept 1976 Biro Pusat
' Statistik, Jakarta, Indnnesia.
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. Besides the estate plantations mentioned above, the project area
is characterized by the well developed farming by the inhabitants and
various kinds of crops are produced. The major products are rice,
malze, cassava, sweet potatoes and peanuts (Table 2-3). The rice field
of 18,500 ha consists of technical irrigation area of 3,000 ha, semi-
technical irrigation area of 1,500 ha, non-technical irrigation area
of 2,500 ha and rain-fed area of 711,500 ha. Though water from the Ular
River is taken into some part of the irrigated area, it does not reach
fully to all the area due to the dinsuffiecient lrrigation facilities.
However, owing to positive investments by the government, the irriga-
tion facilities in the project area have gradually been improved and
the production of paddy, which is about 3.1'ton per ha, will be ex~ -
pected to become over 3.4 ton per ha in the near future,

Table 2-3. Production of Food Crops in North Sumatra

Year: 1975
.'kind of Harvested area‘(ha) Production (ton)
"~ Crops North Deli North Deli
- _ Sumatra = Serdang Sumatra Serdang
Paddy 516,702 59,972 1,382,319 - 129,958
Maize . 35,080 3,055 62,431 5,904
‘Cassava - 20,970 2,547 202,356 . 31,472
Sweet Potatoes 26,414 1,213 154,089 15,260
Peanuts  © 14,939 4,726 16,638 6,069
Soy Beans - 9,605 1,272 . 7,683 1,19
‘Small Green Peas 2,333 515 1,958 39

.Soorce. Statistmcal Year Book, 1975, Kantor Sensus & Statistik,
: ' Sumatera Utara. :

3 In North Sumatra as a. whole, however, the supply of rice cannot
‘meet, its own demand, because Medan city consumes much and population
"density is comparatively high and also the demand for ‘rlce per capita
is. increasing (Table 2-4). This shortage of rice, which is antici- =
pated to continue for’ quite some period will be supplemented by the

importation from foreign countries as well as from other domestic
area. . .
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Table 2-4. Production and- Consumption -
+ of Rice 'din North Sumatra

‘ﬁnitﬁ"Ton

" year

Ltem 1970 1971 1972 1973 1974

Production 1,383,251 . 1,511,129 1,657,706 1,690,965 1,643,791

- (paddy) - . _ : = o
Consumption 1,538,036 1,578,203 1,783,789 1,752,232 1,804,613
( 1] ) : X c . ) .o R

Difference  -154,785  -67,074 -126,083  -61,267 = -160,822
¢ "oy _ S - -

Difference - 92,871 240,244 - 75,650  -36,760 - 96,463
(rice) : :

Source: Statistical Year Book, 1975, Kantor Sensus & Statistik,
Sumatera Utara. . :

Excepting the above-mentioned plantation and rice farming, we can
not see any noteworthy.industry.in the project area. Namely, most of
economic activities in the project area are limited to the plantation
-and farming by the inhabitants, except small scale commercial activ-~
ities in the twon area of Lubuk Pakam and Perbaungan In such. an
agricultural land, one of the most important matters is to control
_water. That is to say, the flood from the Ular River which flows °
through this flat agricultural area should be prevented and at. the
same time the water should be used effectively in order to increase
the production of agricultural products

The flat area in the downstream of the Ular River suffered from
‘the flood damages almost every year in the past. In 1970, the" Govern—
ment of Japan, at the request of the Government of Indone51a, had
carried out the Feasibility Study of the Urgent Flood Control Progect
of the Ular River, and subsequently gave technical and financial aids -
to the Government of Indonesia. for the execution of the progect._ Ag
the result of this river improvement work, the damage caused by flood
at the midstream markedly decredsed, and the. plantations by: the’ river,
" which improved the drainage facillties, were able to accomplish an
effectlve plan of increasing agrlcultural productu.__“”'_“_

In the project area, a national railway and a national highway
run east and west connecting Medan with the area of Tubing- Tinggi.

The railway runs with a single track.  Passanger trains make a return -
. trip twice a day.. .As for freight trains, they make six return trips _
a day. According to the statistical records by the Rallway. Authority

in Medan, the transport volume is about 2,000 passengers ‘per day, and
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about 2,000 tons per day as to freight. Concerning the transportation

on the highway, passenger cars are running about 2,400 per day, buses

about 600 per day, and trucks about 1,400 per day. The transport vol-

- ume is about 28,000 passengers per day, and about 10,000 tons per day
as to freight. '

Indonesia, which was suffered severe inflation during 1960's
holds the comparatively stabilized price in 1970's. However, the rate
.of price increase in Indonesia is nearly 20 percent a year and 1s rath-
er high compared with other countries {Table 2-5).

Table 2-5. Price Index in Medan _
{Sept. 1966 = 100 )

Item ” Year .
1970 1971 1972 1973 1974 1975 1976 L
General 100 103 - 111 171 210 242 269
Food : 100 105 116 206 245 272 296

[l: May 1976.

Source: Monthly Statistical Bulletin, Seépt. 1976, Biro Pusat
S Statistik, Jakarta, Indonesia._

The price in the project area is affected by the price in Medan.:
.. In 1976, the price of rice in Medan. was about Rp 150 per kg which is
about three times compared with the price in 1970, In other words,
it shows the increase of “about: 20 percent perx year. As for other food
prices, their increase rates are nearly equal to that of rice.-

;.GDP in~Indonesia-in.Fiscal-Year 1973/74 is about US$15 Billionm,
or about US$120 per capita, . According to Pelita IT, GDP is estimated =
at. US$22 Billion in Fiscal Year 1978/79 with the growth rate of 7.5
percent per annum on the ‘average. -~ As for the related agricultural

-  sector, GDP is’ planned to be xaised by 36% during the period of Pelita

11, with annual growth rate of 4.6%. In the project area, accordingly,
it 1s expected to increase the productions of rice, palm oil and rubber
in the light of Pelita TI. : B
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CHAPTER III -

'FLOOD CONTROL

3.1. General.

In this chapter, the results of study for planning the flood con—
trol to be involved in the overall plan of Overall Ular River Improvement
"Projeect are mentioned according to the following items.

Topography of the_hasin. _
General geology of the basin and gealogy at dam sites.
Hydrology. o o
-Alternatives of the river—channel improvement.
Sand control measure.
Alternative plans for flood control by dam.
Alternative allocation of flood discharges.
Flood damages by discharges.

Several kinds of flood discharges and flood damages by discharges
are given as data required for making economic evaluation of flood :
control scheme. :

"~ In the section of gcology; generalfgeology of the basin and ge-
. ology at dam sites are .described based on the field reconnaissance
and the results of machine borings carried out at the dam sites..;

In the section .of hydrological study, basic data for planning'of
river-channel improvement, flood control by dam, discharge duration,
peak discharges, flood hydrographs: for dam planning, tide level and
sediment transportation are described

In the section of river improvement, study of alternative plans

- for river-channel improvement at each flood dishcarge is described.
Retarding effect in flood discharge was also studied as a part of. .
river-channel improvement. The basic execution schedule of the alter—"
natives and their construction costs were estimated ‘ :

In the section of sand control consideration was made of sand _
~ ‘control measure based on the visual inspection and the study of aerial
photographs. : : .

In the section of dam, flood control by dam was studied with re~-
gard to several flood hydrographs prepared in the section of hydrology
Alternative plans of dam were studied corresponding to discharges al- "
iocated to the river—~channel. The basic execution schedule of the
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alternatives was planned and the construction costs were estimated
thereon.

In the section of allocation of flood discharges, studies were
made with regard to six kinds of allocation teo dam and river-channel,
and the most economical measure for flood control was chosen by com-
paring the construction costs of river—channel improvement alone with

those of the combination of dam construction and river—channel im—
provement.

In the section of flood damages, studies were made on flood damages

to be mitigated by flood control works. The results were used for eco-
nomie evaluation. . .

3.2. Topography of River Basin.

The Ular River basin is mainly composed of the basins of the Karai
and Buaya Rivers. Originating in the northwestern somma of Lake Toba,
the Karal River flows to the northeast gathering the water from such
tributaries as the Pulung and the Si Udan-Udan and joins with the Buaya
River. which gathers the water from the tributary Banail.

Outline of the Ular River basin is ghwon in-Fig.B-Z—l together
with the river system and the catchment area of each sub-basin. The
Ular River has a catchment area of 1,08l km® in total and a length of
about 115 km from the river mouth to the headwaters. Based on the
topographic maps of 1/50 000, profiles of the Ular River and its trib-
“utaries were prepared and are shown in Fig.3-2-2.  As 1s seen from i}
Fig.3-2-1 and Fig,3-2-2, the Karal River basin is rather different

from the Buaya River basin in the shape and condition 'of the head-
~ water region. ' The Karai River basin is long and narrow and the headwater
- forms 'a plateau which has mean gradient of about 1/50, while the Buaya
River basin is relatively short and wide, and the headwater forms
steepsloped mountalns. -The difference may cause. the difference in
their runoff characteristics.

: 3.3.'Geologz.
3.3.1. General geology.

Near its source, the Ular River runs. through an area covered with
-andesite forming the Barlsan volcano range, but the basin of the river

"is widely covered with acidic tuff, under which dacite and dacite tuff 
are found exposed on the banks. - Near Mabar Bridge on the upstream

. course of the Sg. Buaya, the andesite mass can be seen.

Acidic ‘tuff is. considered as the product of Toba eruptions, and
its: thickness is estimated at more than 100 meters.
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Andesite mass seen along the upstream course of the Sg. Buaya is

‘considered to have been produced before the volcanic activity of the
‘'Toba volcano, but it is not clear whether dacite was produced before

or simultaneously with the Toba volcanic activity. The exposure of
the Tertiary rocks and pre-Tertilary rocks which are considered to form

. base of thesge volcanic rocks coald ‘not be found..

The geologlcal survey was carried out this time in.the area meinly

. along the Sg. Buaya, Sg. Karal, and Sg. Banal because of the short

period allowed for the suxvey.
3.3.2. Geology.
(1) Geology of the Sg. Ular.

_ The river course downstream from the confluence of_Sg. Buaya -and
Sg.Karai covering a digtance of about 40 km is ‘known as the Sg. Ular,
The basin of the 8g. Ular is covered with fluvial deposits and al-
luvial deposits mainly consisting of clay, gravel and sand. Near the
seashore facing the Strait of Malacca, marine deposits are found.

(2) Geology of the Sg. Buaya.

The Sg. Buaya is about 57 km long from its source to the conflu-
ence where it joins the Sg. Ular. Slightly soft dacite tuff is found

‘on the course between Kotari Brdige and the proposed damsite, and on

- the upstream from the damsite are found firm dacite rocks. Over a

distance of about 2 km upstream from Mabar Bridge andestie mass is"'
found on the banks.'

On the further ups tLream course of the 5g. Buaya near Gunung
Meriah village, andesite. tuff and agglomerate tuff are found. Ag-

. glomerate tuff contains andesite gravels, pumices, and fragments of

slate of the pre—Tertiary

On the river bed are accumulated a large quantity of gravels of
andesite, and sometimes large boulders several meters in diameter are

‘found. These change to.gravels on. the downstream,.and gravels 30 to’

20 cm in diameter are found on the course down to the portion near

~ Kotarid Bridge

(3 Geology of the Sg. Karai.

The Sg. Karai 1s mostly covered with acidic tuff, ‘This tuff is
very soft and is easily eroded by flow of the river. The river bank
has degraded at many places, forming cliffs.. On the river bed are
accumulated sands of quartz, biotite, etc. which are disturbed by the
flow of river and change the flow into a muddy stream
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(4) Geology of the Sg. Banai.

The Sg. Banail is a tributary of the Sg. Buaya which flows from

© the Gn. Barubal (EL. 1,150 m) and is 36.5 km long. Hard dacite rocks
are found on the river bed on the course about 10 km long upstream
from the confluence. The river width gets as narrow as several meters
in some places, and gorpges 5 meters or more in depth are found.

3.3.3. Rocks Observed with Naked Eyes.

(1) Acidic Tuff.

Acidic tuff is distributed widely in the basin of this river,
This soft tuff is the liparitic pumiceous tuff consisting of volcanic
ash, pumice, quartz, biotite, feldspar and often hornblende. Some-
times pumices as large as 30 cm in diameter and highly absorbent are

found. This pumiceous tuff is easily eroded, changes to a large quan-
tity of sand and earth.

(2) Dacite and Its Tuff.

Dacite and its tuff are exposed mainly in the Sg. Banai and the
Sg. Buaya consisting of quartz, feldspar, blotite, hornblende and
rarely augite. The rock is very hard and partially turns to tuff,
The rock looks almost similar to the so-called "ignimbrite" of the
.. '8g. Asahan, but it is difficult to discern its Welded texture with

- naked eye.

'(3)'Andesite._'

- Andesite 1is compact and hard mess:With phendcrysts of feldspar,
~ blotite, and hornblende. Typical outcrops can be seen under Mabar
" Bridge on the Sg- Buaya. ' TR : . '

. 3 3. 4 Proposed Dam sites._-
(l) Sg. Buaya.

- The proposed dam site on the Sg. Buaya is at a point about 5. 6 km
upstream from the confluence of the Sg. Karai and Sg. Buaya. Dacite
- and irs tuff are exposed on both the abutments. : :

The result of the. core-boring shows that the ‘surface soil is’ 1. 5 m
thick and dacite tuff 9 m, and dacite 6§ m thick is lying under them.
Dacite is a lava~flow underlying thermal metamorphosed rock. This

" propoged: dam site has a good foundation for the construction of a dan
~about 25 m high ‘ ‘ . :

On the river bed there are many gravels which can- be used as con-~
_'crete aggregates. The surface soil of reddish brown clay. can be used
as core material. : S : o
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() Sg. Karai.

“Acidic tuff is found extensively at the proposed dam site on the
Sg. Karai which is situated 5 km upstream from the confluence. Ac-
"cording to the results of the hand auger drilling, acidic tuff is
found 8 meters below the river side. This tuff is very soft, but is
‘comparatively compact, and {ts N-value is about 20. Unless the pre-
sence of hard rocks underneath the tuff is confirmed, it would be
difficult to construct a dam on this foundation.

3.3.5. Quarry.

It would be possible to use as agpregates such gravels on the
river bed, under the river terrace and the shoal of the Sg. Buaya ex-
-tending about 10 km from Kotari Bridge toward upstream. Gravels are
mos tly’ andesite, compact and hard with 20 to 30 cm in average size,

‘Assuming that the average width of the river is 70 meters and
the exploitation depth is 2 meters, the volume of gravels available
can be calculated as: follows:

2. 00 mx 70 mx 10,000 m = 1, 400 000 m3

If the percentage of void is 50% and the practice ratio is 80/
the volume is: :

1,400,000 m3 x 0.5 % 0.8 = 560,000 m®

There are sand deposits on.the river bed downstream from the con~
fluence of the Sg. Buaya and the Sg.. Karal. - Sands mainly consist of
quartz sand, and the maximum grain size is about 3 mm. The area
around Serbagadi Bridge is suitable for gathering aggregates.

:-3.4. szrologz
3.4.1. Rainfall.

“In and around the Ular River basin, the Ular River Project Office

' has installed six recording rain gages, fourteen ordinary rain gages,

three . recroding water-level gages and one staff gage which are shown
in Fig. 3-2-1 : :

. (l) Rain gage statioﬁé‘
Data are available for the period from Aug., 1972 to Jul., 1976

‘for recording gages and from Aug. 1975 to Oct., 1976 for ordinary
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Recording gage . -

Ofdinafy gage - -

Perbéungan '
Kotari
Gunung-Meriah
' Sérang—Padaﬁg
Tiga—Ruﬁggﬁ
Negeri-Dolok

Paku -

" 8ilinda

Rumah-Deleng '

Bandar—Negrai

' fTiga—Juhar
:Hérubun—Lokuhg'
:Negeri—Kasihan
_Bah ~Bah
'Sargng—Ganjang

,Siporkas

Pemétan—Raya

Huta-Raja .
' 'Serib-Dolok

(2) Water level gage stationsf

Data ‘are’ available for the period from Aug. 1972 to Jui.; 1976
for recordlng gages and from Oct., 1971 to -Sept.,’ 1976 for staff gage.

_ Recording gége_

Staff gage' .

Denai—Lamaj

?grﬁaungan *

f‘Bandar-Tiga'

~ Ular Bridge

- At Slllnda besides -the. ordinary rain—gage station installed by

the said Office, the DPMA (Direktorat Penyelidikan Masalah: Air). also-

has a climatologic station equipped with recroding rain gage, thermo-
meter, hygrometer, anemometer,. evaporimeter and actinometer. Data
thereby are available at this station from February 1975 to July 1976
The DPMA also has a staff gage at Serbajadi Bridge where data are '
available’ from August 1971 to December 1974 o : :

In addition the ‘PNP- (Perusahaan Negara Perkebunan) has a number

of ordinary rain-gage stations in the downstream area of the Ular River. '
Daily data are available at these stations. for more than 20 years, while
monthly data are available at some stations for longer period. “The. _J_..*‘

names and locations of the stations are shown in Fig.,3—4~
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200
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{ Annual Rainfall : R = 1650mm)

{mm/men)

Rainfall

. . 300
Name of station’ Tiga-Runggu \i

Monthiy

: Negerl Dlglok
. [R=2668mm)

’m‘-‘.%lé’a'& / IIII|I|I||||
)( B

'_L ‘ Pel.'baungdn' o o
R 1760mm) O ||IIIII|II|

" Fig: 3-4-3 . Monthly Rainfall in'the Basin
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Meteorological and Geéophysical Institute, Department of Communi-
cation prepared mean monthly and annual isohyetal maps of Sumatra
Island based on the records from 1911 to 1940.. The annual isohyetal .-
map of northern part of the island is reproduced and shown in Fig.3-
4-2.  As is obvious from the figure, mean annual rainfall is 1,500 mm
to 2,500 mm in the downstream area of the Ular River and increaSes
toward upstream to reach the maximum 2,500 wm to 3,000 mm at the foot
of hilly land. It decreases again toward further upstream to 2,000 mm
to 2,500 mm in the uppermost plateau. "~ This variation indicates a close
relation between rainfall and topography. -

Using the records-of the recording raingage stations managed by
the Ular River Project Office, mean monthly rainfall in the basin was
studied. Although the periods of available data are only three or four
years, the differences in rainfall features among the stations are
clear as is seen in Fig 3-4-3,

From this figure, the following is disclosed.

a. The mean annual rainfall shows similar tendency as is shown in- the
isohyetal map (Fig.3-4-2).

b. The rainy and dry seasons are not distinguished clearly in this re-
gion in North Sumatra, Two rainy seasons seem to exist in a year,
the first rainy season which has the maximum rainfall usually in
April and the second one usually in November. .

c. In the lower basin of the Ular- River, the first ‘ralny season is not
clear,. In the middle part of the basin, the first and second rainy
‘seasons become remarkably clear and the rainfall depth in both sea-
sons are almost equal.,. In the upper basin, .both the first and-
second rainy seasons are not distinguishable and rainfall is almost

- uniform through the year, but the first rainy season seems’ ‘to pre-

. vail over the second one,. if anything. :

_ Correlations between two rain- gage stations were. studied in the
Feasibility Study on the Ular River’ (by the OTCA in Mar., 1971) using.
data from the PNP. No correlation was. found- ‘on daily -and- three-day _
rainfall even between stations .6 km apart in distance,. while some gcor- = .
relation was seen on monthly rainfall This was the same in the present
study too. o R S R

" For planning the construction’ works, studies were made of rainy
days by using the data obtalned by the PNP. for ten years from 1966 to

"1975. Rainy days vere counted at ‘three stations of Sungai Putih,

Bandar Pinang and Kotarih by four kinds of rainfall depth. -The Sungai-

. Putih station was selected for.the carstruction ‘works in the’ down- R
"stream area of the river, the Bandar. Pinang station for proposed Karai -

dam and the Kotarih station for proposed Buaya dam._ The results are

“showm 1in Fig " 344,
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3.4.2. Discharge of River.
(1) Discharge Duration.

‘There are two. gaging stations which provide discharge rating
curves. One is located at Pulo-Tagor (Serbajadi Bridge) under the
management of the DPMA and the other one.is located at Ular Btidge
under the management of the Ular River Project Office. The Pulo-
Tagor station locates about 4 km dowmsatream of the confluence of
the Karal and the Buaya, and the Ular River station locates about
22.2 km downstream of the Pulo-Tagor station. The catchment area
between the two statioms is about 65 km?. ' .

‘Correlation of discharges between the two stations 1s shown in
Fig.3~4-5 based on the data obtained in 1973 and 1974. -Although the
discharge at Pulo-Tagor may be affected by some inflow and channel
storage before it reaches Ular Bridge, the increase rate of discharge
at Ular Bridge seems to be too much. The greater part of this differ-
ence may be caused by observation time and the accuracy of the
discharge rating curves of both stations. Anyway the discharge at
the Pulo-Tagor station, which provides smaller value, is acceptable
from the stand point of safety in the water-utilization planning.

The discharge duration curves at the Pulo-Tagor station for the
period of 1972 to 1974 were arranged based on the tables of dally dis-
charge given in APPENDIX 3 and are shown in Fig 3-4-6. The tables '
show that the minimum discharges are.26.8 m3/s on August 11, 1972,

35.0 m®/s on February .24, 1973 and 38.6 m%/s on July 6, 1974 and the
maximum. discharges are 123 0 m3/s on November 21, 1972, 189. 0 m3/s

"on December 25, 1973 and 172.0. m3/s . on ‘September 29, l974,'and annual
run—-off is respectively 1,600 x 105mk3 in 1972,.1, 770 x 10°m3 in 1973
and 1,680 x 10%m3 in 1974. Monthly mean discharges at Pulo—Tagor were
.calculated using ‘the data’ from 1972 to 1974. The result is shown in
Fig.3- 4— 7. For the estimation of monthly discharge at candidate dam
sites on the Karai and the Buaya, the discharge at Pulo—Tagor was
divided proportionally to the ratio of catchment area of each dam o
‘'site and that of Pulo-Tagor. The results are, also shown in Fig. 3-4 7. -

(2) Flood Discﬁarge.-

' There are three recording water-level gage stations on the Ular
River; Bandar-Tiga, Perbaungan and Denai-Lama. Among these,’ Bandar-
Tiga station was selected for the study of flood discharge, for the

. location is suitable for runoff analysis and, the datum of the gage
is stable comparing with other two stations. The Bandar-Tiga station:
locates at 3,8 km upstream of Serbajadi Bridge and just downstream of
the confluence of the Karai .and . the Buaya.

Discharge rating curve at the Bandar—Tiga station was prepared
using the Manning formular, cross section,: gradient and roughness
. obtained by measurements and is shown in Fig 3= 4 8 R

 After examining and adjusting the datum of water—level gage,
variation of ‘mean water level for every. 10 days asis 'shown in Fig. 3-
- "4-9 was prepared. . From this figure, it is also found that the flood
season 1is not 50 distinguishable. ‘ . R : S
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Fig'._3-4—7._- Monthly Mean Discharge
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Out of all the available data obtained in the period of October
1972 to August 1976, were extracted major floods of water level higher -
than 30.000 m, LBMfBandar—Tiga {or 51.309 m, UP), where LBM-Bandar- .
Tiga 1s a local bench mark to be used for reading the staff-gage at

Bandar Tiga. The dlmensions of the major floods are shown in Table
3—4~

. Further, study was made on the frequency of’ occurence of peak
discharge during one.day with regard to those floods whose peak water-
levels are higher than 29.650 m LBM (or 50.959 m UP). The result is °
.shown in Fig.3-4-10. As is seen in this figure, peaks of flocds at
Bandar-Tiga concentrate at midnight, This implies the difficulty of
measurement of flood discharge.

‘Table 3-4-1 Majof Floods at Bandar-Tiga

Date Hmax Qpeak - Rank Remarks
(m, LBM)* (m3/s) '

Nov. 11,'72 30.075 T 364 7 annual max. in 1972

Jun. 5,'73  30.215 425 |

bec. 9,'73  30.015 344 9

. ' : o - estimated

Dec. 25,'73 30.680 671 1 annual ‘max. in 1973

Dec. 26,'73  30.199. . 410 3 T '
Sept.29,'74 30.100 - . 376 6 ‘annual max. in 1974

Oct. 3,'74 © 30.070 . 365 8. S
Capr. 15,'75  29.765 . 260 - - ° annual max. in 1975
Feb. 5,'76  30.140 393 50 o
Nov. 21,'76  30.170 406 A only the peak is known

% LBM: LBM—BandarfTiga..
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3.4.3. Sediment Transportation.

Sediment discharges at Ular Bridge (a site about 350 m upstream

‘of Ular Bridge), Bandar Tiga (water-gage station), Buaya River (a site
about 2,900 m upstream of the confluence) and Karai River (a site up-

stream of the suspension bridge) were calculated by use of the Sato-

. Kikkawa-Ashida formula, the Brown formula and the Engelund-Hansen
formula based on the measured propérxties of bed materials, and cross
sections at the said sites and the monthly discharges estimated from
the daily discharges obtained by the DPMA during the period from:
January 1972 to December 1974.

The grain size of bed materials measured by  the: Study Team are
shown below.

Site Ular Br. SefbajadilBrg_ Buaya R. Karai R.
dgs  (dsp) - dgs - (dsg)- dgs  (dsg) ~dgs  (dsg) .-
Right (mm) 1.0 (0.7) 1.0 (0.8 1.0 (0.8 1.4 (1.0
‘Center (mm) 1.4 (1.1). 0.9 (0.7) . 1.1 (0.8 1.4 «(1.0)
Left  (mm) 1.0 (0.7) 1.1 (0.9 1.7 (1.2) 1.4 (1.0

Mean  (mm) 1.13 (0.83) 1.00 (0.80)  1.27 (0.93) 1.40 (1.00)

On the other hand, according to the Ular River. Flood Control Pro-
ject Report (p. 205), the mean diameter dy is 1.15 mm on the average. .
on the' reaches from - 13 km to + 10 km without any remarkable variatiOn.

: Based o1l these data, grain size to be used_in the sediment dis—'
eharge calculation was determined as follows.

Site’ Uler-Br, Bandar~Tiga -.iBuaye R. -_Kerei R.

d_(= dg) (mm) C1as o 1S 127 1400

dso . (m)  0.85 0,85 0.93 .~ 1.00

1f we use the following coestants,

g

= density of sediment particle = 2. 65/9 8 = 0.270
p= den51ty of water = 1. 00/9 8
n.=

Manning_s‘roughness = 0.035
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H]

B

acceleration of gravity = 9.8 m/sec?

(N

coefficient of the Sato-Kikkawa-Ashida formula = 0.623

the values of the following quantities are obtained for the said four
. sltes; Ular Bridge, Bandar Tiga, Buaya River and Karal River. '

.Site Ular Br. Ban&ar—Tiga Buaya R. Karai R.
dp 1,15 x 1073 1.15 x 1073 1.27 x 1073 1.40 x 1073
U 2 (m?/sec?) 0.633%x1073  0.633x1073 0.699 x1073 0.770x 1073
dgg  (m) 0.85 x 1073 0.85 x 1073 0.93 x 1073 1.00 x 1073
A/ dso S 1.353 1.353 0 1.366 . 1.400
I 1.525x 1073  1,100x1073  2.065x1073 1,770x1073
' (1/656) (1/909) (1/484) (1/565)
1 . '
I /2/n 1.116 0.948 - 1.298 . 1.202

The Sato-Kikkawa-Ashida formula is

2
qg - o u
—2 =y F (/e z

Cud (olp - 1) Bd

where qp is bed load per unit river width per unit time (m3/s/m), u, is
-friction velocity, U, 1is critical friction velocity, T is tractive.
force of flow, 1c¢ is critical tractive force and F(t/t;) is a function
of t/1c or ui/uié and equal to 1.0 when ui/u%c> 0.80; the Brown formula
wr
S =10 {——F }
u.d - {o/p - 1) gd

g

*

‘where qg is sediment discharge including bed load and sgspended'load
~ per unit river width and per unit time (m3/s/m) and d is mean diameter .
_of ‘sediment particle (m); and the Engelund-Hansen formula is
" s T
gtrsi- 1 ' (ys=v)dsg ’
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where qg 'is sediment discharge including both bed load and suspended
"load per unit river width per. unit time (t/s/m), v is ‘mean velocity
(m/s), dgp 1s grain size at 50% of bed material, vq 1s unit weight of
bed material and A is unit weight of water (t/mé) i L

Using the values of the above—mentioned quantities, those for—
mulas can be transformed as. follows

Sato-Kikkawa—Ashida formula:

- 0.03853 - B (Y 3
QB— . 'F( ) '-u*
. ) _
L‘l*c
Brown formula:
- Qg =0.03825 - B .. %
. . d
Engelundeansen'formnla:
3 . oo
Qg 7_0‘4165 ’ ffg._ ) Qs(Brown)_'--

dsg

where Qg is bed load tﬁrough the‘whole riveriwidth:(m /s), Q s is sedifj
‘ment discharge including both bed load and suspended load (m*/s)
through the whole river width, B is the whole river width (m) and R is
. hydraulic mean depth (m) in the Mannlng formula

Q=A._l_.% I&-'

n

where A is water area (m?), 1is water surface slope or energy gradient
_and n is roughness. . : : _

The relationships between sedlment discharge and water discharge
calculated by the: above—mentioned three formulas with regard to. the
" four sites are shown in Fig.3-4-11,. which indicates" that ‘the three'
- formulas-can be expressed Smely as follows.

SatofKikkawafAshida formnla:'..

o = R.Q09
QB . K,Q*
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Brown formula:

' - 1.4
QS(Brown) KZQ

Engelund-Hansen formula;

2 e oy L.6
Qs(Engelund—Hansen) K0

We assumed. that monthly mean discharge obtained from daily dis-
charges measured at the Pulo-Tagor station during the period from 1972
to 1974 ‘are applicable to the sites of Ular Bridge and Bandar-Tiga,
and that the monthly mean discharges at the sites of Buaya River and
Karal River can be obtained by dividing the discharge at Pulo-Tagor

at the ratio of the two catchment areas at the sites of Buaya River and
Karal River,

Based on the above monthly mean dischargea and Q - QB or Q - Qg
curves given in Fig.3-4-11 were calculated monthly sediment discharges
and annual total sediment discharges at the sald four sites. The re-
sults are shown in Table 3-4-2., In this table are also shown the.

annual sediment discharges expressed- by volume including vold assuming
that the void ratio A is 0 3. :

As the above calculations were made based on ‘the monthly mean
discharges, error was - examined against the calculation based on the
daily discharges. For this purpose were ‘used the data on daily dis-
charges obtained at Bandar—Tiga in December 1973 when a big flood
occured. The study showed that the sediment' discharges calculated by
the Brown formula based on the daily discharges were larger than- those
. from the monthly digcharges only by 3%. It can easily be seen that the

error of the bed load will become far 1ess

3.4, 4 Tide Level

_ Observation was made on tide 1eve1 of the Ular River mouth by .the
Aerial Photographic Surveying Team of the JICA at Pantail Cermin CBM-1
for three days of September 6, 7 and 8 of 1976, CBM-1 is a pro-
visional bench'mark installed for observing tide at a point on the
'seacoast about 5 km east of the river mouth.” O 'm CBM—l 45 1.57 m, UP,

_ The observed tide curve is shown in Fig 3= 4 12 On the other

“hand, the record.of tide level at Belawan Harbor for the same three .

 days 'was collected by the Study Team in cooperation with the authorities
concerned This tide level 1s alsoc given in the same figure. '
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Comparing the two tide curves, we will find the following
relation,

2.111 meters, LWS = - 0.545 meter, UP.

Time lag between the two = 43 minutes.

‘In the above relation, LWS means the low water springs at Belawan
Harbor and is the datum level of tide at the harbor, UP means the re-
ference datum of leveling for the Ular River preoject, -~ 0,545 m is
the mean water level of the tide observed at Pantai Cermin for the
said 3 days and 2.111 m is the mean water level of the tide observed -
‘at Belawan Harbor for the same days. For reference, the significant
tide levels &t Belawan Harbor are as follows.

+3.40

HHWS - = m
HWS = 4 3.00.m
MLS = + 1.50 m
WS =+ Om

LLWS = - 0.20 m

3.4.5, Return Period of Peak Discharge.

"To estimate the return period of peak discharge, there are two
approaches; estimation by discharge records in the past and that by
rainfall records through runoff analysis. In the case of the Ular
River, the latter approach is almost 1mpossib1e at present by -the-
following reasons. :

a._Rainfall records for-a period 1ong enough for the analysis are not’
available in the upper and middle regions of the basin

b. As the rainfall occurs in spots, the correlation of daily rainfall \
depth does not exist between the existing stations. _

c. Most of the characteristics of rainfall and runoff mechanism neces~
sary for the runoff analysis are not known yet. - Some runoff
analyses by the rational formula and the storage function method
were tried provisionally But the results were not successful

Therefore, the estimation of return period by discharge records
in the past was adopted in the present study. The base point for
design discharge was taken at Serbajad1 Bridge where scarce influence
..of flooding and irrigation are found. ‘ :

The discharge rating curve at Serbagadi Bridge is shown in :
" Fig.3-4-13 after the Final Report on the Ular River Urgent Flood Con-
trol Project (Aug ) 1973 DPUTL) : L

-(l) Record of peak discharges in the past.‘
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Intervaiews and surveys on flood marks around Serbejadi and.ex—
amination of old drawings disclosed the followings.;
a. The biggest flood as far as in memory occured on Dec. 10 1954,

b. The second: biggest flood gince the 1954~floed occured on Dec._25 :
1973 and the third one in Oct. 1969. :

c. The dimensions of these floods are as follows

Max. water level Discharge

Year ' : Remarks
(m, LBM) (m, $6)  (m, UP)  (m/s)

1954 .8.36 . 3.52 ° 47,96 865 by drawings =
' : , : 47.97 m UP by
interview
1969  7.36 2.52 46,96 - 540 by interview
1973 7.60 2.76 47.20 610 by interview

In this table, LBM means LBM-Serbajadi that is a local bench mark to
‘be used for reading the staff-gage at Serbajadi Bridge, 3G means
$G-Serbajadi that is a staff-gage installed at Serbajadi Bridge, and
UP means Ular peil which is the reference datum of leveling for the
'Ular River project. The relation among them at Serbajadi Bridge is
as follows. .

0 m, SG = 4. 843 m, LBM = 44, 443 m,‘UPn:
"The above data indicate that the 1954-flood is of the flrst rank
during 23 years from 18534 to 1976, the 1973-flood is of the second '
rank and the 1969 flood is of the third rank.

o Applylng the Thomas method, their return periods were obtained
~as below. These are plotted in Fig. 3-4-14 :

" Flood ‘Peak discharge _' - Rank . Returnepefiod
-1954-flood ‘865m3/s 1 0 2byr.
'1973~flood 610 " 2 . 12yr.

1969-flood . - 540 " 3. . Byr.

-0On the other hand, the annoellmaximum discharges eﬁ'Baoéar Tiga
during these five years “from 1972 to 1976 .are as. follows (refer to
Table 3—4 1). _ -
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Year . 1972 1973 - 1974 1975 - 1976
Peak discharge (m3/s) . 364 - 671 376 - 260 - 406

Among these, the peak discharges in 1972 and 1976 are not

confirmed exactly .to be the annual maximum, but are probably maximum
or close to it,

The peak discharges at Serhajadl Bridge can be estimated with
regard to the floods mentioned above except the 1973-flood by means
of flood routing considéring discharge hydrograph and chamnel storage.
As a result, the annual maximum dischatges at Serbajadi Bridge are

. Year 1972 1973 1974 1975 1976
Peak discharge (m3/s) 340 610 372 255 392

Bample size n = 5 is too small to extrapolate such return period
as 20-year, 50-year and 100-year, but it may be possible to interpolate
return period of 2-year. Return periods of these discharges were
estimated by the Thomas method and are plotted in Fig 3 4-14.

Making use of lst, 2nd and 3rd biggest dischargES during 23 years
and 2-year discharge obtained Erom .annual maximum discharges in these

five years, the return period of discharge at Serbajadi Bridge was
estimated as follows,

~Return period (yr.) = 10 20 . 50 100

* Discharge (m¥%s) 630 730 . 860 960
or V .
.Discharge (m3/s) . =:600' 800 1;000 1,200
Return period {yr. ) 8_.' 33 - 133 500 . .

3. 4.,6. Hydrographs for Dam Planning.;

_ Two dams were proposed, one on the. Karai River and the other on-
the Buaya River. Karai dam site and Buaya dam site locate at about
5.0 km upstream and 5.6 km upstream respectively from the confluence
of the Karai and the Buaya. . :

As the-discharge estimation . from rainfall is not applicable as
was mentioned previously, an expediential means was introduced for
the estimation of discharge hydrographs for dam planning based on the
records at the Bandar—Tiga station.

The discharge hydrographs for studying the storage capacity of
the dams were assumed according to- the’ following process.. '
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(1) Peak Distharge at Bandar—Tiga;

Four kinds of discharges, 600 m3/s, 800 m3/s; 1,000 m3/s and
1,200 mals, were taken as the peak discharges at Bandar-Tiga.

(2) Discharge Hydrographs at Bandar—Tiga..

Actual record of discharge hydrograph at Bandar—Tiga was divided
into two parts, base flow and storm runoff. Then storm runoff was
enlarged proportionally until the total of storm runcff and base flow
at peak reaches respective peak discharge of 600 m3/s, 800 m /s,

1,000 m3/s and 1,200 m3/s. From among the major flood records ‘mentioned
in Table 3-4-1, the -discharge hydrograph of Dec. 25, 1973 was selected
and applied to the study_considering the following reasons.

a. The rate of proportional enlargement should be as small as possible.
If the enlargement rate get larger, the reliability of occurence of
those enlarged hydrographs will get more doubtful, From this view-
point, the 1973-flood is preferable by far, :

b. The shape of the 1973~ flood hydrograph is not sharp compared with
others, which means that the 1973-flood has large volume of water
than the others at the same peak discharge In addition, the 1973-
flood happened to be a doublempeaked hydrograph

(3) Base Flow Discharge at Flood Time.

The discharge at the beginning point of rising curve of the major
flood—discharge hydrographs are as follows.

~Date and time': T Il Discharge (m3/s)
Nov. 10, '72 at 21:00 . 71
; Jnn..lS,.'73 at 20:00 95
Dec. 9, '73 at 17:00 . .- 90
ec. 24, '73 at 17:00 - 106
Sep. 28, '74 at 24:00 60
‘Oct. 2, '74 at 18:00 - . 87
Feb. 5, '76 at19:00 . 79
V'Mean"ui- j~- . ';,.' 84

Considering the above'data, the base flow diScharge'(Qd).was
'assumedtat Q i='85 m3/5t\ L : : o

(4) Discharge at Dam Site.*

The catchment areas at the dam sites are as follows..
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 th

‘r Catchmen area Ratio,ef.f
Site ' (kmE) R area
Bandat—Tiga ‘: _};013' AR i_l.OQO
Lower end of Karai R, . 573 - 0.566
Karai dam site . - 's0 0.494
Lower end of Buaya R. o 440 - 0,434

Buaya dam site : o _ A4 | O _.0.419-

The Thissen ratios of the recording rain gage stations under
e management of the Ular River Project Office are as follows.

with G, Merdah st. without G. Meriah st.

Station _

: Karai R. Buaya R, Karai R. Buaya R.
Kotarih 0.138 0.232. - 0.138 . 0.232
Gunung Meriah ‘0.063  0.484 - : -
Sarang Padang  0.341 0.113 '0.380 0.468
Tiga.Runggn - 0.283 .0 .- 0.283 - 0
Negeri Dolok 0.175 0.171 0.199  0.300

Average rainfalls which caused the. major.floods over the Karal

River-basin and the ‘Buaya River basin were calculated using the'_

Th
Fr

aa.

. b.

di
ca

jrlel

iessen ratios mentioned above. These are shown in Fig.3- 4--15.
om this figure, the following faets are found

The big floods at Bandar—Tiga vere caused by the rainfalls that
fell more in the Buaya River basin than in the Karai River basin.

The plotted points other than the flood of Feb ‘5, 1976 are dis-
tributed’ between the two lines.

_RBuaya =.1’25 Rrarai and RBuaya_=a1f?5 RKafai-n'

The former line can be interpreted to indicate the upper limit of -
eccentricity of rainfall distribution and. the latter one the lower
limit. From the viewpoint of - safety ‘of planning, the former line -
should be taken for assuming the design’ hydrograph for the Karai
dam . and the latter line should be taken for the Buaya dam.

To estimate the discharge hydrograph at dam 51te, the: base flow
scharge. at- BandaruTiga was divided proportionally to the rate of
tchment areas and the storm runoff at Bandar-Tiga was divided pro-.
rtionally to the ratio of catchment areas and the ratio of average
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rainfalls, as_shonnrbelow. _
_ _ (QKR)’
Qgg = 0-566 % (1/1.25)(Qp, ~ Q) + 0.566 Q_

i. Discharge at the lower end of the Karal R.

ii. Discharge at Karai dam site_(QKD):
' 0.494 x (1/1.25)(Qgp = Q) + 0.494 Q_

%D

iii, Discharge at the lower end of the Buaya R.'(QBR

Qpp = 0-434 % 1.75 (Qp;~ Q) + 0.434 Q,

e

iv. Discharge at Buaya dam site (Q )

QBD = 0.419 x 1.75 (QBT .Q ) + 0. 419 Q
where _
QBT : discharge at Bandar-Tiga
QO : base flow discharge at,Bandér-Tiga.

Fig.3-4-16 shows respective discharge hydrographs for planning the
Karal and the Buaya dams corresponding to the four hydrographs with
peak discharges 600 m3/s, 800 m/s,. 1,000 m3/s and 1,200 m3/s at
Bandar-Tiga.

3. 5 Improvement of Riber Channel
'3 5. l Present Condltlon of’ River.

- After joining of ‘the Buaya River with the Karai River at a point
about 26 km upstream of Ular Bridge, the Ular River rums down through
hilly land, and at the distance-mark No.19 km begins the right-side
plain area and at the distance-mark No.l5 km begins the left-side E

~.."plain area.. Serbajadi Bridge is 1ocated at the distance-mark No. 22,5
km in - the hilly land.

: On the right side'between No.1% km and No.1l0 km_thére exists only
"a small levee 1 m to 1,5 m in height. It is uncertain whether it was
caused by the 1954-flood or the 1969-flood, but a levee breach occured
at No,13 km recently and a new channel which returns to the original
river at No.1l0 km was formed and continues its condition’ up to present,
On the left side between No.l5 km and No,10: km there exists a ‘larger
levee which was ‘built by the Seksi, P.U. and is malntained compara—
-tively well by the Seksi. C :

Between No 10 km.and ¥o.D km, such works as 1evee construction,
arrangement of ‘major beds and widening of low-water channel ‘were
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commenced in 1972 as Urgent Flood Control Project at a design discharge
-of 600 m /s with the aid of Yen Loan and completed in 1976 leaving a.

part of the works related to the construction of - Ular ‘Highway Bridge
and Railway Bridge behind.

Near No.0 km, .there are Ular Highway Bridge,and'Railway Bridge.
These bridges, which are short in total span and constricted the river
channel remarkably, were planned te be rebuilt at the same time as "the
river improvement. Those plans, as shown in Fig.3-5-7, have the total
spans longer than the old ones by 94.72 m in the_highway bridge' and
by 50.68 m in the railway bridge. .The bridges are being built by the
Directorate General of Highway and the Perusahaan Jawatan Kereta Apl
and scheduled to be completed by August 1977. The constrictions formed
by the old bridges are to be mitigated by the rebuilding but still
there remain some constrictions However, they have plans to elongate
the total spans. further.

Between No.0 km and No. 3 km, river improvement works are going
on the scale of design discharge 600 m 3/s. Levees of the same scale
as the upstream reaches have been almost completed and reformation
works of major and minor beds are under way.

On the left side between No.-3 km- and Ramonia Intake at No.~4.8 km,
‘a levee is completed on the same scale as in the Urgent Flood Control
Project. Downwards from here, a levee under the control of the Pre~
fectural Govermment continues up to No.-8 km. This levee is of small
scale compared with the upstream one but maintained comparatively well.
Downstream from No.~8 km, as is seen in Fig.3-5-1, a levee 1s located .
in a direction different from the river channel. Judging from the
1/5G,000 topographic map revised in 1940, this levee is - presumed to
bhave been constructed along the old Ular.’ Local people say that the -
river course shifted to the present orie .owing to the flood of 1942 or -’
- 1943, ‘Consequently the present river channel 'is in a state of no levees
~on both sides. On the. right side between: No.-3 km and No.~7: km, there

is a small-scale levee constrUCted by the PNP._' ’

Judging from the 1/50 000 topographic map drawn in 1919 the

- distarice~-mark No.-13 km was the shoreline at that time. - Landward from™
the old shoreline, there are crop. fields and inhabitants live, but- the

seaward land is still soft and forms: swampy area.

The . Ular River is reportedly rising in its bed owing to a quantity
of sediment load. ©On the other hand, Fig.3-5- 2(1) .and. 3-5- -2(2) show.-
changes in river beds at Serbajadi Bridge located at.No. 22.5 km and
" Ular Bridge. It is seen from these figures that the river bed at -

Ular Bridge seems to have no.rise while the river bed at Serbajadi-
Bridge has scarce change since 1955 or rather.has a tendency of slight
lowering. We can interpret, therefore, that. thére ‘has been no- change
in river bed on the whole but severe: local’ changes have occured:.” Be—-
‘fore the urgent flood control works were executed, levee breaches had.
been repeated several times every year.- ‘Once a. 1evee breach took place,
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'owing to the fineness of sediment grain size and its movabdility too,
sedimentation occured on the dowmstream of the breach by losing
tractive force and scouring occured on the upstream by an ephemeral
increase of velocity. ‘It seems therefore that those local changes

- in river beds occured everywhere and the changes caused breaches of.
levees in a vicious cycle. This leads to a judgement that floodings

by repeated breaches of levees were not caused by sedimentation but

rather: by weakness of the 1evees. .

.3 5.2. Carrying Capacity of Existing River Channel ‘and Retardation
~Effect.’

(1) Carrying Capacity

For examining the carrying capacity of the existing river channel
non-uniform flow calculation was made on the reaches between the dis-

tance-mark No.-13 km and No. 26 km. The conditions for calculation
are as follows ' :

a. Cross~sections'of'river channel.

" The JICA Surveying Team conducted cross~sectional levellings at

intervals of ‘1 km in September 1976. The cross-sections drawn by the

Surveying Team were used for the calculation. For convenlence of
calculation, four supplementary cross~sections were interpolated at
“dintervals of 200 m and more cross— sections were interpolated in an
"extremely constricted reach such as at Ular Bridge. On a reach where
the calculated water ‘levels excead. the ‘height of levee, assumption
was made that there is a vertical wall at the levee.

.zb Coefficient of Roughness

60

Coefficients of roughness were assumed at.n = 0.033 for the low- . .

watet channel and n = 0,18 for the high-water channel after the study
- .in the detail design for ‘the Urgent Flood Control Works. For the

reaches between No.0 km and No.10 km where the river improvement works.

have been finished, the design roughness n = 0,028 was adopted for
_ the low-water channel and n = 0. 04 for the high—water channel

_c Water Stage at Lower End of River.

The 10wer end of the river channel for'tne calculation was set at
the distance—mark No.-13 km, The relationship between stage and dis~'
-'charge at this point was’ obtained by uniform flow calculation._ '

_'d Discharges for Calculation. :

Calculations were made with: regard to five cases of 100 m3/s,
400 m /s 600" m3/s, 800 m /s and 1,000 m3/s
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The results of caleculations are: shown in Fig:3-5-3, which indi— o
cates the following.” The carrying capacity is only 100 to 200 m s
on the reaches from the lower end to No,-8 “km -and . about 400 m3/s on ..
the reaches from No.-8 km to No.-4 km. On the reaches upstream from -
No.-4 km, the water level is raised owing to the extreme constriction
at No.-4 km, This constriction affects up:. to No.3 km and severely
reduces the carrying capacity of this. reach.. “Hence the carrying
capacity on the reaches of No.-3 km and No.-2 km decreases’ to. less than
400 m3 /s.. On the reaches between No.0 km and No.10 km where the
urgent works were executed, the carrying capacity of 600 m 3/s is
secured except the reach affected by the. constriction. On the right:
side between No.10 km and No.19 km, no levee exists. Hence the carry-
ing capacity on the reaches around No.12 km, No,13 km and No.l4 km is
less than 400 m3/s. On the reaches upstream from No.1l5 km, river
banks become high and the ‘carrying capacity exceeds 400 m3/s.. On the
upstream from No,19 km, we have hilly land, which has no fear of -
inundation due to carrying capacity. ' :

(2) Effect of Retardation.

. The lower part of the Pulau Gambar area was selected as a retarding
" pasin and the retarding effect was studied by planning an open. levee
near the distance-mark No.10.2 km. For this study were adopted the-
hydrographs studied in paragraph 3.4.6. -Fig.3-5~4 shows the results-
of the study. "It is found from this figure that reduction in the -
peak discharges are only 2.5 nd/s in case of the original peak- dis-
charge 600 m3/s, 2.8 m3/s in case of 800 m3/s, 4.1 m3/s in case. of
1,000 m3/s and 4.5 m3/s in case of ‘1,200 m3/s. - The retarding effect
is very scarce. - In our judgement) this is caused:by the fact that.
‘the land slope of this ‘area is so steep (about 1/600) that the storage
capaclty is spent by initial storage. : :

3.5. 3 - Channel Improvement Plan
' (1) Project Stretch of Channel Improvement

A stretch between the river mouth and: the distance—mark No. 19 km
of the starting point of plain area was- taken in planning channel
improvement .

(2) Design High—Water Discharge

For the purpose of studying the design high*water discharge which
shall be determined later, four kinds of discharges of 600 m3/s, 800 .
m3/s, 1,000 m3/s and 1,200 m3/s were taken at Serbajadi Bridge as
. design discharges for channel improvement. -In this’ study, the effects
of channel storage and retarding effect. at Pulau Gambar were neglected
Hence one discharge was used for ohannel improvement plan ‘on the whole
' stretch. .
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(3) Design River-Bed Slope.

The design river-bed slope was determined by paying attention to
the existing river-bed slope which has been formed over a long period-
of time. In determining the design river-bed slope, we took aim at the
méan height of the existing minor bed, paid attention not so as to’
change remarkably the existing low-water level and avoided to the utmost -
the influence to water intake. The designed profile are shown in
Figs.3-5-5(1) and 3~5-5(2). R

(4) Standard Cross—Section of.River_Channel.*

Double section system with river width of 250 m was adopted after
the principle in the Urgent Flood Control Project. The cross-sections
were designed by giving minor-bed roughness n = 0,028 and major-bed :
roughness n = 0,040 to the stretch downstream from No.l0 km and minor- -
bed roughness n = 0.030 and major-bed roughness n = 0.040 to the stretch
upstream from No.1l0 km, _Hydraulic quantities for the standard design
cross-sections are given in Table'3—5%l, and some of the designed )
cross—-sections are shown in Fig.3-5-6(1) and 3-5-6(2). :

{5) Reformation of Low-Water and High-Water Channelé.'

Alignment of the low-water channel was designed so as to secure .
necessary water area and to be. as smooth as possible by reforming ex- -
treme bends and severe closeness to levees. High-water channel, which
has remarkable unequalness in height, was designed so as to be evened
as much as possible by cutting at high ground and filling at low ground.
Low-water channel work was planned.to be executed by dredger, whose - '
spoil would be used for filling depressions on the high-water channel,
Earth to be obtained by cutting high ground on the high-water channel
was planned to be used for embankment of levees as well as for filling
depressions. T : o '

(6) Alignment of Levee,

o On the righi side between No.ig-km and No.10 km will be-bﬁilt_a_j
new levee, which will not only protect the Pulau Gambar area but also
prevent. flooding outside from. the area. . On the left side will be

heightened and strengthened the existing levee and joined to a hill at
No.l5 km. But. the existing levee 725 m in length between No.13.4 km -
and No.14.1 km has remarkable bend and is too close: to the low-water '
.channel, hence a new.levee was planned by removing the;exiéting one.’

On the right side between No.10 km and No.1l km, an open levee
was planned by reason that small river joins with the Ular at a point
closely upstream of No.l0 km. - The retarding effect by this open levee
was not taken into.-planning as mentioned previocusly. - o

- The stretch between No.10 km and No.0 km'ié the bnéfoﬁ;the'Uﬁgent_’
Flood Control Project and the alignment of the_levees'has:alﬁgady_been'
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Table 3-5-1 Hydraulic Elements of Standord Cross Section of River

ni- : 0.028

nz : 0.040
d = t.20M
Part Q T h b ) bz B Vi vm Qi
im) (m@  tm) tm)  (m/s)  {m/s) (mYs)
No.-i3 600 2.5 . |.87 .38 -~ 415
8OO 1/1200 2.87  85.5 90.3 250  2.05 |.52 525
1,000 -+ 3.20 ' - 2.21 .64 635
No. =1l 1,200 3.50 '2.38 i.76 735
No.-12 600 . 2.44 = - | 2.08 . 1.47 . 400
: : 800 [/.950 2,80 76.0 80,8 - 250 ~2.27 . 1.63 = 508 .
. hooo - 3.10. - ~2.42 1.76 638
‘No.- 5 1,200 o 3.38 2.57 .88 700
No.- 4 60D . 2.84 : . 218 1.52 3886
S 800 I/ @850 2.78 - 69.2 740 250 - '2.38 1.68 483
_ 1,000 ' 3.07 2,54 |.BO 572
‘No.- 2 1,200 - 3.34 2.70 .92 660
No.-3 800 2. 40 S : 2,30 '1.58 . 380
800 1/ 750 2.72 B5.2 70.0 - 250 2.5| 1.74 470
o hL,o00. - 3.02. ' S 2.68 . |.88 ° 560
Ne.-10 1,200 . 3.28 2.84 - 2.00 645
CNe.-ll 600 - - 2.38 _ . 2.72 1.58 385
: "800 |1/ 700 2.69 70.0 . 74.8 250  2.41 - |.74 475
_ 1,000 .. 2./e8 - — . 2.58 | .88 565
No.-19 1,200 3,25 2:73 2.0l 655

"I : Slope . of River Bed.
Q- _'_Des_lgn . Dischu'rge_.- _ . : :
Qi .: Discharge ' of Low- water . Channel . Saction. :
VI i Mean Veloclty  of . Low - water Channel Section.
. Vm :_.Mean Valocity * of the' Whole Channal Section.
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Fig. 3-5-6 (1)  Planned Cross Sections
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100
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Fig. 3-5- 6 (2) Planned Cross | '_Sec",rions
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reformed. Therefore leaving the alignment as it is, only heightening
of levees was planned to cope with increase of discharpes. As a matter

of course, there can be no improvement work in case of a design dis—
© charge 600 m 3/s.,

At the points of Ular Highway Bridge and Rallway Bridge, works

are going on for increasing the carrying capacity by expanding each
total span. The present works, however, are only the first step of the
plan to span the whole river width, hence the constrictions as shown

in Fig,3~5-7 will be left behind even when the works have been com-
pleted. The results of calculation of water level at these constric-
tions are shown in Fig.3-5-8, The full lines indicate the water profiles
. for four kinds of discharges in case constrictions remain and the broken
lines indicate the water profiles in case the constrictions have been
removed completely It 1s geen from this figure that backwater heights
at a point 150 m upstream from the railway bridge is as follows.

0.16_m in case of 600 m3/s
0.22 m in ceee.of 800 mi/s
0.32 m in case of 1,000 m¥/s
0.36 m in case of 1,200 m3/s

Against the constrictions which will still remain, it was planned to widen
the low-water channel as shown in Fig.3-5-7 and to protect the right low-
- watér bank with a revetment 372 m in 1ength and the 1eft low—water bank
with a revetment 252 m in length. -

As 1s seen from Fig.3-5-8, overhead clearances of the highway and -
rallway bridges are as. follows.

':Diecherge Overhead clearance {m)

(md/s) . Highway bridge - Railway bridge
600 .. 3.04 (3 00).  1.32 (1.40)

1800 2,45 (2.40) 0 0.97 (1.13)
1,000 . 2.70 (2.65) . -0.70 (0.95)
1,200 2,10 (2,100 0,40 (0.80)

' Note: ( ) means. a case with constriction left.

_ ‘The above table- indicatee thet the highway bridge has overhead
" clearance sufficient for'every discharge but the reilway bridge has

no sufficient overhead clearance. Hence in case of 1 200 ma/s, it

' twas planned to raise the railway bridge by one meter
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i

On the stretch between No.0 km and No.-3 km, following the Urgent
Flood Control Project, the levees on both sides of the river are com- .
~pleted on the same scale as the urgent works by displacing the right
levee and heightening the left levee. For this stretch, therefore, no

levee work was planned for 600 m 3/s but the heightening of - levees was'
‘planned on both sides for the other cases.

_ On the left side between No.~3 km and No.~7.8 km; heightening of
the existing levee was planned and on the right side between No.-3 km
and No.-5 km, it was planmed to displace the ‘existing levee and build
a new levee as the existing levee is poor-and too close to the low- o
water channel: causing lack of necessary river width.

The stretch downstream from No.~7.8 km on thé. left side and from
No.-5.0 km on the right side has no levee., Hence new levees were
planned up to No.-13 km along the low-water channel. The total length
.of neéw levees and the total length of the levees to be heightened down—'
stream from No. -3 km are as follows respectively. ' :

New levee (m) Levee to be heightened'(m)

Right bank 9,675 0
Left bank 5,080 5,900 -
Total 14,755 - 5,900

_ " The standard cross—section of 1evee was planned to have a crown-
" width of 4 m and a gradient of 1.: 2 on both slopes’ following the-
Urgent Flood Control PrOJect ‘as shown in Fig 3—5 9

{7) Planning near River Mouth,

As mentioned previously, the llne at No.-13 km was- an old shore—
line. The seaward land from this line is a comparatively new land _'
 produced by sedimentation accompanied with charge in river course’ of
~ the Ular, hence it forms swampy land of very soft soil. Since there

is no inhabitant and no crop field to be protected and it is too early .

to develop new crop field, the planning of levee improvement was -
stopped at No.-13 km.  There is a branch river at No.-12.4 ‘km on the o
right side and further many branch rivers appear downstream of the said
branch, which is weakening the power of. flow .to the sea. -Hence it was
planned to improve the discharge of flood: to the sea by closing these
branches and unifying river chammel with dredging work, which will"

. surely contribute to improving drainage COUdithﬂ on the adjacent area
and promoting development of. land '
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(8) Revetment.

The revetment works on the streteh of the Urgent Flood Control
Project have already been completed. On the other stretches, revet-
ment works were planned at the same rate in length of levee as was
designed in the Urgent Project, and almost the same structure as the
Urgent Project was taken in this plan, since the revetment in the
Urgent Project is achieving success.

(3) Intake.

As seen in Fig,3-5-1, the stretch for improvement has 7 intakes,
5 of which are planned to be improved in the irrigation project,
hence the river improvement plan will need simple. improvement of the
two other intakes (Bendang Intake and Ramonia Intake) following the
heightening of levees. But there is no need in case of 600 m 3/s
since the improvement has already been completed.

(10) Quantity of Works.

Quantity of the works are given in Table 3-5-2.

3.5.4. Construetion Costs.
(1) Method of Execution of Works.

a. Embankment.

_ Excavated earth on the high ground .of the high-water channel,
dredged- earth.and earth to be produced by. excavation of canals on.the
land-side of the river will be used for embankment_of levees, “for
which bull-dozers,: dump-trucks, dozer-shovels and draglines will be
used.. Backhoes will be used for drainage at. borrow pits.

_b Reformation of Magor Beds.

For reformation of maJor beds will be used bulldozers. One half
of volume of earth to be excavated on the. major beds was assumed to

be used for emabankment of levees, and the remaining half was assumed S

to. be used for filling depressions on ‘the major beds
e; Excavation of Low—Water Channel

" For excavation of 1ow—water channel will be used amphibious o
dredgers, and cooperated work with amphibious clamshells was planned
for removal of flow1ng trees,'etc The reason for using. amphibiqus

'type is .as follows.

- (a) Since'the water-depth of the Ular River is shallow:ip'geﬁetal_aﬁd;
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' Iéble 3-5-2(1) Coﬁstrﬁction Cost of Rivér_Improvement Work
. (Case'of 600 m/s)

Ttem | - S Quantity Unit Cost (Rp) Amount (103 Rp)
1. Main Civil Work : . ' ' 1,654,000
1) Preparatidh work L.s . S ' 117,000
2) Embankment work : o : ' 492,300
No.-13 km —= No.-3 km | o
Left 163,000 m3 900 146,700
Right - 208,000 m® 900 187,200
No.=3 km -~- No.0 km _ | ' _ .‘ |
Left | - 77,000 900 . . 69,300
'Riéht . - - o ' -
No.0 km -—— No.l1l0 km N ' h |
Left o - _ o -
" Right B - - ' o Z
No.1l0 km -—— No.l9 km . o _
Left 19,000 w3 900 17,100
Right B 80,000 m3 - . 900 . 72,000
3) Excavation of high water channel o . o ... 98,000
‘No. —13 km —-~= No.-3. km e R :';f & - o .
Left S 122,000 wd x %- 250 - ... 15,250
Right 204,000 w3 x % 250 25,500
b -3 km ——- No. 0 km. L | :  | - - z
Left "_ 28,000 n3 x & 250 3,500
Right o 7 180,000 w3 x 3 250 . 22,500
No.10 km'=-- No 19 km S e R R
Lefr 70,000 n¥ x 3 250 750
Right - © 180,000 m3 x-%_- 20 22,500

(Otherﬁﬁ of exoavated earth of high—water channel. is 1nc1uded in
- the abbve Embankment work together with itg c:ost)

4) Dredging low-water channel [ ' : flﬂ 708,050
- Estuary --- No.-3 km. - 500,000 m% . B850 425,000
No.~3 km ~-— No.0 km 170,000 m3 -~ 850 . 144,500

 No.10 km ---= No.19 km 163,000 m3 80 - 138,550
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5} Bank protection work

No.-13 km —— No.-3 km
No.-3 km --- No.0 km
No.10 km ~— No.,19 km

' 6) Bridge protection work
‘Bank protection
Dredging

. Heightening of bridge
7) Miscellaneous
2. Land acduisition.
 No.-13 ki ==- No.-3 km
Dike

High-water channel

No.-3 km ~——.No;0 km

Dike _ _
High—water channel
No.0 km —-- No,iO km
Dike |
_ 'Highéﬁater chaﬁnel
' No.l0 km ~—;.N6;19'km
Dike ' '

High-water channel

: 3. Eng. & admiﬁistratibn
4, Contingeﬁ@y'

Total

o (Rp) . (x103 Rp)
- 94,720
600 m . 74,000 44,400
180 m 74,000 - 13,320
500 m 74,000 37,000
_ 67,382
543 m 74,000 40,182
32,000 m3 850 27,200 -
L.S. : 76,548
187,100
60 ha 500,000 30,000
242 ha 300,000 72,600
27 ha . 500,000 - . ‘13,500 =
142 ha ..~ .°'500,000 - - 71,000

_ZOZ‘ébove.(l.'+ Zl)ZSGB,OQb '._E-
20% above (1.+2.+3.) 442,000

2,651,000
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. -Table 3-5-2(2) Construction Cost of River Improvement Work

'(Case of 800 m3/s)

Item'_' o - Quantity

Unit Cost(Rp)

Amount(x103 Rp)

1. Main Civil Work

3

1) Preparation work L.S.
2) Embankment work
No.-13 km —— No.-3 km
‘Left 237,000 -
Right 300,000
No.=3 km —~- Nn 0 km
Left ' 12,000
Right 93,000
N0.0 km --- No.10 km
Left 26,000
 Right 44,000
No.10 km ~—— No.19 km
Left 45,000
Right - 136,000
Excavatlon high—water channel
No. —13 km -—— No =3 T
Left - 122, ood
| 'Right-'_f' . 204 000
No. ~3 km --— No. 0 km
Left. . 28,000
Right - 130 000
No 10 km ——— No 19 km
' Left - 70,000
Right . 180,000

%)

. No.=3'km -—— No.0 k170,000

m3

m3

m3

m3

m3

m3

X

X

M[I—-‘. ro = ;

o[ R

NII-" STE

900
900 -

900
900

900
900

900

900

250

250

250

250

250
250

2,012,000
142,000
803,700

213,300
270,000

10,800
83,700

23,400
39,600

40,500
122,400
98,000

15,250
25,500
3,500
22,500

8,750 . -
22, soof

(other % of excavated earth of high—water channel is included
in the above ‘Embankment. work together with its cost)

Dredging of low—water channel
East@ary”———:No.—B km 500,000

No.10 km ~~- No.19 km 163,000

m3 .

m3

nd

850
850 -
850

708,050
. 425,000 -
144,500

'-'f138,550'
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(Rp) . (x103 Rp) -
5) Bank protectidn work R ' . .94,72Q
No.-13 km --- No.-3 km - 600 m 74,000 . - - 44,400
No.-3 km —-- No.0 km 180 m 74,000 . 13,320
No.10 km === No.19 knm 500 m 74,000 137,000
6)_Bridge_proteétion'work - _ ' _ : "__67;382
Bank protection ' 543 m - 74,000 . 43,182
Dredging 32,000 m3 . 850 | 27,200
Heightening of bfidge : - R ' o :.—
7) Miscellaneous . _ L.S, | . _ ” :95;148'
2, Land acqﬁistion' - _" _ | _ 189,100
No;-13 km -—— No.-3 km - _
Dike " 62 ha 500,000 31,000
' Highwater channel 242 ha 300,000 | 72,600
"No.-3 km «=— No.O km. . - -
Dike : . o= . _ =
Highwater channel - : - -
No.0 km ——- No.10 km- S | el
" Dike - T e
'HighWatef chahﬁel_ o~ )  _._' _ o
No 10 km —-- 19 lam o R o |
Dike . 29 ha - 500,000 ... . 14,500
Highwater channel 142 ha 500,000 ~ - 71,000
3. Eng. & administration . ; : : 20%'aﬁové (L.42.) - _..'44;000 
4, Contingency I R - 20% abobé'(1;+2.+3.)_ : ‘~-:527,900_

Toeal o 3,170,000
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Taﬁle 3—5—2(3)f Construction Cost of River Improvement Work
{Case of 1,000 m3/s)

Item ' © Quantity Unit Cost (Rp)  Amount (x10° Rp)
1. Main Civil Work | : : 2,671,400
1) Preﬁaration work L.5. -~ . o 188,000
2) Embankment work : I 1,310,400
No.-13 km ——- No.~3 km '
| Lefr 322,000 m 900 289,800
Right | 405,000 m3 900 - © 364,500
No.—3_£m ——— No.0 km
Left 57,000 m3 900 . 51,300
Right 128,000 m3 900 _ 115,200
No-.0 kﬁ —~== No.10 km | '
 Left - . 105,000 m¥ %00 94,500
Right 131,000 m3 900 - . 117,900
Nc.lﬂ.km ——— No.19 km _ _ :
Left ' 91,000 m? 900 - 81,900
Right 217,000 m3 - %00 195,300
L 3) Excavatlng of highwwater channel - }‘_' o 132,750
© No.-13 km === No.-3 lun S s
. Lefe | 122,000 3 x & 250 15,250
Crighe 0 204,000md x 3250 25,500
© No.~3 km --~ No.0 km Lo o :
0 Left . 28,000 m3 x3 250 3,500
CRight . 180,000m® x1 250 o 22,500
No. 10 km -—= No 19 km ) L . _ o
) Left - 180,000 m® x 3 250 22,500
nght' o 348,000 x-% 250 . 43,500

(other-% of excavated earth of high-water Lhannel is included in
the above Embankment work together with its cost)"

4) Dredging low-water channel B g - 744,600
_ Estuary === No.-3 km_ 500, ooo m3 - . -850 . . 425,000
No.-3 km ~=- No.0 km 170,000 m3 - - 850 . - 144,500

No.10 kn —— No.19 km 206,000 m3 850 175,100
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-

5) Bank protection wpfk : B S 194,720 .
© No.-13 km ——- No.-3 km- 600 m . 74,000 44,400
No.-3 km ~-- No.0 km 180 m 74,000 o ,flggszo_'
No.10 km --- No.19 km 500.m 74,000 37,000
6) Bridge protection work : _ | _ .
~ Bank protection - 543 m 74,000 : . 40,182
Dredging | 32,000 m3 80 . .27,200
Heightening of bridge = =~ = ‘_. _ o L=
7) Miscellaneous ' L.S. . S 133,548
2. Lénd acquisition R E ' - _  -19?,600
No.~-13 Rm ~== No.-~3 km ) S
pDike . . 65ha 500,000 - 32,500
Bighwater channel 242 ha 300,000 72,600
No.-3 km —=— No.O km _ : - .
Dike - " 3 ha 500,000 ' 1,500
Highwater channel - =
No.0 km —-- No.10 km L , LR
© pike -  8ha 500,000 - < 4,000
 Highwater channel - :' o o ,__:1 -
 No.10 km.¥——~N0.19_km . . : )
" Dpike .. 32ha 500,000 +. 16,000
Highwater chammel 142 ha 500,000 . 71,000
3. Eﬁg._& adminisﬁration e _  20 Z ébove (l.+2.): | E574;000
4. Contingency o Co20 Z._abové (1.+2.+3.)' f689;00O

Total e R B 4,132,000
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“Table 3-5-2(4) Cdnstruction Cost of River Improvement Work .
o (Case of 1,200 m3/s)

Item " Quantity. Unit Cost(Rp) Amount(xlOBRp)
1. Main Civil Work™ 3,442,900
1) Preparation work L.§: 242,000
2) Embankment work: - 1,833,300
No.-13 km -—— No.-3 km '
| Left | 410,000 m? 900 369,000
Right 457,000 m3 900 411,300
No.-3 km ~—= No.0 km |
Left 7 107,000 m3 900 96,300
Right - 217,000 m3: 900 195,300
No.0 km —-- No,10 km
Left 185,000 m3 900 166,500
Right 239,000 3 900 215,100
No,lO km ——- ﬁo.19 lem
Left 133,000 m3 900 119,700
o Right , 289,000 m3 900 260,100
3 Excavation of high—water channel | S '
 Noi~13 km -— No.-3 km - - . . e :
Left 122,000 m3 x 5 250 15,250 .
" Right 204,000 m3 x % 250 25,500
 No.~3 km ~—- No,O km - : e
| Left 28,000 m? x-% 250 3,500
 Right 180,000 m3 x & 250 22,500
Moo km---Nol9 km o
Left 180,000 m3 x %, 250 22,550
Right 348,000 n? x 7 250 43,500
(other %-excavated earth of high-water channel is included in
o the above Embankment work together with its cost) .
4)'Dredging of 1ow—water channel __,' _ 744,600
- Estuary —-- No.=3 km 500,000 m3 850 425,000
No.-3 km ——= No.0 km 170,000 m3 850 144,500
. No.10 km —-—-NqilQ,km 206,000 m3 850. 175,100,
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- (Rp)‘. "'(Qio3np5 _"

5) Bank prdtection.wdrk _ .
No.-13 km ——- No.-3 km . 600 m. - 74,000 44,400 .
No.-3 km ——— No.0 km ~ 180'm 74,000 13,320
No.10 km --- No.19 km 500 74,000 . 37,000 -
' 6) Bridge protection work . - 217,382
' Bank protection 543w 74,000 - 40,182
Dredging 32,000 m? . 850° 27,200
Heightening of bridge L.S. . . : 150,000
7) Miscellaneous ) L.S.. © 178,000
2. Land acquisition o . S "204;100.
No.-13 km —— No.~3 knm R |
Dike . 69 ha 500,000 - 34,500
Highwater channel 242 ha 300,000 72,600
_No.—3 km =--- No.0 km _ ' : .
Dike 5 ha 500,000 - . 2,500
Highwater channel - o T
_No.O km ——— No.10 km
. pike - . . lhha 500,000 - 7,000
_ Highwater channel - EE o e
 No.10 km -—- No.19 km _ R
pike 33 ha 500,000 - 16,500
‘Highwater channel = 142 ha . 500,000 71,000
3. Eng. & administration - = 20% above (1.+2.) . 729,000
‘4. Contingéncy o - t Zdz' above (l.+2.+3;)_ 875,000 .

Totai o '_.. o S _ s 5;251,000_



(b)-

B4

flooding occurs frequently, ordinary dredger is apt to get a
ground, . A4 dredger must easily take shelter becausé the ship is
_endangered by such high velocity as 2 m/s which usually occurs
locally in the Jow-water channel on the occasion of flood.

Since the working place will be long, the dredger must move very
frequently in such a shallow channel as 40 cm or 50 cm. -The
ship must have a function.to move in this shallow water in-a
short time, :

It was planned to dump dredged spoil in the depressions on the

major beds. The dredged spoil will also be used for embankment of
levees at need.

(2)

Estimate of Construction Costs.

According to the above mentloned principles of works and based on

the following assumptions and conditions, the construction costs were
ﬂ'estimated :

a.

b.

Cost estimation is made by multiplying work quantities by unit
construction costs on- 1976-price.

Such construction mater1als as mentloned below are procurable in
local markets°

Cemont.

' #einforcing bafs,

‘Wooden materials,.-f.‘
Fuel, oil,

'Ordinary steel'materials,

-Repair of constructlon equipment._

C. Wages of . 1aborers and unit prices of fuel and oil are as shown below‘
‘at the 1976 prices.J :

: 'f;-Foreman'” :'i . Rp 1,000 _

Laborer S _'1: . 500 -
.Opefator {a) - 1,500 _
Operator (B)_ o d .1;250--
Opefdtor © - - 1,000
- Mechanic (A) 1,500
:fMechanic ®y 1,000.
Diesel_oll o l 35
‘Engine oil 650

‘Gear oil . 1,000
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Hydraulic oil - - . 1,000

Grease‘_ o 3: f':'_} 900
. . Gasoline ~ . o .. 715

d. Construction equipment, spareparts therefor and special construction _
materials are pruchased from abroad. The equipment.costs are esti-
mated by’ dePreciation costs therefor, : S

e. The construction works are carried out with the assistance of con-
sulting engineers in de31gn and supervision.

The construction costs are shown in Tables 3~5 2(1) to 3- 5 2(4)
by design discharges .

(3) Construction Costs by Years.

. Based on the work sheduie shown in. Fig,3- 5h10 the construetion
costs were estimated by years as shown in Table 3—5 3. '

Table 3-5-3 Yearly Construction Cost (1976 Prices)
Unit: x 105Rp_

Case 1978/79  1979/80 1980/81 1981/82 1982/83  Total

- 600 m¥/s 73 240 850 782 706 2,651
800 m3/s - 88 . 268 1,009 942 863 3,170

1,000 md/s 115 330 - 1,302 1,232 1,153 - 4,132

1,200 m3/s 146 - 403 1,759 1,513 © 1,430 5,251

Table 3-5- 4 gives the annual construction cost spent in the Urgent
Flood Control. Project by converting them into 1976-costs by use of
price indices. Among thé price indices, the {tem of- Medan' of . "Indikator
Ekonomi" published by Biro Pusat Statistik Jakarta, Indonesia was used-
for Rp and the item of excavator of. "Monthly Journal. of Price:Indices" :
published by the Bureau of Statistics of the Bank of Japan was used for co
Yen. L - '

3.6, Land erosion and sand control,
3.6, l 'Topographj and vegetation._'

Topography and vegetation of the basin dre - summarized as follows
based. on reconnaissance which was made during the- slte inspection of
the study by use of aerial photographs and mosaies- of ‘aerial photo-. .
graphs which were prepared by the JICA Geology of the basin was des—-h
~ eribed in paragraph 3.3, B
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(1)

(2)

88 -

The area 1ocated over : 1,000 meters above the sea level is a
plateau which streches over an area of 200 knf and is almost

covered by alang alang grass or bush. There are many. ravines
in this area.

The area 1ocated-between-1,000 meters_and'about_SOO.neters (near
Gunung Meriah) above the sea level shows about 1/25 of surface-

v-slope and is covered by a primeval forest,

(3).

. the” confluence of the Buaya and Karai rivers show about 1/150 of

The 1ower reaches located between the above—mentioned area and

surface~slope and plantations of rubber and oil-palm have been
developed in this area.

The area 1ocated between the confluence and the estuary of the
Ular River shows about 1/800 of- surface—slope and is an alluvial

: plain where paddy field has been developed

In this section, the basin is divided into the following three

zones: for explanation

Upper reaches——-— In the Buaya and the Karai, an upper area from
: . . a point about 70 km ups tream from the river
_mouth., : _ : . :
Middle-reachesj—- In the Buaya and the Karai, an area located

.between. the confluence of both the rivers and
the point about 70 km upstream from the river
mouth. S : : S

. Lower reachesrer— In the Buaya and the Karai, an area located inf

. 'the lower part from the confluence of both the .
'_rivers. -

3. 6 2; Present State of Erosion.-:f

'_(1)

Upper Reaches.

Since this area is mostly covered with vegetation consisting of '

: alang—alang grass and bush as mentioned previously, sand—product due
~'to surface erosion by:rainfall seems to be of small seale.’ However,
.”also in this area, many ravines are developed in a mixed state. with
-and without vegetable coverage.,

In some- of the stripped ravines, sandy soil weathered from - dacite

‘-tuff (stretched in the Buaya River basin) and acidic tuff (stretched
" 4n the Karal River basin) was seen exposed. forming a slope of 50° to
70° with thickness of 10 to 20°m. In: these places, some production of

'sand may -occur, if those slopes are collapsed by rainfall

In some places, paddy fields were seen developed in a small flat

 area surrounded by the slopes and the area of paddy field seems to be

. being increased by collapses of the slopes.

In this case, some ditches

~excavated at the toes ofjthe slopes were_seen to increase the collapses.
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No occurence of land sliding or - sliding with collapse was seen
in this area. :

(2) Middle Reaches.

In this area, plantations of rubber and oil—palm have been de-
veloped. The surface of the planted land is well covered with under-
brush. Therefore surface erosion will be of small quantity. However,
reading of aerial photographs and geological survey suggest occurence
of some collapses of slopes and erosion of ravine-head as well as
lateral erosion of ravines. But also in this area, no occurence of
land gliding or’sliding with collapse was seen.

(3) Lower Reaches.

In the area downstream from the confluence of the Buaya and the
Karai up to the river mouth of the Ular River, river-bank erosion was
seen near Serbajadi Bridge, However the length of this erosion is

very small compared with the total: length of the lower: reaches..

_ It is generally . thought that the production of sand in ‘the Buaya
River basin is smaller than the Karai River basin. This may result

. from the fact that the Buaya River basin has long-exposed reock along
the river channels compared with the Karai River.

3.6.3. Sediment Transportation.

Comparing the- 1/50,000 topographic maps prepared from the aerial

photographs made in 1915 and a mosaic of aerial photographs taken by
- the JICA Aerial Photographic Surveying Team in 1976, it was found that
the seacoast line had been shifted remarkably seawards during a long -
‘period of time. The comparison indicated that.a new land of 7. 236 km?
"about 10.8 km in length and about 0.67 km in width, was formed near h
the river mouth of the Ular during 61 years from 1915 to 1976. - 'Reading
the depth on the sea chart, the volume of deposition was estimated at
27,190,000 m3, . If we add a volume flown away offshore or to other
places, sediment far exceeding 450,000 m3 is presumed to have been '
dlscharged to the sea every year.-' :

On ‘the other hand the study made in paragraph 3. 4 3. indicates that
‘annual sediment discharge at the confluence of the Buaya and the Karai
is estimated at about 800,000 m3. Further, the study. made in Section’
3.5 indicates that the sediment load at the confluence is. discharged to
the sea w1thout any deposition in the river channel. - It can be said
. therefore that the sediment transported from the: Buaya and the- Karai £
rivers passes through the river channel without harmful deposition :
and annual quantity of sediment to be discharged to the sea will reach
about 800,000 m3 ' A : :



3.6.4, Sabo Facilities and Afforestation.

From the field inspection and consideration mentioned in the
previous. paragraphs, the f0110w1ng will be concluded.

a. There is no land sliding nor sliding with collapse in the
-mountaneous region of the basin.

b. The surface erosion is scarce.

¢. Some of the ravine-heads have erosion in form of steep slope,
which has a potenticality to produce sand. The size of this
sand is fine in general. Owing to the fineness of’ sand, '
sufficient effect of sabo dam cannot. be expected.

d. The'produeed gand does'not give unfavorable influence to the

river channel of the Ular. after its passing the confluence of
the two tributarles.

Judglng from the above- coneideratlon, construction of sabo facili-

ties will not be needed for the time being. However, it seems to be

necessary to commence a study on the mechanism of sand production in .

the headwaters and the quantity of its production on an appropriate
ocassion in the future against a possible increase in sand production
which may occur in the future owing to such causes as development in
the headwaters and unexpetted ehange in ralnfall

In principle, it is des1rab1e from the vlewPoint of control of

. runoff and prevention of surface erosion to cover: the land with
vegetation. Fortunately a reforestation project and a greening pro— .
ject are being carried out by the authorities concerned continuously
‘since 1971. At present, reforestation of 2,450 ha and greening of
1,896 ha have already been executed as Fig.3-6-1 shows. However, for
'the purpose of malnLalning the present condition of the headwaters or

further improving the condition, the aforesaid reforestation programs:

will desirably be promoted together with a further study of kind of .
plant whlch may be more. suitable to the headwaters.

LUAS TANAMAN REBOISASI & PENGHIJAUAN DI DAS ULAR
T SELAMA PELTITA T Sld IT T 1976/1977

REBOISASI

K.P.H./BKPH.. = 'Lokasi '  Th, Tamam ~ Joins - . Luas.
SUM.TIMUR I T TR | o
Sefdangi__“ Silinee . 1971/72 . Peeus/Mahoeir- 100_. ha.
: Marubei I - - .-1971/72 . - Pinus ' 50 "

90 -
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. K.P.H./BKPH. Lokasi

Th. Tanam "~ Joins Luas. -

'1971/72 . Pdnus 130 ha

1972/73 . v 165.50 "

“_ 1973/74 - N.. . _70 . n

AEK NA ULI o
Seribu Dolok Simacik IT

Perluasan Simacik

Marubei IT

~ Gaja Pokki

974/75 150 "
1975/76 - M 200 "

1976/77 * " 50 "

1973/76  Pinus -~ 205 ha
1974175 ot 669

1975/76 . T n ) 60 ﬂ
1974775 oo - 383 . "
1974/175 T - R

1975/76 - . 100 "

1976/77 . " 3480 "

JumlahReboisasi.

2,450,30 ha

PEN GHIJAUAN

 KECAMATAN.

Th. Tanam ._"Lﬁaé{' :f"'”

SUM. TIMUR I |
.Kec..G..Meriah __‘

AEK NA ULT |
'KecfSilima Kuta

_ 1971[7_2 S 50 ha
1974/_7_5 i '45.'50_ nooL e
ws/6 65"

1971/72 0 s M
1972/73 © 386.25 "

1973/76  -30 . neo

1974775 189 .

1975/76 3000 - "

Keec.Dolok Pardamean :

C1972/73 0 o1s0 "
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KECAMATAN . . . Th. Tanam Luas
Kec.Dolok Silau  1973/73 220 ha
o 194/7st 1 oo
11975776 300 "

Jumlah Penghijauan .. 1,896.75 ha

3.7. Dam
3.7.1. Selection of Dam Site.

Selection of dam site was made based on our pre-study using topo-
* graphic maps with the:scale of 1/10,000 and our field investigations.
As a dam site, it is preferable to select a dam site in the area around

the confluence of the Buaya and the Karal rivers for the purpose of
flood_control. : L _ o e

(1) Downstream Dam Site.

We could not find out any promising dam site in the downstream area
- from the confluence of the Buaya and the Karal rivers since both the

topographic and geological conditions are considered to be inadequate
for dam constyuction,

. Speaking of.the”topograohic condition, even the highest portion
of the Ular River banks, the top elevation reaches only 65 m at the
place about 2 km downstream from the confluence, and the adjoining area

thereto (right bank area) is being formed of low land w1th an elevation
of 50 m to 60 m,. UP. ‘

_ While, chiese areas are composed of fluvial deposit with a consider-
able depth, therefore, the costs- for removal of permeable layers and :
foundation treatments would be expensive

: Con51dered from both the. technical and economlcal view polnt, the

selection of dam site in the downstream area was compelled to give up
.consequently.- ' :

(2) Buaya Dam Site,
.(i)fMain'dam aite}
“Dam site is proposed at the'place about 5.60 km ups tream. from the
confluence of the Buaya and the Karai rivers taking account of the

topographic and geological conditions ‘and ‘also the reservoir capacity :
. to be created by a new dam.' '
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Both banks of the proposed dam site are covered mostly with
trees and bushes, and the slope gradient of both banks is compara-
tively gentle. The elevation at the lowest portion of riverbed is
67.50 m, UP and the elevations of the highest portion on the right and
the left abutments are 100 m and 86 m respectively. Width and gradient
of the Buaya River where the dam is proposed are 80 m and 1/200 res-
pectively, . :

.(ii) Secondary dam site.

Considering from the topographic conditions, the reservoir water
to be created by a new dam will be evacuated at the time of higher
reservoir water level through the depression portion (gouge shaped
portion) being located on the northern part of the main dam site with
a direct distance of 1.50 km since the elevation of said portion is
lower than the expeeted reservoir high water level.

In this light, a secondary dam will be required at the above-
mentioned place. Both banks of the proposed secondary dam site are
covered mostly with trees and bushes, and the slope gradient of both
banks 1s relatively steep, and the elevations of the highest portiom.
on the west and the east abutments are 95 m and 100 m respectively,

{3) Karai Dam Site.
(i) Main dam site.

Dam site is proposed at the place about 5 km upstream from the
confluence of the Buaya and the Karai rivers taking account of the
topographic and geologlcal conditions and also the reservoir capacity
to be created by a new dam

' Both banks of the proposed dam site are covered partly with trees
and bushes, and the slope gradient of the left bank is partially steep .
‘and that of the: right bank is rather- gentle. The elevation at the
" lowest portlon of river bed is 54 m, and the . elevations of the. highest
portion on the right and the left abutments are 86 m and 83 m respec=
tively. Width and gradient of the Karai River Where the dam is
proposed are 60 m and 1/800 respectlvely '

(i1) Seccndary dam Site

As will be seen in the .topographic map with the scale of 1/10 000,
the reservoir water to be created by a new dam will be evacuated at.
the time of higher reservoir water level through depression portions
of hill ridge being located on -the eastern part. of_the main dam site.

' Among ‘these depre5510n portions scattered in this slender hill
ridge, 2 or 3 portions shall be provided with secondary dam and/or be-
protected with side’ embankment Judging from the field investigations.
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The area of the said hill ridge is mostly covered with bushes and

partly with trees, and the highest elevation thereon is approximately
95 m.

3.7.2. Geology df'Dam Site.
(1) Bﬁaye Dam SiteQ

The foundation rock at the proposed dam site area consists of
dacitic tuff and dacite, and they are exposed in part at both the
abutments. The result of core-boring (right abutment) shows that. the
area is covered with 1.50 m thick top soil, and beneath therefrom, the
rock formation consists of dacitic tuff (upper layer) and dacite
{lower layer), and their thicknesses are 9 m and 6 m respectively.

Even though the thermal deteriorated clayey material was observed
beneath the dacite layer of 6 m thick, however, the said dacite is very
hard and durable, accordingly, it is judged that the proposed dam site
will be durable, accordingly, it 1s judged that the proposed dam site

will be adequate for the construction of low dam {20 - 30 m class in
height)

(2) Karai Dam Site.

Proposed dam site area is widely covered with acldic tuff (lipari-
tic tuff). Resulting from the hand auger drilling (right abutment),
the layer up to the depth of 8 m from the ground surface consists of
liparitic tuff. This tuff is very soft and their N-value is estimated
to be about 20 since the tuff layer is compacted. relatively well: '

‘However, the foundation of the pfoposed dam site seems to be question-
able for dam construction in case of the competemt hard rock could’ not
find out Just beneath the above soft tuff layer.

3.7.3. RecoﬁﬁaiSSance 6f Borrow Afea,-
.(1)'Buaya Dam. Area.
(1) Concrete aggregate.

“ Many sand and gravel bars and river'terraces are obsefved iﬁ ‘the
'Buaya River course (between dam site and 10 km upstream portion). Es-

':-pecially, the upstream area from Kotarl Bridge abounds in gravelly -

. material, ‘Gravel and boulder in the above areas are andestic rock, _
and the'quality of gravelly material is suitable as a concrete aggregate
since they are very hard and durable. However, small size gravel

seems to be iInsufficient in quantity, in this respect, an appropriate

_ecrushing plant 'will be required so as to enable to produce pea gravels,

' Sandy deposits are observed in the downstream area from the confluence .
of the Buaya and the Karai rivers, and these sands are mainly consists.
of ‘quartz sand having the maximum grain size of 3mm. As for the quality

“of sandy material, it is requested to take material samples aimed at

_-checking their charaeteristlcs.
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(1i) Core material.

The brown coloured clayed soil observed on the right bank in the
dam site area is expected to be available for the core zone of fill-
type dam. However, the laboratory tests for soil samples shall be
made, and if the characteristics of clayey material were found to be
avallable after the laboratory tests, then, the obtainable quantity of
these materials deposited in the borrow area shall be confirmed by
test pits or trenches

(iii) -Shell material

Gravelly materials including boulders deposited in the sand- and
gravel bars and river terraces mentioned above will be available as a .
shell material of fill-type dam

(2) Karai Dam Area.
(1) Concrete aggregate.

There are no gravelly materials but quartz sand in the Karai River
course. Accordingly, the gravelly materials shall be obtained from
the Buaya River basin.

{(ii) Core material.

The brown coloured clayey soil observed on the right bank in the
dam site area is expected to be available for the core zone of fill-
type- dam. " The sald material -is being covered with thin volcanic ash
_layer

Aimed at checking the material quality, the laboratory tests for
soll samples shall be made, and 1f the characteristics of clayey
material were found to be available after the laboratory test, then,

the obtainable quantity of ‘these materials deposited in the borrow
area shall be confirmed :

(iii) Shell material.

We could not find out any competent gravelly deposits in the Karai
~river course, . .

Considering from the matters mentioned above “the. construction of"

concrete- dam or fill-type dam in the Karai River: course 'will be given e

up unav01dably from the standpoint of dam material.
3.7.4. Planning of Dam and Appurtenant Works by Hydrographs.z
(1) General

Judging from the monthly and daily river discharges during the



period of 3 years observed in 1972 - 1974, the Ular River discharges
are expected to be sufficient in quantity for the water requirement

of irrigation side. Accordingly, the planning of dam will be focussed
on the purpese of flood control.

Regarding to the proposed dams - Buaya Dam and Karai Dam - the
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planning of dam is made only for the case of Buaya dam since the Karai

dam involves many disadvantageous factors as described below.
Disadvantageous_points of Karal Dam compared with Buaya Dam afe:.

a, Foundation rock is not dependable.
b..Shortage of dam material.
c. Accessibility to the dam site 1s very difficult.

'd, Construction cost is estimated to be expensive.

As for the dam_type for Buaya dam site, the construction cost of

fill-type dam, diversion tunmel and spillway is estimated to be 20%
~ higher than that of the concrete dam with an overflow section, thus,

the Buaya Dam is planned as a concrete gravity-type dam with an over— -

flow section and a temporary diversion channel through dam body.
(2) Reservoir Capacity.

The maximum elevation of dam top is restricted to be as high as
85 m from the topographical conditions. Maximum H.W.L. of Buaya
'reservoir is planned to be EL. 83.50'm with a freeboard of 1.50 m on:
the one. hand, L.W.L. ‘of Buaya ‘reservoir is. settled to be EL 713, 00 m.
(elevation of ‘center line of outlet pipe) on’the other.

Resulting from the grain—size sieve analysis of material ~samples
obtained from the riverbed, it is found that the 65% diameter of 'sedi-
ment particles is approximately 1.2 mm.

_ Con31dered from such distribution of grain—siza, it is supposed
that bed load deriving from upper reaches will be mostly flushed out

© through' the large size (¢ 3 m) outlet pipes to be equipped in the dam '

.body. e

As will be seen in the Fig 3 7~~ R the . gross reservoir capacity

- and the net reservoir ‘capacity corresponding to H. W L. of .83.50 m and
 L.W.L. of .73.00 mm are 27.50 x 10% m3 and 21 x 10° m? respectively.
Besides, . this capacity curve was ‘made using topographic map with the.
scale of- 1/10,000. '

'(3)'Flood ControliEffect{

_ _ Evacuation-of teservoir water is made by 2 outlet pipes {3 m¢)
- and the spillway located on the central part of Buaya Dam and their
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capacities of evacuation are shown in the Fig. 3 7-4.

Flood routing computation was- made for 6 cases as described
hereunder.

case  Deot riooa SORK Sicherie | ten focss Comimb
(m¥/s) _ (m3/s) . - (m3/s)  (m3/s)
1-A 1,200 . 852 | 38 632
I-B 1,200 64T _- 553 671
II~-A - 1,000 706 294 © 539
II-B - 1,000 538 462 573
I1I-4 -~ goo 559 TS S 358

111-B 800 428 - . 372 . 473

Note: l} Combined outflow ='0ucflow from Buaya reservoir + discharge
‘of Karal River. '

" Flood control effects are shown in the Fig 3-7-6, Flg 3- 7—7 and
Fig 3-7-8 respectively.

. Considering the discharge allocation for the. various design floods;_

the required reservoir capacities corresponding to the design capacities o

of river channel were pursued and their results .are as follows.-

Combined case -

Design - Outflow from Reservoir: Required

Design discharge reservoir plus high reservoir l-Remerks
flood - of river -discharge of water capacity : RN
*.channel °  ‘Karail River - -  level - : o
(m¥/s)  (m¥fs)  (m¥/&) - (m) (105 m 3y
(1) 800 600 590 O 80.50" 12,50
~(2) 1,000 600 © 590 oo 83.20 .20.40
(3) 1,000 800 © 790 - o 181,00 14,000 - . -
(4) 1,200 600 - 671600 83,50  21.00 - Beyond the -
' EERREET R o . reservolr
S o o control
{(5) 1,200 800 . 790 - 82.60 18.50 - =

(6) 1,200 1,000 - 9% 81,20 - 14.50
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(4) Appurtenant Works.
(1) Spillway and outlet pipe.

Design flood for spillway and outlet pipes. is indicated in the
following table.

" Place " Flood _Deéi n fiood _ Remarks
(m3/s) (m®/s) ' '

Bandar-Tiga 1,200 (100%) 1,600  design flood of Bandar-Tiga
past maximum flood x 2
800 x 2 = 1,600 m 3/s.

Buaya daw site 852 (71%) 1;136 de51gn flood at Buaya dam site
. = 1,600 x 0.71 = 1,136 m3/s

nn

Regervoir high-water levels corrESponding to various floods are
as follows:

Flood peak Reservoir high
at dam site water level
(m3/s) (m)
559 : _ B82.55
706 o 83.35
852 o 83.50

1,136 - - 83.80°

Should the flood peak is continued abnormally for long time,
~'then, the reservoir water level would be EL. ;84,20 m, in this case,
the capacity check is made as follows: (see Fig.3-7-4)

. evacuation from outlet pipes O = 435 m3/s
, evacuation from spillway __Q2 = 740 m3/s :
Q=0 + Q2'— 1,175 m3/s > 1, 136 md/s 0.

_(il) Temporary diversion channel

Design flood for temporary diversion channel during dam construc—
“tion works is estimated based on the past maximum flood of 800 m3/s,
and thus, the design flood at the Buaya dam site is calculated as
follows: : ‘ : o : — : :

7 800 m3/s é[700‘m3/s + ldo'm3/s
where, - ' ' B ' : - _ :
¢ "800 m3/s: past maximum flood of Ular Riﬁer:
700 m3/s: flood discharge

iOO m3/sg_basic diéchargé
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~ then, the design flood at Buaya dam site is

Q = 700 m®/s x 43.4% x 1.50 + 100 m>/s x 43.4%
= 455,70 + 43,40
= 499,10
= 500 m’/s

Capacity check for diversion channel is as follows.
‘Semi-circle section with the diameter of 8 m is glven.

Q=A-V=A -_32/3 R

n
where _
Q= 500 m3/s
A = 0.8715 D2
n = 0.015
1=1/150
here,
- 12 2 5 44
R - 0.3sy 02/5 = 0.4352 x 4 = 1.74
- 0.8715 D =.0.8715 x 64 = 55.78
then, - Q = 55.78 x 1.74 x 5.442 = 528 m3/s > 500 n¥/s - O.K.

3.7.5. General Plan.

Regarding to the general plan, we are intending herewith to explain
on the maximum scale of dam as an instance since serveral heights of dam
can be conbldered for the purpose of flood control.

(L) Main Dam.

_ Main dam is planned to dam up the Buaya river at the site locating

about 5,60 km upstream from the confluence of the Buaya and Karal rivers
with a catchment area of 44 km2 and to create a reservoir with a gross
Lapacity of 27, 500 000 m. :

. Concrete gravity-type dam with a maximum height of 22,50 m and a
volume of 52,000 m> 1is planned at the proposed site. The dam is di-
vided into 3 parts - left side non-overflow section of 40 m, overflow
section 200 m at the central part and right side non-overflow section
of 10 m - and the crest length is as long as 250 m (see Fig.3-7-9).

(2) Secondary Dam.

”Fillftype dam with a maximum height of 15 m and a volume of
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60,000 m3 is planned at the gouge shaped portion locating on the

northern part of the main dam site with a direct distance of 1.50 km
(see Fig.3-7-9).

(3) Spillway.

‘Spillway with a creast length of 200 m is provided at the central
part -of dam se as to enable téevdcuate a reservoir water during the
flood season. The crest of spillway consists of 2 parts - lower crest
of EL. 82.50 m on both sides and higher crest of EL. 83.00 m at the
center —, and a spilled out water is evacuated toward the downstream
through a plunge pool provided at the dam toe (see Fig.3-7-9).-

(4) Outlet Pipe

2 outlet pipes with -a diameter of 3 m are provided at the eleva-
tion of 73,00 m in the dam body, The outlet pipes are planned as a
preventive measures su as to maintain a reservolr capacity as much as -
possible, in other words, an inflow at the Buaya dam can be evacuated
to some extent thruugh outlet pipes during the initial stage of flood,
thus, the reservolr water level can be withheld, and as a result, the

reservoir will be maintained with a competent capacity.for the flood
peak (seve Fig. 3-7-9).

'(5) Temporary D1ver51on Channel,

For. the purpose of reducing the construction cost, a diversion
channel is provided temporarily in the dam body (Block No.10). The
diversion channel with a diameter of 8 m - bem1~girLlL section —_wlll
be plugged finally after it served the purpose. - Prior to the plugging
work, the river flow shall be’ shut with a stoplog to be equ1pped at
-the 1nlet portlon :

S 3.7.6.0 Estimatlon of Coﬁstfubtion Cost.,
(1) Constrhciion Cdst,'

Construc tion Costs_for-G.cases'are indicated in table 3=7-1,

- Table 3-7-1 (1) Construction Cost

Case Design Design ~Over Reser- Requir- Eleva~ Const— Remarks:

flood disch~ flow . voir - ‘ed re- ~ tion. ruction
-  arge of reser- high . servo- of dam cost.
~.river  wvoir + water ir ca-. top
channel : disch- level “pacity
- . arge.of : e
Karai

river
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(m3/8)  (m3/s)  (m¥/s)-

(10%m3) ()

(10°Rp)

(m)
1 800 600 590 80.50  12.50 82.00 2,327
2 1,000 600 590 83,20 ~ 20.00 B4.70 2,695
31,000 . 800 790 81.00  14.00 82.50 2,410
4 1,200 600 671  83.50  21.00 85.00 = 2,712
5 1,200 800 790 82.60 18,50 84.10 - 2,631
6 -~ 1,200 1,000 - 990  81.20 o

14,50 82.70. 2,445

Among the above construction costs, the costs of-(l);.(4).and
(5} were calculated in detail as indicated in the following tables,® -
and the costs of (2), (3)_and (6) were gotten from height-cost curve.

Table'3~7¥l_(2). Estimated Construction Cost {dam top: EL 82 m) Case 1

_Curreﬁcy Equivalent -: US$=415Rp

Descrip- Cost Foreign Local
Item tion currency currency _Remarks
o (10%Rp) . (SU$Y  (10%Rp)

1. Direct o o L
(1)Land and Right 38,000 0 38,000
(2) Dam  civil work 1,027,000 148,000 965,580 /L
(3)Coﬁéttucfion I B ' s o .

equipment 452,000 1,062,000 11,270 /2
Sub-total 1,517,000 1,210,000 1,014,850

II. Indirect Cost - T S

(1)Engineering & - ' o o ' e -
Administration 20 % 303,400 220,000 212,100
(2)Construction" ' ' L o .' 3 ._'_ o :
Facilities 118,400 10,800 - 113,918
Sub-total 421,800 230,800 326,018 .
I1T. Contingencies' . _ o . _ 1 : e :  :
(1)For Direct Cost 20 % 303,400 242,000 - 202,970
(2)For Indirect Cost 20 % 84,360 . 46,160 - 65,203
Sub—total a 187,760 - 288,160 268,173
1V. Construction Cost 2,326,560 l;&OQ,QQl

(I + IL + III)

1,728,960

/1 & Table 3-7-1°(9)

: 12 }1Dépreciationuand_iniéﬁd trans—.

.~ portation cost. - .
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Reference:

Amortization of initial ipvestment + Malntenance
and Administration .

108,082 x 103 + 3,135 x 103

113,217 x 103 Rp

Annual Cost

"

/1: Table 3-7-2 (5). -

“i2: bepreciation and inland transportation coSt,

-~ Reference: Estimated Annual’ Cost {dam top: EL 82 m) Case 1.

(1) Amortization of initial investment.

Initial fi/ Amortization
1 tem investment cr _
(Rp) ' (Rp)
Foreign currency 717,518,400  0.0634 45,490,666
Local currency 1,609,041,600 0.0389 62,591,718
Total 2,326,560,000 . 108,082,384
| i ()" |

il

k) 1:'(_‘r = capital recovery factor = ————w———
where 1 : interest rate for F.C. = 6 %
' ‘interest rate for L.C. =.3%

A 1 service life of dam = 50 years

':then' o _ .
L o . 1.,10496
for Fore;gn gurrengy ) fcr _—I7TZE€f_i_:Q'O§3A
for Local Currency  F_ =—2E322E - 0.0389

er - 3.384

l(z) Maintenance and Adm1n15trat1on LOSt

1§

Construction Cost of dam X 0 5 A
1,027,000,000 Rp x 0.005
5,135 OOO'Rp '

o

-

Annbal Cost =, (1) + (2) 113 217 x 103 Rp
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Table 3~7-1 (3) Estimated Construction Cost (dam top: EL 85‘m)'Case 4

Currenéy Equivalént : USS = 415 Rp
Descrip- Cost Foreign Local
Ttem . tion currency = currency Remarks
- (103Rp)  (US$) (103Rrp)
I. Direct Cost
{1)Land and Right 45,000 0 45,000
(2) Dam civil work 1,227,000 148,000 1,165,580 /1
{3)Construction ' _ o } .
equipment 501,735 1,179,000 12,450 /2
Sub-total 1,773,735 1,327,000 1,223,030
II. Indirect Cost
{1)Engineering & : . ' ; -
Administration 20 % 354,745 256,400 248,339
(2)Construction B _ - '
Facilities 131,565 10,800 127,083 /3
Sub-total 486,310 267,200 375,422
I1l. Contingencies . . : _ .
(1)For direct cost 20 % 354,747 265,400 . 244,606
(2)For indirect cost 20 % . 97,262 53,440 - 75,084
Sub-total 452,009 | 318,840 319,690
IV. Construction Cost : R S _ ' f‘ o
(I.+ IT + III) 2,712,054 1,913,040 1,918,142

Reference:

Annual- Cost = Amortization of initial
o - and Administration cost

= 124,950 % 103 4+ 6,135 x 103

= 131,085 x 103.Rp. -

/1t Table 3-7-1 (6}

/2

/3 t Table 3-7-1(8)

~investment + Maintenance

Depreciatioﬁ“and inland tranéportatidn_cdst, Table‘3—7—i (7
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Reference: Estimated Annual Cost (dam top: EL 85-m) Case 4.

Annual cost = Amortization of initial investment + Maintenance
and Administration cost

(1) Amortization of initial investment.

. ¥*
Initial fé% Annual cost :
Item - investment . . : Remarks
(Rp) ' - (Rp)

Foreign currency 793,911,600 0.0634 50,333,995 US$-415Rp
Local currency - 1,918,142,400 0.0389 74,615,739 '

‘Total 2,712,054,000 ' 124,949,734
i ()"
*) oz f-r = capital recovery factor-=-——————l———5
T (1+i)8 - 1
where,. _ . o
i : interest rate for F.C. = 6 %
interest rate for L.C. = 3 7
n - service life of dam = 50 years
S 1,10496
_th?nf.for fqre;gn LUKIEéLy. fcr “17.416 0.06;4.
for local currency -0.13132 0.0339 -

cr ~ 3.384

(Z) Maintenance and Adm1n15trat1on cost

It

Construction coat of dam x O 5 %
1,227,000,000 x 0.005
6,135,000 Rp

W+ @

124, 950 x 103 + 6, 155 % 103
131 085 x 103 Rp

- Annual cost

[}
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Table 3-7-1 (4)_ Estimated Construction Cos;,(dam top: EL 84~m) Case 5 .

TR

Cﬁrréngy'Equivalent US$=415. Rp

_ Descrip- Cost Foreign Local
Ttem *tion _ currency currency Remarks
- (1038p) - (us$) (103Rp) -
I. Direct Cost . 7 |
(1)Land and Right 45,000 0 45,000
(2) Dam . civil works 1,171,000 148,000 1,109,580. /1
(3)Construction . C '
© equipment 501,735 1,179,000 12,450 /2
Sub~total 1,717,735 1,327,000 1,167,030
II. Iﬁdirect Cost
(1)Engineering &
- Administration 20 % 343,500 280,400 240,414
(2)Construction o . ‘
Facilities 131,565 10,800 = 127,083 /3
Sub-total 475,065 259,200 367,497
I1I. Contingencies S L : o
(1)For direct cost 20 % 343,547 265,400 233,406'
(2)For indirect cost 20 4 95,013 51,840 . 73,499
 Sub-total = 438,560 317,240 . 306,905
1v. Construétioh'CUSt . A | :; . 
(1411 + 11D 2,631,360 1,903,440 1,841,432 -

Reference:

LI}

Arnual Cost

/1: Table 3-7-1
[2: Table 3-7-1
/3: Table 3-7-1

Amortization of initial

“and Administration Cost
121,713 x 10% + 5,855 x 103
127,568 x 103 Rp -

9y
-
(8)

investment + Maintenance
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Table 3-7-1 (5) Dam (dam top: EL 82 m) Case 1

.Cﬁrrehcy'Equivalen:'US$=415Rp

Total

. o ‘Unit Cost Foreign Local
Work Item Unit Quantity  cost currency currency
- ' (Rp)  (103Rp)  (US$)  (10°Rp)
Clearing and stripping m¢ 60,000 20 1,200 0 1,200
Excavation.opeh, common m3 138,500 400 55,400 0 55,400
Excavation open, rock m3 9,500 1,500 14,250 0 14,250
Embankment, 2ndary dam m3 47,000 750 35,250 0 135,250
Embankment, .coffer dam m3 70,000 580 40,600 0 40,600
Grouting dam foundation m 5,000 12,000 60,000 0 60,000
Concrete md 42,600 14,000 596,400 0 596,400
Reinforcement bar ton 170 180,000 30,600 O 30,600
Outlet pipe ton 20 913,000 . 18,260 40,000 1,660
Stop-log " ton 40 1,245,000 ~ 49,800 108,000 4,980
Misc work L.S. : 83,240 0 83,240
Construction faci1ities -L.S. .. 42,000 0. 42,000.
| Total SRR 11,027,000 148,000 965,580
. Table 3-7-1(6)  Dam (dam top: EE 85 m) Case 4
o | .Currency.Equiﬁaléht US$-415Rp
SR Co ~ Unit - Cost  Foreign Local
Work Item . Unlt Quantity . cost’ : currency currency
N . (Rp) _ (10%Rp) ~ (US$) (103Rp)
 Cledring and ‘stripping m? '60,000' 20 1,200 .. 0 . 1,200_
Excavation open, common.  m3 170,000 400 68,000 0 68,000
| Excavation apen, rock n? . 12,000 1,500 18,000 . 0 18,000
Embankment, secondary dam m3 60,000 750 45,000 O 45,000
Embarkment, coffer dam - m3 70,000 580 - 40,600 0. 40,600
Grouting dam foundation m _6;000 12,000 72,000 0 72,000
 Concrete o ‘m3 52,000 14,000 728,000 0 728,000
_Réinfofcement.baf _ ton . 200 180;60Q ' 36;000‘: 0 36,000
“Outlet pipe ton 20 913,000 18,260 40,000 1,660
‘Stop-log ton” 40 1,245,000 49,800 108,000 4,980
Mise. work o 1.5. | 100,140 - 0 100,140
Construction facilities —L.S. 50,000 0 50,000

1,227,000 148,000 1,165 580



108

Table 3-7-1 (7)

Estimated Construction Machinery and Equipment

Unit price

Amount

Item Capacity -Quaﬁtity (Us$) - (US$) . _Remarks“
1. Gravel plant 50ton/hr L S. 500,000
2. Batching plant Imimixer BSet;' ' L S. _ 150,000
3. Cable crane 4.50 ton 2 230,000 460,000
4. Diesel generator 60 KVA 10 12,000 120,000
5. Compressor 125 KW 4 18,000 72,000
6. Bulldozer D7 class 6 80,000 480,000
7. Power shovel 2 w3 2 200,000 400,000
8. Tractor shovel 2 m3 4 50,000- 200,000
9. Dump truck 15 ton 10 46,000 . 460,000
"10. Dump truck 10 ton 15 23,000 - 345;00°
11. Truck 6 ton 10 12,000 120,000
12. ‘Truck crane 20 ton 1 100,000 . 100,000
13. Grader 8 ton 1 30,000 30,000
14, Trailer _ 30 ton 1 60,000 60,000
15. Boring machine 15,8 3 12,000 . - 36,000
16. Grout mixer with‘peﬁp3 lOIP.S: L2 '110;000 '  _20,00b_
17. Concreee.pump __30'm3[hfe'. 1 57,000_ ‘ 57’000l
18. Truck mixer - 3w '3 20,000 60,000
19. Road roller 10 “ton 1 . 22,000 22,000
20. Portable air compressor 110 P.5 1 _15,000e ._lS;OOO
21. Fuel truck & grense car 2 ‘IIS,OOb L 36,000 S
22. Other equipment - o : 187,006 :.52_11
Total ~3,930,000° CIF .

Yearly deprec1ation of equipment durlng 2 years construction period

(service 1life is 6 years)

LI

Inland transportation cost

o

3 930,000 = 383,000 (residual)
6 K

1,179,000 US$

'30.US$ x 1,000 ton
30,000 US$
12,450 x 103Rp
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_Estimated Construction Facilities

Currency Equivalent US$=415Rp

Item ' . Unit

Quantity

Unit  Amount . Foreign Local
cost ' ' CULYEncy currency

1. Installation of .
gravel plant L.S.

2. Installation of S
batching plant L.S.

3, Installation of _
cable crane "L.S.

4. Permanent access

road - - 'm

5. Improvement of -
existing road ~L.S.

6. Field office : w2
7. Service facilities L.S.

8. Engineering
equipment . L.5.

9. Vehicle
- Total

500 15

(Rp)  (10%Rp) - (US$)  (103Rp)

0 20,750

20,750
6,225 0 6,225
19,090 0 19,090
1,000 20,000 20,000 0 20,000
30,000 0 30,000
,000 7,500 0 7,500
3,000 0 . 3,000
5,000 10,800 518
20,000 ~ 0 20,000

i-. Table 3-7-1 (9)

~Dam (dam-fopi EL -84 m) Case 5

131,565 © 10,800 127,083

Cﬁfrency Equivaleﬁt.US$-415Rp ,

Foreign - Local

' B _ . Unit ~ Cost. -
Work Item . Unit Quantity cost ' . currency currency -

' | (Rp) . (10%Rp)  (US$)  (10%Rp)

1. Clearing and stripping m? 60,000 - 20 - 1,200 0 1,200

© 2. Excavation open, common ~ m3 164,000 - 400 65,840 0 65,840
3. Excavation open, rock . m3 11,400 1,500 17,100 0 17,100
4. Embankment, secondary dam  m® 60,000 750 45,000 O 45,000
5. Embankment; coffer dams - - - m3 70,000 580 40,600 0 40,600
6. Grouting dam foundation _  m 6,000 12,000 72,000 0 72,000
7. Conerete - ... ‘w3 48,700 14,000 681,800 = .0 - 681,800
8. Reinforcement bar ton 200 180,000 36,000 0 . 36,000
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9. Outlet pipe ©ton 20 913,000 18,260 40,000 1,660

10. Step-leg ton - 40 1,245,000 49,800 108,000 4,980
11. Misc. work - L.s. ' 95,900 - 0 95,900
12. Construction facilities L.S. 47,500 0 47,500

Total | e 1,171,000 148,000 1,109,580

(2) Construetion Plan.
(1) Preparation works.

Prior to the start of main construction works the existing road
between Lubuk-Pakam and Sungai Karail shall be improved to some;extent so
as to facilitate the transportation of construction equipment and

"materials, and the existing bridge 1ocated neary Lembah Sari shall be -
reinforced by an appropriate means.

At access road from SungaiKaraito the right abutment of Buaya
dam site shall be constructed newly, and the 1ength of this acces road
is estimated to be as long as 1 km. - -

Right bank area of the dam site is forming a wide flat land,
accordingly, this area is expected to be a site-proposed for base. camps.

Installation of diesel plant, gravel plant, batching plant'and
cable crane shall be carried out in advance of the main conatruction-
works.

These preparation works will require some 6 months, therefore, the
preparation works shall be started from September of ‘the first year so
as to enable to start a coffering work from the beginning of. dry season
(March of the 2nd year) : :

.:(il) Main construction work51
~ a, Main dam._
" First stage coffering - one-half of the river course — will be
executed in the right-side area, and after completion of excavation and

foundation grouting works therein, the placing of dam concrete will
f1rstly be carried out up to the elevation of 78 m on the lowest block

Following to the above construction ‘works; the second stage coffer

ing - left side of the river course - will be executed and- from this .
stage, the river discharge is diverted into the temporary diversion
channel provided through dam body. -Thus, -the execavation, foundation .
grouting and concrete works will be carried out in the left side ared.
In this area, the placing of dam concrete will be carried out up to the

.elevation of 78 m.on the lowest block, and from that time, the concrete

" placing will finally ‘be performed up to the final 1ift covering all
blocks. . : .
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After completion of all concrete works and of clearing the re-
servolr area, the inlet of temporary diversion channel will be shut
with stop~log, and then, the portion of diversion channel which belongs
- to dam body will be plugged with concrete. .

Drilling work for the consolidation grouting ‘will be made with
wagon—-type drilling machine, and for the. curtain grouting, the drilling
shall be made with boring machine., As for the work sequence, the con-
solidation grouting is made in advance of the curtain grouting. -

-Regarding to the concrete placing the preferable height of one
1ift and cycle time are 1.50 m and 4 days respectively, and the con-
crete placing shall be carried out in principle with cable crane.

b. Secondary dam.

Fill~type which involves core zone, filter zone and shell zone is-
proposed for the secondary dam. The embankment of secondary dam shall
be executed during the dry season. After completion of excavation and
foundation grouting works, the embankment work shall be made maintain-
ing the core zone in higher elevation than other zones so as to protect
the core zone from muddy condition due to rainfall,

‘Besides, the bronn coloured clayey soll observed.on both banks of
the seoondary dam site is expected to be avallable for the core zome.

(3) Construction Program.

After the preparatlon works, the expected construction program for
_ the main construction works will be as follows,
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1st year
2nd year o . - 2nd year o C -3rd year.

| Sep.-Feb. Har.!Apr.lMay June| July| Aug.} Sep. Oct. Nov.| Dec.| Jan.| Feb.
Rt P i S Sheat-A Mty Son4 Pt S PRy IR b Ao I

Preparation work

i

| i
Main dam ' ' o

I

. !

Coffering : : e i

|

Excavation . | —

Grouting

Concrete

Plugging

‘Secondary dam | _ @

Excavation

Grouting

Embankment

Reservoir filling ' ol R -

As will be seen in the above time schedule, the required construe-
- tion pericd for the Buaya dam will be 17 months including the preparation
works. And the construction costs for each fiscal year are estimated as
below. ' - - : S : . T

. Construction =~ Cost for =~ Cost for

Case ‘  Cost ' lst year 2nd year
- (108 Rp) (105 Rp) (10° Rp)
a 2,327 . 746 1,581
(2) 2,695 835 1,860
(3 | 2,410 . . 770 . 1,639
4y  2,712° 840 . 1,872
(5 - 2,631 816 1,815

- (6) 2,445 782 1,663
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. 3.7.7. Potentiality of Exploitation of Water Resources by Dam.

_ In connection with the study of flood control by Buaya Dam, another
“study was made on the potentiality of exploitation of water resources

by the dam represented by electric power production. Because, on other
utility of water such as drinking water and industrial water, it is
‘recommendable to make a study on another occasion together with a
synthetic planning of regional- development.

The present study on electric power production was made with
regard to two cases. One is a case that electric power will be pro-
duced by use of the-dam mentioned in the previous paragraphs, and
the ‘other one is a case that another dam for exclusive use for elec—
tric power production is planned at the same site as the former one.

(1) Potentiality of Electric Power Production by Buaya Dam Planned
in the Previous Paragraphs.

. Calculation of power production was made based on the monthly
discharges at Buaya Dam site converted from those at Pulo-Tagor
observed for three years from January 1972 to December 1974. The
results are shown in Table 3-7-2, which gives only 6,500,000 kwh of
" annual power production with an installed capacity of 1,500 kw due to
small reservoir capacity and low head. Accordingly, this dam seems
to be unfeasible for producing electric power,

- (2) Potentiality of Electric Power: Production by -an Execlusive Dam.

_ . dam to be ‘used exclusively for electric power production was’

- assumed at the same site as Buaya Dam mentioned: previously and cal-

" culation was: made of annual electric power productiom, construction -
cost and energy cost. The result gives 43 mills/kwh for annual '
. average energy and 81 mills/kwh for annual firm energy, which seem

to be too high- from the economical viewpoint

N EY Layout of dam, spillway and power station

Resulted from the construction cost comparison made -on two dam-
types-concrete dam andfill-type dam - the concrete dam with overflow
section was justified to be superior to the fill-type dam, thus, the '
Buaya power station was planned to have a concrete dam.

'"(See. Fig.3- 7 7 Buaya Dam and Power Station)

Buaya- dam will be designed as-a’ gravity type concrete dam with
_an effective.storage capacity of 21 x 105 m? and a- top height of EL~
85 m.- For the purpose of reducing the ‘constructin cost, a diversion
‘channel ‘is provided temporarily in the dam body and after the diver-
sion channel served the purpose, the upper- half section of the
.channel is’ utilized as . a headrace. :

_ Three (3) spillways - left side spillway, gated spillway at the-
:central ‘part and right side spillway - are planned to evacuate a =

- flood’ discharge of 1136 m3/s at the reservoir water level of 84.30 m.

.- and the location of power house is proposed at the downstream side
fidam ‘toe. s
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Table 3-7-2 Annual Electric Power Production

W @ (3 W)

Year Month Hours Discharge Net Toad Monthly k.w.h.
head factor = 8. 46x(1)x(2)x(3)x(4)

(m) " (m)
1972 1 74 . 23.2 5.30 0.70 541,758
2 69 - 22.7  5.30 0.70 495,883
3 744 21.1 5.20  0.70 483,423
4 720 26,7  5.40  0.70 - 568,711
5 744 26,7 5.0  0.70 587,668
6 720  21.9  5.25  0.70 490,235
7 74k - 16,2  5.10 0.70 364,021
8§ 74  14.5  5.00 0.70 319,433
9 720 18.5 5.15 0.70 406,237
10 744 23.4  5.30 0.70 546,428
11 720 28,1 5.40 0,70 646,955
12 744 27.0  5.40 0.70 642,390
(Sub-total) . = S . (6,093,182)
1 744 25.6 5.35  0.70 603,441 -
2 672 - 18.0 5.15  0.70 - 368,907
3 744 224 5.30 0.70 523,077
5720 25.3 5.35 0.70 577,132
5744 23.0  5.30 0.70 537,087
6 720 245 5.0 0,70 . 564,106
7 744 21.0  5.20 0,70 - 481,132
8 74 20,5 5.20 0.70 - 469,676
9 720 224+ 5.30 0.70. 506,203
10 74k 26,3 5.35  0.70. . 619,942
11 720 25.5  5.35 0.70 . 581,694
12 744 30,0 5.70 0,70 . 753,421

(Sub-total . o (6,585,818)
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(1) (2) - (3 (&)

S : - Wet - Load Monthly k.w.h.
Year Month Hours Discharge head factor = 8.46x(1)x(2)x(3)x(4)

(m3) (m)
1974 1 . 746 30.0 . 5,55 0.70 733,59
2 672 30.0 5.5 0.70 656,631
3 744 20,7 5.20 0.70 . 474,258
4 720 20.9 5.20  0.70 463,394
5 744 21.0 5.20 0.70 . 481,132
6 720 . 19.6 5,20 0.70 434,571
7 7S --19.9°  5.20 0.70 455,930
8 7hk4 20.2 5.20  0.70 462,803
9 720  28.4° 5.400 0.70 . . 653,903
T 10 744 26.5  5.35  0.70 642,656
11 7200 27.3 - 5.0 - 0.70 628,575
12 744 21,3 5.20 0.70 488,005
(Sub-total) g | (6,577,452)
Meen aﬁnual electric pdwer-production.e';24g§§1£§g = 6,412,151

T

Cel e . 6,400,000 kwh/year
' Installed capac1ty (kw) 9.8 0-H- Y. ' L
where 0- discharge (m3)
' H: net head (m)
'y. Combined efficiency of turblne and generator

Q, H ehd: are estimated to be 30 m - 5 50 m and 0.86 respectively,
then L

Installed capac1ty-= 9,8 x'30 x.5.50 x 0.86
; o=.1,390 ' N '
z 1,4

9 : :
00 kw (llunit x 1,400 kw)

(il) Power station and electric power productlon

The power station w1ll be designed for normal effective head of
'12 m, available reservoir draw down of 10.50 m and maximum power _
discharge of 30 md/s One vertical shaft Kaplan turbine of 3,000 kw
‘and one generator of 3 300 KVA will’ be installed in the power house
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Reservoir operation rule of Buaya dam was made based on the
monthly discharges at Buaya damsite converted from the monthly dis-
cliarges at Pulo-Tagor observed during 3 years (Jan 1972 - Dec. 1974)
as figured on the Fig.3-7-8. : . :

Annual average energy and firm energy to be produced at the
-power station will be 14.50 Gwh and 7.70 Guh respectlvely as will be
seen in the Table 3-7-3.

(iii) Construction cost and energy cost.

. Table 3-7-4 shows the estimated construction cost and annual
energy cost of Buaya power station and Tables 3-7-5, 3-7-6 and 3-7-7
show the itemized costs for dam, power statlon and permanent equip-
ment. Overall work outlays, exclusive of transmisslon lines, are
estimated to reach 3,700 million Rp as shown in ‘Table 3-7~4

_ As for the annual cost, a service 1ife 4is 50 years and an annual
" interest rat e is assumed as 10%, then,. the ratio of the annual
‘expense to the construction cost 1s estimated 7%, thus, the energy
costs are calculated as follows:

624,000 US$
14,465,000 kwh

624,000 US$
7,689,000 kwh

Energy Cost for Annual Average =

Energy Coet for Annual Firm._ - 81

(iv) Conclusion.

In consequence of the studies mentioned as above, it is not
advisable . to construct the Buaya dam for the purpose .of electric
power supoly since the proposed dam has small storage capac1ty and
an available head 1is very low.



117

Table 3-7-3 Annual Electric Power Production.

W @ 3 W

Year Month Hours Discharge b, oot .wh. = 8.46 x(1)x(Dx()x(4)
| | @) L -
1972 1 746 23.2 14.8 0.7 8.46 x 178,822 = 1,513,000
2 696  23.2 144 0.7  B8.46 x 162,764 = 1,377,000
3. 744 23.2 124 0.7 B.46 x 149,824 = 1,268,000
4 720 23.2  13.8 0.7 8.46 x 161,361 = 1,365,000
5 44 23.2 15.1 0.7 8.46 x 182,447 = 1,544,000
6 720- _25;2 14.2 0.7  8.46 x 166,038 = 1,405,000
7 744 18,0 12,4 0.8  B.46 x 132,849 = 1,124,000
8 . 744 18.0 .2 0.8 8.46x 77,138 = 653,000
o 720  18.0 8.3 0.8 8.46 x 86,054 = 728,000
10 744 23,2 8.6 0.8 8,46 x 118,754 = 1,005,000
11 720 25.0 12,4 0.7 B8.46 x 156,240 = 1,322,000
12 744 . 25.0 4.4 0.7 8.46 x 187,488 = 1,586,000
(Sub-total) N o  (14,890,000)
1973 1 744 25.0  14.8 0.7, 8.46 x 192,696 = 1,630,000
. 2 672. 23,2 10.0 0.8 . 8.46 x 124,723 =.1,055,000
3 744 - 23.2 8.7 0.8  8.46-x 120,723 = 1,016,000
4 720 23.2  11.4 0.7  8.46 'x 133,298 = 1,128,000
5 744 23,2 111 0.7 8.46 x 134,116 =1,135,000
6 720 23,2 12.7 0.7 - B.46 x 148,499 = 1,256,000
7 744 22,0 11.4 0.7 B8.46 x 130,617 = 1,105,000
8 744 23.2 7.8 0.8  8.46 x 107,707 = 911,000
9 7200 23.2 6.0 0.8 8.46.x 80,179 = 678,000
16 744 23.2 - 11.1 0.7 . B.46 x 134,116 = 1,135,000
11 720 - 20,0 5.1 . 0.8 8.46 x 85,150 = . 721,000
12 744 3.0 151 0.6 8.46 x = 1,768,000

| 208,960
(Sub-total) R o o -~ (13,538,000)
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| W 2 3 (W -
. Year Mon;h 'Hogrs. pischarge, 2:Zd 'gzzior k.w.h. = 8.46 x(l)x(Z)x(B)x(4)
(m3) (m). - ‘ ' o
1974 1 744 31.0 8.7 0.7  8.46 x 140,460 = 1,188,000
2. 672 23.2  12.4 0.7  8.46 x 135,325 = 1,145,000
3 744 120.0  13.1 0.7  8.46 x 136,450 = 1,154,000
4 720 20.0  13.9 0.7  8.46 x 140,112 = 1,185,000
5 744 20.0  14.8 0.7 8,46 x 154,157 = 1,304,000
6 720 20.0. - 14.4 0.7  8.46 x 145,152 = 1,228,000
7 744 20.0  14.4 0.7  8.46 x 149,990 = 1,269,000
8 2446 23.2 1l.4 0.7 8.46 x 137,741 = 1,165,000
9 720 28.0 © 11.9 0.7  8.46 x 167,933 = 1,421,000
10 744 28.0  10.0 0.7  8.46 x 145,824 = 1,234,000
11 720 23.2  14.2 0.7  8.46 x 166,038 = 1,405,000
12 744 23.2  12.4 0.7  B8.46 x 149,824 = 1,268,000

(Sub-total)

Annual Avefage Energy

Annual Firm Energy

1]

.

. Instailed Capacity(kw)=

il

(14,966,000

43,394,000/3 = 14,465,000 kvh
653,000/31 x 365 =.7,689,000 kwh
9.8 Q.H.y o

9.8 x 30 x 12 x 0.86

3,000 ky- |
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Location Map of Karai

Fig.3.7 |

Dam and Ular Main Dam
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-Fig.3-7-4 Discharge Curve of Ou_’rle_f Pipe and Spillway Fig.3-7*5.CapaCi%y Curve of Buaya Reservoir
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Discharge in second-meter

‘in second-meter

Discharge

Fig.3-7-6 Flbod Control by Buaya Dam
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Discharge in second —meter

Fig.3-7-7 Flddd Control by Bu_oyd- Dam
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HWL. 83.35m : ot _ 128
1 Reservoir water level | | [ | - . ] _
R - : 1] - 8z
//
1,000 : // w0 = Case I-A
. @ _
500 . // s £ Design flood = 1,000M3/
g .
800 /,/ 5 Peak discharge
LWL - 706mYs | | | N at Buaya domsite = TO6M/s
700__73;99_?_'-—- _ - \\ Inflow ot Buaya domsite : R ™ E Peak discharge '
: N . _ _ _ . « ¢ Karai ri . e
600 S Peclsk _538.50"‘3/5 : : 72 5 of Karai river 294mys
500 | S ' Combined- discharge LA 0 8 H.W.L = EL.83.35M /s
' ; (Outflow from reservoir ' = o= m
. =L = 409N¥s LWL =EL.73.00
400 A Y% N \ i | |* Karal rwer)// \\\ - 5 Reservoir capacity: 20'%x10%m3
300 // /| 2945 ~ - *-(/- : 4 AN '\"‘--\ 8
4 F —— - 4R N -
g ™ : -1 T~
200 LY // R -\\ 1N /| | 18em¥s \\ A T 5
| _L~]Disch 7T T~ ~ ~] . g
% ischarge | ~L._ 4T _ ~d_
00 v ,// of Karoi river [~ : ' d \\ 1l |
=T -
) ___%/ —]
o
" 18 18 20 22 24 2 4 & 8 0D 12 M4 .16 I8 20 22 24 -2 4 € 8 v 2 14 6 18
Time in hours
T T T T T — T T T T |
| - Reservoir water level | Hw.L.82.20m. N : : ' A
- ~4— : = - 182 + Cose I-8B
000 L | g0 2 Design. flood : I.‘Q00m3(s o
900 [ : s : ' ' d - ‘ I 1 S I ISy Peak discharge
IR // 11 1011 | N E S Sl ' Sl e ot Buoya damsite = 538’“3_/5
800 - - Vi o e i : A 2 e
o LWL e -1 : - 10 N | S I O S A ’ ';_ _ Peak dischorge L '
700 [ =73 00Mm ] : Combined discharge- L ' ; 4L, v o of Karai river - = 462M¥%s -
. 1T | : / {Outflow - from. reservoir + Karoi river) | ‘ = B |
N | A;.‘ BH\"//- ' B LWL.=EL. 73.00M !
500 |— . - : - :' . /4 538%5\\\\ . 170 g_ . Beservoir CGPUC”)’ - |690K |06rn3 .. ..
400 : - 462M75 [N : = e
. / IR \\ \\ | 316!‘"_3_/5 N 5
. §7IRNNERRS AR NS A :
B Discharge A N ul ~——1T1 T 1T | . ! | g
. 200 : YA Lot Korai river : \\ ! lInflow at Buaya dumsite ;/ 2795 \\' . 2
T T T T S T L LA T TT T I
Ioé =] // S " AT 1 e R B E B R B s S
¥ : Sk
1618, 20 22 242 4 6° 8. W R .14 8B 20 22 24 2 4 6 8 0.2 14 18 18

Time .in . hours . -~



Discharge in -second — meter

- Discharge in second — meter
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Left Bank 'A._I o S = C __I D - Right Bank
. : : o 25000 ' .
left side.spillway . o " gated spillway. right. side spillway

10.00 ' 142.00 ' ,12.00, 16.00 58.00 12.00

' : 900, - : ‘ '

. ly 9890 . |
dam top /5 ' dumlto/
y 8'3.50 ¢ 85.00 '

.00 Temporary
Diversion Channel

o (4.00x8.00)
Section = B-B Axis o
Ayxis o Section _D-D
70.00 | T
FWL .. . | v 21.00 . -
_ 843 o HwL. 85.00 . )
L= g 83.50 . Ao & of Power house
B LWL, o |
AN _g;fioo-moo : N . ¥ 73.00
| QOV/ZZ7% NWL. g 6750
N _ 3 SN .l n |
B 5100 | 19.00. n | ([, oo STC0 1
_ L .deposn. 70.00 38.00 32.00
.Dam__Plan | - | . |
: S : _ o e ' S e : -~ Instdlled Capacity
80.00 . _ 72.00 - .~ 38.00 60.00 .. 3.000kw
: ' o o . S - : C - | Access Bridge - - : : '
R [ i .
o ' . 1‘7‘3! i
Q _ i
S| +67.00 * ] oi 73 |
: S B0
; o . 67(1] ; { +67
]
G V! o
8 ‘72.00 9-00“?0\'!% 1000
o 2| 4 61.50 R | FRA | S o to 20 30 40 50"
_lf § : | o 61.50 hou?? 61.50 L 1 1 1 1 )
: ' S
)
[
/o) 0 : _
Q =:'——=1L A
g == ig. 3-7-10
Dam_ Axis £ [ —F85 . . : Flg-' 3' :
e P R (1-:33'5'0.” T T e ('+3350 s S 7 and |
liooo o 14200 +8350 . liz00| Tepoy  *63%0 se00 | . |12.00 | Power Station




_ S - S | 132
Fig. 3-7-11 Mass Curve of Buaya Reservoir |
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3. 8 Allocation of Flood Discharge

Three kinds of measures can be taken for flood control the first
. one is river-channel improvement so. as to enable to carry the flood
discharge without construetion of dam, the second one is construction
of dam so as to enable to regulate the flood discharge without any
improvement of river-channel, and the third one is combination of the
above two. Among them, the second measure has no meaning in the pre-
sent study because start has already been made with the improvement _
work of -the lower reaches downstream from Ular Bridge at the design
discharge of 600 m3/s following the Urgent Flood Control Project and
accordingly this work must be continued as the lowest level of river-
channel improvement. Therefore, it is necessary to study the two
measures for flood control, that is, flood control by river-channel
improvement alone with regard to flood discharges larger than 600 m3/s
and flood control by the combination of flood regulation by dam and
river—channel 1mprovement for discharges larger than 600 m3/s.

For improvement of river chanmel were assumed four kinds of dis-
charges; 600 m3/s, 800 m3/s, 1,000 m3/s and 1,200 m3/s. As was
mentioned previously in Section 3.5, construction costs were estimated
for each case of the four. discharges. This is shown in Table 3-8~1,
in which, however, the invested costs for the Urgent Project, Rp 2, 643
million ‘at the 1976-prices, are not included.

Table 3-8-1 Construction Costs of River-channel Improvement

- Basic flood = Allocation. - ' Cost'at 1976~prices
discharge = - ‘ ' o (unlt. million Rp)
. 600 m3/sec. "R: 600 m3/sec - '2 651
700 m3/sec . R: 700 m3/sec _ _ 02,910
_ 800 m3/sec .. " R: 800 m3/sec . .. 3,170
. 1 000.m3/sec ~ ~  -R: 1,000 m3/sec o 4by132
T, 200 m3/sec o R:t1,200 m3/sec” . 5,251

Note' 'R means river ‘channel. Cost for 700 m3/s was estimated
by averaging 600 m3/s and 800 m3/s..

For. flood control by the combination of dam and river-channel
‘improvement were assumed such allocation of’ discharges to dam. and
river-channel as ‘given in Table 3- 8~2, in which the basic flood _
discharge means the peak discharge of .a basic: hydrograph to be con-_"
sidered at ‘the base point, Serbajadi Bridge, without regulation by..

* dam, and the: item of allocation means  the discharges to. be- allocated
to river-channel and dam respectively. '8$ix kinds of alloecation of
fflood discharges are thus considered as shown in the table:

The combined construction costs of dam and river—channel improve—
. ment were calculated based on the estimation of construction costs of
‘_pdams as.was deacribed previously in Section 3. 7 and the construction
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costs of river-channel improvement works as, was given in Table 3-8- 1 :
_These are given in Table 3-8-2, '

Table 3-8-2 Combined Construction Cosrsfof'Dam'and River:Impro#ement'.

Basic flood © Allocation . Cost at 1976-prices “Total
discharge . " (unit: million Rp) C :
: " R:600 m3/sec ‘R12,651 ' '
3 B
800 m3/sec D:200 ™ | D:2.327 | 4,97?
: o . R:600 " R:2,651 S
1’009 ' - D:400 ¢ _ D:2,695 5’346_
< w7 R:8OO M . ~ R:3,170 c ig
1,000 - pi200 M | D:2,410 3,080
1,200 " R:600 " |
? o _ D Beyond the control by one reservoir
o R:700 " - 'R:2,910 - B
1,200 . Disgp ™ D:2,712 5,622
' " R:800 " © R:3,170 -
1,200 D:400 " : D.2:631 5,§01
" © R:1,000 " R:4,132 g
1,200 - : © p: 200 " s 6,577

2,445

"Note: 'R means river channel and D means dam.

Comparing. the constructlon casts glven in Table 3-8—1 with those;
given in Table 3-8-2, it is found that the costs of flood control- are
‘cheaper by river-channel improvement alone than .by combination of dam

~and river-chamnel improvement in any case of the four kinds of - flood
discharges. Therefore, without any allocatlon of flood’ discharge to
dam, river-channel improvement must.be taken as the most “economical .-
'measure for flood control. Table 3-8-3 shows the dec1ded allocation
of flood discharges topether with the constructlon costs of flood

" control by basic flood dlscharges._'- : :

Table 3-8 3 Discharge Allocatlon and. Construction Costs
for Flood Control by Ba51c Flood Discharges

Basic flood .-Discharge allocation' | . Cost at 1976~prioes_}}.'

discharge S - - : - (unit.million Rp)
: ‘R - . D. ... R . ..D- . Total ..
600 m3/se = 600 .0 2,651 - 0. -.-2,651
goo - " : BOO. (] 3,170 0 3,170
1,000 n : 1,000 0 4,132 0 0+ 45132
1,200 " - 1 200_ _‘0 5,251 0.7 5,251 1.

Note: ' R means river channel and D means dam."'
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Which basic flood discharge shall be selected for the overall
‘plan from amont the above four kinds of flood discharges 1s the next
problem. It will be studed later from the standpoint of economic
benefits. The yearly construction costs of the flood control works
will be allotted as already shown in Table 3-5-3 of the paragraph 3-5-4.
In this table too, no invested costs of the Urgent Project are included.

3, 9. Flood Damages

3.9.1. General,

The basin of the Ular River stretches over both Deli Serdang and
Simalungun Kabupaten in North Sumatra Province, and the Ular River has
been supplying water to irrigate the paddy field situated in the doym-
stream from Galang, while the plain area in the downstream has suffered
from seasonal floods of the Ular River every year.

Among dameges caused by such floods, damsges to public facilities
are recorded on main floods, which occurred in September 1954, Decem-
 ber 1973, October 1969 and January 1973. However, as no data were.
available on the damages to houses, household effects, -agricultural
products, etc., field survey was carried out concerning properties of
houses and household effects and railway and road transportations by
hearing from people, in addition to data on. inundation depth and its
duration time which were surveyed in the Feasibility. Study of the

-Urgent Flood Control Project, 1971 (hereinafter referred to as the
UFCP in this’ Section) ) :

. The items of flood damages to be estimated in the present study
con51st of public. fecilitles, properties of houses and household
effects, agricultural crops, estate facilities of oil palm and rubber,
‘passenger. and cargo’ transportations and. suspension of business., The
agricultural crops include paddy, oil palm, rubber and such upland
crops as maize, cassava, sweet potatos, peanuts and goya. beans.

At first, the damages caused by the four £loods mentioned ebove
were estimated, and then flood damages to- be caused by four discharges
of 600 m3/s, 800 m¥/s, 1,000 m3/s and 1,200 m3/s respectively were -
estimated based on . the said four kinds of flood damages. These amounts
of demages will be given as benefits to be accrued from the river im~
provement works when they were executed.

B 3 9 2 Flood Damages in the Past..

The flood record of the PU informs that there .accured frequent
floods by the Ular River almost every year ‘causing huge damages to
inhabitants in the middle and lower areas of the Ular. From among these
- floods, the four big floods mentioned in the previous paragraph were.

chogen and. ‘the damages caused by them were estimated.for the economic
'analysis. u :

_ _ Inundated area and depth of the three flood except the 1973~
Jan—flood were estimated after the study in the Feasibility Study .

.. Study ‘Report. of -the UFCP and using the data obtained in this field

© BUTVEY. The results are shown in Table 3~9-1. As the flooded area
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and depth caused by the 1973-Jan~Flood could not be estimated'owihg
to lack of data, total damage of the flood was estimated by use of

the relationship between the two damages of total and: public facili- -
ties obtained from the above—mentioned three: floods ‘ :

(A) Flood in Oct.

‘Table 3-9-1 Inundated Area

1969

Unit:

ha

Inundation

Land depth - '

use

0.00

0.49

.50

0.99

1.00

1.49

1.50

1.99

over

2,00

Total

0il palm
Rubber
Paddy -
Upland crops
Others .
Total

740
260
1,920
290

1,500

4,710

500
350
1,340
160

540

2,890

200
10
870

30
560
1,670 .

430

980

360

1,770

140
0
500
0
670

1,310

2,010
- 620
5,610
480

3,630¢

'12,5So§ _

(B) Flood in Dec.

1973

8

¥

Unit: ha

Inundation

 Land .depth

use

0.00

0.49

.. 0.50

0.99

1.00

1.49

1.50

1.99.

- 2:00

over .

Total .

0il palm -
'Rﬁbbef B
Paddy -
Upland crops
Others. .
Total =

1,160

60

2,010

330
1,260

4,820

1,290

90

1,190
.60

530

3,160

380 }7'h
S0
770
30
300
‘1,490

670

1,090

310,
2,070

440
0
560
2
480

2,880

3,940
:j160 '
5,620

420

.(C}nFlood in Seﬁt.

1954

1,480

_ Inundation
Land  T—~_depth
“use - :

0.00

0.49

0,50 -

0,99

“1.00

1.49

1.50 -

1:99-

over. -

Oii}pélm
' Rubber: -
Paddy |
'UplandICroﬁs
Oﬁhers  |
_Toﬁai.

1,650
280
2,670
470 o
1,550
6,620

1,480

450
3,250
220
1,750 -
7,150

_1;080';
190
2,310

100 .
1,780
5,460

1;310°
1000
2,150
100
1,300
4,960

1,760

Low
3,380

890

i

13,020

" Total
20000 0
6,070

11,020,
12,140

: 7445951: 
127,570
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The damages to publie facilities are recorded by the PU on four
floods as shown in Table 3- 9 2.

.Table 3-9~2 Flood Damages to Public Facilities

Unit: 103 Rp
~ Sept. 1954 - Dec. 1973 Oct. 1969 Jan. 1973
Lem Quan- ~ Amount Quan- Amount Quan- Amount Quan- Amount
tity : tity tity tity
National “km o km ~ km km
road 15.6 8,200 0.5 2,700 13,2 - 71,300 0.5 1,000
Provincial Jkm m km : km o
roads 7.5 20,200 3.5 9,200 2.6 7,000 5.0 5,000
Canal km : km. - - kmo
13.0 35,100 3.0 8,100 2.0 5,400 - -
Intakes 5 27,000 3 16,200 3 16,200 1 25,000
‘Dikes km km km km
o 5.4 32,400. 0.3 - 4,100 6.2 29,700 _ 0.6 17,000
Bridges . 4 '32 400 4 32,400 4 . 32,400 1 8,100 -
Total 231 300 © 73,000 162,000 56,100

_Amounts in the table are given'at the 1976~prices.

(2) Damages to Hduses and Household Effects.

. a.-cdnditions in Estimating Démages to Hoﬁses.”'

In calculating flood damages to houses, conditions of appraise—
ment of house, rate of. damage per house and number of inundated
- houses must be agsumed,
* Table 3-9-3 on-the average of: four kecamatan (Galang, Perbaungan,
Lubuk ‘Pakam and Pantal Cermin)
-of house damages._”

Appraised values of houses are given in

These ‘were. applied to the estimation.
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. Table 3-9-3 Appraisements of Hooses'and-Hoosehold
Effects or Stored Goods

Unit: 10% Rp

Rate of house - - Appraisements
distributiorn in °

Kind of house the project area Houses. Household = Total
: _ %) i effects oxr
S stored goods
Farm . 65 250 - 175 425
Residence _ S 29.2 250 - 290 540
Shop 2.4 ' 930 1,370 2,300 °
School - 0.3 5,270 1,000 6,270
officelt 0.1 9,300 8,570 17,870
Hospital - 6.1 3,680 1,300 4,980
Factory _ 0.2 3,640 2,760 . 6,400
Mosque & Chufch | 0.5 2,560 490 3,050
Kiosk B : 2.1 100 30 130°
Total 100.0 .

o _.1;; Public office' meeting hall,'post office, bank and soouting houseT

As for the ‘rate of damage per . house, the following rates that

are usually used in Japan for ecconomic study of flood control were
applied. ‘

Water lewvel

above floor (m) . Rate of domege

0 -0.49 - o 0.037

0.50 - 0.99 . - 0.064. .. .. .
S 1.00 - 1.49" o 0.099 - o

1.50 -1.99 .. . .. 0.137

2,00 - 2.49 . . 7 0.179 .

_Source Mlnlstry of Constructlon, Japan. e

The average number of houses in the area of the above—mentioned
four Kecamatan in 1975 worked out at 0.829 houses per ha. with the

rate of ~house distribution as shown in the second column of Table
3—9 3. :

" h. Conditions in'Estiﬁating the_Daﬁages_of Household Effeets} o
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Conditions to be required in’ estimating the flood damages to
household effects or stored goods were set as follows.

Amounts shdwn'in the fourth column of Table 3-9-3 were assumed as
the appraisement of household effects or stored goods and estimated
based on the results of property survey in the project area during
the period from November to December 1976. And a distribution of
properties by heights above floor level of house was assumed on the
basis of the survey mentioned above (Table 3-9-4),

Table 3-9-4 Appraisal of Household Effects Classified -
by Height above Floor Level

Unit: %

Height above floor level
0-0.5 0-1.0° 0-1.5 0-2.0 0-2.5 0-3.0 over 3.0

Kind of house

Farm house . 65 90 95 . 98 100 100 . 100

Residence S 5% 19 89 94 99 100 100
Shop. - 38 63 77 88 96 99 1100
office, etc.f! s4 87 97 99 100 100 100

/1: Office, school, hospital, factory, mosque, church'end kiosk.

As: for the rates of dameges to househoid effects and stored; .
‘goods, the following rates. that are usually used in Japan for- economic K
study . of flood control were applied.

. ‘Rate of damage. to

Kind'of property submerged goods

(A) Household effects of ".0 ng
-residence and farm. house T
.(B) Stored goods” of -
- 'shop-and factory 0.597
(C).Properties of office,-. o o
° . - school, hogpital, mosque, . D.p32
' church and kiosk

By glving the appraisements of household effects. and stored goods,
the - damage rate of submerged goods and number of houses per ha; the
amounts of damages to ‘the household effects or stored goods can be
calculated S ‘ :
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Based on the conditlons mentioned above, the total amount of
damages to the houses and household effects or stored goods by
inundation depths are given as follows.

Damages to houses and
household effects and
stored goods per ha

Inundation depth

(m) . (103 Rp)
0.0 -0.49 955
0.50 — 0.99 0 139.7
1.00 - 1.49 . . 160.5
1.50 = 1.99 ‘ 177.6
2-00 -

2.49 - 1937

"~ The damages caused by the four past floods to such properties as
‘houses, household effects and stored goods were estimated as follows:

Flood _ » Damages to properties
' (105 Rp)

Sep. 1954 ' ' 4,043

‘Dec. 1973 . . - . 1,795

Oct. 1969 . . . . 1,690

Jan. 1973 - . .= oo 319

(3) Damage to Paddy.

In estimating the flood damage to paddy, the rate of decrease.

in yield of paddy by inundation must be given together with the price

-and yield of paddy :and the- inundated area. The price and yield of
paddy were assumed at Rp65 per kg and 3.4 ton per .ha at present
_respectlvely The inundated area was already given by floods . in

. the past (Table 3-9-1). The rate of -damage of paddy'due to the
‘inundation was estimated on the basis of data shown in Fig.3-9-1 and
Table 3-9-5, which were made based ‘on the results of field survey in’
the present study and the Feasibllity Study of the Kali Surabaya
River Improvement Project : . :

- Based on the conditions mentioned above, the rate of decrease in
yield of paddy per ha was assumed as shown below taklng into account
cropping patterns in the present paddy field

' Inundatlon depth - ) Amount'of damage;r'
(m) : . per ha (Rp)
0.0 -0.49 - .. 19,200

1 0.50 - 0.99 . 54,300 -
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-Fig. 3-9-| . Relation Between Piant Height and Feriod of Growth of Paddy
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“Table 3-9-5 Rafe of decrease in Yield of qudy_du_e to Submergence (%)

" Submergence

- 'Titlaring Stage - Booling St. Heading S, Rlbanlng S'fuqe
Depth  Durgtion O~ 7Ot day  7I~871th 884100 OI'~ I30th .
Lo .- {days}) . f0~'54'1/.:_7)‘;(55‘*87“&) (B8477%) (78~ (00%)
Cose (1) l:to 2 10 % ~~  T70% ~30% . 6%
. over 3t0 4 20 - 'BO 8O 20
Plont Height 5 10. 6 ~ .30 . 85 °0 . 30
Ul Over 7 3% ... 95 100 30
“Case (2) | to 2 6 . a0 lo - 4
75% of . 3 to 4 9. C L 46 23 ‘ 15
. Plunt.'Halqh't” 510 6" i4° 49 28 23
Over .7 16 . 55 30 23
cqs‘e'(s).lloa 4 .37 B - : 2
 50% of  3.to 4 9 42 22 S 4
Plant Heignt 5 to' 6 13 45 25 : 6
e 7' 6

Over I's - | 50 28
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(m) - o ..per'he-(ﬁp)
1.00 - 1.49 71,400
1.50 - 1.99 72,700
over 2.00 72,700

The damages to paddy by floods were estimated as follows:

- Floods Damage to paddy
(10 "Rp)

Sep. 1954 676

Dec. 1973 278

Oct, 1969 279

Jan. 1973 52

(4) Damages to Palm 0il and Rubber.

Drainage facilities of the plantations in the project area were
remarkably improved after the UFCP was executed, Therefore,. though
roots of oil palm are"not so strong agalnst water, they will scarcely
be damaged due to submergence in. the present conditions. However, it
is supposed that yields of palm oil and rubber will decrease because
production activities will be suspended during flood and for a period -
required for rehabilitation of production facilities after the: flood

subsided.  Flood damages to the oil palm and rubber plantations were
thus assumed, :

_ .Assuming that'the period to be required for rehabilitating the -
production facilities will nearly be equal to the period of the flood:

and -the productions will be made uniformaly every day, the period of
suspension of production -and the rates of decrease in yields per ha
of palm oil and rubber due to suspension of production were estimated
by inundation depths as shown below'

- Inundation depth Suspended perlod ‘Rate of decrease in yield (Rp/ha)

(m).” o -of production "Palm oil . = Rubber
- . (days) . : LS
0.0 -0.49 10 9,400 - 5,200
0.50 - 0.99 . 26 26,000 13,400 .
1.00 - 1.49 4 42,200 23,200
'1.50 - 1.99 4 60,000 33,000
2.00 ~2.49 . 80 | 75,0007 ¢ 41,200
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" In the above table,‘prices per kg and yields per ha of palm oil,
palm kernel and rubber were assumed as below in the economic costs:

Kind of crops Unit price’  Yield

(Rp/kg} (kg/ha)
Palm oil * ~ . 120 2,400
Palm kernel 90 600
Rubber 188 1,000

Accordingly, the damages caused by the four past floods to palm '
01l {including palm kernel) and rubber were estimated as follows:

Amount of damages (106 Rp)

Floods Palm oil Rubber
Sep. 1954 217 15
Dec. 1973 o132
oct. 1969 . 64
Jan. 1973 18 1

(3) Damage to Fac1lities in the Plantations.

_ Assuming that the rates of damage per ha caused by flood to such
facilities as small-size roads (except national and provincial roads) ,
canals and bridges are uniform in the inundated area, the damages to
facilities in the oil: palm and ‘rubber plantations by making use of

" the inundated area and the damages to public facilities were esti-
mated as shown ih Table 3 9~1 and 3-9-2 reSpectively. The results
are as follows° I

Damages to facilities in

Eloqu ‘the plantations (10G Rp) -
Sep. 1954 . - 30

Dec. 1973 = 23

Oct. 1969 . 12

Jan. 1973 = - 5

{6) Damages to Upland Crops.‘“

In. this section, the damages are estimated with regard to such
‘major upland crops as maize, cassava, sweat potatoes, ‘peanuts, soya.
‘beans  and small green peas. The following table shows harvested
- area, production and unit prices of- the above—mEntioned crops in
',Deli Serdang District _ :
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Kind of crops :H.arves_t.::1_1:6151'-/—-l P?oduéﬁibniz C Unit pr:l_ce-/—-3
(ha) (%) . (ton) .~ (Rp/kg)
Maize 3,055 - 23 5,904 70
Cassava 2,547 19 31,472 20
Sweet potatoes 1,213 9 - ) 15;260' - - 25
‘Peanuts 4,726 35 ' 6;069 . 250
Soya beans . - 1,272 10 1,194 200
Small green peas 515 4 ' 399 _ 200
| Total - 13,328 100 ) e

1, /2t 1975- data by North Sumatra Statistlcal Year Book Kantor
- Sensus & Statistik Propinsi Sumatera Utara

/3:- Commercial Office, North Sumatra.

~ The damage rates of submerged crops in the field were assumed
on the basis of the rates of damages which are usually used in Japan
for economic study of flood control. On the conditions mentioned
above, we estimated amount of damages per ha of crops. The results
‘are shown in the following table:: S

Inundatlon depth

(m | - .Raté'of'démage'
0.0 - 0.9 . 0.35
0.50-0.99 .0 - 0.69°

1.00 ~1.49°. . .0.85
1.50 ~1.99 - - 0,95
'.‘2.001-

_2;49f o _  0.99.

o Accordingly, amounts of damages by. the past floods were estimated
as shown below: . . .

Floods Damages to crops

(105 Rp) '
Sep. 1954 . -'115 |
pec. 1973 43
Oct.1969.: . - - 55
Jan. 1973 e

{7) Losses due to Suspension of Bu51ness Activities.v

All or a part of business activ1ties of persons and corporations'ﬂ
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in the inundated area will be suspended during the period of inun-
dation. However, it is very hard to grasp exactly the losses that
will arise from such suspension of business., In Japan, the losses

are about 6 percent of flood damages to houses and household effects
according to the statistical records or floods. In the present study,
the losses due to suspension of business were estimated by applying
the rate of damage in Japan mentioned above because of the .lack of
available data in Indonesia. The results are as follows.

' ' Losses due to suspension
Floods of business (10% Rp)
-~ Sep. 1954 _ 243
. 1973 cee 108
Oct. 1969 | 101
Jan. 1973 : 19

_(8) Loss due to Infefruption of Traffic.

In the project area,_the national railway and a national highway
run east and west connecting Medan with the area of Tebing Tinggd.
Traffic and transport volumes on the railway and highway were esti-
mated as shown in the following table based on statistical data of
‘the offices of Railway Authority and Highway Department in Medan and

the transportation survey carried out on the highway on December 13
and 14 1976 '

Mode of "‘Passengef i Passenger C Freight car-'- -Freight
'.'transport < ear ol S " or truck _
(car/day) (person/day) . (car/day) = - (ton/day)
‘Reilvay - 24 2,100 40 © 15900
migway . 3;0000t 0 2s, 0001-2 1,400 . 9,800

f1: Includes buses of 600 .
- _2: Includes passengers of 14 000 by buses.
In- this study, loss due to interruption ‘of trafic ‘consists of

'l) decrease in. income of passengers, 2)" accumulation of freight and
- 3) losses due to suspension of buses, trucks and railway business.

'1) Decrease in income of passengers.
To estimate the’ decrease in income of passengers. due to inter-l R
“ruption of traffic, two matters were assumed as. follows.

i, Ineome of passengers:  Rp 500 per day

i1. Ratio ‘of working' persons

to entire passengers: 89 percent
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By making use of these assumptions. and number of passengers:shown '
in the previous table, deérease in income of: passengers was estimated
at 12 04 million Rupiah per day as shown below:. :

a. For railway passengers: Rp500 x 2,100,persons x.0.8
' = .0.84 million Rupiah -

b. For highway passengers: Rp500 x 28,000 persons x 0.8
' = 11,20 miliion Rupiah

c. Total. | = 12.04 million Rupiah
2) Loss due to accumulation of freight.

As the freight under transport is capital, the accumulation of
freight due to interruption of traffic means suspension of working
of capital, and this loss can be measured by the interest to the
capital. : ; '

_ Price of transport goods is regarded as about Rpl00,000 per

ton on the average based on railway transport record of goods in the
past and result of transport survey of freight on the hipghway. : And
by assuming the interest rate at 10 percent per annum, the 1oss due
to accumulation of freight was estimated at 0. 32 million Rupiah per
day as shown belowy .

Rp 100 000 x (1,900 + 9 800)ton x 0. 1 + 365
0 32 million Rpiah '

'3)'Losses due to suspension of.buses; trucks and'railwsy husiness:': '

.~ Losses due to suspension of business activities of persons _
and corporations in the inundated area were .estimated in Section (7).
Such losses will also arise in other area than the inundated area, :
though it 1s difficult generally to estimate the losses. ' Therefore;-
in the: present study, estimation of losses due to suspension of )
business activities in uninundated area was limited to such trans- .
port business as buses, trueks and ‘railway: transportstions whose o
losses are relatively easy to estimate.

To calculate such losses, the following matters were assumed
on the basis of the railway. transport record and the result of
‘transport survey on the highway mentioned above.
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Item Unit Railway Highway

1. Average fare per passenger . Rp ~ 500 h_ 250
2. Average transportation range - '
oF Frolght km 200 150
3. Transportation charge of - - R -
~ freight per ton:km’ Rp _ 8 100
4. Ratio of business truck 9 ' _ ' 40
to entire truck : ° -

5. Ratio of profit-to

transportation fare or charge A_ 20_' 20

The losses due to suspension of the: ‘business amount to about
13.28 million Rupiah per day as calculated below:
a, For railway business for passengers'
Rp500 x 2,100 persons x 0.2 = 0.21 million Rupiah
b. For railway business for freight: :
 Rp8 x 1,900 ton x 200 km x 0.2 = 0. 16 million Rupiah
¢, For bus business on the highway '
Rp250 ¥ 14,000 persons x 0,2 = 0.70 million Rupiah
d. For truck business on the.highway:_' T . o o
'RplOO x.9;800-ton 3"150 km x 0.4 x 0.2 =11.76 million‘Rupiah

As a result, the loss due to the interruption of traffic was esti-

mated at roughly 25 million Rupiah per day by summarizing the losses
calculated in the above l) 2) and 3). . .

According to records of floods in the past, pcriods of inter-
ruption of traffic on the above-mentioned railway and highway were
_estimated at three days in case of the flood in September 1954, two
" days in case of the floods in’ December 1973 and October 1969, and
one day in case of January 1973.

Accordingly, the losses due to interruption of traffic are given
. by floods as follows:. ' .

" Loss due to interruption

‘_Floods , R .. of traffic

‘ L (105 Bp)
‘f.Sep.‘1954'_ o 75
. Dec. 1973 o .50
" Oct. 1969 50

Jan. 1973 - - 25
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3.9.3. Flood Damages by Discharges.

The total amounts of damages caused by ‘the past floods are
summarized in Table 3-9-6. . .

Table 3-9-6 Estimates of Damages caused
' by the Past Floods '

Unit: Million Rp

Fioods'
ftem Sep.1954 Dec.1973 0Oct.1969 Jan. 1973
1. Public facilities 231 . 73 162 56
2. Houses and household ' E ' . '
effects - 4,043 1,795 1,690 319
3. Paddy . .- 876 278 279 52
4. Palm oil and rubber . 232 134 70 19
5. Facllities in plantation 30 23 12 5
6. Upland crops 115 43 5 9
7. Suspension of business ' : : .
‘ activities o _2&3 108 - 191 . :_.19
8. Interruption of traffic 75 .~ 50 - 50 < 25
Total_”". 5,636 2;504" ]2,419 . s04

In section 3 4 ‘the peak discharges at SerbaJadi Bridge of the
1954~flood, the 1973 (Dec.)-flood, the 1969-flood and the 1§73 -(Jan.)-
flood were estimated at 865 m3/s, 610 m3/s, 540 m3/s and. 430 m3/s -
respectively, and also return periods of 600 m3/s, 800 m /s, 1,000 m3/s
and 1,200 m3/s were estimated at 8, 33, 133 and 500. years respectively.
Based on these conditions, we estimated flood damages by discharges
of 600 m3/s, 800 m3/s, 1,000 m3/s and 1,200 m3/s using the past flood
damages shown in Table 3-9-6. In this estimation, however, the follow—
ing assumption was made. That is, ‘the flood damages shown in Table '
3-9-6 exclude an effect due to the Urgent Flood Control Work which was
executed in the middle stream of the Ular River since 1971. In the *
present. situation, such an effect should be taken into consideration,
even though it is very hard to estimate exactly the effect to flood
damages. As an easier method, we assumed here that the effect is in -

" proportion to the ratio of the construction cost of the Urgent Flood o
Contrel Work to the total construction cost of the Ular River Improve— v
ment Work. : : ‘

The Urgent Flood Control Work was executed considering a peak .
discharge of 600 m3/s at Serbajadi Bridge. ‘As described in Section
3.5, in case of peak discharge of 600 m3/s, the construction cost of .
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the Urgent Flood Control Work is about 50 percent of the total con-
struction cost of the Ular River Improvement Work. Therefore, the
effect will also come to about 50 percent of the entire effect.

- Considering the above, flood damages were estimated for each '
discharge as shown in Table 3-3-7.

~

Table 3-9-7 Flood Damages by Diécharges

Discharge o Return period Flood damage
(m3/s) .~ - (year) . (106 Rp).
400 | 2 o115
600 - 8 | 1,400
800 - 33 5,050
1,000 133 6,620

1,200 : 500 } 7,680
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CHAPTER IV

AGRICULTURE

4.1, Agricultural'Background.

Agriculture is the mainstay of the Indonesian economy which
accounts for about 40% of the Gross Domestic Product (GDP). . Apri-
" cultural sector in GDP has increased at an annual rate of 4% during -
the period of the PELITA-I, With the exception of 1972 which was
the droughtiest year,rice production increased at a high annual growth
rate of 3.5% due to the improved unit yield and the expansion of the

planted area, . The total rice production obtained the level of 15.4
million tons in 1874,

In spite of such high level of rice production, the Indonesian .
Government still had to impoxrt about one million tons of rice annually,
because of the high demand for foodstuffs due to the rapid population
growth rate of 2.1% per annum together with an increase in rice con-
sumption per capita resulting from the raised standard of living.

Following the PELITA-T, the current PELITA~II was launched in
1974/75 fiscal year. This plan also gave the highest priority to agri-
culture with laying special emphasis on increased rice production for
domestic consumption, under the rice intensification program, market-
ing program and rapid expansion of irrigation facilities. The annual _
overall growth rate of GDP under this plan is projected at an increaee
of 447 at an annual rate of 7,.5% in a fiscal year. For agricultural

- sector, agricultural GDP is projected at an increase of 36% with the
annual growth rate of 4.6% in a fiscal year. co : -

Along with this plan, rice production in North Sumatra Province
has been mainly increased by crop intensification and expansion of
irrigation facilities. Total production of rice reached the level of
1.69 million tons in 1973 and 1.38 million tons in 1976. The decline
.in 1975 was. mainly due to the damages caused by leaf hopper.

The-popnlation of North Sumatre'Provinee is increasing rapidly,
each year at an annual growth rate of 2,9%Z. It finally :.reached the
level of 7.5 million in 1975, The shortage of rice occurs annually
and about 0.12 million tons of rice are either imported or shifted
from other provinces. In 2000, if the population increases at 2.9%
annually, nearly 15.3 million- people will need nearly 2.3 million tons -
of rice per year to maintain their diet. It is estimated on the basis
of the current increasing -trend of rice production that about 1. 9 ;
million tons can be expected in 2000, Consequently, shortage of rice
is estimated at 0.4 million tons 4in 2000 :

_The progect area which adminietratively belongs to Deli Serdang .
- District situated in the central part of North Sumatra. Province is - ol
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one of the important rice producing areas supplying rice mainly to ‘
Medan city,  the capital of North Sumatra Province. However, the irri-~ .
gated paddy field in the project area occupies less than 40% of total
paddy field in spite of adequate temperature, good soils and rela-
tively long sunshine hours and the cropping ratio of paddy during the
dry season is restricted to about" 25%. :

The key to rapid'increase‘in rice production is the control of
.water under proper farm management in the project area and the intro-

duction- of the year~round cropping of paddy in the entire project
area..

Provision of irrigation and draimage facilities in the project
area will play an important role in increased rice production for the
growth of regional economy as well as the national economy.

" 4,2, Project Area;'

4.2}1; Location.

The project area is a triangular area in the lower Ular with its
vertex at Serbajadi Bridge. It is surrounded by the Serdang River

on northwest ‘the Rampah River on northeast, and the Strait of Malacca
from east to west.

.National Highway'connecting Medan and Tebing Tinggi extends east
and west of the central part of the project area. This national high-
‘way, and the railway running almost parallel to this highway together:
_*_form the important routes for the: supply of foodstuffs to Medan City.-

The progect area administratively belongs to Kabupaten (District)'
Deli Serdang and’ it covers a part or the whole of seven Kecamatan.
~ (Sub~District) namely, Lubuk Pakam, Pantai Cermin, Perbaungan, Galang,
Tg., Beringin S. Rampah, and Teluk Mengkudu. '

4.2.2. Population and Religion._;.

: The population of the Progect area is estimated at 159 800 in
1975 The population ‘density is about 600 persong per: km2, which is
very high compared with the average density of 100 persons per km?

. in the whole North Sumatra Province. B

“There are no major cities in the project area, although there

‘dre a number of large towns, of which Lubuk Pakam and Perbaungan are
the largest.n :

Most of the inhabitants 11ve in villages and hamlets which are

" scattered all ovetr the project area., They are mostly engaged in
agriculture and the related activities based on cultivation of rice.
The major . towns are usually kecamantan capitals, and they serve as

: commercial centers for the surrounding agricultural areas.. .
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Ethnically, the majority of the people in the project area are '
Batak clan who Christians or Moslems. The major exceptions are the
moslem Javanese, Chinese and the Merau (animist) groups. Religious -
doctrines. provide a comprehensive moral system to sustain the people s
way of life and continue to affect the people's relationships, agri— '
culture, rituals and arts. These factors should not impede the
effective use of irrigation and adoption of_innovations and development
technics. The proper ceremonial propitiation will be needed for the-
construction and the use of facilities to distribute irrigation water
without adverse reaction resulting from the spiritual deities believed
in by the villagers.

4.,2.3. Topography and Soils.

The project area is the alluvial fan plain of the Ular River.
Elevations range from about 2 meters near the sea to a maximum of about
50 meters near the Serbajadi intake. It forms a flat topography with
a gradient of 1/600, sloping south to north, Undulations occur corres—-
pendingly with the natural drainage channels or hydromorphic depressions.

In spite of the relatively steep-gradient, numerous minor-elev-
ations and depressions have been formed by the sea and river actioms.
Especially marine action has produced a distinctive topography. of
several sand dunes along the coastal line which inhibits surfaceé
drainage into the sea combined with the tidal action. The area enclosed
between sand dunes turns to swampy land during the rainy season. In-
addition roads and railways also inhibits surface drainage.- R

These topographical features are closely related to soll formations.:,
" Most of the soils in the project area have been 1nfluenced by hydro-
morphic soil formation and are classified as gray hydromorphic solls -
in great soil group level. The soils have moderate. pil-value’ ranging
"from 5.1 to 6.8 for water. Cation exchange capacities are 10° ‘to 30
me/lOO g. Base saturation degree shows a relatively high value. ' The
soils generally have deep to moderately deep effective soil depths.
As regards soil particle distribution, the soils on the right side of
the Buluh River consist of light to ‘heavy clay.. On the other hand
soils in the area extending over the left side of the Bulth have been
affected by the sediments from the Ular River and the Serdang River, :
and the soil texture is different depending on the location. Generally
the soils in such area are medium- to fine: in texture which are composed
of intermittent layers. The soils in the project’ area have_low”perme—'
- ability in general ' B : T AR

Consequently, paddy is adaptable to a wide variety of" soil charac-
teristics and a highly productive crop in the project area if proper =
fertilization, drainage improvement and strict irrigation water control'_-
can be essentially provided. :

. Soil profile descriptions and the results of soil analysis are T:':
shown in Tables 4-1 and 4-2, '
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4;2.4._Climaté and Hydrology.
(1) Climate.

' "The Project area is surrounded by six meteorologlcal stations,
‘namely, Sampali, Polonia, RISPA, Marihat, Tg. Morawa and Sel Dadap.
They have the records covering considerably long periods.. In addi-
‘tion, there are many rainfall stations mainly managed by the PNP in
_and around the area., Fig.4-1 shows the locations of the above
meteorological stations and the rainfall stations located at thirty-
one places which have the monthly rainfall records for more than 20
years. Table 4-3 shows the mean monthly meteqrological data of the
representative Sampali station and the monthly averages of rainfall
and number of rainy days recorded at each station. : :

According to the records, the mean yearly rainfall and rainy
days at each station roughly range from 1,700 to 2,400 mm and from 100
to 130 days respectively. However it is difficult to say that these

‘ranges are directly proportionate to the distance from the coast.
Further, the Area has considerable rainfall and xainy days throughout
the year, even in the dry months., Although the-dry season generally
is from February to July and the wet season is from August to January,
there is no definite distinction between the two. -

One of the problems encountered in this area concerning paddy
cultivation is that the rainfall is occuxred on a short duration and
- 48 very irregular notwithstanding the considerably large mean rainfall.
“For this reason, soll moisture’is not kept on available condition, and .-
‘the vigorous growth of paddy is not expected. It is indispensable to
‘control water properly for the successful paddy cultivation. -

~ The records also show that the Area has. high air temperature and
humidity with little annual changes and almost no seasonal fluectuations
peculiar to’ the tropical wet climate zone. -The yearly averages of the
" alr temperature and humidity at Sampali station are about 26°C and B7%

B “respectively. The Area is affected by the N and NE winds almost all

. the year around. No strong wind or typhoon occurs in the Area with

the exception of the seasonal wind which is incidental to the tropical'
climate. - . o o . , _

_-Further, the records show lower sunshine duration, solar.radiation

f:and evaporation compared with those in Jawa. This is due to the con-
siderably large amount of rainfall and many rainy days ' in the:Area
‘throughout the year. . . o o o

- (2) Hydrology.
| Although sméll”amount of drainage water inflowing into dual-

purpose canals is used for irrigation, almost all water resources for
irrigation in’ the Area depend on the Ular River.
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IV(IT1611 (65 uu =}

LOCATION
L USE

Herfoon
{0 (0-15 om)

' I‘.lnyl.lh blue, lnav u-a, nmtu.nhu. .

-. DaTk Wreve, Leamy slay, Vesk mub. '
st blaaky, Yery plastie, Yery

Tellewish brovs, Leawy visy, Medive
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LOTL PROFILE ¥0,13

Farlt 12
Taddy Pinld

Ueseription

Dark brews, Reavy olay,
Musaive, Yary plantia
Yory sileky

Bluiah gray, Neavy alay,
Yary plasiis,
Very stioky

SOIL PROFILE 0,14

Tasah Nersh
Tuddy Pisld

Dlll!l!“l!l

) Dark hrows, Sandy legs is lega,
Vouk sub-sngular biseky, plastie,
Etlaky

Tellowish gray, Leasy tlay 4
loan, Pov fins mattle, Veak
Subuaugulsr Wleeky, llullc, Dilaky

Tellowish grap, Loeny sand, Tory
vork subepagelar hhnhy. ’mn.,
stiehy

:-llwl-h gray, Lsasy alay,

rad sub-anguinr blasky,
Yury plastie, Tory stlak

807L FEOZILE WD, 1

Kanpsag Baru
Paddy fleld
Iesariptim
Duh brown, Sandy alay ta lesay 2ead,

wub-anguiar blseky, Blightly
plunu, Bileky
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There are two discharge obsérvation stations on the Ular River
where records are available for the study on the existing and planning
irrigation .systems in the Area. The station at Bandar Tiga, however,

" records automatically the water levels which contain floods. The
records kept at the station at Serbajadi by the DPMA show smaller
figures than those of Bandar Tiga and are more available for the study
on the irrlgation systems as safer regords.

‘Table 4-4 shows mean ten-day discharges of each year at Serbajadi.
According to the records, the Ular River has more than 40 m3/sec
throughout the observation period except from the middle of July to
the beginning of September in 1972, and the mean discharges of the wet
and dry seasons from August to January and from February to July are
'57.3 m3/sec and 50.4 m3/sec respectively. The above fact shows that

the Ular River has comparatively sufficient dlscharge for the" irriga-
tion in the project area.

The river water depth, however, is generally very shallow at the
time of small discharges, and this means that the river water has
to be drawn by wide and shallow canals to the intakes along the Ular
River., Fig.4-2 shows the relation between the small discharge and
the water level of the Ular River at the main existing intakes.,

4.2.5.'Land Use.,

The project area, about 40,000 ha has already been fully developed,
so there leaves no room- for further reclamation.. The land under culti-
vation is estimated at 35,400 ha.  The remainlng area of 4,600 ha covers -
village areas, roads, 1nfrastructural area, etc. -

The land under cultlvation mainly consists of estate crop area.

and paddy field. Estate crop area occuples an area of 13,400 ha or 33%
of the project. area where oil palm, rubber and coconut trees are’ planted
on 8,700 ha, 3,500 ha and 1,200 ha respectively.  Paddy field totals
- 18,500 ha or 46/ of the project area. The paddy field.is not always
provided with good irrigation and drainage facilities. - The irrigated .
paddy field presently accounts for 7,000 ha or 38% of total paddy field,
which consists. of 3,000 ha of. technlcal irrigation area, 1,500 ha of
semi-technical area.and 2,500 ha of non-technical area. The remainlng
11,500 ha of paddy field is the. rain-fed" paddy field, dependent on
natural rainfall, In addltion, 5,700 ha are being used as hortlculture_
field, houses area and roads.

Predomlnant crop in the pro;ect area except estate crops is paddy, - -
which occupies about .100% in the rainy season and about 25% in the dry
season. Second crops are polowijo crops cultivated in the. paddy. field

“after harvesting rainy season paddy which covers an area of 1,100 ‘ha.
As described in the section of Climate and Hydrology in the dry season,
much excess rainfall in a short period or long drought period occurs. -
Consequently, polowiijo crops are damaged by root—rot diie ‘to excess
water or are not able to grow due to drought.  Such area where leOWiJO
_crops are cultivated is limited" to only 6% of the total paddy area..” =
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Table 4-4 Mean Ten Day's Discharge at Serbadjadi Bridge'
. ' “of the Ular River by DPMA

Unit: m3/sec .

‘Month Period 1971~ 1972 1973 1974 Average
. first 52,0  70.2 68.7 ©61.6
Jan. . middle - 50.4 57.6 56.0 54.7
ilast 5745 49.8 56.7 54.7
. First 55.8 44 .7 60.2 . 53.6
Feb.  middle 52,0 39.7 . 63.5 51.7.
last 48.4 3906 57.1 - 48.4
' first 50.1 46.5 48.3 48.3
Mar, - middle 48.5 46.7  48.5 47.9
 lase . . 47.5 60.3 467 - 5.5
first 49,6 62.6 52.6  54.9
Apr. middle © 57.4 55,2 46.2 52.9
last 63.7 56.9 45.6 55.4
first .- 53.6 52.3 45.7 50.5
May middle _ 61.2 48.0 54.2 . 54.5
 last - © 56.3 . 58.1 45.0 53.1
. first 51.3 © 73.6 45,2 56.7
Jun., - middle . 52.8 48.4 40,3 47.2
' last 47.3 47.1 49.8 48.1
© first - 40.6 45.9 40.7 42.4
Jul. middle . 38,8 . 44,5 47.4 43,6
. last . 33.3 54.3.  49.3 45.6
. first 51.0 . 30.6 48.6 49.1 44 .8
Aug. middle  60.1  30.4 - 46.4 44 .6 45 .4
. last - 53.3 38,3 46.9 46,1 46,2
0 first - 52,4 38.8 48.5 55.8 48.9
 Sep. . middle = 69.9 - 46.6  57.8 - 64.1 59.6
last 69.5 . 45.6  48.2 76.5 160.0
. first S4.2 . 54.8. 46.5  75.8 57.8
Oct.  middle - 57.2 ~ 48.5 -~ 53.5  55.6 53.7
o last 58,1  58.0 79.5 . 52.6 62.1
o first - 57.8  53.1  58.1 55.9 56.2
Nov. ' middle = '54.9 = 64.5 - 57.0 66.2 . 60.7
Ci last 518 76.6  61.0 - 66.5  64.0
3 . first  63.3 68.3  8l.6 -57.9 . 67.8
“Dec. . middle. 78,7 63.3 . 86.7 . 43,9 68.2
0 last’ . 66.0 55.9 . 96.4 . 45.8

66.0
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Multi-cropping index for paddy field is about 1.3 /l The charac-
teristics of the present land use are summarized in Table 4-5 and are
mapped in Fig.4-3. :

Table 4-53 Land Use in the Project Area

Ttem i ' _  Area (ha)
1. Rice field ' 18,500
a) Technical'irrigation area 3,000
b) Semi-technical irrigation area’ 1,500
¢) Non-technical irrigation area _ 2,500
d) Rain-fed area . : 11,500
. Estate field (P.N.P. and Private estate farm) : _ . 13,400
a) 0il palm area 8,700
b} Rubber area 3,500
¢} Coconut area 1,200
3. Horticulature field 1,100
" a) Vegetable 400
b) Fruits 700
4._Hpuées and roads ‘:4,600
5. Others 2,400
Toral . S 7 40,000

/1: Multl—crOpplng index .

rainy season paddy +.dry season paddy + p010w130/18 500
18 300 +:.4, 500 + 1, 100/18 500 -

I[ Ii

4.2.6. Irrigation énd Drainaga Systems;

© (1) Irrigation Systems.

.The eﬁiéting irrigation érea is eStimated'at about 7,000 ha which
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is divided into the technical irrigation area of 3,000 ha, the semi-
‘technical irrigation area of 1,500 ha and the non-technlcal irrigation
area of 2,500 ha in the project area of 18,500 ha. The remaining area
‘of about 11,500 ha mostly along the coast is the rain-fed area and
almost no reclamable area is found. The water resources for the
irrigation mostly depend on the Ular River except the small amount of
‘drainage water alsc used for the irrigation by the dual-purpose canals
in the project area. The irrigation area covers about 38% of the pro-

juect area and the area for duuble cropping of paddy per year is about
4, 500 ha. :

At present, there are fourteen intake facilities which are equipped
along a distance of about 32 km between Serbajadi Bridge and the estuary
of the Ular River. All intake facilities except a pumping station for
PNP VI Adolina are being used for the irrigation of paddy fields. The
length of the main canals and secondary canals are totalized to be .

50.3 km and 90.4 km respectively,

The existing conditions of the irrigation systems, intake facili-
ties and canal structures are as shown in Fig.4-4, and Tables 4-6, 4-7
and 4-8. :

a. Each intake capacity is restricted by the water level of the Ular
River because the intakes are of free-intake type except the
syphon-type intakes on Singosari. Besides, the bed of each intake
at high elevation. Requires the water to be taken at the time when
the Ular River has a considerably large discharge and entails the
shortage of intake capacity notwithstanding the. Lomparatively large
Cdpathy of the HULLLbbiVe Ldndl

Table 4-7 shows the maximum capacity of the successive canal
and ‘the related river discharge and also the intake- capacity at the
time of the river discharge of 40.3 m3/sec which will be the de51gn
: dlscharge for the 1rr1gat10n plan.

b. There are Lonsiderably large amounts of sedimentation - depos1ts of
‘sand near the intakes at present. . These sediments reduce the canal
capacities and the intake discharges. Actually, howevnr, the sedi-~
mentation volume of the inflowing water is estimated to be 20-80 PPM
under the velocity from 0.60 m/seL tuv 0.80 m/sec and the particle
sizeés mostly range from 0.1 mm to 0.5 mm, ALLord1ngly, the sus-
pended sand precipitates in some distances in the upstream of the

.. canal under the low velocity of the flow and its sedimentation
~volume is Luns1dered to be the thcnt which’ can be removed from the
canal ot sedimentation basin.

c. As the Ared has a steep slope of about 1/1000 most of the canal
systems in the Area which mainly consist of earth canal, need drop.
structures to prevent the. errosion and failure of inside blope of
the canals. '
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On the contrary, thare are cases in which the diverted water
does not reach the objective area and aquatic plants grow in- the
canal because of the shortage of water head,

d. The water'distfibution systems'in the Area geherally:ekhibit com--
plicated canal net works due to the dual purposes of irrigation
and drainage, and the connection of irrigation systems by their -

canals, This fact makes the water management in the:Afea diffi-
culk, . : ’ ' -

e. In general, facilities on farm remain in an unconsolidated state.
Especially, small density of tertiary canals seems to hamper the
expansion of benefited area. In addition; complicated canal
system without measuring devices and proper water management

results in affluent water use in the upstream part of the beneflted
area and along canals. :

- f, One of the most important things for the irrigation systems in the
Area is proper coordination among the organizations for water
management and vperation and maintenance of the irrigation facili-
ties. In addition, drainage for the plantatlon area should be
taken into consideration.

. Im order to carry out successful paddy cultivation and produce
the target yield, it is dispensable to improve the above problems.

(2) Drdlnabe Systemb.

‘ At'present Light natural rivers and the dralnage Lanals ot about
57 km in total such as Busuk, S, Buluh and Tungtung: canals perform
important roles in the existing dralnage systems in the pro;eet area,
Fig. 4 5 and Table 4 9 show the xletlng drainage systems.

- The Area, however, has poor drainage condltlons due’ to the short-
‘age of capacities of the above rivers and drainage canals, several

sand dunes developed along the coast, tidal actlon, national road and .
rdllways. : :

_ In peneral, the plantation areas have beeter drainage systems

The left side of the Ular River, in which most part was. plantation
area in-the past, 1s favored with better drainage conditions than the
right side which had almost no plantat1on area except PNP. Adolina in -
the lower part from the national road. Especially, the right side of
the Bulub River is an. area with the poorest drainage conditions. In

this area, rivers run between roadb built on the pdbt dunes along
the coast. '

One of the most important probléms'eoneerning the drainage systems-
in the Area is the existence of the canals used both for irrigatien
and drainage. Naturally, dualupurPObe canal economically enables to
supplement water for irrigation purpose.: The paddy cultivation in ‘the
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Table 4-9 Existing Drainage Syétem

Name of Side of - Distance Name of Leneth Gradie t’Catchmeut_Flood
river mouth the Ular from Ular tributary ng radien area “(1/5 year)
km . - . km . km? m3/sec
Pantai Labu Left 3.5 23,9 1/900 111.8 60.0
. S.Kenang 22.1. 1/ 800  ( 54.3) 31.5°
S.Merawas . 9.7 1/ 800 ( 39.0) 23.0
§.Plangkoh 10.4 1/1100 ( 21.8) . 14.3
Denai Right 1.8  Canal Busuk 11,5 1/800  28.4 17.5
Purbaungan Right 6.4 © Tungtung 9,5 1/ 800. ( 31.1) 19,0
: ~canal o : ) _ .

_ _ $.Perbaungan 18.1 - 1/ 900 . 86.5% 48,0
S.Saban  Right 5.0 | 3.7 1/ 700 11.4 7.6
S.Lubuk-  Right 5.5 9.7 1/1000 14.6 9.5
dendang : ' ; . . :

S.Baru Right ~ 15.0 ' _ 7.8 1/1000 26.0  16.0
S.Nippah  Right 18.0 - ~31.8 1/ 800  108.1 58.0
' 5 .Nippah 10.1° 1/ 900 ( 29.2),, °18.0

Canal S:Buluh--31.3. -1/ 800 ( 77.4) 43.0

_ _ o © §.Sialang . 16,0 1/ 500 ( 27.6) 17.0-
$.Teluk = Right ~~ 22.0 14,2 1/ 900 © 103.2 - 56.0

Mengkudu - - . " 8.Buluh and = L R

: R o S .Bawe ~13.6 1/7900 (19.0) . 12.0
'$.T.Mengkudu ~ 10.2 1/1.000 ( 32,2 . 19.5

§.Pavdo = 3.8 1/ 500 ( 25.8)  19.0

S. Sialang Buah ~ 8.3 . 1/1100 ( 20.0) - 12.5°

Total .. - ”n IR 490.0

"Remarks: - In add1t1on to the above rlverb, both Kutabdungan and
" Buluhlaya rivers, whth have the total catchment area
of 26.0 km? , flow into Bulub area's main Lanél sur—
roundlng the Pulau Gambar ared._ S
ok fn including the catchment area of Tungtung canal

LN includlng the catchment area of s, Sialang.
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Area, however, requires fresh water to control the farm inputs, pro-.
duce the high yield and prevent some diseases.

Therefore, it is desirable to provide separately irrigation and
drainage canals as much as possible for at least the main canal ex-
cept in some inevitable cases and the improvement of the existing
drainage systems will promise easier farming practices and successful
paddy cultivation,

4.2.7. Cropping Patterns and Farming Practices.

As described before, the prominent crops in the project area are
paddy, polowijo and estate Crops.

Paddy cultivation is generally dependent on the onset of the
rainy season and seedling period fluctuates from year to year. However,
.broadly speaking, planting is done during the period of October to
December and harvesting from February to April for improved high yield-
ing varieties and from April to Jume for local varieties, respectively.
In the irrigated area, che dry season paddy is planted during the
peried of March to June.

As regards varieties of rice, 1mptoved high yielding varieties
such as IR-5, TR-26, IR-30, IR-34, etc. have widely spread in the
- project area as the result of the development projects promoted under
PELITA~T and PELITA-I1, Tn addition, local varieties such as Jambu,
Kodok, Rendah, Rendah Pisang, Manik are being cultivated in the projett
ared. Their growing period ‘ranges from 5 to. 7 months. '

_ The “volume nf farm inputs is different depending on locations.
‘It is however estimated that about 40 kg of urea, 20 kg of triple
super phosphate and one liter of chémicals are used on one ha on an

average. : ' S ' ' '

Farming in the project area is labor intensive from seedling to’
harvesting. ‘Land preparation is carried out. by draught animals or
sometimes by human power. Harvesting is done by sickles, not ani-
"ani equipment. - Irrigation water control is not sufficiently conducted
even in the 1rrigation area.

In the light of such low farm inputs and improper water control,.
it appears that high yield of paddy- cannot be expeeted

Polnwi;n crops are planted during March ‘to May, after harvesting
of the rainy season paddy. WNo fertilizer and chemicals are applied
in gcneral and the unit yield of these crops is low.

4,2.8. Crop Yield and Agrieultural Productinn
Ptoduntion of Lrnps in the prOJELt area is’ Letimated dLLOfding .

"to the available data provided by the Agricultural office of Deli =
Serdang Province, P.N.P. ‘and privately owned estates..
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_ Unit yie1d of paddy and polowijo crops is estimated as an average
yield for the period between 1971 and 1975. Estate crop yield is the
value for 1975. Estimated unit yields are shown in Table 4-10. Total
production of paddy is about 70,000 tonms, while 5,700 tons of polowijo
146,000 tons of palm oil and 5,000 tons of rubber are produced.

Livestock breading and poultry raising are not popular in the

project area, but they are important for the production of protein
food and for provision of draught animals for land preparatiomn. :

‘Table 4-10 Present Crop Yield and Productions

Harvested Area Unit Yield . Total Production

(ha) = . (t/ha) (t)
Paddy _ 23,000 - - 3.1 71,300
Polowijio 1,100 _ 5.16 5,680
0il palm . 8,700 16.8 146,200
Rubber 3,500 1.4 : C 4,900

4.2.9. Land.Tenure and Land Holding.

 For land tenure in Indonesia, the Basic Agrarian Law No. 5 of
1960 known as "Land Reform Law" is applicable. It is enforced by the,
‘Directorate General of pgrarian, Mindistry of Interior,: Local activi-
- ties are carried out by :the Provincial Agrarian Office. ' '

‘ Accofding'to the La@, thé‘limication of'ﬁtivate qwnership of farm-
land in the North Sumatra Province is 10 ha for paddy field and 12 ha
for up-land field in less crowded areas. Lo

 In the project area, the public land mostly under ‘the control of
rhe National Plantation Estates and the Private Plantation Estate com-
prises about 13,400 ha. The remaining 26,600 ha of farmland are owned
by 16,122 farmers or more than 83% of the total number of .farmers.
The numbers of tenants and landless farmers in the project area in 1975
were 1,460 and 1,693 respectively, as shown in Table 4-11.

' Table 4-11 Number'of Farmers by Type in the Project Area

" Number = Péfceﬁt_'.
:KLahdownérs' '.'- 16,122 _f  83.64
. Temants - . . 1,460 .~ 7.58
Landless farmers . . 1,693 8.78
fotal - 19,275 . '100.00

" Source: 'Agricultural_ExtenSidn Of fice, -
: Deli Serdang District, 1975
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. The average farm size in the project area is estimated at 1.138
ha of which 0.96 ha or 84 36% is under being used for the cultivation
of rice.

The average farm size in the project area is. much 1arger than in
Jawa Island, but what hampers the agricultural development here is the
lack of well irrigated paddy field.  Technical and semi-technical
irrigation paddy fields comprise . only 0,236 ha on an average farm, or

only about 24.58% of the total acreage of paddy field, as shown in
Table 4-12.

Table 4-12 Land Condition on an Average Farm

. ., ha . ’ %
Average farm size : :

' ) 1.138 100
Rice field 0.960 | 84.36
* Trrigation paddy field 0.369 _ :

Technical C 0,158
Semi-technical B 0.078"
Non—technical 0.133

Non irrcigaced paddy 0.597

field (Rain-fed drea) U _ :
" Upland and urthard . 0.178 B _ ._ :15;64'

4.2}10{:Agricultutél Suport Services.
(1) Operation and Maintenance'of the Irrigétidn Facilitieé.

In Indontqla,.npetdtion ‘and malntendnte of the 1rrigation fac111-3
ties down to the secondary canals are, .in general, under the reSpons—
1b111ty of the Provincial PubllL WUrkb Department. ' '

Below tertlary canalb, tonstruction,_operatlon and maintenance
of irrigation system are carried ‘out by the Water Users' AsaOLiation
(P3A) “under the supervision and guldance of the Provintial Public
Works" Dtpartment : :

In the prOJELt area, ‘out of 14 intake fac111ties intluding canals,‘
6 are constructed and managed by the Provincial Public Works Depart- -
ment, 5 by the Public Works Office of Deli Serdang District, 2 by the
farmers themselves, and 1 is under the control of the National Plan-
tation Estate. -

In North Sumatra Province, the Water ‘Users"' Associations (P3A)
have been organized following the guide line set by. -the Central -
. Government. -In- the proJect area, 6 Wdter Users AbSOLidtionS have
been ebtdbllahed : : : :
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The number of member farmers of the Association is 1,077 which
corresponds to only 5. 59A of the total number of farmers in the pro-
ject area. -

Tbere.is no tertiary-canal constructed by the farmers in the
project area. Operation and maintenance of the irrigation facilities
in the project area are only done partially by each foreman in his
own way at present. No records of the daily discharge, distribution

area as well as the plantlng Lalendar are being kept at the intake
facilitles :

(2) Researoh and Extension Service.

The research activities of agriculture in Indonesia are central-
ized and undertaken by the Central Research Institute of Agriculture
(CRIA) at Bogor in Jawa. One of the three branch stations is located
in West’ Sumatra, and thls is the only branch station in the whole-
Sumatra island;

The CRIA performs an important funotion of seed breeding in addi-
tion to. 1ts original research works, :

In 1974, extension service in Indonesia was strengthened with

the establishment of the Agency for Agricultural Education, Training _
and Extension as one of the extraministerial bureaus under the Ministry

of Agriculture. At the same time, . the Government intended to estab-
lish an Agricultural Development Center with an additional function

of seed multiplication center at the Provincial level, and the Rural
Extension Center at the 1eve1 between District and Sub-district.. The
function of the former is to carry out experiments and training at
Provincial level and ‘that of the latter is to prepare extension pro-~
grams, dlsseminate agrlcultural information and to train the leading
farmers at the field level. -

Aocording to the new extension program, North Sumatra Province
is required 19 Rural Extension Centers and 304 Field Extension Workers
" graduated agricultural high school at final stage. However, ‘present -
condition of no Rural Extension Center and 220 Field Extension Workers
is far from the said target of the program, except its extremely high
educational standard of present Field Extension Workéers who are all
tonstituted by the graduates of” agritultural high school,

In Deli Serdang Dlstrict, no Rural ExLension Center ekists at
‘present and the number of Field Extension Workers is 48. Each of the
48 Extension Workers is in charge of more than 2,500 farmers and about
18 villagea on an average. ' :

In the project area, extension service is being orovided by 14
. ‘Field Extension Workers, who also are in tharge of 58 villages uutside
fof the: prOJeCt area.
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(3) Seed Multiplication.

As for the Improved seecds of'rice, the Provincial Seed Center'
(Kebun Benih Sentral) located at Tanjung Morawa in Deli Serdang
District, near the project area plays an important role in not only
multiplication of improved seced of rice but also for training of
scientific agrieultural teLthque for local leading farmers and seed
frowers. - - :

The stock seed produced by this Seed Center with 17 ha of rice
field are distributed to 12 Seed Station (Balai Benih) managed by
District Agricultural Offices and many private seed growers. Seed.
Stations produce the extension seeds which are distributed to the
Earmers.through the village unit agricultural cooperatives (KUD).

One of the Seud btatluns is located at Lubuk Pakam Sub-District
in the project area, and the thension seeds of. recommended improved
varieties of rice such as PB26, PB30, PB34, etc. are produced in this

btdt1on wiLh 5 ha of ricve llle

The improved secds required for 37,000 ha of irrigated paddy
field at the full development stage of the Project is estimated at
9 rton annually under the seed renewal system of S yeer interval. It
would be FHqurUd mor than 20 ha of mult1p11cati0n flelds of the
exXtension’ setd in.the project area.

{4 Co—operatLVes and Credit.

Almlnb at fdrm produet1on 1ncrease and rural community develop—‘
ment through dellltdtlng distributrion of dgr1eu1tural requisites
supply and . marke ting. of farm products, the Indonesian Government has.
placed its emphasis on the eetabllehment of the v1llage level agri-
cultural cooperative (KUD) ebPElelly in the area - planned for the -
development of intensified farmlng. :

Followmng the guldellne of the Central Government, the North
Sumatra Provincial Guvernment has promeoted the establlshment of KUD
in recent. years. " As a result, out of 304 villages, (WUD); 87% or:

265 KUD have been established by the . end of 1975.  However, the L
numbers of members and the prospective members of ‘the KUD are only o
6.4% and 35.5% of total number of. fdrmere rLbPELtiVEly in North
Sumatra. : -

In the projeet area, out of 14 v1lla5es (WUD), 9 KUD heve_:-
already been ‘organized, but thelr ;activities are hampered malnly
due to the lack of intensification program drea, a limited number’ of
skillful leading tormtrb end a: emall number of tra1ned etaff for
management : -

The Indoncs1an People 8 Bank (BRI) is the state bank speclallzed
in farm-credit all over the country To prov1de ‘loan SerViLE, the"



~ Bank has established a wide nctwork comsisting of many regional
offices and branch offices known as "Unit Desa BRI".

The Bank is authorized to finance BIMAS package credit for
qualified individual farmers. Besides, using its own credit, funds,
the Bank provides the loans to various agricultural associations
including farmer's cooperatives, '

The loan condition 18 hased on the monthly interest of 1% with
7-month maturicy period under. BTMAS program, 3-year repayment period
in case of cattle credit and 7-year repayment period including 2-year
grace period for rhe construction of on—farm irrigation service
facilities. :

_ In the project area ineluding 5 villége units (WUD) outside of
the project area, luun-surviue is provided by & branch offices,

Abuut Rp 3,500 million or 25% ot total amount of ‘loan in North
Sumactra is pruvtdod For BIMAS dekdge loan in 1976. 1In Deli Serdang
District, the BIMAS loan has been repidly increased on loan amount
and number of -lenders in recent few years as shown in Table 4-13,
however, it would be scerious problem that the rate of outstanding is
s0 high as Htlll 507 of loan, :

Tahle.h—lj BIMAS Package Loan in Deli Serdang
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1974 1975 1976

Number of lendLr _. ' : o 20,786 ;_'3122671ﬁ l42;388_

: Amount of luan o '.l03 RP 364;438:'_f 630,249 987,018
‘Per capita 2/1 LRP 17,535 - 20,157 22,106
Amdhnt 6f1repéymént 103 RP - 48,413 T 283,792 - 471,652
per capita 30w 2,329 9,076 11,127
Anount of outstanding 10% RP 316,075 346,457 465,366

© Per capita afL - RP - 15,206 - 11,081' 10,979
Ratio of repayment g  - 13.3 45,0 5003

Rate uf outbtandlng % A, 7f 55.0- . -49.7
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4,3, Irrigation and Drainage. Plan.
4,3,1. General.
(1) Selection of the'Project Area,

The project area for agricultural development plan was decided
according to the follow1ng conceptlons :

The agricultural development plan is formulated as a part of the
Overall Ular River Improvement Project and does not cover the areas
topographically connected with the Serdang River on the left: side-and
the Rampah River on the right side of the Ular River. The project. -
area, therefore, roughly appears in the alluvial fan which extends
from the vicinity of Serbajadi Bridge on the Ular River and is .
bordered by the both catchment areas of the Serdang and'Rampah.

Further, some plantation areas and watershed 1ocated near the
borders of the alluvidl Fan are excluded: from the project area because
the expansion of technical irrigation for paddy cultivation is the .
main objective of the Project. The area along the coast with com—
plicated topography and possibility of: salinity damageb is also
exaluded

~ The project area is delineated.as shown in Fig.é—ld, and covers
approximately 40,000 ha in total,

T () lrrigat1on Plan

The objective ‘area for irrigation plan is decided to cover- all
~rice field of ‘18,500 ha which comprises technical,’ semi—technical and
non-technical irrigation areas and rain-fed area in the progect area.
No area is newly reclaimed. (Refer to 4.2.6) The conversion from
plantation area to paddy field will face some difficulties under the’
present circumstances. Double cropping of paddy is proposed in the
whble'ObjectiVe area, . B o el - '

. Water resources to- 1rrigate the objective area are entirely
-dependent on the Ular Rivér, ~Inevitable dual-purpose. canal, ‘however,
will collect drainage water from its catchment area, but the amount-

‘of the inflow discharge. is dibregarded :

The Ular River has sufficient dlscharge even in the dry season.
Dam for irrigation purpose will certainly supply more ‘stable river .
discharge, but it will only serve to increase intake water level
sl1ghtly if a welr is not insLalled 31multaneou51y

The establishment of a weir in coordlnation w1th some- existing
intakes 1s advantageous only for securing the stable intake water. .
depth . The water level of the Ular. River, however,_will enable to
supply diversion water requirement if each intake has proper bed
elevation and width. Further, the site for weir is hardly found =
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- because the construction of a weir in the alluvial fan will require the
lheightenlng of dike of the Ular River again and the upstream of_ the
alluvial fan also has' the difficulties as to topograph and Eoundation

Consequently, the improvement of some existing intakes should be

carried out urgently in the Area to further promote the 1mprovement
of the irrigation and drainage systems.

(3) Drainage Plan.

‘The Area to be covered by the drainage plan is delineated to
-improve the drainage condition in the objective area for irrigation.
This simply means that the drainage plan does not cover the plantation
areas not direcly connected with the improvement of the drainage
. condition of the irrigation area. The drainage plan, however, will

give some good LfteLtb to the plantation areas as well,

Tt is- considered that the dredging of the new mouth of drainage
canal will be encountered by some difficulties because of the com—
plicated: tidal current, higher tidal water level and a large amount of
drift sand. The main object of the drainage plan,. therefore, will be

- the improvement of the main river systems which pose comparatively
seriopus problemb especially in the cvastal area.

4.3.2. Agricultural Development Plan.

(1) Land Use and Cropping Pattern.

"After the 1mplementation of construction of irrigation and drain—
. age facilities as.well as the flood protection dike, the introduction

of the year rOund irrigation farming can be expetted in the entire Pro- -
ject area, s

The proJect area has already been fully developed, s0 there

~-leaves no room for further reclamation. However, all the paddy field

in the project area will be turned into’ technical irrigation paddy
field where year—ruund 1rrlgdtiun tarming can -be done,

Under these c1rcumbtancee, rice Lultivatlon hae been eelected
for this agritultural development plan for the follow1ng reasons.

1) The Indoneeidn Government is 1mporting annually dbout one million

~ tons of rice ‘spending about-U$$270 million of foreign currency. _
Thereéfore, rice production is especially” ‘required for meeting the
‘rapidly growing demdnd for fUOdbthfb as well as  for bav1ng the
-forelgn turrency -

- 2) In North Sumatra province, 0.12 million tons of rice is e1ther

' 1mported or shifted from vther provinces annually. Tt is further=

" more forecasted that-a shortage of 0.4. million-tons of ‘rice’
Cwill oceur in 2000 . Thib inditatee high marktting putentiality
jof rice in the tuture :
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3) Rice price is relatively qtable at present. It is expected"that
this trend will continue hereafter. . The benefit. cost evaluation
has proved that rice production-will be highly profitable.

- 4) Farmers in the pro;ect area who are familiar with paddy Cultl-
vation have sufficient incentives to produce paddy.

The proposed cropping pattern in the pro;ect area is the double
- croppying of paddy per year as-shown in Fig.4-6,

Physiologically, there is no limitation of paddy seed germina-

tion due to the constant high temperature which indicates the possibi-

- 1ity. of seedling at any time. However,ISpeoial attention should be
paid to the increase in photosynthetic efficiency of paddy in order to

. increase rice production. . The critical growth period for such effi-

~ciency is about 15 davs before heading and 25 days after. heading..
Cropping pattern of paddy, therefore, should be prepared in such a way
that the said period falls on the period of long duration of sunshine.
It is also necessary to consider the effective use of natural rainfall
at the puddling periode when much irrigation water is required

Polowijo crops will not be. Lultivated in the progect area because
all the culrivavion area can be improved for more profitable use -
through paddy production, :

Multi ~cropping 1ndex in the project willk ‘rise to 1.8 from the
present 1.3,

(2) Farm Inputb and Farm Practices.-'

In the prOJeCt area, improved high yielding varieties such as
TR-series will be introduced. Proper application of fertilizers and .
agricultural chemicals is essential for the full éxploitation of rice
produrtion for such high y1eld1ng varieties under 1rrigation farming.

The LStlmthd kotal fertilizer requ1rement for paddy is 250.. kg of
urea and 100 kg of triple super. phosphate per ha, respectively -~ As
regards fertilization, split application of urea is practiced in order
to increase rice yleld and its heavy top- dresaing is specially done in.
‘the late period.of the young panicle formation stage. The total amount.

of triplL super phosphate will be applied as babiL dreesing.

As to the damages to riee, ‘the . deeease Laused by grassystant virus
and hopperfurn was conspicuous from 1973 to 1976. In.addition: ddmages
by rice bordr are: principally found. “In due LonSideration of, these’
aspects 44 per ha of insecticides such as- -diazinon, MPMC should be
‘used. It is absolutely necessary to carry out Joint prevention of
pldﬂL dibedbEb at the same time. R ;

Proper water management during the growing stage of paddy is also
~an imporeant factor for attaining the target yileld of rice,:. The . .
required technices are the- drying practice, and application of deep ot L
‘shallow water, ete. : : : :
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.1t is expected on the other hand that there will be no substan-
tial change in input requirement for  future w1thout progect condition
except some increase in fertilizer input. o

Input requireﬁents for rice in the future with and without bfojéct
conditions are as summarized in Tables 4-14 to 4-16, .

(3) Anticipated Yields and Crop Production.

The present crop yield is low, mainly because of the low farm.
inputs, and improper water control. The productivity of paddy in.future
with project condition is expected to increase: through the introduction
of improved irrigation farming as recommended in the previous section.
The expected rice yield is estimated at 4.5 tons of paddy per ha on
the basis of the experimental data made in the Provincial Seed Center
located at Tanjung Morawa, International Rice Research Institute in.
the Philippines and Bogor Agricultural Experimental Station as well as-
the data on well-irrigated land in the project area in which more than
6 tons paddy per ha are often observed. The yield will increase gradu-
ally from year to year and will reach the maximum in the seventh- year
after introduction of improved 1rrigation farmlng

The unit yields .of crops in future without progect ‘condition are
estimated, taking into consideration the. past trend of the produc-
tivity in Nerth Sumatra Province and the assumed input increase.

The future unit yield and production of crops both with and
without project conditions are summarized in Table 4-17.

: Table_4¥14 Input Requirement for Paddy per ha for
L : Rainfed Area including Non—technical Area
(Without Projegt) :

CItem S0 Amount (Rp.)
S oSeed - T atoo 2,500
Fertilizer. B T T e
Urea . - - S . 12,000
. T.S.PL o o R . 4,000
Insecticide : A e S - . 1,800
Rodenticide - - R . ' ; e R -460
Labor Cost : B ' S
Land Preparation’ & Nurbery e o i 12 000
Planting . Cod _ o4 8,400
Weeding, Fertillzlng & Spraying Chem1cals;- jj~“ﬁy~25‘0Q0::
Harvesting - . - : : - 10,000
Miscellarneous Cost. _'_7‘ e e ' ' 4,840

Total Cost - . 81,000
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Table 4-15 Input Requirement for Paddy.per ha for
o Irrigated Land (Double Cropping Area of
Paddy for 4,500 ha) (Without Project)

Ttem ' _ Amount (Rp)

Seed ’ : S 3,750
Fertilizer ' _ - '

Urea : ; S 16,400

T.S5.P, : 6,200
Insecticide : 2,800
Rodenticide : - _ _ 840
Labor Cost : . ' _

Land Preparation & Nursery : 13,000

Planting C ' 8,600

Weeding, Fertiilzlng & Spraying Chemicals . - 29,800

Harvesting E 11,500
‘Miscellaneous Cost 5,110

Total Cost . - 98,000

Table 4-16 TInput Requirement for Paddy per ha -
(With Project)

Ttem - = _ R N - Amount (Rp)} -
Seed - (25 kg, Rp 150/kg) - SRR L 3,750
Fertilizer P o R
Urea - (850 kg, Rp 80/kg) _ v S . 20,000
TSP . (100 kg, Rp. 80/kg) ' . ' R .8,000-
Insecticide . o EER TR S
(4%, Rp. 900/1) o SR o o 3,600
Rodenticide : : _
_ : Zing phosphlde (0.5 kg, Rp 2 300/kg) . 1,150
:Labor Cost _ ' o
Land Preparation & Nursery . o . 14,000
Planting R - 8,800
Weeding, Fertilizing & Spraying o S - 33,700
‘Chemicals _ . S .
: . Harvesting _ o S : 13,000
Miscellaneous Cost S ' L 7,000

Total.Cost . o o o o 113,000
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(4) Marketing_and'Price'Prospects.

Future prospects of the demand-supply condition of rice in North
‘Sumatra Province are projected for the period of 1980 to 2000 on the
basis of the following assumptions.

1) .Annual_population growth raté'bf 2.9% will continue during the
said period (Refer to Table 4-18).

2) " Annual per capita consumption of rice is 150 kg (or 250 kg of
~ paddy).

3} Annual increasing ratio of rice production in North Sumatra
: Province is -33,540 tons (ur 55, 900 tons of paddy} (Refer to
Table 4-19) .

Although the projection is made on the basis of rather simple
agsumptions and comparison, rhe results suggest that the shortage of
rice will continue in the future and will reach abour 382,000 tons
of rice in 2000, The evstimated shortage of rice which may occcur’
during . the period of LY80 .to 2000 is as summarized in Table 4-20.

An increase of about 533,000 tons of rice (or 88,300 tons of paddy)
can be expecred at the stage of full development in the project area,
This amount of increase will easily find its uutlet in the domestic
markets.

_ As regards prices of the farm products in the: future with pro-

- ject, the economic farm-gate price for paddy is estimated at Rp.65 per
kg of paddy on the basis of the projected .international’ market prlcell
taking into consideration: the transportation, prouessing and other costs
and expenses : DLtdllb are s Shown in Table 4 21 :

Sl ‘The internatlonal prlLE as forecast by IBRD for: the perlod of
1980 to 1985 is used

Téble 4-18 ;Populétiun in North Sumatra Province

vl = : R Population
YEdr- S . Pqpnldt}on Growth race
- 1961 ' L 4,964,723 :
1962 5,105,700 S 2.8
19637 ©+ 5,321,900 4,2
- 1964 o 5,362,500 0.8 -
1965 = - _ © 5,498,300 2.5 -
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' . L ’ Population
Year . Population_._ Growth rate
1966 : 5,639,300 S 2.6
1967 _ o 5,785,200 2.6
14968 : 5,936,600 2.6
19469 : 6,094,000 2.6
1970 : 6,413,270 5.2
1971 - 6,690,723 4.3
1972 _ 6,889,960 3.0
1973 7,091,866 2.9
1974 : 7,297,927 2.9
1975 _ : 7,509,113 ©.2.9

2.9

1976 _ ' 7,726,737

Source: Statistiual.Year Book of North Sumatra, 1975

Table 4-19 Harvested Area and Total Production of
Rice 1in North Sumatra Province

Year Harvested Total prodqa;ioniﬁ
- rarea o of rice
1969 - 501,519 846, 7461 (1,411,263
1970 512,435 . 866,869 - (1,444,781)
1971 556,539 . 947,006 -~ (1,578,343)
1972 - ¢ 564,969 T 1,001,758 - (1,686,264)
1973, ... 02,251 . 1,014,579 . . .(1,690,965)
197643 521,896 - 922,609 . - . (1,537,681)
1975/5 | 518,241 826,682 (1,377,804).
/1 : Rice

2 ;tPaddyl(conversioh ratio from paddy'is rice.;'100:60)

/3 : Harvested area and total production of rice decreased
‘due . to damages by leaf hopper 1974 and 1975 are excepted
. for- Lstlmdtion of increasing rate of rice production per
annum, . . .

/4 : ldcreasing rate of total produgtion of rice between 1969
and 1973 is estlmated at 33,540 tons per annum, (or 55,900
- tons of paddy) .



- ‘Table 4-20 Forecast of Rice Shortage

in North Sumatra Province

188 -

_Ygér : Populationil' _ Demaﬁdiz ' Prcn:luc:ticu'li3 Balance
1980 8,663,000 . 1,299,000 1,249,359 - 50,000
1985 9,994,000 1,499,000 1,417,059 - 82,000
. 1990 11,580,000 1,730,000 1,584,759 -145,000
1995 13,301,000 1,995,000 1,752,459 1-243,000
2000 15,345,000 2,032,000 1,920,159 -382,000
'l} :  Apnual population growth rate = 2.9%
/2 : Per capita consumption of rice = 150 kg of rice per year.
: It is assumed that the annual increased production is

33,540 tons of rice after 1973.

Table 4-21
' of the Project

Rice Price for Economic Evaluation

Rp.l /t

International market price UsS$270/t 112,050
"FOB Bangkok ‘ ' o o
Transportation cost Rp./t _
~ Bangkok-Belawan : Uss 10/t - 4,150 116,200
-Handling LhdrgL & warehouse : : _
charge’ _ SR IR
' (handllng Lharge Rp 1,000 . ) - 1,600 117,800
10 Rp/day x 60 days = Rp 600 S
Transportatlon cost o _ L
Belawan-Medan 2,600 120,400
‘Processing cost ' ' S .
a. Package & handling charge 4,000 116,400
'b. Milling charge- T 2,500 - 113,900
c. Selling price of paddy b x 0.6 - 68,340
Transportation and broker 8 ' 2,500 65,840
.margin : g o '
Farm gate prlce . 65,840
. . (65,000)

d 3.3, Irrigation and:Drainage Plad.'

(l) General Plan of 1rr1gat1on and Dra1nage.

As described under 4-2- 6 and 4—3 1 in CHAPTER iv, the irrigation

and dralnage plan for the agrlcultural developmgnt in the project :
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“arca is mainly to improve the existing systems -and expand the technical
irrigation area without the construction of special structures such
as dam or weir. : : :

The coverage areas of the irrigation plan are located in the
alluvial fan of the Ular River mainly along. the coast, and totalized
"~ to be 18,500 ha.of net. paddy field planned to produce rice products
twice a year. :

The water source for the irrigation entirely depends on.the Ular
River which can supply total diversion water requirements of each
intake throughout the past discharge observation period. 'The drainage
water which inflows into thc dual—purpose canal from its catchment
area is disregarded. : :

After deciding the coverage area of each intake in accordance with
the check of its elevation and capacity te the benefited area, the '
improvement of existing irrigation systems is planned as shown in
Fig, 4-10. As for intakes, three iIntakes are left as they are, five
are unified teo one and other five are improved within thirteen existing
intakes for irrigation. Nine intakes, therefore, cover 18,500 ha.

All existing drainage systems are not improved, but some drainage
rivers which flow in the proposed irrigation areas or. connected with
them and moreover have comparatively bigger drainage requirements are
selected to be the objectives for the improvement. Fig. 4~11 shows
the plan of the drainage system. ' Y

(2) Water Resources

The discharge observation station on the. Ular River avaiable for
the study on the irrigation plan is installed at Serbajadi near the
Pulau Gambar intake in the upper reaches of the: river in the project’
area and it has ‘the catchment area of 1,030.6 km?, Almost no residual
catchment area is found be tween Serbagadl and the estuary of the Ular
River. The river discharge at the time of drought, therefore, can be
regarded to be gradually decreased in proportion to the 1ntake dis-
charges  on the downstream ‘

Irrigatlon plan is usually decided to be based on the drought
discharge of the 1 in 5 year probability in Indonesia. Actually,
however, discharges only for three and half years have been observed
at Serbajadi and no correlation can be found between the river dis-
charge and the areal rainfall in the catchment area. Therefore, it is
difficult to calculate the, drought discharges of the 1 in 5 year.
probability S o

. Accordingly, the irrigation plan rests on the basis of ten—day
discharge. The total diversion water requirement of each month shows
smaller value than the ten-day river discharge of the same month in
all past records. The minimum difference between the total diversion
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#

_requirement and the. tenwdap discharge was 10.7 m3/sec and appeared in -
the last ten ‘days of July in 1972, and the river discharge at that
~time near Pulau Gambar 1ntake was 33. 3 m3/sec. o

ThlS means that the Ular River still sustain a dlscharge more than
" 10.0 m¥/sec even in the most dangerous ten days after taking the total
diversion discharge. " ¥ig.4-~7 shows the relation of the ten-day

diséharge and the total. diverelon tequirement using the past records
of discharge.

(3).Irrigation Water Requirement,

Almost no data on the crop water requirement is available in the
project’ area and the neighboring area. The consumptive water use for
paddy cropping, therefore, is obtalned using the climatological data
and other requirements are.decided by reference to the observation
reoord and the data which are empirically adopted in Indonesia.

_ Table 4-22 shows the results of calculation of the unit and total

diversion water requirements. In the table, the monthly effective

rainfall is assumed to be 80% of the average of the dry monthly rain--

fall ‘of each station in the project area occuring once in 5 years.

The consumptive water use is calculated by the modified Penman formula

~ using the climatological data at Sampali. The daily percolation
_assumed ig at '3 mm for dry months and 2 mm for wet months. The puddling
water requirement including the land preparation requirement is taken

‘as 200 mm for the initial twenty days of each cropping and the total

~efficiency except the conveyance loss assumed is 0.64. During the last

.'_fifteen days btfore harvest of the crop, no 1rrigat10n water is
'eupplled ' o

. The maximum monthly diver310n water requirements, which are calcu—_

_ *lated in acdordance with the proposed cropping pattern, appear. in - '
-:February for the.first cropping. and. in June for the second. Their
“amounts- for the total irrigation area of 18, 500 ha are 22 6 m /sec

fand 25 2 m3/sec respectively. :

(4) Drainage Water Requ1rement.

o Rice plants can not be Submerged without undue damages, for a
'.period of more than 4 6r 5 days. After submergence, the water level
..in theé paddy fields must. ‘be lowered, 50 as_ to leave 15 cm of plant
'fexposed above the water,- with1n a period of not more than 4. days.

Drainage Lﬂp&Clty is decided to prov1de sufficient conveyance
_;capatity for protection- against 5-year frequency rainfall storms in
' addition to the above consideration and in accordance with" the recom~
" 'mended method of PROSIDA which is the special authority for the
"prOJects of Internatlonal Development Assoc1ation in Indonesia.
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According ‘to the PROSIDA s recommendation, the rational formula:
is applicable to the surface drainage from agric land and the empiri—
cal formula by Macmath for the runoff from the drainage area
comprlsing villages, roads and non-agric ‘land.

Fig. 4-8 ghows the Lalculation result: and its deriviation notes’
of the drainage water requirement for the project area. In the cal-
culation, the ratios of the agric land and the. other area are’ assumed
to be 75% and 25% respectively. The maximum daily rainfall for a
raturn period of 5 years 1s 122 mm of the average value at the rain-
fall stations in the project area.

In view of the fact that there is a distinct difference between
_point intensity of climatic quantity and average intensity over a .
" larger area, value of the former quantity was applied to 50 ha and
90% thereof was applied to 5,000 ha. Regarding the drainage channels,
an allowance of 15% was dddEd to the . carrying capacity: for design in
consideration of possible future reduction of carrying capacity due
to sedimentation. - This allowance was taken inte consideration pri-
marily in the estuary reaches of the drainage channeéls.

(5) Irrigarion and Drainage System.

As shown in Figs. 4-9 and 10, the irrigation systems in the

project area are planned by nine intakes, and the 1rrigation area totals
18, 500 ha. :

5wadaya intake, whigh is proposed to be improved -covers the . Pulau
" Gambar area of 1,200 ha with the existing Pulau Gambar intake.
8. Buluh intake also proposed to be improved increases the benefited
area from existing 400 ha to 4,600 ha,  The main canal for the S. Buluh
area, however, is’ left to be dual-purpose canal for both 1rrigation and
'drainage because the canal length is long dnd the separation needs big .
construction cost.  The original planning area of P.U. for the expansion_.
of the Timbang Deli area is plantation at present and the improved
1ntake 1nten91fies the existing irrlgation system of 400 ha..

Bendang 1ntake is left as it is, but Perbaungan intake is proposed'
to be improved. . The areas irrigaced by both the intakes are connected .
with canal and therefors can be considered to be one irrigdrion system,
which expands. the coverage area from 2,959 ha to 7,200 ha mainly along
“the coastal area. The improved Sumber Rejo intake magnifies ‘the ob—
jective area from 800 ha to 2,700 ha taking in the area which Ramonia
intake can not. cover. . The Ramonia intake spreads the irrigation system
from 1,100 ha to- 1,700 ha without the improvement of ‘the intake. .
Singosari intake is proposed to unify five small. intakes along the right =
- side in the downstream of the Ular River -and expands the irrigation area'.
from existing 150 ha- to 700 ha, ' : '

The improvement of the dralnage system is planned to Loncentrate
on the basins of the Buluh River and: the Perbaungan River with bigger :
drainage requirement. Especially, the drainage water gonveyed by ‘the. o
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F|g4 -9 Dlagmm of Irrlgatlon ch‘er D:strlbunon System
{ with Pro;ect)

PULAU GAMBAR +22.5 km
300 ha | 0.9 Mk R

39.9 |40.3

SWADAYA +19.7
500 ha [ 1.2 ™¥s K PLANNING RIVER DISCHAGE

28.7

S.BULUH  +19.0km
4.600ha] 6. 3M/s -

2.4

|l +14.3 km [TIMBANG DELT
1 - -] 400 ha'| 0.5m¥s

PERBAUNG AN + 9.6 km
5.500haf 7.6 Mys | -

"+3.1 km [SUMBER REJO .|
- |2.700ha] 3.7M¥s |

20.7

UCAR _RIVER

BENDANG  4+.0.2 km
;700 ha| 2.3 M¥s| o SR T SR
to RAMPAH o IR T L - __to MEDAN
o ULAR BRIDGE | . O

18.4

_ . ] "thi‘o‘n'ol -'Ft‘.oad
SINGOSARI -26km| | -t L
700 ha| 0.9 M¥s| |

7

=~ 47km [ RAMONIA . | |
- L 700ha] 2.3 M7%s)

15,
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‘dual - purpose main canal for the Buluh area casts a burden upon the
Buluh drainage canal which is a tributary of the Nippah River at
present. The main drainage work is to decentralize the drainage
requirement of the above Buluh main canal to the tributaries of the
Buluh River and Nippah River because the Buluh main canal is also used
as the irrigation canal. Further, important tributaries of the Buluh,
Nippah and Perbaungan rivers are planned to be enlarged in the area

benefited by irrigation. Fig.4-11 shows the improvement plan of the
drainage_systems. '

4.3.4.-Proposed Irrigation and Drainage Works,

(1) Intakes.

Fig.4~-9 shows the diagram of irrigation water distribution system
from the Ular River during the labt ten days of June when the intakes
take maximum dlscharge of 25.2 m /hEL in total and the river shows the
~minimum. ten-day discharge of 40.3 w /sec. Actually, however, the
minimum difference between total diversion requirement and ten-day
discharge appears in the last ten days of July, and the amounts of the
total diversion requirement, ten-day discharge of the river and their

‘difference at that time ave 22.6 m3/sec, 33.3 m3/sec and 10.7 mI/sec
respectively.

The improvement of the existing intakes mainly consists of lowering
the elevation and enlarging the width slightly to assure the total
diversion water requirement. The above two cases are applied: to de31de
the elevation and capacity of each intake and its successive canal.

The relation between the river discharge and the water level necessary
for this study depends on Fig. 4 2 because the relation has almost no -
changes after the river improvement. - The result.is .shown in Table
4-23, Three intakes of Pulau Gambar, Bendang and Ramonia’ have no-
HELESSItY for 1mprovement.

 The dLSlgn veloc1ty of inflowing water at the intakes is from
0.6 m/sec to D. 8 m/sec and the maximum velocity for earth canal is
assumed. to be 0.6 m/sec. The suspended sand, therefore,-is con-
sidered to precipitate in some distances in the upstream of the canal.
The proper operation of intake gate to keep the intake velocity at
less thap the design velocity and the occasional operation and main-
tenance of intake and canals will be required. The necessity and-
availability of sedimentation ba51n is proposed to be studled in the
coming fea31b1lity study. :

. (2) Related Structures.-

. Table 4-24 shows the number of proposed 1rr1gat1on fac1lities
and the length. of canal-which cover the tertiary irrigation unit of
_abOut 150 ha at every intake, clasgifying the facilities into struc-
‘tures. not to be improved, to be improved and to be newly constructed.
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One of the most important structures is the measuring device
attached to‘'diversion works. The proper water manaement by means

“~of the measuring devices w111 entail the ‘successful development in”
pro;ect area. :

Besides. the'provision of drop work will prevent the erosion
of the inside slope of . canals to some extent.

(3) Farm Diteh and Farm Road

. -As stated before, fac111ties.oﬁ farm in the project area are
left in the unconsolidated condition.  Especially, the small densities
of tertiary canal, farm ditch and farm road Seem to prevent ‘the expan-’
sion of the irrigated area. On-farm works to increase the densities
of tertiary canal, farm ditch, branch road and farm road at least to

20m, 40 m, 30'm and 15 m per ha respeetively should be taken into
account as the project works,

(4) Drainage Wurks..

Drainage works are proposed as -shown in Fig.4- ll and the. follow—
ing table. The construction of new bridges and the improvement of

existing bridges also should be taken into account as the project
works.

Table 4-~25 Proposed Drainage Works:

Nametof.fiver'f'-eiﬁprovement New construction Total Bridges‘
L S e e km o E Ckm km ~ places
S. Perbaungan inecl. . -  10.8 . - - .= . 10.8 - 3
Tungtung canal S : o
S. Nippah e 10.1 8.1 - 18.2 3

8. Buluh and Baweh . 10.5 ... . 5.8 . 163 '3
7S, Telukmengkedu ' _ 3.6 S - - 3.6 1.
S. Pavdo : - 3.8 - 3.8 1

© Total . S s8 139 27 1L

4.4, Cost Bstimate for lrrigation and Drainage Works.
“4.h, l Construction Sehedule.'

The irrigation sySth in the pIOJELt area is divided into eight B
" areas. Taking it “for granted that each area. should be developed for
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one year, the construction pexiod is decided to be 3 years because the
development of the Buluh area requires the biggest construction. volume,
and the numbers and capacities of the construction equipment for the
'progect area decided by the” abOVe construction volume.

The construction schedule to develop: eight areas’ is decided from
their technical and economical points of view. In the first year,
Sumber Rejo, Ramonia, Pulau Gambar.and Singosari areas are scheduled
to be developed. The Buluh area will be developed in the second year
after the drainage work in the downstream has progressed to some extent.
In the last year, the irrigation systems in the Bendang, Perbaungan

“and Timbang .Deli areas are improved

Before starting the construction of main civil works, detalled
design, procurement of construction: equipment, land aquisition. in--

‘cluding some compensation works. and the: construction of temporary work,
offices and quarters should be preceded.

Fig. 4-12 and Table 4-26 show the proposed construction schedule
and the sequence of area to be developed.

Fig.4f12' Construct1on Schedule

Fiscal year | 78/79] 1979/80. | - 19s0/81 [ 1981782 | 1982/83
Month . |12 2 36 810122 468 10122 45810122 468101224

Detailed design L

Procurement

Supervision

{Land acquisition
Construction '

_Preparatory
- work

.Irrigation
work.

" Drainage work

On~farm work
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-Table 4-26 Sequence of development by area

Existing condition " Develop

Year - = Area _ First cropping Second Double
Irrigated Rain-fed cropping cropping

. : ha ha ha ha

Sumber Rejo 800 . 1,900 . -100 . 2,700

l9go/g1 Ramonia | 1,100 600 500 1,700
o Pulau Gambar . 1,200 - 800 - 1,200
Singosari ' 150 550 - 700
Sub-total 3,250 . 3,050 1,400 6,300

1981/82 $. Buluh 400 - 4,200 S 4,600
~ Bendang ‘1,000 700 900 1,700
1982/83 . Perbaungan 1,950 3,550 1,800 5,500
' Timbang Deli 400 - 400 . 400
Sub-total 3,350 - 4,250 3,100 7,600

Tocal . 7,000 11,500 4,500 18,500

54.4 2. Coostruction'Cost."

_ ‘Thé costs descr1bed here are all construction expenses necessary.
for the 1mprovement of the irrigation and drainage systems in the pro-
ject area on the basis of the afore—mentioned scale.  The construction
costs are estimated under the condition that the construction is carried
. out by local contractors and the construction equipment are procured
- from abroad and lent to the contractors by the Government of Indonesia.

The cost of constructlon equ1pment, however, is 1ncluded in the
construction costs as depreciation cost.  All administrative staffs
and laborers are locally mobilized excePt consultants to be invited for
' eng1neering services and all materla]s are proposed to be loeally
: purehased except big gates

ALl LonstruLtion costs were estimated based on the Standard prices
in the 1976/77 fiscal year in Tokyo and Medan. The cost of miscellane-
" ous work. is expected to be 10 per cent of the cost for all civil works.
~ About twenty (20): per cent of the total cost for all civil works

ineludlng miscellaneous work is applied to engineering and administra-
- tion cost. - ‘Land’ Compensation expenses consist of the costs of land
aquisition for right-of-way of canals, temporary works,. etc, Physical
contingency is assumed to be 20% of the total costs for civil works,
land compensation, englneering and administratlon
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Tables 4-27 and 28 show the construction costs and theilr annual -

disbursement program which follow the construction schedule and the.
sequence of area to be developed

Table 4-27 -Construction Cost

Unit: 10%Rp.

Item ' ' Amount

Civil Works

Preparatory work C224
Irrigation work 1,355
Drainage work : : ‘804
On-farm work 375
(Sub-total) : 2,758
Miscellaneous work : 275 .
Sub~-total ' ' 3,033
Land Compensation expenses . C 50
Engineering and administration cost ' 580
Physical contingency : - 732
Total : S 4,395
Table 4-28 Annual DisbursemEﬁtjProgram
Unit: 106Rp.
- 1ltem - 1978/79 1979/80 1980/81 1981/82 1982/83 “Total

Civil works

Preparatory work - - 15 109 S0 50 - 224

Irrigation work .- -, 3% 590 41171, 355
Drainage work - - T 268 268 268 - 804
On-farm work . = B0 150 145 375

- Misce€llaneous work -~ = ‘1 81 106 81
_ Sub-total - = - - 16 892 1,164 .961 3,033
Land Compensation.-. o= 250 ‘.ilB 12 ?-l_l . 50
expenses RS - : : S : R L
Engineering and. .~ - 87 203 98 * 96 96 .. 580
administration cost - . e
: Physical.contingenqy' 17 ' 49 201 - 254 .  _211' ;;1 732= s
Sub-total 104 o277 312 362 307 1,362
Total =~ . 104 293 1,204 1,526 1,268 4,395
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4.4.3, Operation, Maintenance and Replacement Cost.

‘Operation and maintenance cost of the irrigation and drainage
facilities after completion of construction is expected to run to about
2 percent of the costs of civil works per year. Operation and main-
tenance cost- during construction period is assumed to be in proportion
to the area to be developed. .

The cost to replace facilities for irrigation and drainage within
the period of project life is mainly for big gates of which the life
year is expected te be 30 years. The requirement cost is totalized to
be 132,000,000 Rp. ' :

The following table shows the annual disbursement program of the
operation and maintenance cost and the installation cost of big gates.

Table 4-29 Operation, Maintenance and Replacement Cost

Unit:.10°Rp.

Ttem 1980/81 1981/82 1982/83 1983/84 Remarks

' e ' fixed on and
0.t cost - 20 3 - 80 after 1893/84
Replacement cost 45_: . 33 54 _ . . Replacement

after 30 years

4.5, Irrigation Benefit and-Farm'Budget; E

4.5 l Estimate of Irrigation Benefit. :

" The 1and in the pro;ect area is now under insuffic1ent seasonal
1rr1gation or rain-fed. . Consequently, the percentage of paddy crop-.
ping ‘in the dry season is restricted to be less than 25%. Furthermore
- unit yield of paddy crop remains in low ‘level due to such 1mproper '
water control as well as insufficient farm management.

;. The: prOJELt will provide year-round irrigation and drainage to
'_the entire ‘project area and will thereby provide the basis for a
maJor increase in rice yield and productlon.

: Irrigation benefit is defined as the difference of primary profit'
from: crops between future without progect and with project conditions."

B The'irrigation'benefit will come immediately after the imple-
mentation of the construction of irrigation and draipnage facilicies.
The benefit will be expected to increase linearly year by year and

. attain its maximum of Rp 2,478 million in and after the 7th year after =

the .completion of construction of 1rrigation and drainage facilities
]as shown in Table 4=~30.
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Table 4-30 Annual Irrigation Benefit in the Full Stage -

(Unit: Rp).

Gross Income S 'Without project R  .  ‘With prqjédtﬁ
. Paddy _ ' ' ' :

Unit yield (t/ha) oo 40 3.4 b5
Harvested area (ba) 9,000 14,0000 33,300
Total production (t) 36,000 - 47,600 149,850
Unit price (Rp/t) 65,000 65,000 65,000
Gross income ....(A) 2,340x108 3,094x106 .9,740x106

Poloﬁijo . _ | : T e o
Harvested area (ha) : 1,100 o 0
_Total production {t) 5,680 _ .0
Gross Income ....(B) S 102x10%° : : 0

" ‘Total gross income (A+B) _ 5,536x%106 9,740%x108

Gross outgo

' Paddy | (4.0t/ha)  (3.4t/ha) S

Unit farming expense (Rp/ha) 98,000 81,000 ~113,000
"Input area- = - 9,000 . 14,000 - 33,300
Gtoss optgo :.,.(C) c 882x10_6 : l,l34x106 3,7631{106

P010w130 : L e T S S
Gross outgo ....{D) o 21106 o Lo 0
Total gross outgo (c+#D) '2,037x106-_ s S 3,763x105
Primary’ proflt (A+B—C D), o 3,499x108 o 5,977x106

-'IRRIGATION BENEFIT . . (5,977x106=3,499x106) L 2,478x108

Furthermore, the more intensivé and extensive farming as a result
of the Project will foster trade in agricultural inputs.. Also. ‘the sur-
plus rice for the region. will require commercial milling ‘and 1mprovement
in the distribution’ system for. rice.- The overall impact. of. the’ PrOJect
will be to expand commercial activity in the Project area, increase

.employment and improve the living COndlthnS of farmers in the Pr03ect o
area. : . ; S
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4.5.2. Farm Budget.

The Project will improve the economic¢ conditions in farmers. An
average farm budget for a farm of 0.96 ha and a family of 5.58 is
roughly estimated as Table 4-31. The gross income with future project
condition 1s projected at about Rp. 646,000 and after farm inputs and
living expenses, disposahle income (or capacity to pay) amounts to
about Rp. 212,000. This valué is about ten times of present income.

Table 4-31 An Average Farm Budget in Future with Project

{Unit: Rp)

Gross Income : : ' 646,000
Gross Oﬁtgo
' Farming expenses 122,000
Living expenses _ 312,000

Capacity to pay © : 212,000

<«
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