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PREFACE

In response to a request from the Government of the Republic of Indonesia, the
Government of Japan decided to conduct a feasibility study on Cidanau-Cibanten Waier
Resources Development Project and entrusted the study to the Japan International Cooperation
Agency (JICA).

JICA sent to Indonesia a study team headed by Mr. Tetsuro Okaji of Nippon Koei
Co.,Ltd. and composed of members from Nippon Koei Co., Ltd. and Mitsui Consultants Co.,
Ltd., four times between December 1990 and May 1992.

The team held discussions with the officials concerned of the Government of Indonesia
and conducted field surveys at the study area. After the team returned to Japan, further studies

were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and to the
enhancement of friendly relations between our two countries.

I wish to express my sincere appreciation to the officials concerned of the Government
of the Republic of Indonesia for their close cooperation extended to the team.

June, 1992

Comenkia g e —

Kensuke Yanagiya

President
Japan International Cooperation Agency






' June, 1992
Yanagiya Kensuke
President
Japan International
Cooperation Agency
Tokyo

Dear Sir,
Letter of Transmittal

We have the pleasure of submitting to you a Final Report of The Feasibility Study on
Cidanau-Cibanten Water Resources Development Project prepared for the consideration by the
Government of Indonesia in implementing water resources development for water supply to
Cilegon industrial estate and its surrounding areas.

This report consists of five volumes. The Main Report contains the results of the pre-
feasibility level study on alternative schemes for water supply to Cilegon industrial estate and
its surrounding areas and feasibility study on optimum development plan. Supporting
Report (I) contains hydrological, geological and construction material studies to support the
plan presented in the Main Report. Supporting Report (IT) contains studies on plan
formulation study and preliminary design on alternative schemes and the environmental
assessment.

All members of the Study Team wish to express grateful acknowledgment to the
personnel of the Advisory Committee, Ministry of Foreign Affairs, Embassy to Indonesia as
well as officials and individuals of Indonesia for their assistance extended to the Study Team.

In conclusion, the Study Team sincerely hopes that the study results would contribute
to the future water resource development for water supply to Cilegon industrial estate and its

surrounding area.

Yours, sincerely

“Z. . //(ld,,/%
Tetsuro GHET-, f

Team Leader

The Feasibility Study on

Cidanau-Cibanten Water Resources
Development Project
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SUMMARY

INTRODUCTION

1.1 Project Background

Since the establishment of P.T. Krakatau Steel in Cilegon in 1971, the investment
activities of related enterprises and factories have been accelerated recently in the Cilegon
industrial estate located at the western part of the North Banten area.

Presently, the water for the industrial estate above is taken from the Cidanau river at
1 km upstream from’ the estuary and supplied by pumps through a 1.4 m diameter and
27.2 km long pipeline. Full capacity of existing pipeline is designated at 2.0 m3/sec,while
the present supply is remaining at about 0.8 m3/sec.

Shortage of waier supply is getting serious especially in drought years due to that
the water is taken from the Cidanau river by free intake and that natural daily run-off in the
Cidanau river in dry season is limited to less than 1.0 m3/sec in once in 10 year drought
 year.

The water demand at Cilegon industrial area including P.T. Krakatau Steel in the
year of 2000 is forecasted to be remarkably increased especially by increase of production
of Krakatan Steel. Besides, the demand for municipal water for surrounding cities of
industrial estate such as Anyer, Merak and Serang is also increased. There are also
increasing water demand in the coastal area due to development of tourism.

To serve the water deficit for the North Banten Region located at about 120 km
west of Jakarta city, the master plan study on North Banten water resources development
has been carried out by JICA in July 1983 and the feasibility study on Karian muliipurpose
dam project has been carried out by the Japan International Cooperation Agency
(hereinafter called "JICA") in 1985, aiming mainly at irrigation water supply.

In order toc meet the future water demand of the western area of North Banten,the
Government of Indonesia aimed for development of water resources with special purpose
for water supply to the above areas, and requested to the Government of Japan in
November 1988 for the feasibility study on the water resources development in the Study
Area covered by both Cibanten and Cidanau rivers,aiming for urgent water supply. In



response to the request, the Government of Japan dispatched a preliminary survey team to
Indenesia in September 1989, The Scope of Work was agreed between the Directorate
General of Water Resources Development,Ministry of Public Works (hereinafter called
"DGWRD") and JICA on October 4, 1989.

1.2 Objective of the Study

The objective of the study is to examine technical and socio-economic feasibility of
the project which envisages mainly the municipal and industrial water supply in the study

area, cspecially,

() to confirm possible water potential by dam development schemes in both
Cidanau and Cibanten river basins and others and decide the development
priority of alternative schernes in the first stage,

(iiy to conduct the feasibility study on the optimum devclbpmem scheme in the

second stage.
1.3 Work Progress

JICA dispatched the Sdy Team for the Feasibility Study from the middle of
December, 1990. Since then, the JICA Study Team has made investigations and studies on
the Project in close cooperation with the DGWRD's and Cisadane-Jakarta-Cibet-Banten

(hereinafter called "CICB") counterpart engineers.

From the result of investigation study during ist field work from mi& December
1990 to mid March 1991, the following matters were found out; -

(1) The water source of Cibanten river is rather small and also dve to existing
irrigation water requirement in its downstream area, the development yield,
about 0.45 m3/sec created by the proposed Cibanten dam will not be sufficient
against the growing demand in and around the Cilegon area.

(i) The Cidanau river has abundant water sufficient for water supply for the
above water demand area. However, the geological condition of the proposed
dam sites in the middle reaches of the Cidanau river is very poor and the cost
of water supply would be quite high.

(iii) In the situations above, DGWRD suggested that the development plan of



Rawa Danau should be reconsidered after the environmental problem would
be settled.

The study Team pointed out that it would not be casy because it is beyond the
Scope of Work in this Study although the Rawa Danau storaged dam plan will
be more beneficial than other schemes mentioned above.

As a results of review of site investigation at home office, the height of downstream
Cidanau dam site was restricted less than 35 m owing to the dam criteria in Japan and its
gross storage become about 7 x 106 m3. The development yield is limited to about
2.0 m¥/sec even though the dredging for sediment is fully maintained.

Considering the above situations, the joint meeting was held between JICA,
Advisory Committee and the Study Team on June 1991 to discuss the scope of further
study. As a result of the joiht meeting, another two plans were picked up as alternative
plans for the feasibility study on Cidanau-Cibanten projéct and additional field
investigations were planned to be carried out.

Owing to the decision of joint meeting, the working schedule was medified to carry
out the field investigation for. proposed Krenceng dam and Cidanau gated weir site in
August 1991,

After completion of second field investigation, the Interim Report was compiled.

In the Minute of Meeting on the Interim Report between the Study Team, the
Advisory committee and the DGWRD on November 8, 1991 the following three (3)
schemes were selected as the priority schemes for the feasibility study as below;

1) . SchemeK-1: Heightening of Krenceng dam without diversion tunnel

(ii) SchemeK-2: Heightening of Krenceng dam with Beroeng diversion
tunnel

(iii) Scheme C-3:  Heightening of Krenceng dam with Beroeng diversion
tunnel and Cidanau gated weir

The field investigation work in the Second Stage was carried out for one month in
mid December 1991 to mid January-1992 in accordance with the Minute of Meeting on the

Interim Report. .

+ Upon completion of field work, the Study Team immediately reviewed the site



investigationis at the home office. The Draft Final Report was prepared.in mid January to
mid April, 1992.

The meecting on the Draft Final Report between the Study Team, the Advisory
Committee and the DGWRD was held on May 6 to'14, 1992, -

1.4  Study Area and Location

The study area is situated in the northwest corner of the Province of West Java. - It
is bordered by the Banten Sea in the north, by the Sunda Strait in the northwest, by the
watershed of the Cibanten river in the east, and by the watershed of the Cidanau in the
south. The Study Area is 1,050 km2.

2.  SITE CONDITIONS
2.1 Socio-economy

According to information obtained from the departments/agencies of the
Government of Indonesia and interview $urvey with private enterprises conducted by this
Study, agriculture is the main stay of the Kabupaten. In the manufaciuring sector, state
owned company of Krakatau Steel is dominant,which have the biggest share in the steel
production in the country, Since late 1980s, industrialization consisiing mainly chemical
industries,made remarkable progress in Bojonegara and Anyer areas, Tourism is also
developing rapidly in the Kabupaten located in around Merak and Anyer areas mainly for
accommodating weekend tourists from Jakaria though the scale is rather limited.

At present,toll road reaches up to around Cilegon city from Jakarta which is
expected to be extended to Merak town where a major ferry port facing the Sunda Strait is

located. a

2.2. Existing Water Supply Facilities

* The present Krakatau water supply system consists of the water intake and pump
station (Q=3,000 m3/hr X 4 units and pump head of 67.1 m) Jocated at 1 km upstream of
the Cidanau river estuary, 2 27.2 km long with 1.4 m diameter waterjtransmissibﬁ pipe
line, Krenceng receiving reservoir with the effective storage of 3.155 x 106 m3,Krcn__ceng
pump station(Q=1,840 m3/hr x 5 units and pump head of 12.3 m) and water treatment



plant (Q=2,400 m3/hr x 3 planis).
2.3, Water Demand Projection

The present water use for the domestic and industrial water in the study area in early
1991 is summarized as below.

(unit:cms)

Krakatau's Desalination

Water source supply System plant Deepwell  Small river Total
Domestic water 0.05 0.01 0.02 0.02 0.10
(%) (50) (10 (20) 0
Indusirial water 0.69 0.04 0.01 0.03 0.77
(%) (89) (3.3 (L.5) 4.0
Total 0.74 0.05 0.03 0.05 0.87

Note: 11 excluded Serang which is supplied by the spring walter gushed out from the slopes of
the Gunung Karang throughoui the year.

The future water demand is forecasted as beiow. However, after the field
interview, the water requirement by the manufacturing enterprises is growing and changing
rapidly owing to the latest development plan of industrial complex. By data source
received from DGWRD, water demand in 2010 year will reach 7.14 m3/sec.

{unit:cms)
: ~ Projection year

Waler use T
1990 1995 2000 2005 2010
Domestic waler 0.10 .30 0.69 0.97 1.33
Industrial waler 0.77 : 1.76 2.61 2.0 3.61
Total ' . 0.87 2.06 3.30 3.67 4.94

(7.14)*

Notc:  excluded Scrang which is supplied by the spring water.
* included latest request by the manufacturing enterprises.
2.4 = Meteology and Hydrology

The- climate of the Study Area is gencrally g;l}argcterized as a tropical monsoon with
small variation of 26°C to 27°C on average monthly air temperature throughout the year.



The period from April to May is first transition between the two monsoons and the second
transition period is between October and November. The first transition period during
June to September is called the dry season and second transition period during December to
March is called the wet season.

Mean annual rainfall of recent 21 years between 1970 and 1990 was 2,500 mm per
annum. In the southern corner of the area, the annual rainfall reaches 3500 but decreases
towards the north to 2,000 mm,

Mean anrual runoff at Kubang‘Baros gauging station during 1980 to 1990 in the
Cidanau river is 13.0 m3/sec and mean annual runoff at Serut gauging station during 1980
to 1990 in the Cibanten river is 2.0 m3/sec.

2.5  Geology

“The study area is mainly composed of tuffaceous strata called "Banten Tuff". The
old volcanic rocks which develop at Mi,Gede and other adjacent mountains include
andesitic and basaltic lava flows, volcanic breccia and tuff. “The younger volcanic produced
by Mt.Karang are also composed of breccia and lava of pyroxene andesite 10 basalt. Banten A
Tuff and recent alluvial deposits like tuffaceous sand, silt and clay generally develop in the

Study Area,

The weakly welded pumice tuff layers which compose the foundation beds of the
Krenceng damsite, are sufficient for a low fill type dam.

The mechanical strength of the foundation beds around the existing pumping station
is also sufficient for the weir., But loose materials should be replaced by mass concrete. .
The permeability coefficients of the soft rocks, such as unconsolidated pumice tuff, range
in the order of 10~ m/sec. Comparatively high lugeon values, which are equivalent to the
permeability coefficient of about K= 10'4 m/sec, were obtained from the boreholes which
penetrate welded pumice tuff layers. The foundation rocks of these damsites are possible to
be treated by normal grouting using cement milk,

2.6 Construction Materials

The rock quarry sites for the riprap material are distributed in Anyer and Bojoriegara
area, about 4-5 km from the existing Krenceng dam site. The borrow areas for impervious
core material are distributed in about T km upstream of the existing Krenceng dam. Filter
material will be obtained from the rivers in around Anyer and also by crushing rock



material if necessary. Concrete aggregate will be also obtained by crushing rock material if
necessary.

3. PLAN FORMULATION

3.1.  General

Plans for the schemes were formulated in four (4) steps, incorporating information
available at each Field and Home Work throughout First stage and Second stage.

3.2 Identification of Dam Sites

(1)  First Selection of Proposed Dam Sites

Various possible damsites are identificd in the study area through site
reconnaissance by the JICA Study Team. The following nine (9) damsites and two (2)
intake weir sites are identified.

A-1 Cibanten ‘ Cibanten 73.15 22 km
A4&A-5 Up-Cidanau Cidanau 199.5 7.5 km
A2 Mid-Cidanau Cidanau 204.1 4.7 km
A3 Down-Cidanau - Cidanau 20825 © 35km
A-b Upstream of Krakatau Cidanau 214.95 1.2 km
_ intake .
A-4-4 Up-Anyer Anycr 312 3.5 km
A-4-3 Mid-Anyer Anyer 38.6 3.0 km
A4-1&A4-2 Down-Anyer Anyer 41.3 2.0 km
K-1,K2&K-3  Heightening of Krenceng 13.3 4.0 ki
Krenceng dam
Beroeng intake * Beroeng 12.1 15.0 km
Anycer intake * Anryer 17.5 12.5 km

Note:  * means proposed intake weir site.

(2)  Final Selection of Proposed Dam Sites

Among nine (9) damsites and two (2) intake weir siies identified, five (5) damsites

were discarded based on the following reasons.



: Middle Cidanau damsite (Scheme A-2)

Serious geotechnical difficulties are envisaged for the stability of dam foundation.
The possible effective storage volume is very small comparing to the downstream Cidanau
dam site even though the sediment would be removed by maintenance dredging. Therefore
the development cost would be quite high, Thus this dam site is not taken up.

. Anyer Dam Sites (A-4-1, A-4-2, A-4-3 & A-4-4)

There is a lot of irrigated areas and houses in the downstream anyer river basin.
Thus the Anyer storaged dam plan will bring the social problem due to the resettlement of
inhabitants in the inundation area. Thus the Anyer dam site is not taken up.

: Upstream Cidanau damsite (A—4 & A-5)

Based on a rough study, technically, a very large water storage of around 100
million m3 could be developed by provision of a small dam, 10 m height at the outlet of
Rawa Danau and by raising the lake water level up to about E1.51.0 m, and the available
water supply would be about 8 m3/sec. Thus the Rawa Danau storaged dam plan will be
the most beneficial with very low water cost comparing to other damsites. However, this’
scheme is not taken up as it is beyond the Scope of Work in this Study. It is a prerequisite
in the TOR that, the full supply water level of the Cidanau damsite should be settied so as
not to submerge the Rawa Danau which is a nature reserve area.

In view of the potential of development of Rawa Danau storage scheme as
mentioned above, it is saggested by DGWRD that the development of Rawa Danau should
be reconsidered after the environmental problem would be settled.

3.3 Comparative Study of Alternative Siﬁgle Development Schiemes -

The six alternative development scheme are formulated as below.

[§) A-1: Cibanten dam development scheme

Construction of a storaged type dam in the Cibanten river, together with a 28 km
pipeline to convey water from the dam site to the existing Krenceng receiving
reservoir at Cilegon,and an additional water treatment plant.



2)

3

4)

3)

6)

A-3: Downstream Cidanau dam development scheme

Construction of a storaged type dam in the Cidanau rivertogether with an
additional water treatment plant. Water is conveyed from the existing Krakatau
intake weir to the existing Krenceng receiving reservoir at Cilegon through the
existing 27.2 km pipe line.

A-6: Cidanau gated weir development scheme

Construction of a weir with high gate located at just upstream of existing Krakatan
intake weir, together with an additional water treatment plant. Water is conveyed
from the existing Krakatau intake weir to the existing Krenceng reservoir at Cilegon
through the existing 27.2 km pipe line.

K-1: Heightening Krenceng dam development scheme without diversion tunnel

Heightening of Krenceng dam along its downstream slope,additional pumping
station at Krakatau intake, construction of booster pumping station at intermediate
point,replacement of Krenceng pump and construction of an additional water
treatment plan‘t. Water is conveyed from the existing Krakatau intake weir to the
heightened Krenceng reservoir through the existing 27.2 km pipe line.

K-2: Heightening Krenceng dam development scheme with

Beroeng diversion tunnel

Heightening of Krenceng dam and construction of a diversion tunnel from Beroeng

river to the Krenceng basin,additional pumping station at Krakatan intake,
construction of booster pump station at intermediaie point, reﬁlacement of Krenceng
pump station at Krenceng'rcservoir and construction of an additional water
treatment plant near Krenceng. Water is conveyed from the existing Krakatau
intake weir to the heightened Krenceng TESEIVOir.

K-3:Heightening Krenceng dam development scheme with two diversion tunnels

Heightening of Krenceng dam and construction of two diversion tunnels from
Beroéiig tiver to the Krenceng basin and Anyer river to Krenceng basin, additional
pumping station at Krakatau intake, construction of booster pump station at
intermediate point, replacement of Krenceng pump station at Krenceng reservoir
and construction of an additional water treatment plant near Krenceng. Water is
conveyed from the existing Krakatau intake weir to the heightened Krenceng



1eSCrvoir.
3.4 Comparative Study of Alternative Combined Development Schemes
The alternative combined development schemes which for the increasing of

development yield are divided into three groups in terms of the type of development for the
heightening Krenceng dam and formulated by nine (9) alternatives as below;

Scheme Single scheme to be combined
B-1 K-1 plus A-1
B-2 K-1 pius A-3
B3 K-1 plus A-6
C-1 " K-2plus A-1
C-2 K-2 plus A-3
C-3 K-2 plus A-6
b1 K-3 plus A-1
D2 K-3 ptus A-3
D-3 K-3 plus A-6

(1) Water Balance Study

The water balance study for fifteen (15} alternatives including the single and
combined development schemes is carried out by five (5)-day mean inflow transposed by
the runoff records of both Kubang Baros and Serut gauging station from 1980 to 1989.
The required effective storage for corresponding safe yield 1s obtamed by maximum
drought during the period of 10 years from 1980 to 1989,

(2) Maximum exploitable dam scale and development yield for alternative smg!ﬁ: and
combined development schemes : -

The maximum exploitable dam scale and devcloprﬁent yield for single and
combined schemes is summarized as below. ' '

S-10



Maximum  Effective Total Water
exploitable  storage  Devclopme  Existing Increment  system  demandof  Surplus/

Scheme  dam height  volume - -nlyicld yleld  -al yicld yield forccast in deficit
{m) (10% m¥) (cms) (cms) {cms) (cms) 2005 (ems)  (cms)
A-l 4511 14.9 0.45 1974 045 2.42 3.67 -1.25
A3 352! 2.95 1.825 1.97 0.09 2.06 3,67 -1.61
A6 2427 344 1.970 197 0235 2205 1.67 -1.465
K-1 24 1) 12.87 3.10 1.97 L13 310 3.67 -0.57
K2 24 11 12.87 3.15 . 1.97 1.18 3.15 367 -0.52
K-3 24 U 12.87 3.20 1.97 1.23 3.20 3.67 -0.47
B-1 3.55 1.97 1.58 3.55 367 -0.12
B2 3.4 1.97 143 34 3.67 027
B3 3.435 1.97 1465 3435 367 -0.235
C-1 3.60 1.97 1.63 3.60 3.67 0.07
C2 3445 1.97 1475 3445 3.67 -0.225
C-3 3.49 1.97 1.52 349 3.67 0.18
D-1 3.65 197 1.68 3.65 3.67 -0.02
D2 3.49 1.97 1.52 3.49 3.67 -0.18
D3 _ 3.54 197 157 3.54 3.67 013

Nofes: 1}  due 10 topographic consiraint
2} due to geological constraint
3] due to hydro-mechanical constraing :
4] Based on the results of simulation study for the existing Krakatau water supply system

3.5  Selection of Priority Scheme

The comparative study on the above fifteen (15) alternative schemes was made
through compreh_ensivé evaluation from the economic, technical and social aspects. Among
alternatives above, K-3 is the highest in EfR_R. Second highest EIRR is with the Scheme
K-2, third is with the Scheme K-1 and fourth is the Scheme C-3. However, K-3 is
discarded because there is more than 330 ha of paddy field in the downstream of Anyer
main river exéiilding its tributaries, and the diversion to Krenceng reservoir may cause
- various social effect 1o the downstream. '

Thus, the fbllowing three (3) schemes were selected as the priority scheme for the

feasibility study;
(i) SchemeK-1 _H_eigﬁl'tening of Krcnceng'.dam without diversion
(i) SchemeK-2 : Heightening of Krenceng dam with Beroeng diversion
(iii) Scheme C-3 : Heightening of Krenceng dam with Beroeng diversion and

Cidanau gated weir



3.6 Plan Optimization

The optimal development scale of each scheme component was studicd by
comparing the capiialized net benefit of various alternative scales based on the net benefit

maximization criteria.

After fixing the development scale, the reservoir operation was finalized so as to
obtain the net supply yield for each scheme which means the safe yield after the evaporation

loss from the reservoir.

Description Scheme K-1 Schene K-2 Scheme C-3 _
1}  Reservoir Heightening of  Hoightening of  Heightening of  Cidanau Gated
_ Krenceng  _ Krenceng Krenceng Weir
2}  NHWL (El-m) 29.00 29.00 29.00 21.20
3 LWL (Eln) 18.00 18.00 18.00 1.50
4} Diversion tunnei
In-diameter (m) - 1.50 1.50 -
Max. discharge {cms} - 4.0 4.0 -
%) Netsupply yield (cms) 3.05 3,11 3.1 0.325
6 Incremental net supply yieid 1.11 1.17 1.495*
(cms)M )
7 Max. capacity of water 3.05 311 3.435*
conveyance {cms)
)  Annual waler conveyance 83.501 17.522 87.7171
from Cidanau river ’ :
(108m3/yr)
9)  Annual water diversion from - 10.062 10.062

Beroeng river (108m3/y1)

Notes: *  Summation of Heightening of Krenceng and Cidanau gated weir
** Means the nel supply yield due to the Pro;ect minus the net supply y1eld for the existing
Krenceng, 1.94 cms

4. PRELIMINARY DESIGN

4.1  General
From the results of comparative study for the structural components, the design

features for the heightening of Krenceng dam, Cidanau gated weir and Beroeng diversion

tunnel are summarized as below,
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4.2

4.3

4.4

Heightening of Krenceng Dam

- Dam axis

Dam crest

- Dam type and slope

Dam height
- Crest length

Spiliway type

- Spillway gate

Energy dissipator
Cidanau Gated Weir
- Ijam axis

- Dam type

- Spillway type

- Spillway gate

Downstream ioe of existing dam in view of foundation
treatment

EL32.00 heightened by 7.5 m above existing

Impervious random earthfill dam with 1:3.0 in upstream
and 1:2.5 in downstream

24 m high in maximum

2911 m with crest width of 10 m

Gated overflow type with net width of 15.5 m

2 Nos.of roller gate X 7.75 m width x 4.3 m high

Hydraulic jump type

200 m upstream of existing Krakaiau intake weir
Concrete gravity dam with vertical in U/S and 1:0.6 in D/S

Gated overtlow type with net width of 51 m

3 Nos.of roller gate X 17 m width x 20 m high

- Oautlet facihity for water supply

Inlet : 1400 dia embedded steel conduit in dam

Pipe line to valve house : 1400 dia steel conduit in 150 m

Valve house 1400 guard gate valve and 1400 hollowjet valve
Energy dissipator 3.5 m wide x 5.5 m depth x 39.4 m length

Beroeng Diversion Tunnel

- Diversion tunnel

In-diameter & length : 1.50 m dia and 280 m length
Invert ele. at inlet portal :EL.37.10 m (No slope)

- Intake weir

Crest ele. of non-overflow section : El44.10m in 53.5 m wide

Crest ele. of overflow section : EL40.10 m in 20 m wide
Crest length and weir height : length with 2m width and 12 m
high

S-13



Weir type : Concrete gravity with vertical in
U/S and 1:1.01in D/S

- Qutlet facility
Irrigation and maintenance flow @ 800 x 800 guard gate, 800 steel
conduit and 800 howell-bunger
Flushing against sediment v 2000 x 2000 goard gate, 2000 steel

conduit and 2000 x 2000 outlet gate

4.5  Water Conveyance Facilities

Additional Facility for the Project

Description Existing
K1 K2 o C3
1) Imake and sand trap 2 units x 77.6mL 1 unit x 77.6mL x 1 unit x 77.6mL x | wnit x 77.6mL x
basin * x 6.5mWx 1.8BmH  6.5mW x 1.8mH  6.5mW x 1.8mH  6.5mW x 1.8mH

2)  Cidanau pump station * 4 units x 1000kW 2 units x 550kW 2 units x 580kW 2 units x 740kW
3)  Booster pump slation * - 4 unils x 1150kW 4 units x 1200kW 4 units x 1500kW

4)  Krenceng pump station ¥* 5 units x 110kW 4 units x 310kW 4 units x 320kW 4 units x 350kW

5)  Surge lank *** i unit . 2 unit 2 unit 2 unit
6)  Water weatment plant * 3 units x 3 units x 3 vnits x 4 units x

0.7m3/scc 0.501% fsec 0.5m3/sec 0.5m3/sec
Note: * added facilities

** replaced facilities
***  including added and replaced ficilities

5.  CONSTRUCTION PLAN AND COST ESTIMATE

(H Implementation Schedule

Owing to the following conditions, the construction work of the Project will take 7
years including the detailed design and tendering and the earliest possible date of the Project

operation will be the year 2000.

Detailed design and preparation of tender documents '1993:1994
Tendering & contracting and land acquisition _ 1995
Main construction works 1996-1999

(2) Cost Estimate

The unit construction cost is estimated by foreign and local currency portion at the
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end of 1991 constant price level. The exchange rate of currency is US$1.0 = Rpi1965.6 =
¥ 126.

6. PROJECT EVALUATION
6.1 General
(1 Project Cost

The financial and economic cost are summarized as below,

Financia} cost ! Economic cost
Scheme F/C L/C E/C L/C
(10%Y) (10%Rp) (109Y) (105Rp)
K-1 5625 39763 5222 33434
K-2 5855 41407 5439 34962
-3 0768 56448 m73 48706

Note: 1] excluded interest during construction and additional distribution pipelines.

The annual O&M costs for dam and appurtenant structures are 0,.5% of the direct
cost. The annual O&M costs for water transimission and treatment facilities are taken at 1%
but the O&M costs for the existing facilitics are excluded.

The annual pumping cost is estimated by multiplying the power tariff, 84 Rp/kwh
and incremental power consumption, kwh which means due to the difference between
"with Project” and “without Project”.

The original investment for water transmission and treatment facilities is assumed to
be incurred for replacement after the life of 25 years but the replacement cost for the
existing facilitics is excluded.

(2)  Project benefit

" Economic benefits of the water supply project is theoretic‘allyl estimated by means of
" the willingness-to-pay of the enterprises and residents. However, water tariff
corresponding to wiilingncss-to-pay is quite difficult to assess, therefore, the actual
expenses disbursed by the suppliers is applied instead of willingness-to-pay.
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The water tariff for the industrial water in the study area lies in the range of Rp 700
to Rp 9000 /m3. Among several suppliers, the PDAM water (ariff is the lowest one. In
this study, the willingness-to-pay for the industrial water is evaluated by the most
conservative water charge, PDAM water tariff. The water charge as the economic benefit
for the industrial water is decided at 2100 Rp/m3 which rate is for daily water consumption
of more than 30 m3/day. The water charge for the domestic water is conservatively decided
at 200 Rp/m? which is the PDAM's water tariff for daihly consumption of 15 m3/day and
also within 3 % of household income.

~ The project benefit is obtained by multiplying the water tari{f and incremental net
supply volume which means the difference between net supply yield "with Project” and
"without Project” considering the loss of leakage of water supply facilities including the

distribution pipelines.

The incremential net annual water supply volume is calculated by three conditions,
95 %, 75 % and 60 % effective.

From the water demand projection, the water use ratio between domestic, and
industrial water is determined by 25% and 75% of annual supply volume, respectively.

6.2  Economic Analysis -

The results of the economic evaluation are summarized as below.

Economic Analysis o ' (Unit : 10° Rp)
_ Scheme . o g
K-1 K-2 ) . C-3
Effective Supply Volume (%) - Effective Supply Volume (%} - Effective Supply Volume (%)
93 73 60 .95 15 60 95 75 60
1) 83868 838468 83868 864G3 86403 86403 13689 136891 136891

) 227358 179494 143595 239648 189196 151357 306218 241751 193401
3) 143490 95625 59727 153245 102793 64954 169327 104360 56510

4 2.1 2.14 1.71 2.17 2.19 1.75 1.24 1.77 1.41
5y  30.92 25.51 20.95 31.23 25.82 21.26 25.11 20.65 16.92
Note : 1} Capitalized cost (C) #

2} Capitatized benefit (B) *

3) Net benefit value {B-C}

4) Benefit cost ratio (B/C)

5) Internal rate of refurn (IRR}%

*  Capitalized by discount ratc of 12 %

From the above results, even by applying the most conservative condition of 60 %
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incremental annual net water supply volume, EIRR of three schemes is higher than 12 %
which is considered as the opportunity cost of capital in Indonesia.

6.3  Financial Analysis

(1)  Calculation of FIRR

Financial Analysis (Unit : 105 Rp)
Scheme
K-1 K-2 C3
Effective Supply Volume (%) Effective Supply Yolumne (%) Effective Supply Volume (%)
95 75 60 95 75 60 95 75 60
1) 92524 92524 92524 95291 95291 95291 148845 148845 148845
2) 227359 179494 1433595 239648 189196 151357 306218 241751 193441
3} 134835 86970 51071 144358 93506 56066 157373 92906 44556
4) 2.46 1.94 1.55 2.51 1.99 1.59 2.06 1.62 1.30
5) 271.99 23.03 18.87 28.33 23.37 19.19 23.25 19.06 15.57
Note : 1} Capitalized cost (C) * -

2) Capitalized benefit (B) *

3) Net benefit value (B-C}

4) Benefit cost ratio {B/C)

5) Internal rate of return (IRRY%

* - Capitalized by discount rate of 12 %

7. ENVIRONMENTAL ASSESSMENT

The Rawa Danau Reserve which is located in a caldera formed in the upper part of
the Cidanau river basin has been authorized since 1921.

The Rawa Danau Reserve which covered 3,791 ha in 1921 has been destroyed by
illegal farming. The Master Plan Study (1983) reported that the Rawa Danau Reserve is
composed of freshwater swamp forest occupying 1,230 ha with a swamp of 830 ha.

In this Study,the environmental constraint in and around the swamp of Rawa Danau
is stated in the Terms of Reference for feasibility study on Cidanau-Cibanten water
resources development project in November 1988 that in selection of the Cidanau damsite,
its full supply water level shall be settled so as not to submerge the Rawa Danau,

The environmental investigation carried out on the Cibanten river, Downstream
Cidanau river, Krenceng reservoir and Beroceng river revealed that there would be no
severe adverse environmental effects expected to be caused by the proposed dam



development at the Krenceng, Cidanau and Beroeng rivers because of less residential
houses and limited agricultural lands, except about 280 families to be resettled by the

proposed heightening of Krenceng dam.

8. CONCLUSION AND RECOMMENDATIONS

From the results of the feasibility study, the following matters are concluded and

recommended ;

@

(iD)

(iii)

The net supply yield of the present Krakatau's water supply facilities baving
2.0 m¥sec will be limited to 1.94 m3/sec, while the present water supply is
remaining at about 0.8 m3/sec.

The water source in and around Cilegon area is dominated by the Krakatau's
water supply facilities which occupy about 75 %,

The Krakatau Steel and its éurrounding industrial estate are growing and
changing rapidly. The water demand in 2005 year in and around Cilegon arca
excluding Serang is estimated to 3.7 m3/sec.

The water charge of suppliers for industrial use ranges from 500 to
9000 Rp/m3. Krakatau's water charge is 500 Rp/m3, desalination plants are
3000 to 5000 Rp/m3, and other private suppliers are 2750 to 9000 Rp/m3.

On the other hand, domestic water and industrial wéter by PDAM are 175 to
525 Rp/m3 and 700 to 2100 Rp/m?3, respectively.

From the results of project evaluation, it was found out that the Scheme K-1
and K-2 are more feasible than C-3.

By fixing the water charge for domestic use at 200 Rp/m?* and industrial use at
2100 Rp/m3, the incremental annual net water supply volume at 95 % and
water use ratio between domestic and indusirial use at 25 % vs. 75 %, the
EIRR of scheme K-1 and K-2 comes to 30.92 % and 31.23 %, respectively.

Even by applying the most conservative condition of () % incremental annual
net water supply volume, the EIRR of scheme K-1 and K-2 still shows
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_20.95 % and 21.26 %,-rcspe_ctively. N

. The EIRR for both schemes K-1 and K-2 are considered much hlgh as for a

(iv)

water suppIy plO_]CCl‘ Both schemes are Justhed to be sufficiently econom;cal

However, n the scheme K 2, the dwersmn of river flow of Beroeng river to

_Krenceng reservmr mlght cause varlous social effect to the downstream
. Beroeng such as-effect to ex1st1ng water rtghts although the 1mgat10n water

' durmg the wet scason and river maintenance flow during the dry season in its

downstream are guaranteed

-From a conservative point of view, the scheme K-1 couid be most
' recommendable w1thm the alternatwes

: 'The K—l Scheme can supply 3 05 m3/s in totaI mcludmg the exlstmg water :

a supply capacu:y of 1 94 m3/s

The totaI pro;ect cost is estlmated at about 127 5 b;lhon Ruplah (eqtnva}ent to - -

8. 2 bﬂhon Yen) The total Cost covers the construction cost mcludmg”

_ _(V)

: punﬁcatton pIant and compensation cost for lands and housings but excluchng
-the addmonal dxstnbunon plpelmes 3

, The purpose of thlS study is to meet with the rapld mcrease of water demand .

in the study area almmg for an urgent 1mpiementdt10n of the prcgect

. In v1ew of the necessny of the urgent w*tter supply, the. K 1 Seheme has been -

' proposed to be 1mplemented as soon as p0331ble _

By theproposedK-lScheme 'éhov'e.,' ':the.inz-ixirhutn' water SUppij,? :will be

-3.05 m3/s. However, as the water demand in the year 2,005 is forecasted at
3.7 m¥s, the K-1-Scheme cannot fulfill the water demand sufficiently. |

* 1t is ‘therefore herewith recommended to implement further studies and

e 'constructmu of the water resources development schemes such as Karlan -

u :dam Pas1r Kopo dam and Rawa Danau storage dam as other possﬂ)le scheme

= 54bes:des thzs Study urgently so as 10- cope with the water deﬂcu above, and’

- i also 10 cope w:th the further water demand of the Cllegon mdustﬂal estate and

'1ts surroundmgs after the yeur 200'5

st19



(1y

1)

- Design peak flood o

2).

~ Principal Features for Project

Heightening of Krenceng Dam
Reservoir -
Catchmentarea -

© - Gross capacity -
Effective capacity

High water level-

Low water level

© Anngal rainfall

Mean runoff o

25 yis

- 1.2% 200 yrs

PMF :

Dam

Type
Crest elevauon
,HeIght S
. Crest length .
- Embankment volume
B Slopé__ in U/S |

DS

 Spillway

Crest elevation of weir
Net w:dth of welr

Chuteway
Slope
B . Length .
Width

kK2
106m3

C10m3 -

E,Li':“"_ .

EL-m

mmfyr
m3sec '

fn3/sec

BLm

106m3

Elem

320

183
1407
12.87
1850
5 2250_---.-{ |
043-j-

s
L2250 e
5197

Impewzous random ﬁll
3200

24-.0_: y

127
130. 0

Gated ovcrﬂow R
2500
155 e

46 1287_? :



Dissip'ator . o
" Type | Hydraulic jump
Length o m 31.50
Width m 18
Ele. of bottom - EL-m 7.00
" Gates ' o o
o Typer L ‘Roller gate
dimension - 2Nos.x 7.75 width x 4.3 height

() Wat’ei’ Convéyanc_:e.and Treatment Facilities

' 1) Intake and Sand Trap Basin* : 1 unit x 77.6 m length x 6.5 m width _
SR . o x 1.8 m depth ' '

2). Cidanad Purtip Station* 2 units x 550 kw

©3) . BoosterPump Station* - 4units x 1150 kw

4y Kfe'ncéhg ?_.l_ll;nDV'SI’atiO_n’i.‘* . .4u'nits x 310 kw 7
5) Surg.';g‘r"l-“.ank*’-“'*' BT units -

6) | 'W_éter Treatment _Ptént* -~ 3units x 0.5 m3/sec

© Notes: * . added facilitics
o % replaced facilities _ :
R ' _ihcludiiig added ana replaced facilities






THE FEASIBILITY STUDY
ON
CIDANAU-CIBANTERN
WATER RESQURCES DEVELOPMENT PROJECT

FINAL REPORT

TABLE OF CONTENTS

INTRODUCTION L. .o et eeas

1.1 Project Background.... ...

1.2 Objective of the Study ............. TN

1.3 WOrk Progress.. .o e a e ia e

1.4 Study Areaand Location ...

SITE CONDITIONS ....ooviciviieeennnne SURUURURRRRN e

2.1 Socio-economy....c.cocvviiiiiniiiiinii, [FTTOTIPROPHR

2.1.1  Socio-Economy in Indonesia and West Java Province........

2.1.2  Socio-Economy in Kabupaten Serang.......c....cceevvereennn,

2.2. Existing Water Supply Facilities........coooiviiiiiinninnniinnn

2.2.1 General. .. s

2.2.2 Background of Krenceng Dam and Krakatau Steel ............

2.2.3  Krakatau Intake and Purmp SAHON. .+..evreeeeerreerreneeenn,

2.2.4  Water Supply Pipeline.................. et et

2.2.5 Krenceng Receiving ReSEIvoir..........oovvviiniinniniinnanne.

2.2.6  Krenceng Pump Station ........cooevviiiiiiniiiininieenn,

2.2.77  Purification Plant..........ooi i

2.2,8  Distribution System.............coiiiii

2.3. Water Demand Projection e
2.3.1  Present Conditions of Industrial and

Domestic Water SUPpPLY «.ooovciiviiiiiiiie i naeas

2.3.2 Methodology for Industrial Water Demand.....................

1233 Methodology for Domestic Water Demand .........ooovniennn,

2.3.4 Projected Industrial and Domestic Water Demand .............

2.4 Meleo-Hydrology ..o

2,41 General....ooeiiiii e

242 RaIfAll....ooveiiiiiisise e |



W N T S R (T ¢ O OO 2-15

2.4.4 Flood Analysis ......... et eireeieaaeeer e aereareranas 2-17
2.4.5  Sediment ... e e 2-20
2.5 GEOIOZY ovtvriniiii i e 2-21
2.5.1 General ..o 2-21
2.5.2 Topography and General Geology........ooooviviiiinni 2-22
2.5.3 Site Geology in Selected Site ....ovovviiiiiiiiiin, 2-23
2.5.4  Engineering GeolOgY ..c.uviviniieimianeiiisiiniiiiia.. 2-25
2.6 Construction Materials, .. .o.ooicvii i i 2-26
2.6.1  GEneTal o i e raas 2-26
2.6.2 Construction Material Source......oooviiiviiiiiiii i 2-27
2.6.3  Laboratory TeStS ..ot 2-28
2.6.4 Conclusions and Recommendation .........covvviviiiiiiinnnn. 2-28
PLAN FORMULATION. ...t sae e 3-1
T DR €171 7= v S O 3-1
3.2 Idemtification of Dam SHES ...t 3-2
3.2.1 Selection of Proposed Dam SiteS....c.civnniiininns e 3-2
3.3 Comparative Study of Alternative Single Development Schemes ...... 3-3
3.3.1 Formulation of Alternative Single Development Schemes ... 3-3
3.3.2 Design Criteria....cooiiiiiiiiiiciiiisins e 3-5
3.3.3 Water Balance Study.........oiinn. IR 3-6
3.3.4  Safe Yield for Existing Krakatau Water Supply System ... 3-10
3.3.5 Maximum Exploitable Dam Scale and Development Yield.... 3-11
3.3.6 Incremental Yield for AleTnatives........ovirerineees 3-13
3.3.7 Principal Features for Aliernative Single Developmen:
RIS (1 110 T U PP 3-13
3.4 Comparative Study on Alternative Combined Development Schemes. 3 - 13
3.4,1 Necessity of Comparative Study on Combined .
DevelOpImEnt. .. .ooovveiiiiniiin s ean, S 3-13
3.4.2 Formulation of Alternative Combined Development
T 1531 |- OO USSP 3-14
3.4.3 Incremental Yield...o.oooiiiii e 3-14
3.4.4 Principal Features of Alternative Combined
Development Schemes........ccoooiiiiiiii .. 3-15
3.5 Selectionof the Scheme ... 3-15
3.5.1 General............ e rrerrreeseieriesennaneeeae s 3215
3.5.2  COSEESHIMALE ..\ viiitiie et iviaeiirasneeeiasasnaniraaes 3-15
3.5.3  FCOnOmiC COS..vveeriveeiiaererireieneeeeionns JRSTOUTO 3-15
3.5.4 Economic Benefii ..o 3-16

- i -



3.5.5  Eeonomic Bvaluation ..o et crarieanans 31-16

3.6 Plan Optimization......c.coociiiiiiiiiiiiiiii it ieeens 3-17
3.6.1  Optimal Heightening Scale of Krenceng Dam.................. 3-17
3.6.2  Optimal Scale of Beroeng Diversion Tunnel.................... 3-19
3.6.3 Optimal Scale of Cidanau Gated Weir............ooovvnnnne.n, 3-21
3.6.4 Final Reservoir Operation and Net Safe Yield.................. 3-23
PRELIMINARY DESIGN. ... e ere e 4-1
L T €71 = v ) S S PPt 4-1
4.2 Heightening of Krenceng Dam ...t eaens 4-1
42,1 DesignFlood ..o 4-1
4.2.2  Optimization of Gated Spillway ..............cocociiii 4-2
4.2.3 Dam Crest Elevation...........oooiiiiiiiiiiiiiiiiiiiiii., 4-3
4.2.4  Type of Heightening of Krenceng Dam....................es 4-4
4.2.5 Slope of Heightened Dam...........oooiiiiiiiiiiiiiniiiiinn, 4-5
4.2.6  Stability against Piping for Heihtening of Krenceng Dam ..,. 4-7
4.2.6 Typeof Spillway.......coooiiiiiiiiii e 4-9
4.3 Cidanau Gated Well.oiiiiiiiiiiiiiiiii e e e 4-10
43,1 DesignFlood ..o 4-10
4.3.2 Spillway Gate...... bbb e r e e r e racaea e 4-10
4.3.3 Dam Crest Elevation.....ooooviiiiiii i 4-11
4.3.4 Type of Cidanau Gated Weir...........cocociiiininiiiiinnnnnns 4-11
4.3.5 OutletFacility......c.ooiiiiiiiiiiiiiri i e 4-11
4.4  Beroeng Diversion Tunnel ..o, 4-12
4.5 Water Conveyance Facilities.........co.iiiiiiiiiii e 4-14
4.5.1 Basic Design Criteria ........coooiiiiiiiiiiiiiicie e 4-14
4.4.2 Intake Facilities.................. 4 tarrareeriaeceatatasiarataatyeets 4-15
4.5.3  Water Conveyance Facilities........oooooiiiiiiiiiiiiininenn, 4-16
4.5.4  Treatment Facilities ..........ocoiveiiiiiiii e, 4-19
CONSTRUCTION PLAN AND COST ESTIMATE.......ccoiiiiviiinennn 5-1
5.1 Construction Plan and Schedule................. SRTTUUTUUTRUTTRROR 5-1
S.LT General ..o 5-1
5.1.2  Heightening of Krenceng Dam .............cocovviiiin s, 5-1
5.1.3 Beroeng Diversion Tunnel ............ocooviiiiiiviiiiiiens 5-2
5.1.4  Cidanau Gated Weir .......ooooiiiiiiiiiii s 5-3
5.1.5 Construction Schedule........cooooiiiiiiiiiiiiin, 5-4
5.2 CoStESHMAIE ... e 5-4

- iii -



52,1 General i e e r et aa s
5.2.2  Proparatory WOTKS.........oiieveiiieeerreseniiinnnnrenesreseeness
5.2.3  CIvil WWOTKS. oot iiiii i it st e r v raa s aa s raa e e aes
5.2.4 Hydro-mechanical Works...............e et e et aataaans
5.2.5 Water Transmission Works.......coovviiivniiinninneen
5.2.6 Land acquisition and compensation Cost .......coovninininn..
527  AAMinIStration CoStee e ivereeeseresessereererseesaeeas
5.2.8 Engineering Service Cost.....oooiiiiiiiiiniiiiinnn
5.2.9  CONLMEEACY covrtiriirinriiiiiiiirreeei e erb e
5.2.10 Project CoSto.uiiiiei it ciiiscie e r e
5.2.11 Annual Disbursement Schedule .........oovvevireiiniinenianen.
5.3  Qrganization for Project Implementation ..o
5.3.1 Alternatives for Project Implementation ...............ooeeini.
5.3.2 O&M Plan.....ccooiieiiiiiees i e
PROJECT EVALUATION L.ttt ettt b i s aaes
6.1 QGeneral..........coooviiieninns et heaeeaieeteaeeieeeeeeetaaarrainanaan
6.1.1 O&M Costs...... et et eae et ee e aae e taaaaebraeaan e
6.1.2  Pumping COSIS ..oovuvenviiiveriiniiin i s,
6.1.3  Replacement COSt...ocoiiiiiiiinineiiiiiiiiriaenrasiiesnnanen,
6.2  Economic Analysis........cocoiiviiiiiiiiiiiiiii s
6.2.1  ECOnOmIC COSIS .. ueneirinirierinnenriieininiimaeiiieraeeeanes
6.2.2 Economic Beneflis.........ooooooin
6.3  Tinancial AnalysiS.......coiiiiriirriii e
6.3.1 Financial Cash FIOW......oooiiiiiiiiiiiie e i e e eevaeeenns
6.3.2  Calculation of FIRR .......coocooiiiiiii
6.3.3 Loan Repayability.........oooiiiiiiiiiiii
6.3.4 Financial Analysis due to Difference of Organization
for Project Implementation. ...... O PSP
ENVIRONMENTAL ASSESSMENT .........ccoovvveviiereenneernstensnareens
Tl General ..oveiriiiiiieiin e e e,
7.2 Environmental Assessment of the Cibanten River Basin................
7.3 Heighiening of Krenceng dam with Beroeng Diversion Tunnel
and Cidanau Gated Weil.....ccocoviiiiininiiineniin e
7.4  Water Quality Survey in the Project Area......oovieriiiieiiiiene.
7.5 Catchment CONSEIVAION . u.ivrerriririarrienees e eesterenenenns

CONCLUSION AND RECOMMENDATIONS.................. [EOTOIP

v -



Table 1.1
Table 2.1

Table 2.2 (1)
Table 2.2 (2)
Table 2.2 (3)
Table 2.2 (4)
Table 2.2 (5)
Table 2.3
Table 2.4
Table 2.5
Table 2.6 (1)
Table 2.6 (2)
Table 2.6 (3)
Table 2.7
Table 2.8 (1)

Table 2.8 (2)
Table 2.9
“Table 2.10

Table 2.11
Table 2.12 (1)
Table 2.12 (2)
Table 2.13 (1)
Table 2.13 (2)
Table 2.14 (1)
Table 2.14 (2)
Table 2.15
Table 2.16

Table 3.1
Table 3.2

LIST OF TABLES

Members of DGWRD, Counterpart, Advisory Committee,
JICA and Stdy Team

Population Distribution by Kecamatan in Kabupaten Serang
in 1990

Actual Result of Operating Hours for 1987
Actué_l Result of Operating Hours for 1988
Actual Result of Operating Hours for 1989 ............c..cooi.
Actal Result of Operating Hours for 1990 ...
Actual Result of Operating Hours for 1991
Appurtenant and Protective Equipment of Pipeline

..................................................

...................................................................
..........................

..........................

..........................

.................

River Crossing of Pipeline ..o,
Length and Location of Pipeline Supported by Concrete Saddle ..
Operating of the Krenceng Purification Plant (1/3)
Operating of the Krenceng Purification Plant (2/3)
Operating of the Krenceng Purification Plant (3/3) .................
PDAM Water Tanff ...,

Industrial Water Use in 1990 by Water Source
(Customer DRemand)

Industrial Water Use in 1990 by Water Source
(Customer Demand) ..ovviiiir e e s

----------------

.................

....................................................

Current and Future Average Water Demand
(Customer Demand in the Study Area)

GOI Urban Water Supply Levels of Service Targets
for Repelita V

............................................................

Current and Future Population in the Study Area

Existing Condition of Daily Rainfall Data ...................c.

Existing Condition of Daily Water Level Data .......................
Five (5)-day Mean Inflow Discharge at Kubang Baros

............

.......................

Five (5)-day Mean Inflow Discharge at Serut

.........

Summary of the Laboratory Test for Core Materials (1/2)
Summary of the Laboratory Test for Core Materials (2/2)

Summary of the Laboratory Test for Concrete Aggregate ..........

Design Values for Heightening of Krenceng Dam Embankment
Materials and Foundation '

..............................................

Principal Features for Alternative Single Development Schemes ..

Principal Features for Alternative Combined Development
SCREMES ..o



Table 3.3
Table 3.4
Table 3.5
Table 3.6

Table 4.1
Table 4.2
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7 (1)
Table 5.7 (2)
Table 5.8
Table 5.9
Table 5.10
Table 5.11
Table 5.12

Table 6.1
Table 6.2
‘Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8
Table 6.9
Table 6,10
Table 6.11
Table 6.12
Table 6.13

Table 6.14
Table 6.15

Econontic Cost and Economic Evaluation for Alternative Single

Development Schemes . T-29
Economic Cost and Economic Evaluation for Alternative Combined
Development Schemes i T-30
Water Conveyance and Treatment Facilities for Alternative

Development Scale of Heightening of Krenceng Dam ... T-31
Water Conveyance and Treatment Facilities for Alternative

Development Scale of Cidanau Gated Weir ... T-32
Water Conveyance and Treatment Facilities ... T-33
Principal Features for Priority Development Schemes ............., T-34
Labour COSL i e T-35
Material COSt i s T- 36
Hourly Cost of Construction Equipment .......... e T-37
List OF Uit PriCE oottt et e i ren e aaeas T-38
Breakdown of Construction Costs for Scheme K-1 ........... ... T-39
Breakdown of Construction Costs for Scheme K-2 ................ T- 40
Breakdown of Construction Costs for Scheme C-3 (1/2) .......... T-41
Breakdown of Construction Costs for Scheme C-3 (2/2) .......... T-42
Disbursement Schedule for K-1 ..o T-43
Distursement Schedule or K-2 ... ovvovtiieiiieineeecneeeees T- 44
Disbursement Schedule for C-3 ... T- 45
Summary of Project Costs for Priority Schemes .................... T-46
Alternative of Organization for Project Implementation of
Cidanau-Cibanten Water Resources Development Scheme ... ... T-47
Financial and Economic Costs for Scheme K-1 UUUUURIC TR T-48
Financial and Economic Costs for Scheme K-2 ........... R T-49
Financial and Economic Costs for Scheme C-3 ... T - 50
Economic Analysis for Scheme K-1 ..o, T-51
Economic Analysis for Scheme K-2 .......ooooiiiiiiviinininninn T-52
Economic Analysis for Scheme C-3 ................ P T-53
Financial Analysis for Scheme K-T ......ioviiiiinienten e T- 54
Financial Analysis for Scheme K-2 ... PR T-55
Financial Anatysis for Scheme C-3 ..., T-56
Loan Repayability for Scheme K-1 e T-57
Loan Repayability for Scheme K-2 ..., T-58
Loan Repayability for Seheme C-3 ......oooi.e. SO T-59
Financial Analysis due to Difference of Organization for

TMPIEMENTAION ... .o.'iieet it T - 60
Financial Analysis for Scheme K-1 by Case 1 ........ Teeerransenees T- 61
Financial Analysis for Scheme K-2 by Case 1 covvviiiiiieiieennn, T-62

- vi -



Table 6,16
Table 6.17 (1)
Table 6.17 (2)
Table 6.18 (1)
Table 6.18 (2)
Table 6.19 (1)
Table 6.19 (2)
Table 6.20 (1)
Table 6.20 (2)
Table 6.21 (1)
Table 6.21 (2)
Table 6.22 (1)
Table 6.22 (2)
Table 6.23
Table 6.24
Table 6.25
Table 7.1

Table 7.2
Table 7.3 (1)

Table 7.3 (2)
Table 7.4

Financial Analysis for Scheme C-3 by Case 1 .ooocovviiviinnninin
Financial Analysis for Scheme K-1 by Case 2 (Domestic Use) ...
Financial Analysis for Scheme K-1 by Case 2 (Industrial Use) ...
Financial Analysis for Scheme K-2 by Case 2 (Domestic. Use) ...
Financial Analysis for Scheme K-2 by Case 2 (Industrial Use) ...
Financial Analysis for Scheme C-3 by Case 2 (Domestic Use) .
Financial Analysis for Scheme C-3 by Case 2 (Industrial Use) ...
Financial Analysis for Scheme K-1 by Case 3 (Domestic Use} ...
Financial Analysis for Scheme K-1 by Case 3 (Industrial Use) ...
Financial Analysis for Scheme K-2 by Case 3 (Domestic Use) ..
Financial Analysis for Scheme K-2 by Case 3 (Indusirial Use) ...
Financial Analysis for Scheme C-3 by Case 3 (Domestic Use) ...
Financial Analysis for Scheme C-3 by Case 3 (Industrial Use) ...
Financial Analysis for Scheme K-1 by Case 4
Financial Analysis for Scheme K-2 by Case 4
Financial Analysis for Scheme C-3 by Case 4

......................
......................

.......................

Evaluation Matrix between Activity Group and Environmental
Group in the Cibanten Basin

...........................................

Evaluation Matrix between Activity Group and Environmental
Group in Krenceng, Beroeng and Downsiream Cidanau Basins ..

Results of Water Quality Measurement for Cidanau and
Cibanten Rivers and Krenceng Reservoir .........ocoeiviininennne.

Results of Water Quality Measurement for Beroeng River .........

Present Land Use in the Catchment Area at Proposed Sites

- Vii -



Ll
12

. 13
2.1
L2.2(1)
L2.2(2)
.23

. 2.4

. 2.5

. 2.6
L2

. 2.8

. 2.9

. 2.10
.31
.32
.33

. 3.4

. 3.6
. 3.7

. 3.8

. 310
. 3.11
.3.12

. 313
. 3.4
.35

LIST OF FIGURES

Overall Work 1n First Stage ..o F-1
Overall Work in Second SHAZe .oviiiiiiievineesieeeressennns F-2
Work Schedule for the Feasibility Study ... F-3
Kecamatans in the Study Area TSNP UURUPRTIN F-4
Existing Krakataw Water Supply Facilities ........oion F-5
General Plan of Existing Krenceng Dam and Its Reservoir ........ F-6
Location Map for Industrial Area ..., F-7
Location of Meteorological and Hydrological Station .............. F-8
Annual Isohyetal map e, F-9
Revised Rating Discharge Curve at Kubang Baros ................. F-10
Revised Rating Discharge Cuorve at Serut ... F-11
Geological Profile of Cidanau Gated Weir Site ... F-12
Geological Profile of Krenceng Damsite +.......ooooeiiiiiin F-13
Geological Profile of Beroeng Diversion Tuanel ..o F-i4
Flow of Plan Formulation Study ........icoooonnns F-15
Location Map for AUSALVES «..oovviiiieniieeci e F-16
Schematic Diagram of Cibanten Dam Development:

SCHEME A-1 L e e F-17
Schematic Diagram of Downstream Cidanau Development:

SCREIME A3 i i e F-18
Schematic Diagram of Cidanan Gated Weir Development:

Scheme A-G .........ooei P e F-19
Schematic Diagram of Heightening of Krenceng Dam

without Diversion Tunnel: Scheme K-1 ... F-20
Schematic Diagram of Heightening of Krenceng Dam

with One Diversion Tunnel: Scheme K-2 ... F-21
Schematic Diagram of Heightening of Krenceng Dam

with Two Diversion Tunnels: Scheme K-3 ... F-22
Plan, Maximum Section and Upstream View of Main

Structures for Cibanten Dam ... F-23
Plan, Maximum Section and Upstreamn View of Main

Structures for Downstream Cidanau Dam ... F-24
Plan, Maximum Section and Upstream View of Main

Stractures for Cidanau Gated Weir ..., F-25
Plan, Maximum Section and Upstream View of Main

Structures for Heightening of Krenceng Dam ..., F-26
Water Demand and Supply Program by Scheme K-1 .............. F-27
Water Demand and Supply Program by Scheme K-2 .............. F-28
Water Demand and Supply Program by Scheme C-3 e, F-29

- viil -



4

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.

Fig.
.4.14
. 4.15

Fig.
Fig.
Fig.
Fig.

Fig.

3.16
3.17

3.18
3.19

4.1
4.2 (1)

4.2 (2)
4.3
4.4
4.5

4.6
4.7

4.8
4.9

4.10
4.11
4.12

4.13

.4.16
. 4.17

. 4.18
. 4.19
. 420
.51

5.2 (1)
52 ()
3.3 (D)
533

Reservoir Operation for Existing Krenceng Dam ...................

Reservoir Operation for Heightening of Krenceng Dam
without DIversion ..o

Reservoir Operation for Heightening of Krenceng Dam
with Beroeng Diversion Tunnel ...,

Reservoir Operation for Heightening of Krenceng Dam
with Beroeng Diversion Tunnel and Cidanau Gated Weir .........

Flood Routing by Krenceng Spillway against PMF ................

Stability Analysis of Heightening of Krenceng Dam
at Reservoir Full (Maximum Section, Normal Condition) .........

Stability Analysis of Heightening of Krenceng Dam
at Reservoir Full (Maximurm Section, Seismic Condition) .........

Seepage Analysis of Heightening of Krenceng Dam
at Reservoir Full (Maximum Section) ......oocoiviviiiiiiiinnnian.ns

Seepage Analysis of Heightening of Krenceng Dam
at Reservoir Full (Middle Section) ...........o.ooivvviiinns e

General Plan of Proposed Heightening of Krenceng Dam
and Its RESEIVOIT oot e e eea e

Profile and Section of Proposed Heightening of Krenceng Dam ..

Plan, Profile and Section of Spillway for Proposed
Heightening of Krenceng Dam ... ..oiiiiiiiiiiiiiiiaiiiciiinaaans

Outflow Hydrogi'aph for PMF at Kubang Baros .......c.ceceennnee.

General Plan of Proposed Cidanau Gated Weir
and Tts ReServoir ... ..o

Plan Profile and Section of Proposed Cidanau Gated Weir ........
Profile and Section of Proposed Beroeng Diversion Tunnel .......

Upstream Elevation of Proposed Beroeng Intake Weir
and Tunnel Portals (...

Plan and Section of Proposed Beroeng Intake Weir ................
Schematic Diagram of Water Conveyance Facilities ................

Schematic Diagram of Water Conveyance and
Treatment FaCIlities .....oovviniviiiiiiiiiiii e

Layout of Conveyance Facilities ...

Layout of Additional Intake, Sand Trap Basin
and Pump House ...

Layout of Booster Pump Station ...
Layout of Additional Purification Plant ...
Profile and Hydraulic Gradient of Conveyance Pipeline ...........
Implementation Schedule ...
Construction Schedule of Scheme K-1 ...
Construction Schedule of Scheme K-1 ...
Construction Schedule of Scheme K-2 ...
Construction Schedule of Scheme K-2 ............. SR

Cix -



Fig.
YR
L 7.2

. 5.3 (3)
.54 (1)
.5.4(2)
.54 (3)
. 6.1
. 6.2
.63
. 6.4
. 6.5

6.6

Construction Schedule of Scheme K-2 ..., F-60

Construction Schedule of Scheme C-3 ..o, F-6l
Construction Schedule of Scheme C-3 ..., F- 62
Construction Schedule of Scheme C-3 .....o.vovvevees oo F-63
Economical Sensitivity Analysis for K-1 .......coocooiriivennnnnnn, F-o04
Economical Sensitivity Analysis for K-2 ...ooiceineennn, F-65
Economical Sensitivity Analysis for C-3 ..o F- 66
Financial Sensitivity Analysis for K-1 ...ooooiieoriiereinn) F-67
Financial Sensitivity Analysis for K-2 ..o, F - 68
Financial Sensitivity Analysis for C-3 ..., F-69
Resettlement Area due to Heightening of Krenceng Dam .......... F-70
Location Map of Sampling for Water Quality Survey .............. F-71



ABBREVIATIONS

(1) Local Terms

BAPPENAS = Badan Perencanaan
Pembangunan Nasional

BPS = Biro Pusat Statistik

CIPTA KARYA

CICB

DBPP

DGWRD

DPMA = Direktorat Penyelidikan
Masalah Air

DPU = Departmen Pekerjaan
Umum

CPUP = Dinas Pekerjaan Umum

Gunung

JABOTABEK

Kabupaten

KIEC .

Kecamatan

KS

P3SA = Proyek Perancang
Pengembangan Sumber-
Sumber Air

PDAM

PELITA = Pembangunan Lima

Tahun

-xi-

National Development Planning
Agency

Central Bureau of Statistics
Directorate General of
Housing, Building, Planning
and Urban Development

Cisadane-Jakarta-Cibet-Banten

Directorate of Planning and
Programming

Directorate General of Water
Resources Development

Directorate of Hydraulic
Engineering

Ministry of Public Works

Provincial Department Office of
Public Works

Mountain

Jakarta-Bogor-Tangerang-

Bekast
Regent:y

Krakatau Indusirial Estate
Cilegon

Sub-district

PT Krakatau Steel

Water Resources Development
Planning Project Division
Regional Water Supply

Enterprise

Five Year Development



(2)

3

PLN = Perusahan Listrik
Nagara

PMA = Penyelidikan Masalah
Air

PMG = Pusat Meteorogi Dan
Geofisika

BT, = Perusahaan Terbatas

REPELITA = Rencana Pembangunan
Lima Tahun

SE

International or Foreign Organization

ASTM

JICA

Others

B

B-C

C

DRM

EIRR

EL

FIRR

GDP

GNP

GRP

iDR

LWL

- Xii -

Public Cooperation of
Electricity

Hydraulic Engineering
(Subdivision)

Meteorological and
Geophysical Center

Private Estatc Enterprise

Five Year Development Plan

Service Factor

American Society for Testing
and Materials

- . Japan International Cooperation

Agency

Benefit
Net Benefit
Cost

Downstream River
Maintenance Flow

Economic Internal Rate of
Return

Elevation above mean area level

Financial Internal Rate of
Return

Gross Domestic Product
Gross National Product
Gross Regional Product

Irrigation Diversion
Requirement

Low Water Level



LU
NHWL
PMP

PMF
NPV
O&M
Wl

- X1ii -

Lugeon
Normal High Water Level

Probable Maximum
Precipitation

Probable Maximum Flood
Net Present Value
Operation and Maintenance

Reservoir Water Level



Length

mm =
cm =
m =

km =

Area

cm? =

ha =
km?2 =

Yolume

cm? -
fit =

Weight

mg =

kg =

won =

Time

min

=
I

ABBREVIATIONS OF MEASUREMENT

millimeter
centimeter
meter

kilometer

square centimeter
square meter
hectare

square kilometer

cubic centimeter
fiter
cubic meter

million
gram
kilogram
metric on

second
minute
hour
day
year

Electrical Measures

v
A
W
kW
MW

volt
ampere
walt
kilowatt

megawatt

Other Measures

%
PS

pereent
horsepower
degree

minute

second

degree centigrade
thousand
million

billion (milliard)
parts per million
scale for acidity

Derived Measures

cms
kwh
kwh/y
kvA

Money

Rp.
Us$

- Xiv -

cubic meier per second
kilowatt hour

kilowatt hour per year
kilovolt ampere

Rupiah
US dollar (US$1 =Rp. 1965.6,
as of End 1991)

Japanese Yen (¥1 = Rp. 15.6,
as of end 1991)



i. INTRODUCTION

1.1 Project Background

Since the establishment of P.T. Krakatau Steel in Cilegon in 1971, the investnent
activities of related enterprises and factories have been accelerated recently in the Cilegon
industrial estate located at the western part of the North Banten area. '

Presently, the water for the industrial estate above is taken from the Cidanau river at
-1 km upstream from the estuary and supplied by pumps through a 1.4 m diameter and
27.2 km long pipeline. Full capacity of existing pipeline is designated at 2.0 m3/sec,
while the present supply is remaining at about 0.8-m3/sec.

Shortage of water supply is getting serious especially in drought years due to that
the water is taken from the Cidanau river by free intake and that natural daily run-off in the
Cidanau river in dry season is limited to less 1.0 m3/sec in once in 10 year drought year.

The water demand at Cilegon industrial area including P.T. Krakatau Steel in the
year of 2000 is forecasted to be remarkably increased eSpeciéIIy by increase of production
of Krakatau Steel. Besides, the demand for municipal water for surrounding cities of
industrial estate such as Anyer, Merak and Serang is also increased. There are also
increasing water demand in the coastal area due to development of tourism.

To serve the water deficit for the North Banten Region located at about 120 km
west of Jakarta city, the master plan study on North Banten water resources development
has been carried out by JICA in July 1983 and the feasibility study on Karian multipurpose
dam project has been carried out by JICA in 1985, aiming mainly at irrigation water

supply.

In the Karian feasibility study, the water demands in the Cilegon area in the year
2000 was estimated at 3.5 m3/sec and the study have identified to provide industrial and
municipal water, about 1.1 m3/sec by pump with 4.9 km pipeline to convey water from
the tail end of the Pamarayan Barat primary canal to Cilegon.

However, owing to the rapid economic growth in JABOTABEK (Jakarta-Bogor-
Tangerang—Bckas'i) area, the Karian scheme is planned to be reviewed and updated to meet
the change of purpose from irrigation to (M&I) uses for western Jakarta.



Under such condition, the water resources development in the Study Arca where
bordered by the sea in the north and west, by the Cibanten river in the east and by the
Cidanau river in the south has become one of priority project so as not to discourage the
national growth created by the Cilegon and its surrounding coastal industrial estate.

In order to meet the future water demand of the western area of North Banten, the
Government of Indonesia aimed for development of water resources with special purpose
- for water supply to the above areas, and requested to the Government of Japan in
November 1988 for the feasibility study on the water resources development in the Study
Area covered by both Cibanten and Cidanau tivers, aiming for urgent water supply.

In response to the request, the Government of Japan dispatched a preliminary
survey team to Indonesia in September 1989. The Scope of Work was agreed between the
Directorate General of Water Resources Development, Ministry of Public Works
(hereinafter called "DGWRD") and the Japan International Cooperation Agency (hereinafter
called "JICA") on October 4, 1989.

1.2 Objective of the Study

The objective of the study is to examine technical and socio-economic feasibility of
the project which envisages mainly the municipal and industrial water supply in the study

area, especially,

(i) to confirm possible water potential by dam development schemes in both
Cidanau and Cibanten river basins and others and decide the development
priority of alternative schemes in the first stage,

(i) to conduct the feasibility study on the optimum development scheme in the

second stage.

1.3 Work Progress

The study was commenced by dispatching a study team to Ind()nesia from middle
of December 1990 to March, 1991 in close cooperation with the DGWRD's and CJCB's
counterpart engineers. The Inception Report was prepared in line with the scope of works
and submitted at the middle of January 1991. The study was carried out according to the
work schedule stated in the Inception report, and the Prdgrcss Report No. 1 was submitted
in the middle of March 1991. |



From the result of investigation study during 1st field work from mid December
1990 to mid March 1991, the following matters were found out;

(1) The water source of Cibanten river is rather small and also due to existing
irrigation water requirement in its downstream area, the development yield,
about 0.45 m3/sec created by the proposed Cibanten dam will not be sufficient
against the growing demand in and around the Cilegon area.

(ii) The Cidanau river has abundant water sufficient for water supply for the
above water demand area. However, the geological condition of the proposed
dam sites in the middle reaches of the Cidanau river is very poor and the cost
of water supply would be quite high.

(ili) In the situations above, DGWRD suggested that the development plan of
Rawa Danau should be reconsidered after the environmental problem would
be settied.

The study Team pointed out that it would not be easy because it is beyond the
Scope of Work in this Study although the Rawa Danau storaged dam plan will
be more beneficial than other schemes mentioned above.

As a results of review of site investigation at home office, the height of downstream
Cidanau dam site was restricted less than 35 m owing to the dam criteria in Japan and its
gross storage become about 7 x 105 m3. The development yield is limited to about

2.0 m3/sec even though the dredging for sediment is fully maintained.

From the above results, it was found out that the reservoirs created by the dams in
the Cidanau and Cibanten rivers could not be sufficient against the water demand in and
around the Cilegon area in the year of 2000 which is forecasted to be 3.5 m3/sec.

Considering the above situations, the joint meeting was held between JICA,
Advisory Committee and the Study Team on June 1991 to discuss the scope of further
study. As a result of the joint meeting, following two plans were picked up as alternative
plans for the feasibility study on Cidanau-Cibanten project and additional field
investigations were planned to be carried out. -

‘(i) Storage plan by heightening of the existing Krenceng reservoir which aims to



store the water of Cidanau river during wet season.

(i)  Storage plan by provision of & weir with high gates located at just upstream of
the existing Krakatau intake weir which could flush the sediment.

Owing to the decision of joint meeting, the working schedule was modified to carry
out the field investigation for proposed Krenceng dam and Cidanau gated weir site in
August 19921.

After completion of second field investigation, the Interim Report was compiled.

In the Minute of Meeting on the Interim Report between the Study Team, the
Advisory committee and the DGWRD on November 8, 1991 the following three (3)
schemes were selected as the priority schemes for the feasibility study as below;

(i) Scheme K-1: Heightening of Krenceng dam without diversion tunnet

(ii) Scheme K-2: Heightening of Krenceng dam with Beroeng diversion
tunnel

(iii) Scheme C-3: Heightening of Krenceng dam with Beroeng diversion
tunnel and Cidanau gated weir

The field investigation work in the Second Stage was carried out for one month in
mid December 1991 to mid January 1992 in accordance with the Minute of Meeting on the

Interim Report,

Upon completion of field work, the Study Team immediately reviewed the site
investigations at the home office. The Draft Final Report was prepared in mid January to
mid April, 1992, '

The general flow for Overall Work in the First Stage and Second Stage is shown in
Figs. 1.1 to 1.3,

1.4 Study Area and Location

The study area is situated in the northwest corner of the Province of West Java. It
is bordered by the Banten Sea in the north, by the Sunda Strait in the northwest, by the
watershed of the Cibanten river in the east, and by the watershed of the Cidanau in the
south. The Study Area is 1,050 km2. It is flat in the northeast corner, but hilly to



mountainous in the rest of the Study Area. The highest peak is the Gunung Karang,
EL1,778 m, on the southern border of the Study Area.

The climate of the Study Area is generally characterized as a tropical monsoon with
small variation of 26°C to 27°C on average monthly air temperature throughout the year.
The period from April to May is first transition between the two monsoons and the second
transition period is between October and November. The first transition period during
June to September is called the dry season and second transition period during December to
March is called the wet season.

Mean annual rainfall of recent 21 years between 1970 and 1990 was 2,500 mm per
annum. In the southern corner of the area, the annual rainfall reaches 3500 but decreases
toward the north to 2,000 mm.

Mean annual runoff at Kubang Baros gauging station during 1980 to 1990 in the
Cidanau river is 13.0 m3/sec and mean annual runoff at Serut gauging station during 1980
to 1990 in the Cibanten river is 2.0 m3/sec.

The high mountainous area is composed of dissected volcanoes, and undulating
hills are mainly composed of tffaceous strata called "Banten Tuff”. The old volcanic
rocks which develop at Mt. Gede and other adjacent mountains include andesitic and
basaltic lava flows, volcanic breccia and tuff. The younger volcanic produced by
Mt. Karang are also composed of breccia and lava of pyroxene andesite 10 basalt. Banten
Tuff and recent alluvial deposits like tuffaceous sand, silt and clay generally develop in the
Study Area. |






2. SITE CONDITIONS

2.1 Socio-economy
2.1.1 Socio-Economy in Indonesia and West Java Province

Total land area of the Republic of Indonesia amounts to 1,919,443 km2. Total
'population of the whole country grew at the average annual growth rate of 2.08% during
1985 - 1990 period and reached 182.7 million in 1990,

During Repelita IV (4th National Development Plan) period, i.e., fiscal year
1984/85 throngh 1988/89, economic growth rate recorded 5.1% on a yearly average in real
term. With a population growth rate of 2.1% per annum on an average during the same
period, the real GDP per capita grew at 2.1% per annum on an average. Among the
sectors, the mahufacturing sector made the fastest growth with the rate of 13.2% per
annum. The inflation rate during the period was 6.6% per annum on an average.

During the Repelita V (1989/90 - 1993/94) which is the final stage of preparation
for entering the outset of the "take-off" era, development in the field of economy is given
first priority with emphasis on industrial sector development. The overall economic growth
is expected to be 5% per annum on an éverage with the expected population growth rate of
1.9% per annum. The industrial sector is expected to grow at the fastest pace among the
sectors with 8.5% per annum during the period. Consequently, economic structure would
experience sharp change. The share of industrial sector in GDP in 1993/94, last year of
Repelita V period, would rise to 16.9% from 14.4% in 1988/89.

Total land area of West Java Provinéc is 46,300 km?2, accounting for about 2.4%

of the country. Population of the province was about 34.4 million in 1990, which

corresponded to 18.9% of the total population of the country. Gross regional product

-(GRP) of the province reached Rp. 18,688 billion at market prices in 1987, accounting for
about 14.9% of GDP of the country. |

During Repelita V period, industrial sector is expected to grow fast with 11.9% per
annum on an average, and 7.2% excluding oil and gas.



2.1.2 Socio-Economy in Kabupaten Serang

1y

2)

2.2.

Administrative Division and Population

Administratively, Kabupaten Serang is divided into 26 Kecamatans. Area of the
Kabupaten totals 1,804.8 km2. Population of the Kabupaten grew at the average
annual rate of 0.91% during 1980 - 1990 inter-census period and reached 1,214
thousand in 1990, of which 22.4% lived in urban area and the majority of 77.6%
lived in the rural. The detailed population figures of Kabupaten Serang is given in
Table 2.1 by Kecamatan.

Study Area for the Project lies within Kabupaten Serang as shown in Fig. 2.1,
encompassing 14 Kecamatans of the Kabupaten either totally or partly.

Economic Structure

According to the information obtained from the dcpartménts/agmlcies of the
Government of Indonesia and interview survey with'private enterprises conducted
by this Study, agriculture is the matn .stay of the Kabupaten. In the manufacturing
sector, state owned company of Krakatau Steel is dominant, which have the biggest
share in the steel production in the country. Since laie 1980s, industrialization
consisting mainly chemical industries, has been in progress in Bojonegara and
Anyer areas. Tourism is deloping fast in the Kabupaten located mainly in Merak
and Anyer arcas for accommodating weekend tourists from Jakarta though the scale

is rather Hmited.

At present, toll road reaches up to around Cilegon city from Jakarta which is
expected 1o be extended to Merak town where a major ferry port facing the Sunda

Strait 1s located.

Existing Water Supply Facilities

2.2.1 General

The existing water supply facilities for the Cilegon industrial area, in which the

Krakatau steel works is dominant, were completed around 1978. The facilities have an

intake weir and a pump station about I km upstream from the Cidanau river estuary. The
intake water is conveyed from the Cidanau pump station to the Krenceng receiving

reservoir through a 27.2 km pipeline



The principal existing water supply system consists of water conveyance facility
having 2.0 m3/sec with the Cidanau pump station and a 27.2 km long pipe line having
1400 mm in diameter, the Krenceng purification plant with a purification capacity of
2.0 m3, and Krenceng reservoir with an effective capacity of 3.16 million m3,

2.2.2 Background of Krenceng Dam and Krakatau Steel

From the results of interview during the field work in this Study, the background of
Krenceng dam and Krakatau Steel is summarized as below.

~ The construction for the Krenceng dam had been started with USSR assistance in
1962 owing to the development implementation of a steel-works project and which had
been suspended during the period 1966 10 1971.

No data for the design and construction reports is collected.

in 1971, PT Krakatau Steel was established and the construction for steel plant

facilities were executed with the assistance of Kainser engineers,
The steel products were started in 1974.

On the other hand, the construction for Krenceng dam was resumed in 1974 and the
water transmission and treatment plant was also started in 1974 and completed in 1977.

In parallel with the dam and water supply facilities, a gas-fired power station with
the capacity of 160 MW near Cigading port was completed in 1978.

Upon completion of construction works above, the water conveyance from Cidanan
intake 1o the Krenceng reservoir was started in 1978 through a 27.2 km long pipe line.

However, after the water level of Krenceng reservoir reached upto HWL.22.50 m,
the leakage water through the contact face surrounding the spillway structure was observed
at the downstream toe.

The repairing work against the leakage was completed in 1984,

At the present, the supplying water through Krakatau water supply facilities reached
to about 0.8 m3/sec.



The annuat output of the Krakatau steel works is reporfed at 1.50 million tons/year,

2.2.3 Krakatau Intake and Pump Station

The raw water for the manufacturing enterprises and residents is taken from the
Krakatau intake weir 1 km npstream of the Cidanau river estuary.

Raw intake waier flows into intake and sand trap basin, and water is chlorinated at a
rate of 30 kg/hr. After then the treated water is conveyed from the Cidanau pump station
io the Krenceng purification plant by pumping.

There are four Siemens-made (1975) pumps in total, one of which is provided as
standby. Currently, pumps are operated and maintained by three shifts daily. The
operation is carried out by only one pump and the purap is changed by monthly. One
pump has a capacity of Q = 3,000 m3/hr under H = 67.1 m, and the capacity of water
supply becomes 2.0 m3/sec when three pumps are operated.

According to the pump operation records during more than three years from
October 1987 to January 1991, the operated days are summarized as below.

Operated days
68 days during about  3-months in 1987
271 days during 12-months in 1988
213 days during 12-months in 1989
92 days during 6-months in 1990
9 days during 1-month in 1991

The daily maximum pumping rate is estimated at 108,000 m3/day (1.25 m3/sec)
based on the pumping operation records and the pump capac'ity. The daily average
pumping rate is estimated at 60,000 m3/day (0.69 m3/sec). Actual records of operating
hours are shown in Table 2.2 (1) 10 2.2 (5).

2.2.4 Water Supply Pipeline

The spiral steel pipe (t = 17.5 mm) of 1,400 mm in outer diameter with inner
coating of epoxy resin (1 = 2 mm) is laid in the length of 27.2 km between the Cidanau
pump station and Krenceng purification plant (Fig. 2.2 (1)).



The 27.2 km long pipeline is embedded except river crossing sites and concrete
envelopes are provided at several sections.

Principal appurtenant facilities and pipe protection equipment consist of two main
stop valves, one surgetank (575 m3), two drain devices, and five river crossing pipe
sections. These details are referred in Tabies 2.3 to 2.5.

2.2.5 Krenceng Receiving Reservoir

'The Krenceng receiving reservoir has a gross capacity of 4.90 million m3, and the
effective capacity of 3.155 million m3 according to the hydrographic survey carried out in
second field work (Fig. 2.2 (2)).

(1) Principal features of Krenceng dam and its reservoir

From the results of topographic survey carried out in second field work, the
principal features of the Krenceng dam and reservoir are summarized below.

Reservoir
Reservoir surface area (NHWL) 1.0 km2
Maximum water level EL.24.00
Normal high water level EL22.50
Minimum water level EL18.50
Dam
Homogeneous earthfill type
Crest elevation El.24.50
Max. dam height 1450 m
Crest length 1000 m
Crest width 60 m
Upstream slope 1:55
Downstream slope 1: 40
Spillway
Gated overflow type
Total width 27.6m

Overflow section

Nonoverflow section

22.4 m (= span 1.4 x 16 nos)
52m (= 14nos x 0.3 + 1.0)



(2}

2.2.6

Gate 16 Nos. -
width  1.50 m (clear span 1,40 m)
height 1.50 m
Spindle type hoist

Assumed peak outflow at :
Max. WL (full opening) 200 m3/sec

Qperation of Krenceng reservoir

The existing Krenceng reservoir has been operated with the following conditions;

1)

2)

3)

Unless the Krenceng basin is attacked by heavy rainfall or flood the reservoir
water surface is maintained at the Normal Water Level, EL.22.50, top of gate
under all the gate closing. During the above period, the water of Cidanau
river is continuously conveyed to the Krenceng reservoir through the pipe line
of 27 km long and 1.40 m diameter.

If the Krenceng basin is attacked by heavy rainfall or flood and then the
reservoir water level exceeds the Normal Water Level, the gates are partially
or fully opened so as not to exceed the Maximum Water Level, EL24.00,
Then, the water conveyance from the Cidanau river is suspended until the
reservoir water surface descends below the Normal High Water Level.

When the reservoir water level descends below the Minimum Water Level,
E1.18.50, the operation of suction pump and purification plant is suspended.

Krenceng Pump Station

The Krenceng reservoir pump station is installed to return the stored raw water to
the receiving well. This station has five pumps, with each pump having a capacity of Q =
1,840 m3/hr and H = 12.3 m. Four pumps can supply at a rate of about 2.0 m3/fsec.

2.2.7 Purification Plant

Raw water conveyed from the Cidanau pump station or from the Krenceng pump

station in case of emergency is purified at the Krenceng purification plant.

The Krenceng purification plant has three rapid sand filters for treatment, each

45 m in diameter, 1,500 m2 in filtration area, and 2,400 m3/hr-in average capacity. The
capacity as a total of three filters is 7,200 m3/hr. The operation rule of the purification
plant is shown in Table 2.6 (1) to 2.6 (3).



2.2.8 Distribution System

The water purified in the purification plant is directly distributed as industrial water
from the purified water reservoir to P.T. Krakatau filter plant at a rate of 0.22 m3/sec
(792 m3/hr) by 600 mm diameter pipe. After then, water is distributed through the water
tank tower in the purification plant yard to the power plant at a rate of 0.1 m3/sec
(360 m3/hr), to the steel billet plant at 0.24 m3/sec (864 m3/hr), and to Marubeni at
0.08 m3/sec (288 m3/hr) respectively.

Water is also distributed to the water purification plant for industrial and domestic

water.

The capacity of principal facilities is 6,000 m3 for the purified water reservoir and

1,800 m3/sec for the water tank tower.

2.3. Water Demand Projection
2.3.1 Present Conditions of Industrial and Domestic Water Supply
1) Water Supply Organizations and Water Charges

At present, PDAM is providing treated water with only limited portion of
Kapubaten Serang,

State owned Krakatau Steel Company has been taking water from Cidanau river
and supplying water through its own facilities to public entities as well as private
enterprises, volume of which totalled about 975 liter/sec. in 1990 according to the
company.

Water charge varies according to the supplier. The water tariff is summarized as
below (Table 2.7).



Category Water charge cost (Rp/m?)

PDAM tariff {domestic use) 175 - 525
PDAM tariff (industrial use) 700 - 2100
Privale supply

- Karékatau steel company 500

- Others 2750 - 9000
Desalination plant 3000 - 5000

2) Present Industrial and Domestic Water Use
According to the data provided by PDAM, Serang and Krakatau Steel Company as
well as those provided by the manufacturing enterprises located in the Study Area
through the interview survey, industrial uses by supply source in 1990 is shown in
Table 2.8 (1) and 2.8 (2).
The present water usc for the domestic and industrial water in the study area in carly
1991 is summarized as below. '
{unit; cms)
Water source Krakatau's Desalination = Deepwell ~ Small river Total
supply sysiem plant
Pomestic water 0.05 0.1 0.02 0.02 -0.10
(%) (50 an (20) 0
Industrial water 0.69 : 0.04 0.01 0.03 0.77
(%) (8%} (5.3) (1.5) 4.0
Total 0.74 0.05 0.03 0.05 0.87
Note: 1)  excluded Serang.
It should be noted that PDAM is provided with up to 30 liter/sec. of water by
Krakatau Steel Company besides water taken from the springs.
2.3.2 Methodology for Industrial Water Demand

Industrial water demand is projected according to the above-mentioned categories
up to the year 2010 based on:

(1) Present water use in 1990,
(2) Expansion programs contemplated by factories and industrial estates,



1)

(3 Expected growth based on the regional and national economic growth

C)

contemplated in Repelita V, and
Expansion plan of the toll road up to Merak by 1995,

Methodology for the industrial water demand projection is given hereunder.

Industrial (factory/industrial estate) water demand

Methodologies

(1

(2)

3)

4

(5)

(6)

Comprise water uses in the factory land, including both industrial and
employees' uses.

Based on the actual water vse data for 1990 obtained from interview survey.
Factory operation is 300 days/y and 24 hours/day.

Bojonegara

Based on the planned factory expansion and water use increase up to 1995
and 7.2%/y increase, which is the manufacturing sector growth target of
Repelita V for the West Java Province, afterwards,

Pulo Merak -

7.2% increase after 1990

Anyer

- Based on the planned expansion of factories and industrial estate up to
2000.

- 7.2%/y increase afterwards

- Water use of the factories located in KIEC (Krakatau Industrial Estate
Cilegon) in Anyer is estimated based on the data/information obtained from
factory interview survey and not based on the land area of KIEC and unit
water use per ha.

- PPIIE (PPI industrial estate) is assumed to be fully developed by 2000.



(7) Cilegon

- Krakatau Steel (KS) production use:
Based on the data provided by KS until 2005

- KIEC (Cilegon portion: 473 ha) is assumed to be fully developed by
2000.

- Cigaden port demand is to be fully met by KS water supply, i.e., 5 lit./s.

- PLTU Suralaya's (Power station) demand is estimated by its expansion
plan, part of which is to be supplied by KS, i.e., 50 lit./s. Operation is
365 days/y and 24 hours/day.

2) Port water demand

(1) 365 days/y and 24 hours/day operation.

(2) Growth rate of ferry traffic/passengers ~

a.  Merak Port (Ferry)

Rate ~ 1995 5%y
1995 ~ 10%/y
Reason Same as that for "Hotel Water Demand”

b. Cigaden Port

According to Krakatau Steel's data.

¢.  Banten Port (Freight)

Rate ~ 1995 5%/y
1995 ~ 10%/y
Reason Same as that for Merak Port
k)] Hotel water demand

(1) Based on guest data in 1989

(2) Growih rates of visitor » days

1989 ~1995 5%y
1995 ~ 10%/y
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Based on the national economic growth rate of 5%/y for Repelita V period
(1989/90 ~1993/94), considering that major portion of the visitors are and
will be coming from Jakarta. The rate will be doubled due to the completion

of the toll road by 1995,

(3) No. of visitor » days

Unit: No. of Visitor » days/y (m3/y)
1990 1995 2000 2005 2010 2015 2020
Anyer 38,332 48,912 78,797 126,942 204,504 325,456 530,754
Pulo Merak 47,3711 60,445 971,377 156,874 252,724 407,138 655,900
Total 85,703 109,357 176,174 283,816 457,228 736,594 1,186,654

(4) 365 days/year and 24 hours/day operation.

2.3.3 Methodology for Domestic Water Demand

1

Domestic water demand is projected based on:

(1)

(2)

(3)

(4)

Domestic water demand comprises honschold use, commercial use and public
use,

Present and future population up to 2010 by Kecamatan based on the
projection of Biro Pusat (Central Statistical Office), taking into consideration
the recent rapid industrialization in Anyer and Bojonegara generating sizable
employments,

Target service factor (SF) contemplated by Cipta Karya for Repelita V, being
modified considering the actual SFs in Study Area in 1990,

Target per Capita water use by Cipta Karya for Repelita V, being modified
considering the actual figures in Study Area in 1990.

Methodology for the domestic water demand is given hereunder.

Estimated water use & PDAM supply in 1990

(1)

PDAM supply

Actual Supply provided by PDAM



2)

(2) Estimated use by factory employees and their families outside factory land.

- Service factor :  100% supply through the company
- Percapitause : 150 lit./cap./day

Demand for PDAM supply after 1990

(1) Population projection

a.

f.

For 11 Kecamatan's within the Study Area other than Cilegon,
Bojonegara and Anyer, according to Biro Pusat's projection.

Anyer: Until 2000, 1990 population plus PPI industrial Estate
related population for urban and no growth for rural and
7.2%{y growth afterwards for both.

Bojonegara & Polomerak:
7.2%/y growth after 1990,

Cilegon:  Until 2000, 1990 population plus
KIEC (Cilegon portion 473 ha) related population for
urban and no growth for rural and 7.2%/y growth
afterwards for both.

Serang: 100% of urban population and 52.5% of rural population
based on the ratio of the area within the Study Area.

Kasemen: 31.5% of the population

(2) Service factor (SF), per capita consumption, etc.

SF 1995 200 and afterwards

0.50 _ 0.80

Remarks; Based on Repelita V (1989 - 1993) target by Cipta Karya with
Downwards modification, considering the actual figures in 1990.
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b.  Percapita consumption

Classification Congsumption
Urban
500,000 > P2 100,000 150
100,000 > P = 20,000 130
20,000 > P 100
Rural 100

¢.  Multiplying factor
- Multiflying Factor:
{(Household + Commercial + Public) + Household
- 1995 and onwards
- 1.29 for Serang and 1.16 for Cilegon and 1.00 for others

- Based on historical data from 1984 to 1990 provided by PDAM,
Serang

2.3.4 Projected Industrial and Domestic Water Demand

The future water demand for industrial and domestic water is summarized as below.

{unit; cms)
Projection year
Waler use
1990 1995 2000 2005 2010
Domestic water 0.10 0.30 0.69 0.97 133
industrial water . 0.77 1.76 2.61 2.70 3.61
Total 0.87 2.06 3.30 3.67 4.94

Notes: cxcluded Serang.

On the other hand, the water requirement by the manufacturing enterprises has
grown and changed rapidly owing 1o the latest development plan of industrial complex.

By data source received from DGWRD, water demand in 2010 year will reach
7.14 m3/sec.



2.4 Meteo-Hydrology
2.4.1 General

The Project arex is situated in the North Banten region of West Java Province and
has a tropical climate with marked wet and dry seasons. The west monsoon dominates the
area with abundant rainfall from December to March and the east monsoon appears with
less rainfall from June to September, April to May and October to November belong to

transitional periods.

The project area has two main river basins; one is the Cidanau river and the other is

the Cibanten river.

The Cidanau river takes its rise among Mt, Karang, embracing Rawa Danau in the
middle reaches, and drains to Sunda Strait. The catchment basin consists of many small
tributaries which confluence in a swamp inside the old Danau caldera. This swamp, Rawa
Danau, acts as a source of the Cidanau main river. Rawa Danau is located in the Rawa
Danau nature reserve, part of which is forest and fresh water swamp area. There exists an

intake weir for Krakatau steel works near its estuary.

The Cibanten river takes its rise among Mt Karang, flowing northernward, and
drains to Banten bay. Serut(proposed dam site) is located upstream of Serang and has a

catchment area of 73.15 kmZ2.

Two meteorological stations, at Padarincang and Serang are located in the Cidanau
and the Cibanten river basins, respectively.

There are 18 rainfall gauging stations by PMG and 4 rainfall gauging stations by
P3SA, in total 22 stations, in and around the study area.

There are 2 water-level gauging stations in the project area. One is Kubang Baros
station on the Cidanau river located immediately downsiream from Rawa Danau. The other
is Serut station on the Cibanten river upstream from Serang. Both stations are installed and
observed by P3SA. Their stations-above are shown in Fig. 2.4.

2.4.2 Rainfall

There ar¢ about 40 rainfall gauging stations belonging to PMG in the North Banten

area, however, considering the data availability, gauge location and data collection, finally



18 rainfall gauging stations by PMG and 4 rainfall gauging stations by P3SA, in total 22

stations, are used for the study.

The situation of available rainfall data is iisted in Table 2.12 (1), The annual

isohyetal map is shown in Fig. 2.5.

2.4.3 Runoff

b

Modification of rating curve at gauge

The following 2 water-level gauging stations are presently operated in the Cidanau

and the Cibanten rivers respectively.

) . e Catchment . Instalicd
Name of River Namc of Station area (km?) Operalion date

Cidanau Kubang Baros 199.50 P3SA 1980

Cibanten Serui 73.15 P3SA 1977

There was a water-level gauging station at Curug Butong (Kubang Bards) in the
Cidanau river, however, the station was abandoned in 1937.

The situation of available water level data is listed in Table 2.12 (2).

At Kubang Baros water-level gauging station, according to the discharge
measurement conducted 67 times from 1979 through 1990 by P3SA, the relation

between water-level and discharge was decided as follows:
Q=-0.16+1699 h +7.91 h2

At Serut water-level gauging station, according to the discharge measurement
conducted 94 times from 1978 through 1990 by P3SA, the relation between water-

level and discharge was decided as follows:
Q =0.9775 - 6.6815h + 20.321h?

Where Q' discharge in'm3/s_
h ; water level in meter



2)

During the field work in this survey the additional discharge measurement was
carried out by the Study Team at Kubang Baros (Cidanan, 6 times in rainy season
and 5 times in dry season) and at Serut (Cibanten,6 times in rainy season).

Equations of water-level to discharge relations have been accordingly updated for

~ each of two water-level stations, using the additional discharge measurement data.

In order to improve the formula of original discharge rating curve at Kubang Baros,
78 data in total (67 times by P3SA, 11 times by the study tcam) are used, and the

least square method is adopted.
The revised discharge rating curve at Kubang Baros is as follows:

Q= 0.2644 + 12.3782h + 12.7466h? h < 0.80m
Q = 28.8366 - 52.1277h + 47.5274h? 0.80m < h

The revised discharge rating curve at Kubang Baros (Cidanau) is shown in
Fig, 2.6.

The revised discharge rating curve at Serut is as follows:
Q = 0.5076 - 6.4715h + 22.7219h?

Where  Q; discharge in m3/s
h ; water level in meter

In the above revised rating equation, the curve 100 data in total (94 times by P38A,
6 times by the Study team) are used. Revised discharge rating curve at Serut

(Cibanten) is shown in Fig. 2.7.

Five (5) day mean in-flow discharges computed at both Kubang Baros and Serut
gauging stations are listed in Table 2.13 (1) and 2.13 (2). '

Estimation of flow discharge at proposed sites

Since there are no discharge data at the proposed sites, flow discharges at project
sites are estimated based on daily mean discharge at the key gauge. In this
estimation, the daily mean discharges at the key gauge are converted into those at
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the project site by using annual rainfall and catchment area of the key gauge and
project area as follows:

Qsite = chy * Rirof chy) * (AsiwlAkey)

where;

Quites Rgites Asite : daily mean discharge, annual rainfall and caichment
area at the project site, respectively.

Qieys Rkey, Akey @ daily mean discharge, annual rainfall and catchment

area at the key gauge site, respectively.

Annual rainfall and catchment area of the key gauges and project sites are as

follows:
Prposed siics Key gauge

Calchment Annyal Catchment Annual

Name of sile anea rainfall Name of gauge arca rainfati
(km?) (mm) (km?2) (mm)
Cibanten dain 73.15 2000 Serat 73.15 2000
Cidanau downstream dam 208.25 3000 Kubang Baros 199.5 3000
Krakatau intake 214.95 3000 Kubang Baros 199.5 3000
Beroeng intake 12.10 2250 Serut 73.15 2000
Anyer intake 17.50 2500 Serut 73.15 2000
Krenceng dam 13.30 2250 Serut 73.15 2000
Cidarau gated weir 214.95 3000 Kubang Baros 199.5 o 3000

Discharge data are available from 1980 through 1990 at Kubang Baros in the
Cidanau basin and at Serut in the Cibanten basin,

2.4.4 Flood Analysis
&) Unit hydrograph

In this study, synthetic unit hydrograph method!»2) is adopted for the flood
analysis,

1) U.S. Bureau of Reclamation: Design of Small Dams.

2} Kaul: The Estimation of Design Floods for a $mall Rescrvoir in Indonesia, Water Resources
Planning Guideline, No.6, July 1975.

2-17



1)

i)

iii)

Time of Concentration (T¢)

The time of concentration is derived from the nomogram (USBR D),
The parameters in the nomogram, L. (length of longest water courses) and H
(difference in elevation), for each proposed dam site are listed in Table 4.13.

Unit Duration (D)

"The unit duration is chosen to be smaller than one-fourth of Tp. The unit

duration for each proposed dam site is decided as shown in Table 4.13.

Time to peak (Tp) and Recession Time (Tr)

Tp and Tc are derived from the following formula(USBRD).

Tp=0.6xTc+D/2
Tr=1.67xTp

Peak Flow (Qp)

The peak flow is calculated by the following formula.

op = CA x 106 x 2
P = {(Tp + To) x 3,600

where CA :carchment m_'éa (km?)
Tp : time to peak {(hrs)
Tr : recession time (hrs)
Qp : peak flow (m3/s)

Probable Basin Rainfall

The probable point rainfall at Padarincang and Kepuh is listed as below.



{Unit: mm/day)

Keptth

Padarincang

Probz:bai Ly :
s wms

1/50 165

1/100 175

17200 185

180
210
230
250

The catchment rainfall at the proposed site is derived from the point rainfall

applying the relation between caichment area and rainfall actually experienced in a

large storm occurred in East Java in July 1936.

2) Rainfall duration

“The rainfall duration is assumed as 8 hours with well shaped rainfall distribution.

Herein, rainfall intensity is calculated by Mononobe formula which was used in the

North Banten master plan study.

273
Ir=

ool &

8
AT
where, R ; daily rainfall (mm/day)
T ; time (hrs)

r ; rainfall intensity in T

4) Probable peak flood discharges at proposed dam sites

The probable peak flood discharges at alternative dam sites are summarized as

below.



Probable Peak Flood Discharge at Proposed Sites

(unit; n3/s)

Probability
Staion ;

1/25 1/50 1100 /200 PMF
Cibanten dam siic 815 965 1034 1105 -
Downstream dam site 346 1) - 444 1) - 907 1)
Cidanau gated weir 346 1) - 444 1) - 907 1)
Krenceng dam 129 154 172 - 188 519
Berocng intake - - - 170 -

Note: 1) means regulated peak outflow at the outlet of Rawa Danau, Kubang Baros and
ncglected (he remaining arca between Kubang Baros and the site because of difference of
peak due 10 time retardation

2.4.5 Sediment
1 Sediment Measurements {(Suspended load)

In order to assess the amount of sediment into the proposed damsite, the sediment

sampling was carried out in February 1991 by the Study Team.

2) Sediment Discharge Rating Curve

The sediment discharge rate is estimated based on the sediment concentration and

the flow rate derived from the water-level gauging and the discharge rating curve.

The equations for sediment discharge rating curve at Kubang Baros and Serut

gauging stations are as follows:

Qs =032xQ!28  at Kubang Baros (Cidanau)
and Qs =2.09xQl-72  atSerut (Cibanten)

where Qs : sediment discharge (mg/l)
(@ : daily mean river discharge (m3/s)

3) Annual Sediment Transport

The estimation of annual sediment discharge rates are calculated by analyzing the
daily discharge data at Kubang Baros and Serut gauging stations.
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4)

2.5

2.5.1

The amount of sediment deposited in the reservoir may depend on its trap
efficiency, however, for the study at this stage it is assumed that all of the sediment

will deposit in the reservoirs.

In this study, the sediment-river discharge relation are made on suspended load,
whereas the bed load is assumed to be about 25% of suspended loadV), therefore
the total sediment is calculated at 125% of suspended load.

Reservoir Sedimentation

As mentioned above, the suspended loads at Kubang Baros (Cidanau) and Serut
(Cibanten) are estimated at 82,871 m3/year and 55,065 m3fyear respectively,
therefore the total annual sediment discharge including bed load are estimated at
91,158 m3/year and 62,572 m3/year respectively.

The catchment areas at Kubang Baros and Serut are 199.50 km?2 and 73.15 km?
respectively, therefore the specific sediment discharges are estimated at
500 m3/year/km? in the Cidanan river and 900 m3/year/km? in the Cibanten river.

Geology
General

Geological investigations were executed for the conceivable alternative dam sites

such as Cibanten dam, Upstream Cidanau dam, Middle Cidanau dam, Downstream

Cidanau dam, Cidanau gated weir, Heightening of Krenceng dam and Beroeng diversion

tunnel for the comparative study on the alternative schemes throughout the field work in

Phase 1 and Phase Il stage.

study.

This section presents the geological conditions of the selected schemes as feasibility

The geological investigations and findings including all other alternative sites are

detailed in Appendix-C.

1) K. Linsley & B. Franzini: Water-Resources Engincering
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2.5.2 Topography and General Geology

The project area is located in the North Banten Region,which is about 100 km from
West Jakarta. The area is topographically classified into four (4) physiographic features.

Alluvial Plain

The flat areas lies at an elevation of zero to 15 m above mean sea level. The land

use is availed for rice fields, settlement and mix plantation.

Undulating Hills

The area have a level of gentle undulating relief with slope of 5 to 15% and lies at
an elevation of 25 to 150 m above mean sea level. The land on the lower hills was
developed for rice paddy fields while the rest on the middle and the high terraces consists

of mix upland farming.

Caldera Basin

At the middlestream of the Cidanau river lies the basin, at an ¢levation of about
100 m above sea level, and a wide swamp called Rawa Danau is located in it.

High Mountainous Area

Comparatively steep mountains of dissect volcanoes such as Mt. Karang,
Mt. Aseupan, Mt. Gede, etc., are surrounding Rawa Danau. They rise at an clevation of
about 740 to 1780 m above sea level.

The Cidanau river, having a catchment of 246 km?, lies in the southern part of the
project area. This river originates from Mt. Karang with 1,778 m in elevation and pours
into the Sunda Strait after running westward through the Rawa Danau. The Cibanten river
also rises from the northern slope of Mt.Karang, and pours into the Banten Bay.

The Rawa Danau, locating in the caldera basin, is a natural preservation area. The
Danau Reserve issue of nature preservation, covering 3,791 ha, was established in 1921,
mainly because botanically unique fresh-water swamp vegetation contains several Jawa

species which can be found only in this area.

Physiography of study area is laid on Western Bogor Anticlinorium Zone with
undulating hill morphotogy, of the elevation range 20 - 110 m (Bemmelen, 1943_).



Based on the geological map of Anyer Quadragle mapped by S. Santoso in 1987,

the study area is underlain by strata as follows:

2.5.3

1)

- Swamp deposits consists of gravel, clay, sand and mud, distributed at Rawa

Danau arca.

- Colluvial deposits, consists of debris, tallus, detritus and rock waste, derived

from velcanic rocks.

- 0ld volicanic rocks of Danau, consist of jointed andesite or basaltic lava flow,
volcanic breccia and tuff.

- Upper Banten Tuff, distributed at the site area, is classified into 2 parts, such as
upper part which consists of lithc tuff, pumiceous tuff and sandy tuff, and,
lower part which consist of intercalation of crystalline tuff, pumiceous lapilli
tuff, glassy tuff and red clayey tuff.

- Lower Banten Tuff, consists of tuff breccia, agglomerate, pumice tuff, lapitli tuff
and sandy tuff.

Site Geology in Selected Site
Geological investigation

Heightening of Krenceng dam, Cidanau gated weir and Berceng diversion tunnel
were selected as the feasibility study for the Cidanau-Cibanten Water Resources
Development Project through the comparative study on the conceivable alternative

schemes.

The geological investigation were composed mainly of the core drilling with field
tests in boreholes. The core drilling for 245 m with field tests were carried out.
The drilling executed are summarized as follows:



2)

Sites No. of hole Depth ()

Krenceng dam KR-1 15
KR-2 15
KR-3 15
KR-4 20
KR-5 10
KR-6 30
KR-7 20
KR-8 20
Cidanau gated weir CD-5° 20
CD-6 20
CD7 20
Diversion tunnci DT-1 20
DT-2 20
Total 12 holes 245

Core drillings at the Krenceng Dam consist of four boreholes, for 100 m in the
Phase-1I. In the Phase-I three boreholes were drilled for 45 m. These boreholes
are for confirming the foundation.c_ondition such as consolidation of rocks,
weathering on rocks, permeability of rocks, groundwater tablés in boreholes and so

on.

Core drillings at the Beroeng diversion tunnel site, confirm the condition of
foundation rocks, development of weathering, thickness of talus deposits.

Site geology

Cidanau gated weir site

The proposed weir site is located at 200 m upstream of the existing intake weir.
Gently undulating hills around the weir site is composed of weakly to moderately
welded pumice tuff. At the central part of the valley bottom riverbed is deeply
eroded to the depth of 10 m, and filled with loose sand and silt (Fig. 2.8).

Krenceng damsite

The foundation rock of existing Krenceng Dam is composed of weakly welded
pumice tuff, which is underlain by moderately welded layer. Colluvial deposits are
very thin. while alluvial deposits of several meters in thickness, which are
composed of silt and secondary deposits of tuff fill the river bed (Fig. 2.9).



2)

Beroeng diversion tunnel

The foundation rock along the route of Beroeng diversion tunnel is composed of
moderately welded pumice tuff. The surface deposits are very thin (Fig. 2.10).

Engineering Geology
Rocks Underlying Krenceng Damsite and Reservoir Area

Unconsolidated pumice tuff occupy the most part of the dam foundation, which are
underlain by tightly welded pumice tuff layer of about 20 m in thickness. In the
reservoir area almost the same types of pumice tuff as the damsite crop out along
the Krenceng river. Weathering on the rocks distributed at the Krenceng damsite
and the reservoir area is developed in the surface zone of the undulating hill,

The borrow area for the soil material is proposed at the low ridge which is located
between main stream and a tributary of the Krenceng river, at about 1 km south
from the damsite. The elevation of the ridge is ranging from 35 m t0 45 m.

Mechanical Strength of Foundation Rock

Unconsolidated pumice tuff occupies = most parts of the surface of the dam
foundation. Comparatively hard layer of welded pumice tuff is underlying under
the elevation of about 5 m from the mean sea level.

In this stage, mechanical tests on the foundation rocks are not conducted except
unconfined compression test with bulk density test on recovered core samples of
welded pumice tuff from boreholes, KR-6, KR-4 and DT-2. The test results are

summarized as follows:

Samplc No.  Borchole No, D(‘]"S;“ BU(‘;S;%S;W Compr(ng-{%i:; 2S)trength
1 KR-6 17.50-17.80 1.903 65.43
2 KR4 19.25-19.65 1.794 49.24
3 DT-2 19.15-19.40 1.925 55.92

The smallest uniaxial compressive strength (qu) of about 50 kg/cm3 was obtained
for the sample of welded pumice tuff. The results of triaxial compression test in
UU condition for nnconsolidated pumice tuff show that values of internal friction

2-25
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angle (@) range from 33.5° to 34.5°. Assuming that g=35° and qu=50 kg/cm?2, the
shearing stress of about 13 kg/em? can be determined graphically using Mohr's

circle .

The smallest bulk density of 1.8 was obtained for the samples of which

compressive strength was smallest.

The strength of the unconsolidated pumice tuff was measured only by standard
penetration test (SPT). N-value range from 20 to 50, and any close relation
between N-value and their depth. The internal friction angle (8) of about 34° for
unconsolidated pumice tuff can be calculated from the N-value of about 30. On the
other hand, shearing stress for this layer has not been measured, and the value

should be determined with careful consideration.

Permeability of foundation rocks

At Krenceng Dam,Lugeon test was conducted in the drilled boreholes for welded
purvice tuff by single packer method at 5 m interval in a general rule. The obtained
Lugeon values range from Lu=0.1 to Lu=4.3, generally falling into Lu=0.2 to
Lu=1.2, which are equivalent to the lower raﬁge of K=1x10-3 cm/sec.

The Lugeon value of higher than Lu=5 were measured for tightly welded pumice
tuff, at the other alternative sites. Judging from the recovered cores, these high
permeability is caused by joints and cracks. In the boreholes at the top of the steep
slope of the hill, permeability coefficients of about K=1x10-3 cm/sec.wese obtained

by open-end method for unconsolidated pumice tuff.

Construction Materials
CGeneral

The objectives of the consiruction material investigation were (1) to find adequate

material sources of fill material for homogeneous earthfill and concrete aggregate, (2) to
estimate available quantity, and (3) to evaluate quality of the consiruction materials for the

Project.

The requirement of construction materials for the main structures is estimated as

follows:



Heightening of  Cidanau gated Beroeng

Description Unit Krenceng dam weir diversion tunnel
A)  Fill material

1) Earh m3 1060000 - -

2) Filter m? 150000 - .

3} Riprap m3 70000 - -
B} Concrete aggregate

1) Fine m3 4200 1100 11600

2) Coarsc m3 6900 1800 19400

Among the construction material investigations,the investigation results for the

schemes as feasibility study are provided hereunder.

2.6.2 Construction Material Source

1)

2)

3)

General

Taking into account the material requirement mentioned above, material
investigation on fill material and concrete aggregate was carried out in the

surrounding areas of the proposed damsites.

Borrow area for earth material

Earth borrow areas were investigated for the possibility of core material sources by

Teconnaissance, test pitting and laboratory tests.

It is located at 1-2 km south from the existing Krenceng dam or opposite site of
Krenceng reservoir.

The material consists of sandy clay loam and weakly welded pumice tuff, D class.

Sand and gravel borrow areas for concrete aggregate and filter

The sand and gravel borrow areas were investigated for the possibility of filter
material source by reconnaissance, test pitting and laboratory tests.

It is located at 5-6 km source in Anyer from the existing Krenceng dam but the

quantity is not sufficient.
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2.6.3

Therefore, concrete aggregate and filter material must be produced from quarried
rock from the massive andesite in the quarry sites, Anyer and Bojonegara, which
are located 5-6 km from the existing Krenceng dam.

Riprap

The riprap must be produced from quarried rock from the massive andesite in the

quarry sites mentioned above.

Laboratory Tests

All samples taken at prospective borrow areas were tested in the Laboratory of PT

Indra Karya, Indonesia, Malang during period mid February to mid March, 1991 and

beginning to end Janvary, 1992,

1y

2)

2.6.4

1y

Test method

In principle, the laboratory test was carried out in accordance with American
Society for Testing and Materials (ASTM).

Test results

Detailed test results for earth material and concrete aggregate are shown in
Table 2.14 (1) t0 2.15.

Conclusions and Recommendation
Fill matesial
(a) Earth material

Adequate earth material will be obtainable qualitatively and quantitatively at

the earth borrow areas.

Natural moisture content is about 11-25% and the dry side of optimum

moisture content, 17-27 %.

{b) Filter material

The sand and gravel materials tested in the laboratory can be used for filter
material and concrete aggregate, However, the quantity at the borrow areas is
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judged to be insufficient. Consequently, it is recommended that all filter
material and concrete aggregate be obtained by quarrying and crushing,

(c} Riprap material

As mentioned above,the riprap material be obtained by quarrying and
crushing.

Concrete aggregate

All concrete aggregate will be obtainable from quarried rock.

Design value of fill materials

Design values of fill materials are assumed based on the construction material
investigation. These are shown in Table 2.16.






3. PLAN ¥ORMULATION

3.1.

General

Plans for the schemes were formulated in four (4) steps,incorporating information

available at each Field and Home Work throughout First stage and Second stage. Various

alternative plans were examined during the course of the Study. Fig. 3.1 illustrates the

logic and flow of plan formulation studies.

Data and information used at each study step may be summarized as below;

Stage of Swdy Phase I Phase 11
Step of plan ‘
formulation 1st Step 2nd Step 3rd Step 4th Step
Report output Progress Report Progress Report Interim Report Progress Report
No.1 (March 1991) No0.2 (Aug.1991) (Nov.1991) No0.3(Jan.1992) and
Draft Final Report
_ {May 1992)
Topographic 1:50.000(Anyer& 1:50,000 (Berceng)  1:2,000 (Krenceng) Revised 1:2000
information Krenceng, Rawa 1:5,000 (Cidanau & 1:400 (Cross {Krenceng)
Danau) Rawa Danau} section of Krenceng) 1:400 (Profile of
1:5,000 (Cibanten) Beroeng diversion
1:2,000 (Cidanau) siie)
Geological Reconnaissance &  Reconnaissance &  Core drilling Core drilling
information core drilling core drilling Seismic Exploration
Construction Reconnaissance &  Reconnaissance Test results Test results
material - test results
Hydrological Records at Kubang Modified Tating Anyer&Krenceng:
information Baros & Serut curve of both Serut  estimated by Serut
stations station station
Anyer&Krenceng:  Anyer&Krenceng:
estimated by estimated by
Kubang Baros Kubang Baros
station station
Discharge Kubang Baros & Kubang Kubang Baros,
Measurement Serut Barosé& Serut Serut & Beroeng
Downstream Cibarnten irrigable Added Anyer . Revised Anyer
information arca irrigable arca irrigable arca and
considered xlded Beroeng
irrigable area and
river maintenance
flow during dry
season
Alternative 5 4 13 3
schemes
constdered




3.2 Xdentification of Dam Sites
3.2.1 Selection of Proposed Dam Sites
1 First selection of proposed dam sites
Various possible damsites are identified in the study area through the site
reconnaissance by the JICA Study Team. The following nine (9) damsites and two
(2) intake weir sites are identified,
- . . Location
Scheme Identified dam site & Name of river ~ B8SIRAE  pgream of
intake site {kmZ) estuary)
A-) Cibanien Cibanten 13.15 22 km
A4 & A5 Up-Cidanau Cidanau 199.5 7.5 km
A-2 Mid-Cidanau Cidanau 204.1 4.7 km
A-3 Down-Cidanau Cidanau 208.25 3.5 km
A-6 Upstream of Cidanaun 214.95 1.2 km
Krakatan intake
A-4-4 Up-Anyer Anyer 31.2 3.5 km
A-43 Mid-Anyer Anyer 38.6 30 km
A4-18&A-4-2 Down-Anyer Anyer 41.3 2.0 km
K-1, K2 & K-3 Heigntening of Krenceng dam Krenceng i3.3 4.0 km
Beroeng intake * Beroeng 121 15.0 km
Anyer intake * Anyer 17.5 12.5 km
Note: * means proposed intake weir site,
2) Final selection of proposed dam sites

Among nine (9) damsites identified, five (5) damsites were discarded based on the

following reasons;

nyer dam site (A-4-1, A-4-2. A-4-3 and A-4-4

There is a lot of irrigated areas and houses in the downstream anyer river basin.
Thus the Anyer storaged dam plan will bring the social problem due io the
resettlement of inhabitants in the inundation area. Thus the Anyer dam site is not

taken up.
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Middle Cidanan damsite (A-2)

Both abutments above EL50.00 m is covered by thick residual soil of more than
10 m depth and the underlying unconsolidated pumice tuff is highly weathered 1o
more than 15 m in thickness. Besides, unconsolidated pumice tuff also develops
below the river bed up to more than 15 m depth. Serious geotechnical difficulties
are envisaged for the stability of dam foundation.

The possible storage volume is very small comparing to the downstream Cidanan
dam site even though the sediment is removed by maintenance dredging. Therefore

the development cost would be quite high. Thus this damsite is not taken up.

Upstream Cidanan damsite (A-4 and A-3)

Based on a rough study, technically, a very large water storage of around 100
million m3 could be developed by pro#ision of a small dam, 10 m height at the
outlet of Rawa Danau and by raising the lake water level up to about E1.91.0 m, and
the available water supply would be about 8 m3/sec. Thus the Rawa Danau
storaged dam plan will be the most beneficial with very low water cost comparing
to other damsites. However, this scheme is not taken up as it is beyond the Scope
of Work in this Study. It is a prerequisite in the TOR that, the full supply water
level of the Cidanau damsite should be settled so as not to submerge the Rawa

Danau which is a nature reserve area.
In view of the potential of development of Rawa Danau storage scheme as

mentioned above, it is suggested by DGWRD that the development of Rawa Danau
should be reconsidered after the environmental problem would be settled.

Comparative Study of Aliernative Single Development Schemes

3.3.1 Formulation of Alternative Single Development Schemes

The following alternative schemes were selected through the site reconnaissance as

shown in Fig. 3.2. The six alternative development schemes are summarized as below,;
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4)

5)

6)

A-1: Cibanten dam development scheme

Constraction of a storaged type dam in the Cibanten river, together with a 28 km
pipe line to convey water from the dam site to the existing Krenceng receiving
reservoir at Cilegon, and an additional water treatment plant.

A-3: Downstream Cidanau dam development scheme

Construction of a storaged type dam in the Cidanau river, together with an
additional water treatment plant. Water is conveyed from the existing Krakatau
intake weir to the existing Krenceng receiving reservoir at Cilegon through the

existing 27.2 km pipe line.

A-6: Cidanau gated weir development scheme

Construction of a weir with high gates located at just upstream of existing
Krakatau intake weir, together with an additional water treatment plant. Water is
conveyed from the existing Krakatau intake weir to the existing Krenceng reservoir

at Cilegon through the existing 27.2 km pipeline.

K-1: Krenceng dam heightening scheme without diversion tunnel

Heightening of Krenceng dam, replacement of the pumping station and construction
of an additional water treatment plant. Water is conveyed from the existing
Krakatau intake weir to the heightened Krenceng reservoir through the existing

27.2 km pipe line.

K-2: Krenceng dam heightening scheme with one diversion tunnel

Heightening of Krenceng dam and construction of a diversion tunnel from Beroeng
river to the Krenceng basin, replacement of the phmping station at Krakatau intake
and construction of an additional water treatment plant near Krenceng., Water is
conveyed from the existing Krakatau intake weir to the heightened Krenceng

reservoir

K-3: Krenceng dam heightening scheme with two diversion tunnels

Heightening of Krenceng dam along its downstream slope and construction of two
diversion tunnels from Beroeng river to Krenceng basin and Anyer river to
Krenceng basin, replacement of the pumping station near Krakatau intake and
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construction of additional water treatment plant. Water is conveyed from the
existing Krakatau intake weir to the heightened Krenceng reservoir through the
existing 27.2 km pipe line.

Design Criteria
Design criteria of dam and appurtenant facilities

The following design criteria is adopted and applied to the Formnlation stady.

(1) Design flood discharge

a)  The spillway is designed by 120% peak discharge of 200-year flood
without reservoir retardation effect.

b)  The energy dissipator is designed by the peak discharge of 100-year
flood adopted as the design flood discharge withont reservoir retardation
effect. '

¢)  The diameter of diversion tunnel is designed in order to discharge the
25-year inflow flood hydrograph without overtopping the cofferdam

under construction.

The same design flood discharge is applied 1o both concrete and fill types at this
stage.

Design criteria of water supply facilities
(1) Water transtnission system from Cibanten river

The water transmission system from the Cibanten dam to the existing
Krenceng reservoir is of an embedded pipe line type because it is difficult to
construct the open channel in view of topographic condition. The open
channel will cause serious transportation loss and water pollution.

If the foundation condition is normal, pipes are placed on a sand bed of
30 cm in thickness in the excavated trench with a bottom width of 1.70 m.
Side slopes of the trench will vary 1:0.3 to 1:(0.5 depending on the soil
condition. Soil cover of the pipe should be about 1.2 m,



(2) Water conveyance and treatment facility from Cidanau river

a)  In principle the incremental development due to the Projebt above the
design capacity of existing Krakatau water conveyance and treatment
facilities is additionally provided for the intake sand trap basin and
Cidanau pump station and the water treatment plant.

b)  The existing water conveyance facility which consists of Cidanau pump
station and 27.2 km long pipe line having the conveyance capacity of
2 m3/sec at the maximum pumping head of 67.1 m is operaied so as to

exceed the design capacity of the existing.

¢) The additional pumps to be provided at Cidanau pump station should be
designed at the total head of 67.1 m.

d) In case that the development yield exceeds the existing, full water can
not be conveyed upto the Krenceng reservoir by using the design head

of Cidanau pumps.

Therefore, the booster pump station should be provided at the
intermediate point, about 14.25 km from the Cidanan pump station so
as to convey the water up to the Krenceng reservoir after receiving of
water conveyed from the Cidanau pump station.

e)  Due to provision of the booster pump station, the surge tank is
additionally provided at the place between the booster pump station and

Krenceng receiving well.

N The existing Krenceng pump station is replaced to meet with the

proposed heightening of Krenceng dam.

g)  Distribution line : _
The distribution line is not included at this stage,

3.3.3 Water Balance Study
(N General condition

The basic equation for the water balance study is;



ds/dt=0- 1

where, ds : differential of reservoir capacity between time interval dt,

O : Safe yield
I : inflow

The general condition for water balance study is summarized as below;

)

2)

The intflow at each gauging station is calculated based on five (5)-day mean
inflow based on the revised discharge rating curve. The simulation of water
balance is carried out for 10 years as below.

Data of five(5)-day mean inflow at Serut : 1980 w0 1989
Data of five(§)-day mean inflow at Kubang Baros : 1980 tc 1989

The inflow into the proposed dam site and intake site for diverted tunnei is
calculated as below.

Qsite = ley * (Rsile/chy) * (Asite/Akcy)

where;

Qgiter Rsiter Asite ©  daily mean discharge, annual rainfall and catchment
area at the project site, respectively.

Qkey» Rkeys Akey @ daily mean discharge, annual rainfall and ‘catchment

area at the key gauge site, respectively.

Annual rainfall and catchment area of the key gauges and project sites are as shown
in Chapter 2.4.3.

3)

4)

The basin area of alternative plan is obtained by the topographic map of
1/50,000.

The evaporation loss on the reservoir and transportation loss of water
transmission facilities to the water treatment plant are neglected at this stage.

3-7
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The sedimentation volume of reservoir is estimated based on the analysis
results of sediment sampling conducted during first field work at the Cidanau

and Cibanten rivers.

Cibanten river basin  : 900 m3/year/km?2
Cidanau river basin ;500 m3/year/km?
Krenceng river basin : 900 m3/year/km?

The river maintenance flow to the downstream reach is considered only the
period of dry season for proposed Beroeng and Anyer intake sites because the
wet season is satisfied by the return flow due to the irrigation water to be
released from the proposed intake weir. The river maintenance flow is

converted by the annual rainfall catchment area and 2-yrs probable drought as

Serut gauging station.
River maintenance flow during dry season

Downstream Anyer : 0.12 m3/sec
Downstream Beroeng  : 0.07 m3/sec

The area and storage capacity curves of proposed dam sites were obtained by
the foltowing topographic maps;
Cibanten dam site : existing 1/5,000

Cidanau dam site  : 1/5,000 by topographic mapping during first field

work

Krenceng dam site : 1/2,000 by topographic and hydrographic survey
during second field work

The rcquiréd effective storage volume for corresponding safe yield was

obtained by maximum drought during the period of 10 years.

Specific condition

The specific condition of water balance study for each alternative is summarized as

helow,



1)  Downstream conditions of proposed intake

The downstream water requirement at the proposed intake site for the
diversion tunnel is obtained as below.

Or=1PR . Ha x 1000

1000
where, Qr : downstream water requirement (m3/day)
IDR : irrigation diversion requirement (mm/ha/day)
Ha : Totalirrigable area in the Anyer basin (ha)
Downstream  Anyer : 330 ha during wet season

- Beroeng : 120 ha during wet season

There is no data of irrigation water requirement for the paddy area in wet
season. IDR is tentatively obtained by using the basic design report for
rehabilitation of Ciujung irrigation canal system (June 1990) and the effective
rainfall is obtained by the data of daily rainfall at Serang gauging station.

2)  Operation of diversion tunnel

The basic conditions for the water balance study against the downstream is as

follows:
During wet season’ Qb2 IDR . Q=0Qb-IDR
Qmax =Qt
Qb <IDR Q=0 -~
During dry season Qb= DRM : Q=0Qb-DRM
Qmax =Qt
Qb <DRM Q=0
- Where, Qb » inflow at diversion site
IDR : irrigation diversion requirement
X :  Maximum discharge capacity of tunnel (4.0 m3/sec)

DRM : downstream river maintenance flow

3}  Downstream condition of Cibanten dam site

The present downstream paddy area of Cibanten dam site through the intake
weir is estimated by 1961 ha in wet season and 566 ha in dry season. The



IDR is also obtained by the report of Ciujung irrigation canal system
mentioned above and the effective rainfall is obtained by the data of daily
rainfall at Serang gauging station.

The schematic diagrams of the water balance mentioned above are shown in
Fig. 3.2 to 3.8.

3.3.4 Safe Yield for Existing Krakatau Water Supply System

The principal features of the existing Krakatau water supply system which consist
of intake weir at the Cidanau river, pump station, 27.2 km long pipe line, Krenceng
reservoir, suction pump and water treatment plant are presented but there are no design data
for safe yield of the existing Krakatau water supply system.

D Basic conditions

Water conveyance capacity of a 27.2 km long pipe line : 2.0 ril3/sec
Capacity of suction pump and water freatment plant ;o 2.0m3/sec
Inflow at the Krenceng dam site from Krenceng own catchment area
Inflow at the Krakatau intake weir site

2) Revised storage volume

Based on the hydrographic survey results in the Krenceng reservoir carried out
during the 2nd Field Work and 4th Field Work, the reservoir storage should be

revised as below.

(unit; 106m3)

Original Revision
Storage " (Krakaiau's data) (Measurement) Balance
Effectivel) 1.45 3.155 +1.705
Gross?) 2.50 - 4.90 +2.400

Notes; 1)  between LWL.18.50 and NHWL.22.50
2)  between LWL..18.50 and Max, WL.24.00

3) Simulation study resuits of safe yield

According to the water balance study by Scheme K-1, the simulation study for the
existing Krakatau water supply system is carried out by two cases 50 as 10 justify

the safe yield.
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Case -1 : with pump station and 27.2 km Jong pipe line
(Krenceng own catchment and natural flow at Krakatau intake weir
site)

Case -2 : without pufnp station and 27.2 km long pipe line
(Only Krenceng own catchment)

Safe yield

Case -1 : 1.97 m3/sec
Case -2 1 0.235 m3/sec

Considering the above simulation results, it is justified that the facility capacity of
existing Krakatau water supply system, 2.0 m3/séc is well coincided with the safe
yield, 1.97 m3/sec.

The safe yield of existing Krakatau water supply system is evaluated by
1.97 m3/sec.

Maximum Exploitable Dam Scale and Development Yield
Cibanten dam

From the topographical constraint where the ridge of both abutments is located at
EL120.00 m, upper limit (NHWL) of the Cibanten dam site is set at EL115.00 m
considering the freeboard of 5m including the overflow depth. Besides, the
geological condition is favourable and with thin top soil. Thus, the maximum
exploitable dam scale is limited at NHWL.EL.115.00 m. The development yield is
0.45 m3/sec under the condition that the design sedimentation has 6.58x106 m3

_ and the downstream irrigation water requircment be satisfied with an 80%

probability of exceedance the diought of 10 yéars.

Downstream Cidanau dam

From the topographical constraint where the ridge of left abutment is located at
EL75.0 m, upper limit (NHWL) of the Cidanau dam site is set at EL70.0 m
considering the freeboard of 5 m including the overflow depth. However, the
residual soil and unconsolidated pumice tuff (D class) are covered up to EL530.0m
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and the underlying weakly welded pumice tuff, CL class develops. The foundation
of fill dam should be laid on the top of CL class.

Thus, the maximum exploitable dam scale is limited at NHWL.EL50.00 m and the
gross storage is 7.11x106 m3 above the river bed of E1.20.0 m.

Adding the design sedimentation, no effective storage is remained, In order to
secure possible effective storage, the sediment basin is provided just upstream of

outlet of Rawa Danau.

From the results of the sediment basin study, the practical sedimentation become
4.165 x 106 m3 and the effective storage become 2.945 x 100 m3. The
development yield is 1.825 m3/sec.

Cidanau gated weir

From the topographical constraint where the ridge of both abutments is located at
EL35.00 m, upper limit (NHWL) of the Cidanau gated dam site is set at
EL32.00 m considering the freeboard of 3 m with flood regulation by the gate.
Besides, the geological condition is favourable but the removal of deposited

material below the river bed is needed.

However, the maximum exploitable gate height is limited to around 20 m.
Considering the above, the normal high water level is set at EL20.0 m and the

development yield is 1.97 m3¥/sec.

Heightening of Krenceng dam

From the topographicél constraint where the ridge of both abutments is located at
EL32.00 m, upper ilimit (NHWL) of the heightened Krenceng dam is set at
29.00 m considering the freeboard of 3 m with flood regulation by the gate.
Besides, the geological condition is favourable for foundation of fill dam.

Thus, the maximum exploitable dam scale is limited at NHWL.EL29.00 m. The
gross storage is 14.07 x 105 m3 above the lowest elevation of E1.13.00m. The
effective storage is 12.87 x106 m3 considering the design sedimentation of 1.20 x
106 m3.



3.3.6 Incremental Yield for Aliernatives

Development yield

Scheme (m3/sec)
K-1 3.10
K-2
K-3 3.20

From the above results, the incremental yield for the alternatives is summarized as

below.
. . Water
Sch Ma}lm.‘;:g? El[[ccucve Dc:&:lop- Existing Increment- Tot?l demandof  Surplus
cheme - exploitab’e storag mc yicld al yicld S_)."S °M forecastin - deficit
dam height  volume  yield yield 2005
(m) (106103 {cms) {cms) {cms) {cms) (cras) {cms)
A-1 45 1) 14.9 0.45 1.97 045 2.42 3.67 -1.25
A3 359 295 1.825 197 0.09 2.06 3.67 -1.61
A6 242 3) 3.44 1.970 1.97 0.235 2.205 3.67 -1.465
K-1 24 b 12.87 3.10 1.97 1.03 3.00 3.67 -0.57
K2 24 1) 1287 3.5 1.97 1.15 3.12 367 -0.52
K-3 24 1 12.87 3.20 1.97 1.28 3.25 3.67 -0.47
Notes: 1) due to topographic constraint

3.3.7 Principal Features for Alternative Single Development Schemes

2)  due to geological constraint
3)  duc to hydro-mechanical constraint

The plan, the maximum section and the upstream view of the main structures for the
proposed dam are shown in Figs. 3.9 to 3.12. The principal features for alternative single

development scheme are summarized in Table 3.1.

3.4 Comparative Study on Alternative Combined Development Schemes

3.4.1 Necessity of Comparative Study on Combined Development

As seen in the results of Chapter 3.3.6, any single deveiopment scheme can not
satisfy the urgent water demand in the year 2005. Therefore, the comparative study on
alternative combined development scheme is required so as to increase the total system

yield in the Study Area.



3.4.2 Formulation of Alternative Combined Development Schemes

The following three alternative combined development schemes are divided into
three groups in terms of the type of development for the heightening of Krenceng dam and -
formulated by nine (9) alternatives as below. '

Scheme Single scheme to be combined
B-1 K-1 plus A-1
B-2 K-1 plus A-3
B-3 K-1plus A-6
C-1 K-2 plus A-1
C-2 K-2 plus A-3
C-3 K-2 plus A-6
D-1 K-3 plus A-1
D2 K-3 plus A-3
D3 K-3 plus A-6

3.4.3 Incremental Yield

From the water balance study results, the incremental yield for the alternatives is

summarized as below.

{unit: cms)
Scheme Devci‘opmcm Exi'su'ng !ncre_mental To;al.syStem W;gf;ﬁ;??: d Surpiu§ or
yicld yield yiekl yield 2005 deficit
B-1 3.55 1.97 1.58 355 3.67 -0.12
B-2 3.4 1,97 143 3.4 3.67 -0.27
B3 3.435 1.97 1.465 3.435 3.67 -0.235
C-1 3.60 1.97 1.63 3.60 3.67 -0.07
C2 3.445 1.97 1.475 3.445 3.67 -0.225
C-3 3.49 1.97 1.52 3.49 3.67 -0.18
D-1 3.65 1.97 1.68 3.65 . 3.67 -0.02
D-2 3.49 1.97 1.52 3.49 3.67 -0.18
D-3 3.54 1.97 .57 3s4 3.67 -0.13




3.4.4 Principal Features of Alternative Combined Development Schemes

The principal features of alternative combined development schemes are
summarized in Table 3.2.

3.5 Selection of the Scheme
3.5.1 General

Based on the single and combined comparative studies mentioned in Chapter 3.3
and 3.4, the schemes to be selected as the feasibility study are deternined by the economic
and socio-environmental view-points.

3.5.2 Cost Estimate

The construction cost is estimated based on the drawings for basic design and its
principal features for the alternatives. The construction period including the tender design
is 7 years. The project costs for each scheme are summarized in Appendix F.

3.5.3 Economic Cost
Disbursement

The construction cost is uniformly disbursed owing to the construction period.

Q&M costs

The annual O&M costs for the dam and appurtenant structures are 0.5% of the
direct cost. Annual O&M costs for water transmission and treatment facilities are taken at
1% of direct cost.

Pumping costs

The pumping costs due to difference between "with Project” and "without Projebt"
are estimated by the principal features.

Replacement cost

The water conveyance facilities is assumed to be incurred for replacement after the
life of 25 years.



Conversion factor

The Conversion factor is 0.9.

- Economic cost

The cost above is converted by the conversion factor.

3.5.4 Economic Benefit

Combined water tariff

The combined water tariff which c'onsists of domestic and industrial water is
estimated by 1625 Rp/m3.

Economic benefit

The economic benefit is obtained by multiplying the combined water tariff and

incremental yield.

3.5.5 Economic Evaluation

Results

The results of economic evaluation are summari_zed in Table 3.3 and 3.4.

Selection of the Schemes as Feasibility Study

The comparative study on the above flftecn (15) alternative schemes was made
through comparative evaluation from the economic, technical and social aspects. Among
alternatives above, K-3 is the highest EIRR. Second highest EIRR is with the Scheme
K-2, third is with the Scheme K-1 and fourth is the_Scheme C-3. However, K-3 is
discarded because there is more than 330 ha of paddy field in the doWnstream of Anyer
main river excluding the tributaries and the diversion to Krenceng reservoir might cause

various social effect to the downstrean.
Finally, the following three (3) schemes are selected as the feasibility study.

(i) Scheme K-1 : Heightening of Krenceng dam without diversion tunnel



(i) Scheme K-2 @ Heightening of Krenceng dam with Beroeng diversion

tunnel

{(iii) Scheme C-3 : Heightening of Krenceng dam with Beroeng diversion
tunnel and Cidanau gated weir

The aboves were agreed in the Minute of Meeting on the Interim Report between the
JICA Study Team, the Advisory Commitiee and the DGWRD on November 8, 1991,

3.6 Plan Optimization

The scales of heightening of Krenceng dam, Beroeng diversion tunnet and Cidanau
gated weir have been decided by the maximum exploitable scale due to the topographic
constraint and hydro-mechanical constraint,

Herein, the optimal development scale of each project components above was
studied by comparing the capitalized net benefit of various alternative scales based on the

net benefit maximization criteria.

3.6.1 Optimal Heightening Scale of Krenceng Dam

A comparative study of heightening scale of Krenceng dam was worked out on the
3 alternatives (Table 3.5).
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Description ' Altcrnative

H-1 H2 H-3
1) Dam crest elevation EL32.00 EL29,00 _ El.26.00
2)  Normal high water level NHWL..29.00 NHWIL..26.00 NHWL.23.00
3y Low water Jevel level LWL.18.50 LWL.18.50 LWL.18.50
4y  Effective storage (106 m3) 12.81 7.90 4,05
5)  Design sedimcnt.(IO(’ m3) 1.20 1.20 1.20
6) Gross storage (105 m3) 14.01 9.1 5.25
N Safe yield (m/scc) 3.10 2.65 2.105
%) Incremental yicld (m3/sec) 1.13 068 0.135
8  Annual average conveyance from 83.72 70.34 33.53
Krakatau iniake (106 m3/yr)
8)  Added pump capacity at Cidanan intake 1.10 0.65 0.105
(mS_lsec)
9) Replaced pump capacily at Krenceng 3.10 2.65 2.105
reservoir (m3/sce)
10)  Added water treatment plani{m3/hr) 3960 2340 378

The design for heightened dam and its spillway is carried out by fixing the

following conditions;

iy  The dam axis for the heightening of Krenceng dam is located at the
downsiream 1oe of the existing dam so as to keep the slope stability of
existing one and secure the operation of ordinary grouting work after cut-off
excavation. The heightened dam is planned by the homqge.neo'us earthfill type
with the slope of 1:3.0 in both upstream and downstream sides.

i)  Spiilway is located at 60 m leftwards from the centre of existing spillway.
The spillway is designed as a gated overflow type having a 15.5 m of net
width. Spillway gate consists of two roller gates having an overall dimension
of 7.75 m wide and 4.30 m high.

iii}  The stilling basin is designed as the hydraulic jump type.

The resulis of the econontic comparison are summarized as below.
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{unit: 10%Rp)

Alternative
Description

H-1 B-2 H-3
1) Economic cost 112532 78034 40195
2)  Capitalized cost (C) 2] 91575 63293 32410
3}  Capitalized benefit (B) 3 84336 50751 10076
4)  Net benefit (B-C) 7239 -12542 22335
5)  Benefit cost ratio (B/C) 0.92 0.80 031

Note: 1} Conversion factor :0.9
2] Incloded O&M cost and pumping cost
Capitalized by the discount rate of 12%
31 Water tariff after reatment: 1625 Rp/m3

As shown in the table above, the alternative H-1, the maximum heightening scale

yields the highest net benefit among the 3 alternatives.

3.6.2 Optimal Scale of Beroeng Diversion Tunnel

(1)

(2)

Basic approach

The economic diameter was obtained with the least cost criteria,taking into
consideration the construction cost of alternative diversion tunnel and the
differential pumping cost of Krakatan intake due to the water conveyance from the
Krakatau intake.

Design condition

The diversion tunnel is designed under the hydraulic condition of pressure flow,
The downstream water depth at the outlet portal is assumed to set the crown of
tunnel because the discharge capacity of downstream hydraulic cross section in the
Krenceng river is biggér than that due to prospective tunnel diameter. The upstream
water level at the inlet portal is designed to set the water depth of one (1) diameter

_of the tunnel above the tunnel crown at the inlet portal so as to keep the pressure

flow condition. No slope of tunnel is provided.

o )
H:(124.5nL

2
D3 + fe + fojfézD

where, H : loss head between inlet and outlet (in)
g : acceleration of gravity (= 9.8 m/s?)

3-19



n : roughness coefficient for concrete (= 0.014)
tunnel length (=280 m)

fe . coefficient of entrance loss

fo : coefficient of exit loss (= 1.0)

v : flow velocity

D : tunnel diameter

3 Alternatives

Four (4) alternatives are selected as below.

_ Allemative
Description '
31 2 13 34
13 Tunrnel diameter(m). 1.50 2.00 2.50 3.00
2)  Maximum discharge(cms) 4 I3 20.5 35

The water balance study was carried out by fixing the following conditions;

i)  The water conveyance capacity of Krakatau pump station has 3.15 m3/sec
which corresponds to the safe yield of heightening of Krenceng reservoir.

ii)  The basic conditions for the water balance study against the downstream
Beroeng is made based on the criteria mentioned in Chapter 3.3.3.

(4 Results of water balance study

Altemnative
Description
J-1 J-2 J-3 J4
1) Tunnel diameter (m) .5 2.0 - 2.3 3.0
2)  Water conveyance from 77.238 77.057 77.057 77.057
Krakatau intake(108m3fyr)
3)  Water conveyance thru Beroeng 10.062 10.243 10,243 10.243
diversion wnne! (108m3/yr)
4)  Total water conveyance o 87.300 §7.300 87.300 87.300

Krenceng reservoir (109m3/yr)

"The annual equivalent of tunnel construction cost and differential pumping cost are

summarized as below,
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{unit: 10%Rp)

Allcmative
Descripiion
J41 32 J-3 J-4
1 Tunnel diameter(m) 1.5 2.0 2.5 30
A Direct cost for tunnel 422.73 59991 803.65 1033.94
3 Annual equivalent cost 11 50.90 72.24 96.77 124.50
4) Annual pumping cost 2980.9 20974.5 2974.5 2974.5
5 Total annual cost .3031.8 3046,7 3071.3 3099.0

Note: 1] Capital recovery factor, CRF:0.120416
Discount rate: 12%

As shown in the table above, the alternative J-1,the minimum tunnel diameter in the
practical construction yields the lowest cost among the 4 alternatives.

3.6.3 Optimal Scale of Cidanau Gated Weir

A comparative siudy of gate height of Cidanau gated weir was worked out on the 2
alternatives (Table 3.6).



Allemnative

Description M-1 M-2
1)  Dam crest clevation EL24.20 EL21.20
2} Normal high watcr level NHWL,21.20 NHWL.18.20
3) Low water level LWI..1.50 LWIL.1.50
4)  Effective storage (106m3) 3.44 2.37
5)  Design sediment (105fn3) - .
6)  Gross storage (108m3) 3.44 2.37
D Safe yickd (cms) : 1.97 1.75
8) Total yicld (cms) 2.205 1.985
9)  Incremental yield (cms) 0.235 0.015
10 Spi!!wéy gate 3 nos. x 17 m wide 3 nos. x 17 m wide
x 20 m high x 17 m high
11}  Added pump capacity at Cidanau intake - -
{m3/sec)
12)  Added walter lrcatment plant {(m3/mr) 738 54

The design for gated weir and its spillway is carried out by fixing the following

conditions;

)

The dam type for both abutments is of concrete gravity one. The upstream is

vertical and downstream is 1:0.6.

The crest elevation and net width for gated weir are set at EL1.50 m and

51 m, respectively.

The results of the economic comparison are summarized as below.



{unit: 105Rp)

Allernative
Description
M-1 M-2
1)  Economic cost ! 67484 57927
2) Capitalized cost (C) 2! 46012 39182
3)  Capitalized benefit (B) 3 17539 1120
4)  Net benefit value (B-C) -28473 -38063
5)  Benefit cost ratio (B/C) 0.38 0.03

Note: 1] Conversion factor: 0.9 .
2} Included Q&M cost and pumping cost
Capitalized by the discount rate of 12%
31 Water tariff after treatment: 1625 Rp/m3

As shown in the table above,the alternative M-1, the maximum gate height is more

economical than M-2.

3.6.4 Final Reservoir Operation and Net Safe Yield

The final reservoir operation was carried out by fixing the development scale of
each component determined in the preceding chapter so as to obtain the net safe yield for
each scheme which means the supply yield after the evaporation loss from the reservoir.

1) Basic conditions
(i)l Reservoir operation study

The reservoir operation study was carried out by the following four (4) cases:

Case 1 : Existing Krenceng dam

Case2 : SchemeK-1 (Heightening of Krenceng dam without Beroeng
diversion tunnel)

Case3 : Scheme K-2 (Heightening of Krenceng dam with Béroeng
diversion tunnel) :

Case4 : Scheme C-3 (Heightening of Krenceng dam with Beroeng
diversion tunnel and Cidanau gated weir)
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Description Casc 1 Case 2 Case 3 Case 4

1) Rescrvoir M Krengeng  Krenceng  Krenceng  (lidanay
2) NHWL 22.50 29.00 29.00 29.00 21.20
3 LwL 18.50 18.00 18.00 18.00 1.50
4y  Capacily of diversion - - 4.0 4.0 -

tunnel (in%)

(ii) Evaporation loss

The evaporation loss from the reservoir surface is estimated to be 70% of the
mean pan-evaporation observed at Padarincang,
(unit:mm/day)

Description Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

1} Cbserved pan 45 37 33 34 34 31 34 44 40 41 45 4.1
recond

2) Evaporation loss '3.15 2.59 2.31 238 238 2.17 238 3.08 2.80 287 3.15 2.87

2) Results of reservoir operation study
(i) Net supply vield

The net supply yield for each case is summarized as below.

Case Net supply yield Met incremental
(m3/sec) supply yield (m/sec)
iy  Existing Krcnceng dam - 1.94 -
ii) - Heightening of Krenceng dam without 3.05 1.11
diversion
iii}  Heightening of Krenceng dam with 3.11 1.17
Berceng diversion tunncl
iv)  Heightening of Krenceng dam with 3.435 1.495
Berocng diversion tunnel and Cidanau
gated weir

The reservoir operation study for each scheme is summarized in Figs. 3.16 w0
3.19.
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4. .

4.1

PRELIMINARY DESIGN

General

This Chapter describes the preliminary design of the main structures of the

promising development schemes as the feasibility study which consist of ;

4.2

4.2.1

1y

2)

3)

i)  Scheme K-1: Heightening of Krenceng dam

(without Beroeng diversion tunnel)

i}  Scheme K-2: Heightening of Krenceng dam
(with Beroeng diversion tunnel)

it) Scheme C-3: Heightening of Xrenceng dam
(with Beroeng diversion tunnel)
and Cidanau gated weir

Heightening of Krenceng Pam
Design Flood
Discharge capacity of spillway

Design flood discharge of spillway is adopted to be 225 m3/sec which is 200-year
probable flood plus 20% of the peak discharge.

This flood is designed to be discharged through spillway without flood regulation

in the reservoir.

The design discharge of the energy dissipator is adopted to be 171 m3/sec which is
the peak discharge of 100-year probable flood.

The design discharge of the river diversion is adopted to be which is the peak
discharge of 25-year probable flood. However, the river diversion during the
construction is not required because the embankment work for the downstream of
the existing spillway will be carried out during the final dry season after the
completion of the construction work of relocated spillway for the heightening of

Krenceng dam.



4)

The design flood water level is determined by routing the PMF assuming an initial
reservoir water level at NHWL.29.00 m.

4.2.2 Optimization of Gated Spillway

Flood against the heightening of Krenceng reservoir is countrolled by the gated

spillway to keep NHWL.29.00 m as far as possible and is aimed to save the dam

construction cost for heightening the dam which provides excess freeboard against rise of

flood water surface.

1)

2)

3)

Alternative gated spillways

The optimization of gated spillway was studied for 3 alternatives by fixing the
normal high water level, NHWL.29.00 m and satisfying the design discharge
capacity of spillway,1.2 times of 200-year flood peak.

Case No. ({]i) (::) W(cé:g‘r)esi Nos. Net(rwnidlh
Case 1 7.75 4.30 25.00 2 15.5
Case 2 6.00 3.30 26.00 4 24.0
Case 3 5.00 2.80 2650 6 30.0

Notes: B denotes gate width, H gate height,

Flood operation rule

The flood routing study of PMF was made assuming the initial reservoir water level
at NHWL.29.00. The flood inflow is released in accordance with the rule that the
inflow will be equal 1o outflow in principle, or the gates will be operated to keep
NHW1. as far as possible.

Flood routing study

The maximum flood water level was obtained for each alternative gated spillways as

shown below:



Allcrnative No. of gates

Description Unit
Case 1 Case 2 Case 3
) iy Max.waler level El-m 30.15 30.08 2096
i)  Max.rise above NHWL m 1.15 1.08 1.96
ity Max.outflow m3/sec 5 360 370
4) Economic comparison

The economic comparison for the alternatives was made by the hydraulic jump type

spillway.
Aliemnalive
Description Unit Case 1 Casc 2 Case 3 h
) NHWL EL-m 29.00 29.00 29.00
2)  Weircrest El-m 25.00 26.00 26.50
3 Net widih at crest m 15.50 2400 30.00
4)  Total width m 18.00 30.00 37.50
Sy Slope of chuteway 1: 3.0 1:3.0 1:3.0
6 Bottom El of basin El-m 7.00 7.00 7.00
7y Length  Chuteway m 560 59.0 60.3
8) Basin m 31.5 25.0 23.0
9)  Excavation m?3 49769 60798 69360
10)  Construction cost U

Civil work 10°Rp | 6552 8236 9179

Metal work 105Rp 1404 1797 2190

Total” 106Rp 7956 10033 11369

Note:  The coastruction cost for the heighiening of Krenceng dam is excluded because the
difference of flood water Ievel is negligible smalf considering the resulis of flood routing
study and thuos the dam height is same al any aliernative.

As shown in the table above, Case 1 yields the lowest cost among the 3

alternatives.

4.2.3 Dam Crest Eleyatioﬁ
1 Dam design freeboard

The freeboard which provides the highest crest elevation of non-overflow section of

a main dam is adopted from the following alternative combination of freeboard and



2)

4.2.4

the maximum design water surface.

Maximum design water surface Frecboard requirement

hw +he+ha+hi

i

Normal high water level HE(D
or 3 m for fill type and 2 m for

concrele type

hw+ha+hi

I

Design flood water level Hf(2)
' or 2 m for fill type and I m for

concrete type

where, hw @ Wave height due to wind
he : Wave height due to earthquake
ha : Rise of water level due to unexpected accident in operating
" spillway gates (0.5 m for a gated type and O for a non-gated type)
hi:Addition of allowance for safety according to type and
importance of dams (1 m for fill dams and 0 m for concrete

“dams)

Dam crest elevation

From the results of flood routing study and the above standard, the crest elevation
for the heightening of Krenceng dam is set at E1.32.00 m in this stage although the
crest elevation due to the flood routing against the PMF exceeds EL.32.00 m
(Fig. 4.1).

Norma! condition ; NHWL.29.00 + hw + he + ha + hiﬁ'El.31.30 m
NHWL.29.00 + 2.0 +hi = Ei.32.00 m (hw +he <1.5)

Fiood condition : Max WI1.30.15+hw +ha+hi = El.32.1.5 m

Type of Hcig'htcnin g of Krenceng Dam

The foundation rock of the heightening of Krenceng dam is composed of welded

pumice tuff. Geologically, this foundation is not so hard but the ordinary grout curtain

could be technically conducted. The dam height is limited to 20-25 m,

Accordingly, filltype dam is conceived suitable to the site.

The cost comparison was made for the following 2 alternatives:
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Type A : Zoned rockfill dam with the centre core

(U/S=1.30, D/S=1:2.0)

Type B : Impervions random earthfill
(U/5=1:3.0, D/S=1:3.0)

Item Unit Type A Typec B
Direct const. cost
D Civil work
Dam 10%Rp 26251.6 19124.0
Spillway 10Rp 6393.6 6990.3
2)  Metal work 10%Rp 1404 1404
Total 105Rp 33727 26605.8

As shown in the table above, Type B, the impervious random earthfill type is

econotnically adopted compared with the zoned rockfill type.

4.2.5 Slope of Heightened Dam

1)

Design criteria

The design criteria adopted for justifying the slope stability of the dam is to have the
safety factor of more than 1.2 in any case including seismic condition in accordance
with Japanese dam design practice. The slip-circle method is used for the stability

analysis.

The stability of heightening of Krenceng dam including the existing dam and
bottom foundation which consists of weakly welded pumice tuff, D-CL class is

checked against the sliding.



2) Condition of stability analysis

Minimum safety

Case  Condition Slope to be Seismic Pore pressure factor
cxamincd coefficient condition Normal  Seismic
(I)  Reservoir full U/s, /S Kh=0.15 Steady 1.5 1.2
Kv=0 seepage
(2) Rescrvoir cmpty U/S, /S Kh=0.75 50% weight 1.5 1.2
Kv=0 remain
3) Design value of dam embankment materials and foundation
[tem Unit Inllg:é;i;us Filter Rock Krgﬁf;ig“gam &53&?&}%
1) Specific gravity ymd 2492 2768 2.30 ] i
2)  Water content % 239 7.293 6.0 - -
3) Void ratio 0.72 0.73 0.40 - -
4y Dry density ym3 1.468 1.60 1.643 - -
5y  Wetdensity Y3 1.728 1.717 1.742 1.70
6)  Sawrated density  ym3 1.857 2021 1.928 1.80
7y Friction angle degree 26 33 40 20 32
8  Cohesion /m? 3 0 0 2 5
9) . Permeability emfec 1x106 1x103 1x109-1071 1x10°5 1x10-4

4) Analyzed section

The stability analysis was carried out for two (2) sections;

(i) Maximum height section
(i) Middle height section

20 m right side of existing spillway
50 m upstream of Krenceng intake



5) Results of stability analysis
Soati c Slope condition Location of Safety Factor
cetion ase applicd slip circle Normal Seismic
I Maximum i) Reservoir U/fS=1:3 Dan body . 3.436(U/8) 1.541 (U/8)
full D/E=1:3 " 2.738(D/S) 1.737 (D/S)
Foundation 7.295 (U/S) 2200 (U/8)
" 2.772 (D/S)  1.686 (D/S)
u/s=1.3 Dam body 3.436 (U/S) 1541 (U/S)
D/S-1:2.5 " 2369 (D/S) 1393 (/)
Foundation 7125 (U/S) 2191 (U/S)
" 2480 (D/S)  1.546 (D/S)
(i) Reservoir U/S=1:3 Daim body 2,569 (U/S) 1931 (U/5)
emply D/S=1:3 " 2738 (D/S)  2.138 (I)/S)
Foundation 6.246 (U/S)  3.946 (U/S)
" 4.283 (D/S)  3.194 (D/S)
U/s=1:3 Dam body 2.574 (U/S) 1933 (U/S)
D/5=1:2.5 " 2,369 (D/S)  1.916 (D/S)
Foundation 6.246 (U/S)  3.943 (U/S)
" 3571 (DfS) 2764 (DYS)
2) Middie (i) Reservoir u/s=1:3 Dam Body 4,628 (U/S)  2.553 (U/S)
full D/8=1:2.5 " 3.423 (I/S)  2.549 (D/S)
Foundation 5.830 (L/S)  2.441 (U/S)
¥ 3518 (D/SY  1.913 (D/S)
(i) Reservoir U/5=1:3 Dam body 3.443 (U/S)  2.949 (U/S)
empty D/S=1:2.5 " 3.423 (D/S)  2.755 (DfS)
Foundation 4994 (U/S)  3.852 (U/S)
4.751 (D/Sy  3.815 (D/S)
6) Conclusions
From the above results,the slope of homogencous earthfill dam is conservatively
decided at 1:3.0 in upstream and 1:2.5 in downstream (Figs. 4.2 (1) and 4.2 (2)).
The bottom foundation and existing dam are judged to be stable in normal and
seismic conditions.
4.2.6 Stability against Piping for Heightening of Krenceng Dam
1) Design criteria

The stability against piping is checked by comparing the critical velocity to unstable

soil particles with the seepage velocity to be obtained from the seepage analysis by

FEM.



2) Condition of seepage analysis
The seepage analysis including the existing dam and bottom foundation was made
under the full reservoir, NHWL.29.00 m.
3) Design value
The adopted design value is summarized as below.
Permeability coefficient
ftem Horizontal Vertical
Kx (cmfsec) Kv {cm/sec)
1)  Existing dam body ' 10 10-3
D Heightening of Krenceng dam 103 1076
3) Bottom foundation
D-CL class above EL8.00 m _ 10-4 104
CM class below EL8.00 m 103 103
4y Curtain grouting zone 10-6 10°6
4} Analyzed section
The seepage analysis was carried out for two (2) sections;
(i) Maximum height section : 20m right side of existing spillway
(i) Middle height section : 50 m upstream of Krenceng intake
5) Results
The results for the seepage analysis by FEM are shown in Figs. 4.3 and 4.4.
Max, velocily Max. actual seepage velocity _
Case (cm/scc) 1) | (cm/sec) 2l Critical
Embankment  Bolom — Embankment  Bottom velocity
foundation body foundation (cm/sec)
i} Maximuim seclion 0.000005 0.00002 0.00002 0.00006
0.99
ii) Middle section 0.000005 (.00002 0.00002 (.00006
Notes: 1] FEM analysis

2] Derived by using the results of FEM



The above results show that the actual seepage velocity in the embankment body
and foundation is far less than the critical velocity obtained by Justin's formula,

4.2.6 Type of Spillway

The spillway for the heightening of Krenceng dam is relocated at the left side of the
existing spillway taking into account topographical and geological conditions.

The comparative study for the type of spillway was stodied for 2 alternatives by
fixing the two gated spillways (2 nos.x 7.75 m wide x 4.3 m high) on the weir crest
EL25.00 m and dam slope with 1:3.0 in upstream and 1:2.5 in downstream ;

Type A : Flip bucket with plunge pool _
Type B : Hydraulic jump with horizontal stilling basin

Item - Type A Type B
1) Chuteway length (m) 51.748 46.128
2) " slope 1:3.5 1:2.5
3) " width(m) 18 18
4) Energy dissipator length (m) 50 31.50
5 - " depth (i) 1.6 7.00
6) " bottom (El-m) 6.00 7.00

The construction costs are summarized as below.

Item Unil Type A Type B

-Direct consl.cosl ‘
Civil work 10°Rp 6400 6230
Mesal work W Rp 1404 _ 1404
Total 16°Rp 7804 7634

As shown in the above, Type B, the hydraulic jump type is more economical than
Type A.

The structural components optimized for the heightening of Krenceng dam are

shown in Figs. 4.5 to.4.7.



4.3

4.3.1

1y

2)

4.3.2

1)

Cidanau Gated Weir
Design Flood
Adopted design peak discharge

In this study,the probable design peak discharge against the Cidanau gated weir
was tentatively obtained by the flood routi:n'g at the Kubang Baros because thete are
no data for topography survey in the rivercourse of Rawa Danau and its inundation
area. The flood due to the remaining basin between Kubang Baros and Cidanau
gated weir site is neglected because the peak in both hydrographs is different.

The rating curve at the Kubang Baros was enlarged by the map of 1:5000 adding to

- that of gauging station.

Flood routing

The base flow during the flood was assumed at 30 m3/sec considering the average

discharge in wet season (Fig. 4.8).

Peak diécharge at Cidanau gaied

Probable flood (year) weir (m3/sec)
25 346
1.2 x200 333
PMF 907
Spillway Gate

Sizing of spillway gate

The Cidanau gated weir was designed as an alternative storage plan by provision of
a weir with high gate located at 200 m upstream of the existing Krakatau intake

weir which may possibly flush the sediment.

From the topographic condition of river course and maximum exploitable gate
scale, the size of gate was determined by 3 nos. x 17 m (width) x 20 m (height).

The crest of weir is set at EL 1.50 m considering the tidal level condition.



2) Gate operation

The gates will be operated 1o keep NHWIL..21.20 m as far as possible.
The discharge capacity of gate opening is sufficient for the regulated PMF.

4.3.3 Dam Crest Elevation

From the design criteria described in Chapter 4.2.3, the crest elevation of Cidanau
gated weir is set at EL24.20 m adding to the freeboard, 3.0 m.

4.3.4 Type of Cidanau Gated Weir

From the structural requirement for the spillway gate, the type of overflow section

is designed by the concrete gravity.

The comparative study for type of both abutments was made for the following 2

alternatives ;

Type A : Impervious random earthfill
Type B : Concrete gravity

The construction costs are summarized as below.

Litem Unit Type A “Type B
Direct const.cost
Civil work 105Rp 19188 7569
Metal work 105Rp 25272 25272
Total | 106Rp 44460 32841

As shown in the table above, the concrete gravity type is economically adopted

compared with the impervious random earthfill type.

4.3.5 Qutlet Facility

The water stored in the Cidanau gated welir is conveyed to the existing trap basin
through 1400 steel conduit, 1400 hollow jet valve and the energy dissipator.
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