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PREFACE

The Directorate General of Water Resources Development (DGWRD) of
the Ministry of Public Works, Government of Indonesia (GOI) contracted
PRC Engineering Consultants, Inc. (PRC/EVI) to provide consulting
engineering services for preparing an integrated development plan for
the Tuntang/Jragung Rivers in the Jratunseluna Basin. The study for
the preparation of the plan started on May 16, 1979 and was originally
scheduled to be completed on November 30, 1979.

An interim report on the study was submitted by PRC/ECI on
August 15, 1979 which was reviewed by all the concerned agencies and
later discussed on September 24, 1979 in a meeting held by the DGWRD
at Jakarta. In that meeting and in subsequent discussions between
PRC/ECI and DGWRD, it was decided that the study on the Tuntang/Jragung
Rivers should be modified by including the entire Jratunseluna Basin in
certain aspects of the study. In that modified study the interrelation-
ships of the existing, proposed and the potential development works of
the Tuntang/Jragung Subbasins and those of the adjoining subbasins
within the Jratunseluna Basin should be examined. Thus, the master
plan for the development of the Jratunseluna Basin which was prepared
earlier by NEDECO in the year 1973, would be reviewed and updated.
The changes in criteria and constraints which have occurred and the
large amount of new data which have become available since preparation
of the original master plan, would be incorporated in the modified
study for formulating a conceptual optimized development plan. The ;
original contract between GOl and PRC/ECI for the engineering services
was, therefore, amended to include the revised scope of work for the
modified study.

For the preparation of the integrated development plan for the
Tuntang/Jragung Rivers, as contemplated originally, a report was :
prepared on the potential developmeut works for supporting the proposed
plan. That report is being produced as Appendix C- Part I, Dams and
Hydropower, related to the Tuntang/Jragung Rivers Basins Integrated
Development Plan. , :

The above mentioned modified study to update the Master Plan for
the Jratunseluna Basin was started in December 1979 and completed in
May 1980. The results of that study pertinent to the dams and :
diversion structures,done by the consultant to support the proposed
plan are reported in this document as Appendix C - Part II, Dams and L
Hydropower, for the Tuntang and Related Rivers Basins Development Plan. - -

| Semarang, May 1980 “PRC Engineering Consultants, Ino. -
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TUNTANG/JRAGUNG RIVERS BASINS
INTEGRATED DEVELOPMENT PLAN

APPENDIX C - PART I

DAMS AND HYDROPOWER

C l. INTRODUCTION

'c 1. 1. General

”The objective of the development plan 1s to provide for multipurpose use of
v'the available water for irrlgatlon, for municlpal and 1nvustria,;supply e

and for power gemeration.

The Tuntang River presently supplies water for irrigatlon by means of
the Glapan dlver51on weir located at Glapan._ The Tuntang flous are,also
presently used to generate power at the existlng Jelok and Tlmo power-'“" v
stations (known as the Upper Tuntang System or UTS) The. amount of water ;5em
actually utilized for irrigation, however, is a small fractlon of the total U’

annual runoff of the Tuntang River.

Jragung River flows are utillzed for 1rr1gatlon by means of the Jragung;ﬁ
Weir located near.Goblog. No powerstatlons presently exlst on"he Jragung
‘River. This weir also uses only a ‘small portlon of ‘the. total available

runoff.,

Since the total annual runoff of both the e r1vers is grossly under fﬂ

utilized, it is clear that storage of th'

~ assured supply of water on a year round.ba81s.,ff

’ ,c 1.2, Scope and Methodologz

The development of the water resources of the Tuntang and Jragung
: Rlvers has been studled ind1v1dua11y'in the past however, the present

.......

e



effort is the first time that a study for the integrated development of -
both rivers has been carried out. A storage site on the Jragung Rivep,
Jragung II, has been studied through final design stage [1, 2, 3, 41.
One storage site, the Glapan Dam, on the Tuntang River has been studied
through feasibility level [5, 6, 7, 8] while two other sites, Gunung
Wulan [9] and Rawa Pening [10, 111, have been studied through prefeasibi-
lity level. Since the present study was limited to utilizing existing °
data and visual field verification, the level of the present study is a
mixture of design stage, feasibllity stage and prefeasibility stage
1nvestigations. The present study, however, is considered to be pre-
feasibility in scope, '

' Existing reports, data and topographic maps were collected and
reviewed in order to become famillar with previously 1dentified storage

ce

sites and also to 1dent1fy potential new sites. . Field reconnaiss:
trips were made in order to verify .the conditlons reported in prev1ous
reports and to 1nvest1gate new potential storage 31tes.v Based on the
data review and field: 1nspections, an ‘initial screening of all 31tes

was carried out. The sites which were. retained after the initial screen-
ing were studied in more detail and compared on the ba51s of economic,
technical and socioenv1ronmental considerations. '

C.1.3. Constraints

The present’ study was started w1th the objective of preparing a’
development plan for the integrated use of the Tuntang and Jragung
waters for irrigation, municipal and 1ndustrial and power uses.
Originally, all three water users were to benefit from the progect to
the optimum extent p0531b1e. An 1nterim report was prepared on this
basis [12] and reviewed by each of the governmental agencles affected
by ‘the project. As a result of. that review,,the following constraintsz
‘\were defmed by the Directorate., of"‘ Plann:mg and; Programmmg for '

~ the Consultants guldance-‘"

c-2.



1. Large projects would not be considered for the Tuntang or the Jragung
basins during the near term (i0 years), however, development of
irrigation and municipal water supply within the basins should begin
in the near future. '

2. PLN (National Electricity Board) has no plans to upgrade the existing
Upper Tuntang power generating system, or to add to that system.

3..Operation of the Rawa Pening releases can be revised, however, the
average amnual energy production of the existing Upper Tuntang System
(160 Gwh) should not be reduced significantly.

It was agreed that a development plan which would meet the study?'”‘j
objectives while also meeting the constraints must consist of a mix
of‘sma;i'projécts for near term implementatioﬁ, andllarge’projects for_f"
lbng'tgrm; future implemantation. It was further agreedvthat it wQQIH:}'
be:preferéﬁie if the near term small projects could éontinug to sérvafaf

useful purpose after the large pfojects are constructed>ih the'fntuﬁe;wf



'C.2, INITIAL SCREENING OF ‘POTENTIAL STORAGE SITES

Based on a study of existing reports, aerial photos and 1:50 000
8cale topographic maps, a total of eight potent;al storage sites were
identified. The sites are as follows~ ’

Tuntanngivar Storage Sites - Jragung Rlver Storage Sites.
Rawa Pening T Jragung I
Sambirejo ) Jragung 11
Tempuran - ,Jregung IIT

Gunung Wulan ' -
Glapan

The . loeatlon of these eight smtes is shown on Figure C-1. AfterL
ldentlflcatlon of these potential storage 31tes'”office studies were»
carried out to determine the volume of storage available at each site,
the volume of embankment £111 required in the dams at each 51te to ‘:'

develop the storage, and the amount’ of water available at each storage

site, Concurrent with these office studles, field reconnaissance trips
were made to evaluate the physieal condltlons at eaeh site; i.e. topo-

praphy, geology and_availabillty of construction materials.

Using the data from the prel;mlnary office and field studles, an:
initial screening of the eight sites was carried out.» The screening
was based primarily on the following factors. geologic conditlons, avall-;
ability of construction meterlals reservoir volume to emhankment volume-
. ratio and the number of inhabitants w1th1n the proposed reservoir are 0

The results.of the initial sereening are presented 1n the following

“nubparapraphs.
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In addition to the potential storage sites, the possibility of
transbasin diversion from the Tuntang to the Jragung River was noted
from previous reports and verified in the field. This facility could
be designed to divert water in either direction, but since the Tuntang
River has an abundance of water while the Jragung has a relatively
limited water yield; diversion was considered only from the Tuntang to

the Jragung.

C.2.1. Jragung I Damsite

The Jragung I damsite was identified in 1971 by NEDECO [1] but
rejected by them in favor of the Jragung II damsite due to adverse geo-
logic conditions at the Jragung I site. ECI considered the Jragung 1
site also [3] during their investigations and agreed that foundation
conditions were much less suitable than at Jragung II. During the
present study, the Jragung I site was field inspected as a potential
site for a low Jragung dam or barrage. It wes concluded that the Jragung
I site did not have any benefit over Jragung II for a large dam and
provided insufficient storage for a low dam or barrage. For these

reasons the Jrapunp, I site wasi-dropped.from further consideration.

C.2.2. Jraguug 1I Damsite

The Jragung II damsite was identified in 1971 by NEDECO [1], studied
to feasibility level in 1973 by NEDECO [2], the feasibility study was
upgraded in 1976 by ECI [3], and the final designs prepared in 1979 by
SCI [4]. These previous studies proved this site to be technically
feasible but economically marginal. The possibility of constructing a
lower dam than ofiginally designed was thought to be potentially more
attractive from the economic standpoint, therefore, this site was

retained for consideration after the initial screening.



Cc.2.3. Jragung II1 Damsite

The Jragung III damsite was studied by the firm, Indonesian Consult-
ing Engineering Service, ICES, in 1964. This damsite was also visited
duriug the present study. The proposed reservoir would impound only —
about 35 x 106 m3 and would have serious problems with sediment
build-up. It would also inundate about five villages. The
limited storage capacity available and the social problems associated
with this deyelopment were considered serious drawbacks to the site,

therefore, it was dropped from further consideration.

C.2.4, Glapan Damsite

The Glapan Damsite was studied by NEDECO to fea31billty level
s, 6, 7, 81.. The originally proposed reservoir had a gross storage
capacity of 320 million cubic meters and would inundate about 3,000
hectares resulting in the displacement about 21,000 people (1975 estimate);;
The previous studies and present site inspections indicate that o '
construction of the proposed dam is technically feasible, however,
large amounts of sediment must be accomodated at this site due to the .
large drainage basin (800 square kilometers) .and the expected erosion h
rate of the watershed. It is presently estimated that live storage of
the originally proposed reservoir would be reduced by approxlmately
50 percent after 30 years of operation due to sediment accumulatlon.,
The possibility of raising the originally propoéed dam to achieve 'v‘
preater live storage is limited by topography and would result in Co
inundating a larger land area and dzoplaclng a greater number of people.'
Since a suitable damsite which prov1des preater live storage exxots
up,tream of this site at Gunung Wulan, and the problems assoc1ated
vwith inundation are fewer at that 51te the Glapan site was dropped
.from further con31deratlon as a major 1mpoundment.- The site was re-
;talned for further study, however, as a ‘smallep project, possibly with

provisions for bedzment passing.

c-5' L



C.2.5, Gunung Wulan Damsite

The Cunung Wulan Damsite was studied to prefeasibility luvel by
NEDECO in 1973 [9]. The previous study considered a dam of moderate
height resulting in a gross reservoir capacity of about 115 million
cubic meters. The present study has concluded that the dam could be
constructed with a crest as high as E1. 75.0 m which would result in
a gross reservoir capacity ‘of about 500 million cubic meters. This
reservoir has the disadvantage that it w111 inundate about 3,000
hectares of land resulting in the need to relocate about 14,300 people.(
Since this problem is common to any potentlal major storage reservoir .
on the Tuntang River, this site _was retained for further study due to ﬂ;
its large potential storage capaclty and its relatively high reservoir‘l
volume to embankment volume ratio.

C.2.6. Tempuran Damsite

- The Tempuran Damsite is a new storage site ldentlfied during the o
present study by inspection of topographlc maps. During subsequent site
inspection visits, it was discovered that the site exhibits highly un-
favorable geologic conditions. The foundatlon is composed of very soft, ‘
thin beds of sandstone, claystone and siltstone which would require :
extensive excavation and treatment to obtain a competent foundatlon..*-
The most serious drawback, however, is the fact that these beds have a

strike parallel to the river. Thls could result in excessive seepage

tosses, and p0>s1h1y pliping. of foundatlon mater1a1 along bedding L

plauou. A scarch was. made both upstreamf‘

geologlc,condltlons,!‘

o1


http:downstream.of

C.2,7., Sambirejo Damsite

This potential storage site is a new site that was identified during
the present study by inspection of topographic maps. Subsequent field
inspection indicated that the geology at this site is similar to the
Tempuran site discussed above, except that the strike of the bedding
is more favorably oriented. This site yields only about 40 million
cubic meters of total storage, however, and sediment would be a major
problem with such a small storage. Due to the limited capacity of this
site and the expected relatively large cost of development, this site

was dropped from further study.

'C.2.8. Rawa Pening

natural :lake which has been ralsed ‘twice in. the n
,past to increase its storagewvolume.*fThe possibllity of raising it tofd
fan even hlgher 1evel was studied by NEDECO [10] in 1972 and by a GOI .
vstudy team 1n 1976 [11] Hap study and field inspectlon of the site
'indicated that by prov1ding levees around the lake and raising the
Jelok Weir, the capacity could be lncreased from 50 x 106 p3

to about 125 x 106 m3 . Another possibility exists; namely, -

Rawa Penlng is a

raising Jelok Weir to form the maximum possible development and: flood-}{
ing the villages surrounding the lake. Slnce sedlment depositlon in.
Rawa Pening was reported to-be very small, all of thls storage wouhdf
be useable. This site was retained for further study. A

c-8



C.3. PROPOSED DEVELOPMENT OF JRAGUNG 1I SITE

The Jragung II site was studied previously to final design stage by
ECI {4]. That study showed that the site could be developed from the
:'technical point of view, however, the design resulted in a relatively
high capital cost. This was due to the fact that a high dam was

required in order to store the estimated sediment inflow, and the rezult-
«ingidam required extensive blanketing of the thin ridges which form '
- the abutments~for the dam. Based on the knowledge gained from the

: ?inal»nesign'Report (41, it seemed apparent that economical develop-
:vmentjat,this site would be possible only if a solution could be found
} which ‘would not require storing the'large volumes of sediment which
'were estimated to be carried by the Jragung River (See Appendix A for
a discussion of estimated sediment load)

As discussed in Appendix A. sediment can be accomodated in a
reservoir either by providing sufficient gross storage to store the _
. anticipated sediment or by providing a means of pass1ng a portion of
the sediment through the reservoir and past. the damsite. It was decided,
therefore, to plan the development of this site with a sediment pas in”‘
scheme which would pass a significant portion of the estimated sediment,'

thereby reducing the gross storage requirement with a resultant reduction'

in capital cost.

In order for a.sediment passing scheme to be p0931ble, an excess o
of water yieJd must be available. In the case of the Jragung River, ‘w
the available flows do not provzde sufficient total water yield to, pass
sediment and to fill the reservoir after the completion of sediment

passing each year. In order to make sediment passing feasible at this

s:.te, therefore, the Tuntang-Jragung‘transbasin d.wers:.on facility must




C.3.1. Site Conditions and Design

The geology and available construction materials at the Jragung II
v'nsite are briefly discussed in [13]. The hydrologic characteristics of
:ﬂ theVJragung River at the damsite are also briefly discussed in Appendix
15ih of this report. For a detalled discussion of these topics, the reader
.18’ referred to the Upgraded FEasibility Report [3] and the Final Design
i}Report [4]

i A ‘dam with crest elevation ‘of 135, 3 m was originally designed for
ffthls site without facillties for sediment passing. For the purpose of
'hthe present study, ‘a dam with a crest elevation of 125.0 m w1th sediment
p'passing facilities was considered. This will result in a gross storage
'reservoir of 110 x J.O6 m3 and a live storage of 75x. 106 nd . The layout and
design of the dam and appurtenant structures was adapted from the
original de31gn presented in the Final Design Report [u] and ‘the reader
is referred to that report for a detailed discu331on of the de31gn.¢:'
Only the design of the sediment passing facilities will be discussed

herein.

The layout of the proposed Jragung dam and appurtenant structures

is presented in Figures C-2 3 and 4.;

C.a.?.\Sediment‘PassingTSchemef

Sedlment passing will be accompllshed by prov1d1ng large capacity,'l
low level outlets. The outlet gates w111 be opened on -about November 1
of each year and will remain open during the months of November,
December and January. Durlng those three months, approximately 50
percent of the total annual sediment load is carried by the river.
‘Flood flows during these months w111 cause ponding in the reservoir for



very short periods of time resulting in little or no sediment deposition.
It is assumed that none of the sediment carried by the river during those
months will be deposited in the reservoir. During this period, the |
Jdragung River flows plus the water diverted rfrom the Tuntang River will
be sufficient to irrigate the service area.

_ When the low laevel outlet gates are closed on about February 1,
‘the regervoir will be filled. During the time when the reservoir is
- full, sediment will be deposited in the reservoir.

= o Tge i$ estimated that over the fifty year life of the project,

v35x 105nﬁ of sedimenttnll accumulate in the reservoir when operated forf
sediment passing. This compares to 75 x lO6 3 of sediment which would :
bhe accumulated if no sediment passing was attempted. '

S

Preliminary designs were, prepared for the low level outlet”conduits.
These' conduits will function as diversion conduits durdng con‘ ruction '
of the dam, therefore, no separate diversion facilityfiill be required.
It was determined that two, 5 O-m diameter conduits Wlll be required '

for successful sediment passzng. These conduits will he constructed
as tunnels through the right abutment. The gates at the upstream end
of the conduits must be designed to open under all possible operatlngh ‘
conditions. The critical operating condltions are thought to be as
follows: opening agalnst unbalanced head and opening with sediment
depos;ted against the upstream face of the gate. The first condition
is a normal operating condition. for many gates and’ can be accomodated
by using a fixed wheel or roller chain gate to reduce friction and

by providing a hoist w1th sufficient capacity to open against load.
The second condition 1s not a situation normally encountered in the
design of gates. A number of measures can be taken to design a gate
Awhich can be opened against water and sediment load. Some of these

lmeasures are as follows.31

/& Use'a' double acting hydrauli¢ cylinder type hoist with a capa-



city much higher than computed to be necessary. Such a hoist
would be directly connected to the gate in order to allow the
gate to be pulled up or pushed down.

»fﬁ,iﬁozzles could be embedded in the concrete around the upstream

o .perimeter of .the gate. These nozzies could be cennected to
fa high pressure pump or compressor lccated on the top of the
‘dam. Thus, during opening of the gate, high pressure water or
}air could be forced through the nozzles causing the sediment
'd;rectly in front of the gate to become fluid in order to
reduce the pressure of the sediment on the gate.

These gates will be opened at the end of the 1rr1gation season when
the reservoir is normally drawn down and practieally -empty. Thus, un-
balanced head on the gate will normally be low, resultlng in relatively
low friction forces due to unbalanced headfl\The possibilityof the gate
becoming stuck in the closed position is.considered unlikely. The
possibility of the gate becoming stﬁck in the partially open position
is considered extremely remete,as the High velocity jet under the gate
will scour any sediment deposited iﬁmediately upstream of the gate and
the hoist capacity will be large enough to allow the gate to be opened
or pushed closed. The possibility of not closing the gate due to boulders
lodging in the gate slot is real. The Jragung flows always drop quite
low in Tebruary, however, therefore. a-bulkhead. could be lowered to allow .
access to the gate slot or a raft tied to a restraining ‘cable could be

rigged to allow workmen access to clean the. gate ‘slots.

A second cons sideration when desxgnlng a reservoir with provisions
for edlnwnt passing is the btﬂbllity of the embankment dam and the
(nulurdl slopes around the. ro"orvo1r under ravid drawdown condiiions

kdpld druwdown wllL be moro qcvere WLth wedlment passing thun without
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because the reservoir is drawn-down much lower when sediment passing is
provided. The design of the dam can accomodate this by utilizing free
draining material in the upstream shell of the dam. If there is a
-potential for sliding of the reservoir slopes over large areas, the

cost of remedial measures could be very high.

The proposed design is based on the assumption that reserveir slope
-stability will not be a severe problem and that the dam design will
incorporate measures to protect against the possibility of failure under
rapid drawdown. . Appropriate costs have been included in the estimate to
cover these poosibilities.

The oreiiminary studies carried out indicate that sediment paéqiog‘_
~ can be performed safely using the proposed scheme.

C.3.3. Power

A preliminary analysis was made of ‘the possibility of prov;ding a:

hydroelectric power generating facility at the Jragung II site[;#It was»:

determined that a power facility was not economically feaoible when
sndiment passing is included since no storage would be. avallable for
three months of the year and rnlatively amall atordpo vulumu would ho

available during the other nine months.
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C.4. DEVELOPMENT OF THE GLAPAN DAMSITE

» NEDECO studied the possibility of constructing a dam located just

- south of the existing Glapan Weir to feasibility level in 1975 [5, 6,

'{ 7, 8). It was estimated by NEDECO that the dam proposed in that study
,,would create a reservoir with a gross storage volume of 320 x 108 nd
5“aand a net storage volume of 305 x lO 3 The proposed reservoir would
jﬂfinundate about 3,000 ha of land and cause the displacement of about 20,000
:ffpeople based on 1975 population data. The report concluded that the

‘f proposed Glapan project was technically and econcmically- feasible.

'nghe report went on, however, to recommend a feasibility level 1nvesti-?
'i;gation be carried’ out on a 81te further upstream at Gunung Wulan as an ;f
nlalternatlve to Glapan.- The reason for thxs recommendation was that .
'the Gunung Wulan site was thought'to have fEWer potential SOClal .
problems associated with 1ts development. ;

In reviewing.the NEDECO report, lt was concluded that the orlginalfﬁ
estimate of live storage available was too large due to an under- ;”J‘
estimation of sediment yields in the Tuntang River. Based on the t:
presently adopted values of sediment yield presented in Appendlx A
of this report, it is believed that "the live storage assoc;ated w1th
a gross storage of 320 MCM would be. about flfty percent of the’ value
reported by NEDECO (after 30 years of operatlon) For this. reason,
and also due to the social problems associated with inundatlng the ZQ
3,000 ha of reservoir area; it is concluded that a major storage e
development at Glapan is not practical. The s1te does, however, lend
itsclf to a smaller scale development scheme whlch 1s des;gned to pass -
sadiment. Such a scheme, called the Glapan Barrage, was developcd for

this site and is discussed in the followlng‘»ubparagruphu.h‘

:;Q;ini



C.4.1.:Concept of Development

' In order to develop the Glapan site to a relatively small scale
v§which would not fill up with sediment, it is necessary to make provisions
ffor sediment passzng. The 51te previously investigated by NEDEPO is
T“located about 500 m- south of the existing Glapan Wier. The river at
lthis s1te is quite wide w1th low ridges on each side. The slope of
djthe river upstream of the sxte is relatively flat haVing a slope of
“about 0. 001." The valley 1s relatively broad for about 3 kilometers
:upstream of the 31te._ These topographic conditions result 1n a signi-'
;ficant volume of storage available with a relatively low dam.» This
'makes the sxte attractive ‘for. a small scale development.‘. '

Due to the high flood flows on the Tuntang River, pa351ny sediment
through conduits as - proposedrat Jragung, would require four, 6.0 m',n,

diameter conduits, The cost of these conduits would be very large in .
comparison to the cost of a low. dam and to the benefits derived from -'
the relatively small scale pro;ect proposed at this site._ This method
-of sediment passing was dropped from conszderation due to the large
costs involved,

A barrage type of dam cons;sting of,? gated reinforced concrete
structure with earthfill embankments:lonnecting the‘concrete structure
to the abutments was considered to be the best solution.i;The proposed
operation of this structure is such that th gates would“be opened at ‘?
the start of the ralny season and left open unt11 near th' end‘of theqf;f
rainy season when they would be closed to store late rain season flowsil
The barrage would be, in effect, a wide, gated weir whichploul;npaséi »

flood flows without restriction.,”
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During the dry season, when water is stored in the reservoir, some
sediment would be deposited. This amount would be minor. Due to the
characteristics of the clay sediment, it is believed that very little
of the deposited sediment will be flushed out during the subsequent
rainy season when the gates are opened again. Dead storage must be

provided fo— the sediment which is deposited.

C.4.2, Hydrology

~As. discussed in Appendlx A of this*r port»fthe dralnage area abovef
;the Glapan 81te is about 796 km2 his » i
iannual runoff of about ‘890 X, 106 ,37 ﬁf‘
the dam31te is many tlmes more than'the“itorage whlch would be planned
~ for- any small ‘scale prOJect. Thls means“that sufflclent excess water
wilJ he available for the sedlment pass1ng scheme as described above.

C.4.3. Geology and Construction Materials

The geology was studied to feasibility. grade by NEDECO [6] The'
following descrlptlon of geologlc condltions at the Slteb and of -
available construction materlals, is abstracted from that report.,

The foundation in the rlver valley at the 51te con31sts of alluvial.
clays which range from soft to very Stlff 1n con51stency and exhlblt '
swelling characteristies. It was reported that two types ofvalluv1al '
clay exist in the vallcy, Clay-E Whlch ‘was. encountered in the'eastern

13

half of the valley, aund Clay-w whlch was encountered in: thehwestern _
half of the valley. A number ‘of sand’ and grave lenses ‘up- t"2 meters )
- thick, were encountered in the borlngs at depths of. fro .10'to 23’ meters ‘

but these were not contlnuous."j"“‘

In-sltu and laboratory tests 1ndicated that Clay-H is a pre-
.conaolldatcd clay Wthh 1s older than Clay-E. ‘Laboratory testlng
'dotermlnod thaf the pwrmeahxllry of Clay—H 1s -about 10' cm/s while the

frlctlon unple ranpes from 18 to 23 degrees.
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'Clay-E is a more recent deposit which has replaced Clay-W in the
eastern half of the valley through some unexplained geologic phenomenon;
possibly as a result of faulting. Clay-E is a soft, sandy, calca-
recus clay with sand lenses. Laboratory testing determined a wide
variation of permeability; from 10™% to 1079 cm/s. The angle of
internal friction was also found to vary widely, from 21 to 32 degrees.c

- A grey,bluieh-green, calcareous claystone underlies the valley \
{alluvial clays and 'also crops out in the adjacent hllls whlch form the<
jabutments of the proposed dam. ' This claystone is’ fairly soft and at ‘
vsome locatlons exhibits a parting parallel to the beddlng, in whlch lj'l

case it was’ classed as a shale. This claystone belongs to the Kalibiuk
‘;beds deposited from late Miocene to m1ddle Pllocene age ;QA layer of
shelly limestone varying from 5 to 20 m thick is. intercalated in the

claystone.

A major wpench fault was postulated by NEDECO to exist below the
damsite. The existence of this fault was not- proven by the subsurface.
investigation program, however, NEDBCO felt that suff101ent evidence
was available to conclude that the fault exists. Site reconn:.issance
performed durfng the present study did not confirm the existence of
that fault. A number of smaller faults and fracturee were also reported
as vell as an overthrust fault. The presence of these faults should:
be thoroughly investigated before constructlng a dam at thls site.v5

The reservoir area consists mainly of young alluv;al, calcareous
clays, soft claystone and marls. Intercalated 1n thefclaystone and marl
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Slightly sandy to silty clay exists in abundance in the valley
just upstream of the proposed dam. This clay exhibits high swelling
characteristics, however, and was not considered by NEDECO to be suit-
able for impervious construction material. A more suitable sandy clay
exists on the lower slopes of the hills just south of the damsite. This
material was derived from weathering of the Demar breccia deposits.
These clays are not very thick and were not.oxténsiéely explored,
- however, it is bélievéd-thatﬂoufficient material exists for the

‘construction of a amallisoale project.

~ Suitable riprap material- is avallable From the Demar hreccia
deposits and the limestone deposits in. the 1mmed1ate area of the damsite,
however, it is not known if sufficient quantltles are avallable(fro'“;

‘those deposits. It may be necessary to develop quarrles 1"‘ ‘
stone and sandstone formations located near Kedungjatx, aboutzioskm;

south of the damsite.

Concrete aggregate are not available in the 1mmed1ate area of the
damsite. Two potential sources of aggregate are: the andeslte gravel
deposits along the rlver near Kedungjati, about 10 km to ‘the south or
near Tempuran, about 15 km ta the south.

Based on the available data and f1eld reconnaxssance v131ts,v,
it is concluded that the geologic conditions at the site, while dlfficult
are suitable for development of the proposed small scalo scheme._ It 1s
also concluded that suitable constructlon materlals ex1st ln sufflcient.
quantity wilhin an economic haul dlotance of the dam51te.‘ It should be
noted, however, that constructlon of the proposed ooncrete barrage on ni
the alluvial clay will requlre thorough site 1nvest1patlon,‘can‘ful and
stpm

Lextensive laborafory te.tlng and- a vvry thorough analyplr and_d
-io 1n'u11 jroper 1unflon1np of the tructurv ovcv 1t3 lntcnded“llfe;3:
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C.4.4, Preliminary Design of Dam and Appurtenant Structures

As stated previously, the topographic conditions and the necessity
of passing sediment at this site resulted in the decision to use a
reinforced concrete, gated barrage with earthfill embankment ties to
form the dam at this site.

C.4.4.a. Layout and General Characteristics

Two criteria were used in setting the maximum water surface elevation
of this development. The first criteria was that a minimum of about
75 x 10° n? live storage must be developed with a relatively low cost dam.
Second was to avoid inundation of the town of Kedungjati and the potential
damsite at Gunung Wulan which is located just upstream of Kedungjati.
Available mapping is not adequate to accurately define the full supply
level (FSL) which will meet both these cbiteria. Further, Glapan reser-
voir capacity versus elevation data given by NEDECO in two different
reports [@ and 14) do not agree, and existing maps are not adequate to
resolve the discrepancy. For the purposes of this study, therefore, the
FSL was set at El. 30.0 and it was assumed that a gross storage of
125 x 106 m3 would be available at that level. This is based on the reser-
voir volume versus height curve presented in [14] which appears more
reasonable at low reservoir elevations than the data in [8].

With a FSL of El. 30.0, it appears that the reservoir will come very
close to inundating the low areas of Kedungjati which are adjacent to the
river., Again, adequate topographic maps are not available to verify this.
If this is thé case, low levees of less than 2.0 m height could be cons-
trdcted to eliminate such flooding although it would be desireable to
eliminate such levees by lowering the FSL of the reservoir. The actual
normal maximum water surface level must be established during future
studies based on accurate mapping and an evaluation of benefit/cost/risk
of providing lsvees to protect Kedungjati as compared to lowering the FSL.
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In the future, as storage is constructed on the Tuntang River and
‘dry'season irrigation is expanded, the Glapan main canals will be en-
larged. Also, it was found that with the construction of the Glapan
Barrage, the existing Glapan Weir will adversely affect the hydraulic
functioning of the barrage at high flows. For these reasons, and to
provide better control of sediment entering the canals, it is proposed
to incorporate new canal headworks in the barrage and extend the exist-
ing canals to the barrage. This will result in an improvement: over

the existing headworks.
The proposed barrage alignment is very close to the allgnment of
the dam orig;nally proposed by NEDECO.~ The layout of the proposed

~ barrage is shown 4in Figure -5,

C.4.4.b. Embankments

As prev1ously stated and as shown Jn Figure'

that the maximum rcsorvo1r lcvcl under probablo maxlmum flood (PHP)

" inflows will be about Ll.{)l 3 Lf all yale° are fully opcn.A Thc crcst
of the cmbankments was het at El.‘3" 0 which xs connlderud to provlde
adequate freeboard. This results 1n an embankment helght of about
14.0 meters above exlstlng groumd except for a 70 0 m length across
the existing river which will be about 20.0 m high.

Foundation conditions. at the site dlctate that flat slopes be used,
for the embankments at thls stage of the study. A slope of 3. 5 hori~-
gzontal to 1 vertlcal was chosen for these relatively low embankments.
:{The design sectlon con31sts ‘of a homogeneous dam with rlprap slope
;protectlon on the upstream face and grass slope protection on the down-
.fntreamﬁface.“lt wasg’ asbumed that the foundation would require strlp- ‘
' L ‘of about 1 0 mand that a central cutoff trench would

.?Sé;ﬁPéVid¢dr,o“° other foundation treatment is planned since "the clay
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foundation should. be ' impervious. If any of the deep sand and gravel
lenses noted by NEDECO are found to daylight in the reservoir, some

seepage control measures would, of course, be necessary.

The safety of the structure against overtopping depends very much
-on proper gate operatlon. Automatic controls can be built into the

B hoist system, however, such controls may malfunction due to lack of
;;maintenance, 1oss of power, ete. Due to the high humidity which such
?;controls w111 be subjected to, and since the possibility of loss of
’;power to *he h01sts is very real; it would not be prudent to rely
hfentlrely,on such controls. An erodible fuse plug section has been

| 1neorporated inithetdesign‘of the embankment as a safety measure in case
of gate malfhnction;‘ ‘The fuse plug is located near the left abutment,
away from the concrete structure. If overtopping occurs, it will erode
the fuse plug and allowfthe flood to pass,without_damaging the gated .
barrage. After the £lood passes, the fuse plug can be reconstructed.
Concrete retaining walls are provided'to isolate the'fuse plug and
attempt to limit the damage to the: fuse plug and protect the maln

* embankment sections. If thls remote event occurs, the left ma1n canal

(Clapan Barat) will also bo =xten91vely damaged and require repalrs..(g,"

c.u.u;c. Barrage

Comparison of recent aerial photos -with old maps ‘of the Tuntang.

River in the Glapan area. shows that the channel.is'relat1vely stable -
and does not shift as do. meanderlng rxvers 1n sand and gravel formations. ,
This verifies our past experlence thh other rivers 1n Java which flow '
‘through clay formatlons._ For thls reason, the prelimlnary design of

the barrage matches the ex1st1ng r1ver levels as close as possible.

,j’The barrage clear'water-way'wldth waswset at QO m to confbrm to ;ndones1an'
i _practice of . u31ng about l 2 tlmes the river Wldth [15]. The barrage
‘J,Jb desxbnedtto ru'"tlon eff1c1ently from the hydraullc standpoint for
;j;the loo-yiar:floo,

Under PMP condltlons, some scour will occur down-
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stream of the barrage, however, it will be relatively minor and the
barrage and embankment ties will not be overtopped if the gates are
operated properly,

‘Hydraulic computations indicate that the backwater from the exist-
ing Glapan Weir will have an adverse effect on the hydraulics of the
barrage. It was assumed, therefore, that the existing weir will be

demolished and removed.

The clay foundation at the barrage site must be carefully considered
fduring design as a number of potential problems could arise. The major
f potential problems are the possibility of unequal settlement under the
' barrage due to nonuniform foundation conditions and unequal settlement
" where the embankment.joins the barrage due to the fact that the embank-

" ment loads are about 3 times greater than the barrage loads. Sliding
resistance of the barrage must be carefully considered as the friction
angle of the clay-is relatively low. Uplift pressures and creep of
the foundation clay must also be accounted for in the design.

Based on the knowledge at. hand, it is believed that remedies:exist L
for these- problems._ Preloading of portions of the foundation can; :
eliminate differential settlement between the barrage and the embankments.
Proper barrage width and shear.keys underneath the base slab may provide
some sliding resistance.' Each gate bay‘.an_be”i‘olated by u31ng double
piers with ]Olnts between them to reduce the'"ffects of differential
settlement. The floor- slab can be designed as a floating foundation. ’17
All of these measures were included in the preliminary des;gn 1n an :
effort to obtain a reasonable cost estimate at this early stage of
investigation. ‘ S

' Radial gates with counterweights are proposed for this structure
to their simplicity and low coat. Electric hoists with provisions
‘;for manual operation were assumed.' A bridge across the barrage is
iprovided for access to the ho;sts and also to allow access. _from one

;81de of the river to the other.
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Headworks for the Glapan Barat.and Glapan Timur canals will be
incorporated into the two undersluice bays of the barrage. The under-
sluice bays will be set at a lower elevation to allow for flushing of
sediment and to insure clear approach channels to the canal offtakes.
The invert of the offtakes will be set at a higher elevation than the
undersluice fluor for sediment control. The canal offtakes will be
segregated from the barrage proper to accomodate any differential
settlement which might take place between the barrage and the embankment.

C.4.4.4d. COnstruction

. The site conditions allow a: very simple river diversion scheme to
- be utilized. The left embankment and barrage can be conatructed first

- behind low cofferdams while the r1ver flows in 1ts natural channel.‘. X
Upon completion of the barrage and left embankment, the river can be
shifted to flow through the barrage.- The right embankment can then be
constructed across the old riverbed,

C.4.4.e, SociofEnvironmental Aspects_b{‘;

The proposed barrage will create a reservoir withnFSL?of elevatlon
30.0 for six months of every year.~ The reserv01r,w111 nun'ate approxl-
mately 1,900 ha of land composed of the following 1and uses.;

Villages 280 ha'

Ricelands 575 na'_~
Plantations 2307ha._
Forest - - 350 hajg

Rlver and Other 465 ha55

Total ;,..;1,soorhalfﬁ

It is estlmated that 2 330 famllies live in the re: cvoir area totdlllnp
5ffi§¥3°95b§9blé
Lo hlph yround around the edpe oE the propoch reservoir or to other

Tt will be necessary to relocate these people, either
' ‘Y c"'(‘ll oo
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The riceland within the propused reservoir presently produces one
wet season rice crop and one dry season palawija crop. The palawlja
crop will be lost in the future, however, since the resexvoir will be
empty every year during the wet seascn; it is assumed that rice productioﬂ

can continue much the same as it presently does.

: C.4.4.f. Further Studies

The conclusion of the present study is that no. 1nsurmountable '
gtechnical problems exist which would preclude constructing the Glapan
Barrage. A detailed feasibility study of thls project is warranted.
Such a study should include the following:

1. Accurate mapping of the reservoir should be carried out to develop
a reliable area-capaclty curve of the reservoir. The elevations:
of the low lying arcas in the villape of kedunygjati should be
obtained to insure that the progcct does not. flood that villape.

2. Hubsurface anenllgatlunu nhould be carricd out to define the
barrape foundation conditions and also to locate construction
materials. : '

3. Laboratory testing of the foundation materlals and propoacd constructf
ion materials should be carried. out. Coe S

k. The barrage should be 1nvest1pated hy. means of hydraulic model to
verify width, slope, elLVULLOD and the canal offLakes.:,”"

5. A detailed investipation of the soc1ologlcal effec s of the pro;ect
should be carried out.



C.5. DEVELOPMENT OF THE GUNUNG WULAN DAMSITE

The Gunung Wulan damsite is located at the confluence of the Ngromo
and Tuntang Rivers, immediately upstream of the village of Kedungjati.
The site was previously studied by NEDECO [9, 14] to prefeasibility level

and a limited amount of subsurface data was presented in [9].

At the damsite, the left side of the river rises gently from the
. river to a hill with a maximum elevation of about 80.0. To the north-
 *ke§£ of the hill, a saddle dips down to about El. 53.0. A saddle dam
:, will be required across this topographic low spot for any proposed dam
with a crest higher than about El. 50.0. The right side of the river
rises to a hill, Gunung Wulan, to an elevation of approximately 115.0.
Beyond this hill, a series of low saddles with elevations around 50.0
exists. The ridges which form each abutment are relatively wide and
should provide adequate abutments for a dam with a crest eleVétionlpf '
about 70.0 to 75.0. ‘ |

The river sediment yield at this site is about 15,000 tons per ;
square kilometer per year as discussed in Appendix A-Part I. Using this‘
figure, it is caléulated that a conventfonal storage reservoinr at this
site would require about 260 x 10® m® of capacity to store 50 yéars‘éf
sediment accumulation. Sediment passing at this site would_be” S
technlically feanible, however, it is estimated that fbur;:B;O{m7d1a:£
meler low lovel conduits would bo‘requjrcd for such a réthé.f li 1“i"
est fmated that the cost of o sadiment paaslng ocheme ut thu qjlo =

would be dalmoist as Pxpcn5|ve as constructing a hipher dam to provude,

the additional storape. 1t wag declded therefore, that a, Lorayc A

roservolr af this site should he of the convent10nal type, that 15,\ﬂ
w1thout provisions for sedlment pass;ng. .
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-€.5.1, Hydrology

The hydrologic aspects”of the catchment above this damsite are
discussed in detail in Appendix A-Part I. The catchment above this site is
‘669 km2 including the Rawa Pening catchment. It is estimated that
the mean annual yield at this 31te is 770 x 108 m3 which JS far in excess

“of the storage capacity required 1o _serve the 1ntended needs.

;C;5.2;'Geologz andféonatruction»ﬂateriale

The main rock type at: the proposed damsxte is calcar '“"claystone
'interbedded with sandstone and sxltstone.1 A fairly massive;sandstone
'1ayer about lslnthidkcrosses the river within the dam foundation area
and crops out on both river: banks.v The right abutment is capped w1th a.
20 to 25 m thick layer of limestone. ThlB limestone bed is not evident
on the left abutment. Gravel deposits are ev1dent along the river valley -
and in the river banks upstream of the. dam51te. These dep051ts are dis- ;v

continuous and the available quantity 1s unknown.

The strength of the embankment foundation materials will probably
povern the design and relatively flat embankment slopes,i"ygl: ;___:L;{
of 3 horizontal to 1 vertical, will be required.uv

»"

The limited available data indicate foundation permeabilitiesf“o

be moderate to high. Both groutinp and prov131on'ufor: oundation"'

drainape will be required for a safe deSign.




Several potential sources of construction materials are thought
to be available within an economic haul distance of the site, however,
this must be proven during future studies. Impervious core material
is available in the iimediate area, however, quantities are not known
and the material appears to be highly plastic and possibly of the
~swelling type. A deposit of sandy clay exists about 1.5 km south of
~ the damsite which could also provide some impervious core material.
The largest potent1a1 source of core material is the nearby steeply _
dipping claystones and sandstones of the Kerek formation. The weathered
f product of similar beds were extensively tested during the feasibility -
study of the Kedungombo Dam and were judged sultable ‘for impervious - |

‘core material\[iﬁ].

Shell materlal can be obtained, from the river gravel depos;ts,
from fresh claystone and sandstone of the Kerek formatlon from quarrled
limestone and from quarried sandstone.. ‘A1 these sources are withln a:

reasonable haul dlstance.

Drain material and concrete aggregate will be obtained from the |

river gravel deposits.

A suitable source for riprap ma_erial was not- found near. the ,
proposed damsite. Future 1nvest1gatlons should 1nc1ude an exploration
program to locate a source for the rlprap, however, 1t may become
necessary to haul this material from a considerable dlstance.g

From the above discussion it is clear that constructlon materlals

will come from a variety of sources. - This w111 requlre develop

number of borrow areas and the unlt costs associated w1th the dam;_

construction have been vstabllshcd to refleht:that.

A o detatled dl%u' sion of geolopy/and congtruction; materials:

A

; prcncntod in [13]




: C.S.SQ'Preliminary Design

In order to serve the entlre Tuntang/Jragung serv1ce area, a
Jirelatlvely large amount of storage 1s required on the system. The
'4ult1mate development plan, therefore, must include at least one . large
"storage reservo;r.; During the lnltial screenlng process the Gunung
-;Wulan 31te was identifled as the ___z_s;te on ‘the 'two rivers whlch is
»fsultable for a large storage reservoir.» For these reasons, 1t was
'declded to investigate ﬂh\largeststorage reservoir technlcally posszblex}
Cat this’ 81te.- A prellmlnary de81gn was prepared for the s1te on that
, basis ‘and 1s shown on Flgures C-B "7 and 8.

c.5. 31#'3‘ Embankment Dam

The only type of: the dam ‘which’ 1'hconsidered sultable'foridhe R

. foundation conditions at thlS 31telisvan'earthflll dam. : usl
discussed, suitable construotlon materlals are not abun amt n'the area,lj
however; by developing a number of dlfferent borrow areas suff1c1ent A

quantities of materials are, thought to be available.:,

Based on topographic conSLderatlons and materlals avallablllty,
the maximum dam crest elevatlon was: set at E;. 76 0.? The splllway
crest elevation was set at El. 71 5.} The . FSL at El.a71 5 results 1n a
gross storage capacity of about 520" X 106 3 and a llve storage capacltyrf
of 260 x 106 w3, |

In order to utilize the Vapletyhlffavallable oo'str'w'

in the most economic manner, a zoned‘embankmentfwaS' ho
dam.  The des 1pn cross-sectlon of the n.da : en
'dcorc wlth hhell" of random flll dnd’ rookfllf

k‘cou'LJL» of quarrlod rlprap..w


http:shown.on

The saddle dams which are lower than the main dam consist of an
essentially homogeneous cross-section with an internal drainage system
- composed of a vertical chimney drain and horizontal finger drains.
This was done to utilize the random fiil material which is thought to
be available in relatively large supply and to conserve drain material

which is much less abundant.

The core material w1ll probably be falrly plastlc and may . be
'dlfficult to. place during the rainy season.; It is ant1c1pated that

vsome restrictlons may be requlred oniwexyseason placement of core‘f~

’resulting in 1ncreased constructlon tim‘ d:.cC

DlverSLon of the river: durlng construction will be by meane of a

diversion tunnel through the rlght abutment. After completion of the
dam, the tunnel w111 be permanently plugged.

C.5.3.b. sEmwax -

The splllway is located on the hlll at the left abutment.rinnﬁ';f"
uncontrolled open chute type spillway 1s proposed.A The PMP was routed

through the reservoir startlng w1th;the reserv01r at FSL. It was found i

that a splllway' crest length of about 120 meters allowed the water
surface to rise w1th1n about 0. 5 m of the dam crest level. Thls 1s
considered as adequate freeboard due to the 1mprobab111ty of a PHP

'occurrlng with a full reservoxr pool.

C.5.3.c. Outlet Works and Power.Plantfajtrl

A power plant is planned fortc'nstructlon at thls 31te. ~One- out-.

‘rigatlon releases;' The out-f‘
The outlet conSLSts of a tower 1n

whlch leads to the powerhouso.'

Normally 1rr1pd?10n releuqes;wull?ﬁlowhthrough»the powerhouse and
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generate electricity as a byprcduct of irrigation. If the powerhouse
is shut down for some reason, a bypass in the powerhouse will allow

irrigation water to be released.

" The powerhouse assoclated Hlth the maximum reservoir development

- will consist of one 10-Hw unit.. Theﬂunlt will be a vertical shaft

~ francis unlt designed to operate over'the full range of expected
'”_reserv01r J.evels.,t ThlS unlt will be connected to ‘the Central Java Grld

by means of a sw1tchyard at the 31te and'a transm1331on 1ine to a

.5convenient point w1thin the grld.

é;s.a.d. Socio-Environmentai'Aspectaﬂj

The proposed reservolr w1l, 1nundate an area of about'3‘0005havat
FSL. - It is estimated tha sughi ' bout
2,600 families live 1n th tds 8 : pec
would be relocated as part of: the national transmigratlon program.

C.5.3.e. Further Studies

This site has never been studled 1n detall and requlres a fea31b111ty
level study to prove the technlcal and economlc fea81b111ty o theyw : '

proposed development. If a phased approach to the e 1b111t
is deemed de51rable, it is recommended that the first”phas

on subsurface 1nvest1gatlons of ‘the foundatlon and exploratlon for construc-

oncentrate

tion materials.

. An in-depth atudy of. the soc1olog1ca1 aspects:offprOJe

mvnt should -also be- carrled out durlng the feasxbllxtyintag,,_

cd0



C.6. DEVELOPMENT OF ‘RAwA : ﬁéuiﬁe

Rawa Pening is a lake formed 1n a. natural depress1on surrounded
f:by the volcanoes Merbabu, Telomoyo and Ungaran. Originally, this

" depression was a low' swamp with the only outlet being a narrow channel
'palocated at the northeast 51de of the lake. ‘Excess flows from the swamp
: dlscharged through this low spot into the Tuntang River. In 1912, a
weir was constructed across the outlet channel which raised the lake
level to El. 462, 0 m. This welr allowed partlal control of water
releases from the lake. The storage gained by rai81ng ‘the' lake level
was used for power generation and 1rr1gation in the downstream plains.
In 1937 a new weir was constructed which increased the water level to
El. 463.0 nm resulting in a storage capac;ty of 38 x O6 3. In 1966
the -lake was raised again to El. 463 4 m by increa51ng the height of
the weir gates. This ralse in water surface elevation resulted in ;"
the presently ex;stlng storage capacity of about 48 x 106 m3

Raising of Rawa Pening higher than El. 463 U4 m ‘was ‘studied in

1972 by NEDECO [10], however, it was concluded that the plan proposed
at that time was not economically fea51ble.

The present lake level varies throughout the year between El. 463 4 m
and El. 460.93 m. Releases from the. lake are controlled mainly to sult
power generation at the ex1sting Jelok and Timo powerstations located in
the upper reaches of the Tuntang River." The releases are diverted down-
stream at the Glapan Weir for 1rr1gatlon purposes.» It has been estimated
that 85 percent of the average annual lake discharges are. utilized for
power generation. A much smaller percentage of the total outflow is

presently utilized for 1rrigation, however )


http:percentage.of

The present proposed plan was derived based on the following
eriteria established jointly by DGWRD ard ECI:

. @. The proposed scheme should have the minimum possible adverse
effect on the local population. .
-b. The scheme should include diver81on of Muncul Springs water
R - to Semarang for municipal and industrial purposes.
f'fwc;‘Thevtelease pattern from Rawa Pening could be changed, however,
""~the‘average annual energy production at the existing Jelok and
eiTimo powerplants should not be reduced significantly.
:d; Benefits from a raised Rawa Pening should accrue to irrigation

and municipal water supply with irrigation as the primary bene-~

ficiary.

C.6.1. Development c6ﬁcépf;;

The raising of Rawa Pening has beenmaccomplished on three occa31ons
and has been studied a number of other times.n Three times 1n the past
the water level was raised without attempting to protect the surrounding
lands from inundation. Various plans have been put forth, however,
which proposed raising the water surface and providing levees around the
lake. This would result in increased storage while limiting the amount
of land affected to that area immediately under the levee. The present
plan adopts that method in crder to limit inundation of the surrounding
lands to the minimum practical’ extent.

C.6.2. szrologx

The average annual discharge,from Rawa Pening is’ estimated to be
about 400 X lo6 3. Thus, 1f noffther constraints were present sufficient
water is available to fill a relatively 1arge storage reservoir. Hydrologic

3cond1tions at this site are described in detail in Appendix A-Part I.
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As discussed in Appendix A-Part I, the present lake does not appear to
be experiencing any significant amount of sediment deposition. At
first it was tﬁought that this was due to the fact that the lake is
situated high in the watershed and that runoff from the nearby volcanoes
is relatively sediment-free. A more detailed investigation of this
aspect revealed that the apparent lack of sediment buildup in the lake is
probably due to the following:

1. A significant amount of the total lake inflow, estimated at about
20 percent, is ™ the form of groundwater which is naturally free
of sediment. '

2. The streams which enter the lake, flood onto the rice paddies which
surround the lake on the average of 4 to 5 times each year. This
flooding results .in sediment deposition on the paddies instead of
in the lake. The fact that the land adjacent to the rivers is
higher than the land further away is clear evidence of overbank
sediment deposition.

C.6.3. Geology and Construction Materials

According to von Bemmelen [17], the Rawa Pening was formed during
pleistocene or post-pleistocene time. He hypothesizes that Soropati
volcano was built up to nearly 2,000 m above sea level on a foundation
of marine neogene sediments of clays and marls. The load of the volcano
caused strains in the foundation in the east-west direction which caused
the volcano to collapse along the Klegung vent. The eastern portion of
the volcano slid to the east, towards the solo depréésion. The young
pleistocene Notopuro breccias overlying the neogene sediments were pushed
eastward forming the overthrust wedge of the Pajung-Rong ridge which
dammed up the water of the ﬁawa Pening marsh. When the water .in the
old marsh area rose, the vegetation died and gank into the organic
matter on the laké bottom. This resulted in the formation of layers of
peat. Subsequently, sediment deposition covered the peat around the
- area of the lake creating the present ricefields, or sawah, which

surround the lake. Thus; the subsurface in the development area is
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probably composed of clay or silt overburden underlain by peat which
is probably underlain by the Notopuro breccias.

NEDECO's 1972 report mentions having performed subsurface investi-
gations and laboratory testing of soil samples, however, no results were
presented in the report; nor could they be located. That report does
note the existence of " ......thick layers of peat......" underlying
the lake bed.

A study carried out in 1929 by "The Engireer of the Mining Service"
[18] investigated the possibility of raising Rawa Pening by means of
diking around the lake. During that study, 115 test pits approximately
3.0 m deep were excavated around the perimeter of the lake as it existed
at that time. These pits all showed similar subsurface conditions,
namely; about 1;0 to 1.5 m of brown to grey clay underlain by soft,
black clay with particles of vegetative matter (organic clay, ‘almost
peat). In some areas, pipe probes were driven into the foundation to
depths up to 45.0 m. A number of these pipes encountered subsurface
gas pockets which caused spouts of mud and water to " ..... violently
blow out of the conduit". Other probes encountered artesian water at.
depths varying from 19.0 m to 29.0 m. At 29.0 m, the flow through one
pipe rose 4.65 m above the ground surface. Resistance to driving theae .
pipes was low at all points investigated.' R

Samples were obtained from the test pits and subjected to 1aboratory
testing. The testing was limited to the black organic ‘clay and indicated
very high plasticity and low permeability Unfortnnately, no testing
was performed on samples of the upper brown clay layer.

Another interesting aspect of this report is the discussion of
earthquake activity on the area. Iﬁ was reported that a series of
strong earthquakes, related to.tectonic‘activity, were experienced in
the Awbarawa plain in seven years during the period 1840 to 1873.
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The disturbances of 1865 were described as " .....fairly fierce and
caused many large rupturee in the walls of European hcuses, barracks,
etc. at Willem I, Ambarawa and Banyubiru", Similar eacrthquakes have .
not been reported since the turn of the century, however, since the
quakes of the 1800 were thought to be related to eruptions at volcano
Merapi, and since Merapi is still considered active; similar earthquake
activity in the area of Rawa Pening should be considered possible.

= No subsurface eiploration nor laboratory testing was carried out
v'daring the present study due to time constraints. Based on geologic
' reconnaissance and past reports, however, it must be concluded that
 the subsurface conditions are -not suitable for major structures,and
questionable even for low structures. Low dikes of less than 4.0 m
height and small drainage structures are considered technically
feasible if located away from the lake as far as possible where the
depth of silt and clay dep031ts are likely to be greatest. Adequate
subsurface Investigation and 1aboratory testing will be necessary to
verify this. The beneflts from this storage are great, therefore,
a subsurface investlgation is warranted.

The reddish brown clays whlch make up the vice padd1e3 around
the lake are cons;dered to be au;table construction materlal for a
levee. It appears that su1tab1e quantltles of this material could be
obtained from within the diked areas if construction takes place dur;ng

the dry season.

Concrete aggregate is avaxlable from the basaltic f;owsfin;the
area. Small scale quarries preaently exist along the hlghway just
south of Ambarawa.

C.6.4. Preliminary Design

~ As discussed previously-in this section and in Appendix A-Part I, it is

The results obtained: from a limited field exploratxon and laboratory
‘testing are .reported in 'Part II of this Appendix.
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believed that a significant amount of sediment is carried off the
catchment above Rawa Pening by the streams which are tributary to the
lake. These sediments apparently do not deposit in the lake to any
appreciable degree due to the annual flooding which takes place on the
plains around the lake. This flooding results in sediment deposition
on the plains around the lake. The plains/lake system is considered to
“ibe functioning in a delicate balance to the benefit of the farmers
.faround the lake. Any scheme to raise Rawa Pening must be carefully

' planned not to upset that balance.

Three development schemes were considered for raisxng Rawa Pening

A:ae}follows'

-lg'Construct a new weir at Jelok to form a reservoir with a gross storage
' of about 360 x 106 p3 resulting in a live storage of about 300 x 108 m
after 50 years of sediment depositlon. Existing maps are not adequate
‘to accurately determine the maximum water surface elevation required to
attain this storage. Rough estimates, however, indicate that 375 x 105 m3
of storage would require a normal maximum water surface leveél of about
El. u7o 0.

3

2. Construct a levee around the perimeter of the exlstlng maxxmum lake level.
to obtain a live storage of about 125 x 106 m,.; _*“.

3. Construct levees to protect exlstlng villages but 1ea édthe existlng
flood plain open to obtain a llve storage of about 125 x 10 ms.fa_

Scheme 1 would result in the 1nundat10n of aboxt ll 500 ha of land
above the present hlgh water level of the lake. This would reault in
displacement of roughly 30,000 people presently living in the area.

Such a large storage with releases based on irrigation demanda would

also reduce average annual energy generation considerahly below the

160 Gwh as’ discussed in Append:.x D-Part I. This would violate the constramt '
-of approx1mate1y maantalning the present energy productlon. Due - co

these consxderations, maximum storage at Rawa Pening was not deemed
”‘practical and was‘dlecarded from further consideration.

Scheme 2 would result 1n minlmum disruption to existing conditions.
;fThe only land above the present maximum water level affected by this
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scheme would be the land taken up by the levee and drain. This is
estimated to be about 150 ha. The land between the present high and low
water levels of the lake is presently farmed as the water level recedes.
This scheme would inundate that land for a longer period of time,
therefore, rice production would not be possible over that area; but
would not inundate any dwellings, however. This scheme has two serious
technical drawbacks which must be carefully considered. First, the levee
foundation will probably be unsuitable since the dikes would be located
at the present high water line where the organic clays are probably near
lthe surface. Second, this scheme would require the levees to extend
"along major tributary streams in the upstream direction to retain flood
flows ln order to allow a reasonable drainage schemg to be developed on
the land side on the levees. This would result in forcing the sediment
that is presently deposited on the sawah to be carried into the lake.
‘Thus, over a 50-year period, the storage in the lake would be reduced
from 125 x 106 m3 to about 60 x 106. 3, Due to these technical drawbacks,

this scheme was dropped from fhrther con51deration.

Scheme 3 appears to be the most promising. This scheme locates the
dikes away from the lake where foundation conditions are thought to be the
best available. It protects all villages from floodiﬁgfeofthat people will
not be displaced by inundation. The flood plain is retained so that
sediment will continue to be deposited on the plain and not in the lake.
This proposed scheme does, however, inundate a total of about 450 ha of
farmland during a part'of each year. Depending on the final dike locatlon,
however, up to about 125 ha of land that is presently flooded for part of
the year will be protected from flooding. Reservoir operation studies
indicate that only a very small portion of the 450 ha can be farmed with
any degree of certainty after the project is constructed. It was decided,
therefore, that the 450 ha must be. purchased by the GOI and that no benefit
should be taken for any crop whlch may be grown on the 1nundated area as
the lake level recedes. It was also decided not to claim any benefit for
the 125 ha of reclalmed land Durlng detalled feasibility studies when
accurate mapplng 1s ava;lable, the effect of inundation on present farmlng

‘patterns can be more accurately assessed and the economic evaluation reflned.

»,The proposed development scheme is shown in Flgure c-9.
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C.6.4.a. Levee and Drain Design

The levee will be constructed as a homogeneous embankment utilizing
“the brown clays which are available in the area. Over the majority of
the'levee length, this material ran be obtained from within the reser-
voir without affecting existing agriculture. The western most length
of dike may require borrowing construction materials from the higher
land nearby since borrowing ff"m the ad]acent ricefields may disrupt

;rice ‘production.

: The anticipated foundation condition ‘as previously described
W1ll require that the levees be constructed with relatively flat
_slopes. LIt is anticipated that 3 5, horizontal to 1.0 vert:cal szde
slopes should be sufficient. e

An open channel drain must be prov1ded on the country81de of the
levee to carry 1ocal runof f which comes off the adjacent slopes.*hg

This drain will be routed around both sides ofvthe-lake, down along
Tuntang Rz.ver o

the Tuntang channel and then discharge back into t,
at a point 1mmed1ately downstream of the Jelok Weir.T Where the i
drainage channel crosses existing river channels, syphons will be A
constructed to carry. the dralnage water across the stream. The entire ;
drainage scheme will be a’ gravxty system.ﬂ

The available space for the drain and 1evee is: very 11m1ted along

the Tuntang channel between the highway bridge and‘the Jé1ok ”iriﬂfIn i
‘ 'b‘rried C nduit

this area, it is proposed to. carry the drainage in;J
with the levee construoted on. top of the oonduit.a;

. s;hj.l;. Jelok Weir Design

}?heipresent‘maximum Rawa,Pening level will be raised by raising the
*e#istingﬁdelok Weir.-'Preliminary studies show that this is technically

’* A more detailed. discu331on of the levee and the drain design is given
in Part II of thls Appendix.
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feasible and will be less expensive than constructing a new, higher weir.

The stability of the raised structure will be maintained by the use
of post-tensioned anchors in combination with drain holes in the floor
slab to relieve uplift forces. The existing gates and'hoists will be
removed and replaced by new equipment. This will be accomplished by
‘unwatering each bay by the use of bulkhead gates in the existing upstream
bulkhead slots. Gate replacement will take place one bay at a time in
_‘order to allow the remalnlng ‘gates to continue to function for passing
flood flows.c

,'c 6 5 Purther Studles-;‘

The proposed development plan for - Rawa Pening was arrlved at based
on limlted data.. The most crltical assumptions made are concerned w1th
foundation conditlons. Subsurface investlgatlons and laboratory test->
ing of the foundation materials must be carried out: to verlfy the

technical feasibility of the‘proposed scheme. .

After subsurface 1nvest1gatlons, the next cr1t1ca1 need 1s accurate
maps of the area surrounding Rawa Pening.e The maps Wlll be-requ;red to f
accurately layout the levee and drain, to allow accurate determinatlons f
of quantities, and to allow an accurate determlnatlon of. reservoir '

volume and area figures at varlous levels.‘”

The area around Rawa Pen1ng con51sts of valuable sawah and the
population density is very hlgh.i A detalled soc10-env1ronmcntal study of
the effects of raising the lake should be made durlng the feavlbllity stage

studies.
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C.7. HYDROELECTRIC POWER GENERATION

’ Utilizing the surface water resources of the Tuntang and Jragung
‘Rdvers for power generation is a benmeficial use which was included as
-part of this study. Two hydropower stations presently exist in the’
fstudy area, Jelok and Timo, both situated on the Tuntang River. These
Qtwo stations are collectively called the Upper Tuntang System. (UTS)

.No power statlons presently exist on the Jragung Rlver.

Durlng the meeting . held on September 24, 1979 1n Jakarta to discuss
the prOJect Interlm Report [12] s PIN’lndlcated that they do not have
any plans to upgrade or add to the present UTS system.v They further
stated that the mode of operation of the UTS can be modifled as neces-,‘

sary to accomodate the other two benef1c1al uses of 1rr1gatlon and
municipal water supply. The only constralnt that PLN requested to be
imposed on the present study is that the average annual energy productlor
of the UTS of 160 Gwh (160 x 105 kllowatt hours) not be reduced
"significantly".

Due to the position taken by- PLN, lt was declded that the power

aspects of the present study should be glven a\Jow prlorlty 1n relatlon .

to irrigation and municipal water supply.; Thus,.the nvestlgatlon of

power development within the study area 1s confined to the following

1. Identify sites where power generatlon can be'added or increased 1n
mapnltude.

2. Define the power potential oﬁithe}sitesﬁidentifiedfinflgaboyeéi

3. Prepare "order of magnitude':cost

inates for'developing the sites.
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C.7.1. Existing Source of Power Generatiocn

The existing Central Java System consists of the Tuntang System,
the Ketenger System and a number of isolated diesel generating units
referred to as the Local System, The area served is about 305 kilo-
meters in the east-west direction and about 130 kilometers in the
north-south directien with a total area of about 36,000 square kilo-

. meters.

The Tuntang System serves the cities of Semarang, Solo, Jogyakarta
and Hagelang and supplies about ‘85 percent of the total Central Java
'Power System load. The Ketenger System serves the eastern portlon of B
Central Java and ‘accounts for about 8 percent of the total load in the
system area. Approximately 6 percent of the’ load is served by lsolated
diesel generators installed in numerous small towns. ‘The f0110w1ng

tabulation presents the exlstlng capaclty of thc Central Java. Syetem.

Central Java System

Total Installcd Capacity .. Estimated -
(Nameplate Rating) Rellable Capacltyr
TuntangﬁSystem> | o ' |
Thermal 178.0 MW 135.0 MW
Hydro 32.5 MW . 25,5 MH..
Ketenger System
Thermal 1046 MW

Hydro

Local System
Thermal . . A7, M 43,00

18570 MW
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The Total Installed Capac1ty presented above is the nameplate
'rating of all electric generating units within the Central Java Power
System which have not been retired from service. An estimate has been
prepared of the units which presently cannot generate at full rated
capac1ty and units which are old ‘and prene to excessive maintenance to

rive at the “Estimated Reliable Capacity" which exists at present.

. The peak dally demand at present is about 90 MH.. This is somewhat

idece1v1ng as 1t is supressed demand, that 1s, demand 1s suppressed due 1
to lack of supply. PLN has in excess of 190 MW of 1nstalled distrxhutzm
.transformer capacity on the new Central Java 20 Kv. dxstributlon system '

‘and are presently 1nstalllng customer service drops. Once’ full scale
conversion work is completed, demand w111 increase dramatlcally.o

The pronected load forecast has. recently been rev1sed., ' According.

to [19], the pro;ected load forecast 1s as follows

Year 3ﬁé¥iﬁaféa?béﬁahaifa

1980
1985
1990

45 can be seen by compavlng the pro“”ct
estimated reliable 1nstalled capac1ty PLN,wxllAbe short_‘f}>apac1ty'
by 1983. o

ed load forecas "wlth the
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C.7.2. Proposed Future Sources

A proposed development plan to meet ‘projected needs has been
prepared by PLN The major near term components of that plan are:

Pro:ect ,,‘:,‘; _ Planned Timing

-‘PLTU 111 Semarang, 200 MW Thermal 1984
;',PLTU IV Semarang, ‘2oo'iuw Themal . .1986
Garung, 24 MW Hydro 1980
Wonog:l.rl, 12 MW Hydro L ‘1991_
Jragung, 6 MW Hydro ;1983‘{
Kedungombo, 10 MW Hydro ‘1984
Mrica 1, 120 MW Hydro o ?‘-1985};;
Glapan, 14 MW Hydro 1986_:;

It should be noted that the Jragung, Kedungombo ‘and Glapan plants
are all within the Jratunseluna Ba31n. Both the Jragung and Kedungombo '
projects have been 1ndef1n1te1y postponed whlle the Glapan project has '
never reached design stage and’ probably never Hlll in 1ts orlglnally :
proposed form. The other proposed projects are all presently behind
schedule.

C.7.3. Power Potential of the Jfaguﬁginibef}*?

Dry season flows on the Jragung rlver are veny low; the-

long term average streamflow at the proposed Jragung damsite

during August is O.4 m /s. Such low flows requ1re that a storage

ro.erv01r be provided- 1n order to achleve am economlcal hydropower

'1nstallatlon A conventlonal storape reservo;r located at the Jragung II
;tddm?lt" haa bccn otUdled throuph flnal design and found to be economically
jgunattractlve ;_No damsltc has been found on the Jragung River which will
:fresult; n'a'more attractive development than Jragung II. Consideration




fis presently being given to the poss1ble development of Jragung II
'”incorporating sediment oassing, that is, the reservoir will be virtually
;empty for thrco months each year while the sediment, laden flood waters
‘are zliowed to pass by the site. This type of operation is not suit-
able for hydropower generation No other damsite cxlsts on the Jragung
‘River which is suited for development of a conventional storage
‘reservolr For these reasons, the hydropower potential of the Jragung

Rlver is eons;dered to be zero._

;C{7;4;fPonér'P0tential:ofstheiTnntangsﬁiGerf;

The following dlscuss1on presents the estlmated power potential of
the Tuntang River. At this tlme estimates have been prepared only forﬁ
the exlstlng conditlon, that 1s no change 1n the present release
'pattenn, no M §& I water dlverted from above the uTs system and no
storage reservoirs constructed. . .The . "Hlth pro;ect" condltlon is .
presently being investigated. which includes M 8 I d1versions, revised
release patterns and various storage reserv01rs on the system. Results
of that investigation will be presented 1n Part II -of this Appendlx.

C.7.4.a. Power Potential of ‘the Jelok‘Station‘

The existing Jelok power’ statlon has?a, otal 1nstalled capacity of'

20.5 megawatts (Mw) consisting of- four, 5 12 MW (nlts. The water for

this plant is diverted'at the Jelok we1r and 1s‘conveyed to the plant
through a 2,676 m long power tunnel and two 600 m long steel penstocks
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It has been reported [5 20] that the maximum power generation
capability of this plant is about 15.0 MW. . The reason for this has not
been definitely determined. It.has been reported that generator over-
heating limits the maxlmum unit output to 4.5 MW, or 18.0 MW for the
" four unit plant [10] It has also been reported that the maximum
‘discharge for the Jelok plant has been measured at i5 m3/s, whereas
the design discharge for the four units is about 16.6 ma/s.. This couldtﬂ
}account for the reductlon from the 4,5 MW to the 3,75 MW Whlch each
unit can actually generate today under optimum conditions

Assuming present existing conditions, the average annual energy
generated at the Jelok powerstation 13 about 97 5 Gwh.» Incre351ng the
capacity of the existing water conductor would be relatively expensive
for the benefit to be galned therefore was not considered during the
first phase of the study. Rehabilitation of the powerstation by o
repairing or replacing the existing hydroelectric machinery was consxdered
If the existlng four units were rehabilitated to operate at their rated*
capacity when adequate water is available “then: about 120 Gwh of energy i
could be generated. It is assumed that firm power will not 1ncrease g
significantly since the minimum flow to the turbines remains qulte low,,'
namely, about 3 m3/s, therefore about 22.8 Gwh. of secondary energy is- :
gained as a vesult of the rehabilitation of -the plant machinery. ThlS’
increased energy production has a present worth value’ of about 5 miil:; :

US dollars assuming a 50—year project life. '

In order to assess the economic fea31bility of perfbrming th1s

' rehabilitatien, it would be necessary “to. carry out an 1n-depth 1nvest1-t
gation of the magnitude of the reqnlred work., 1f replacement of major
machinery items is requlred to. achleve the rehabllitatlon then 1t is
doubtful that the rehabllitatlon would prove economically feas1b1e. o
Determlnatlon of this is beyond the scope of the present study.;
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C.7.4.b, Power Potential of the Timo Powerstation

, ’The existing Timo power plant is located about 4.2 kilometers down-.
stream of the Jelok powerplant. This plant has an installed capacity of
':12.0.HW consisting of three units of 4.0 MW each. The power plant has
provisions for adding a fourth unit. Water is diverted from the tail-
race of the Jelok plant into a 955 m long masonry lined conduit to a
daily storage pond. From'this'reservoir, the water is conveyed to the
- Timo power plant through a. 3 365 m long reinforced concrete pipe which
s steel-lined for the last 575 m.

. It has been reported [10] that the conduit between the Jelok power
plant and the daily storage reservoir has a discharge capacity of 9.5
m3/s. The capacity of the pipe from the reserv01r to ‘the plant has been
estimated tobe about 15.0 m%/s. The three existing units require a supply
of about 12.6 m /s to operate at full capacity. Because of this
limitation on water delivery, the maximum capacity of the present plant,
is about 9 MW,

This plant could be rehabilitated by upgrading the 955 mklong
conduit to carry 15 m3/s. This would allow average annual secondary
energy production to be increased by 21.7 Gwh. The\present;yorth of
50 years of this increased energy’ 1s estimated to ‘be . 4 8 million
U.S. dollars. This rehabllitation is estimated tc cost siginificantly
less than the present worth of the benefits therefore, it ‘would " Beff?

economically attractive.

C.7.4.c. Power Potential of Sambireﬁoff

The river below the Tlmo powerstation has sufficient\gradient to -
allow the construction of a third powerplant.‘ A site near Sambirejo

' ‘has been identified as arpotentialv31te for the plant. Development

- of this site would.entail the construction of the following: an intake
.structure 1mmed1ately downstream. of the Timo plant a water conveyance

- rystem conszsting of a tunnel' a 51ngle unit powerstation with sw1tch-

:yard, and a transmission line.
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It is estimated that an 8.0-M# installation could be constructed.
This plant would generate about 5.6 Gwh of average annual energy
composed of 14.9 Gwh of firm energy and 36.7 Guwh of secondary energy.
The present worth of this energy over 50 years is estimated to be 14
million U.S. dollars whereas the capital cost of the scheme is estimated

at about 11 million U.S. dollars.

C.7.4.d. Power Potential of Gunung Wulan

A storage reservoir at Gunung Wulan, just south of the village of
Kedungjati, is included in all development plans for the Tuntang/Jragung
integrated basin. In one plan a reservoir of 260 x 106 m3 capacity would be
constructed while in the other plan, a rescrvoir of 190X 1065 m3 would be
constructed. The required irrigation demands from these proposead
reservoirs could be released through a hydropower plant to generate
electricity. Preliminary studies indicate that a 10 MW hyd: wpover
development could be constructed in conjunction with this storage
project. The average annual energy generated by the proposed plant
would be about 135 Gwh.

Power development atIGunpﬁg Wulan has been included in the recom-

mended development plans described in Appendix D-Part I and included
in the economic evaluation presentéd in Appendix E-Part I.
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C.7.5. Further Studies

The UTS is presently operated to meet base load demand whenever
possible and gas turbines are utilizec to serve peak demands. If
storage is provided on the Tuntang River in the future, the release
pattern from Rawa Pening and any downstream storage reservoir will uve
based on meeting irrigation demands. At that time, the UTS will
operate more or less to supply peak demands. The mode and degree of
peaking operation will depend on whether or not storage is provided
downstream of the power plants which can function as a reregulating

reservoir.

Since the cost of peak power supplied by gas turbines is relatively
: high. a detailed study of the system operation should be carried out to
evaluate the economics of rehabilitating the existing system and adding
the Sambirejo plant to provide maximum peak power capacity. This study
should be carried out concurrently with any future studies on irrigation

storage sites.
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C.8. CONSTRUCTION COSTS

Preliminary designs were prepared for each element of the recom-
mended development schemes previously discussed and presented in
Figures C-2 to C-9. From these preliminary designs, quantities of
the various construction items were estimated. These quantities were
used to prepare feasibility level cost estimates. These estimates of
capital cost were than utilized in the economic analysis of the recom-
mended development plans. - The costs are based on December 1979 prices
ané can be updated to any future time by applying appropriate escalation

factors..

The basic philosophy in preparing the designs and- cost estimates :
was. that the estimates at this level of study should be on: the\”'_ y“l
conservative. or high side to reflect the lack of dataﬂand thc‘ reliminary
nature of this study. ' ‘

During the early course of the study, the size of certain ‘elements
in the proposed development plan were set according to certain physical.
or institutional constraints. Other elements, specifically Gunung Wulan
and the transbasin diversion tunnel could not be established until
completion of all operation studies, In order to allow sufficient time
for preparation of the cost estimates, it was decided to estimate Gunung -
Wulan to various storage capacities and the transbasin diversion for
various discharge capacities. A sufficient number of storage volumes
and discharge capacities were investigated to allow a cost versus volume
and a cost versus capacity curve to be drawn. These curves were'used to
determine the cost for the Gunung Wulan element and the transbasin diversiocn

element when their sizes became known.
lC.8.l.¢Unit Prices
The unit prices assigned to the various items of construction

were derived considering various data. Detailed engineer 's estimates
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have been prepared recently for the Jragung Dam and also the Kedung-
ombo Dam, both of which are within the Jratunseluna Basin. These
estimates, actual construction costs from similar projects in Java,
bid prices from projects in Asia and the writer's judgement were all

considered in arriving at the unit prices used in the present estimates.

Computation of construction quantities is not applicable to some
‘1tems such as Care of Hater or Hobilization, and not warranted at this
level of study for other items such as Gates and. Hoists.A Such items
‘were estimated on the basis of lump sum prices derived from estimates i
previously prepared for other projects and on bid tabulations of -
'other similar proaects.

The cost of hydropower stations was derived on estimates of cost
- per kllowatt of installed capacity. This method is deemed suitable
for the present level of study. o

C.8.2. Non-Construction Costs

A contingency allowance was added to. the estimated construction
cost of each project. The contingency item varies from 10 to 25 percent'
depending on the avallability of data at the particular 81te and the B
potential for unforeseen problem to arise.» Thls item is intended
to cover inaccuracies in estimating quantities due to 1nadequate mapplng,
the probability that the proposed design w111"be revised as more data ,

becomes avallable and unfbrseen or overlooked items of construction.f~’

L

An allowance of 10 percent of the 'otal of construction cost plus
contingency was added to account forztheu,ost of engineering and

B administration.

1:0;8{3;eResultsf

Thef?___,éstimatesffor each project included in the recommended
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development plans 1s presented in sumpary form in Table C-1,

A breakdown of the costs for each project is Presented in Tables C-2
through C-8
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TABLE C-1

. COST SUMMARY OF POTENTIAL PROJECTS STUDIED
| S—— :

_.P_r'oie‘c;t .Blémeh?; e @ ’é‘“s?"’ of

Rawa Pening Ralsed to 100 ® ‘10803 Live Storage w fx;efo,

Rawa Penlng Raised to l25lx;‘lo6 3 lee-Storage'f 3;?@;@1
Gunung Wulan Dam at 275 x 106 3 Gruss Storage f& 80,0,
Gunung Wulan Dam at 340 x 105 m3 Gross Storage o
Gunung Wulan Dam at 500 x 106 3 Gross Storage ‘j
Glapan Barrage at 125 x 106 m3 Gross Storage -
Transbasin D1vers;on Tunnel at 16 m3/s Capacity

Transbasin Diversion Tunnel at 18 m3/s‘Capac1ty

Jragung Dam at 50 » 106 3 Gross Storag 7

Jragung Dam at 75 x 106 8 Gross Storage



TABLE C-2

COST ESTIMATE FOR RAWA PENING RAISED TO 100 x 105 m3 LIVE STORAGE

Say $ 18,000,000

Work Item Quantity Ur(xétSPrgc):e ([;I‘ .ost'als)
MOBILIZATION . L.S. - °300,000
LEVEES & DRAINS AROUND LAKE - S

Foundation Stripping 702,000
Compacted Embankment i 5;850,000
'Drainage Canal Bxcévati@ﬁﬁl 2,131,250
Miscellaneous Co B 250,000
| | - 8,833,250
RAISING JELOK WEIR L
~ Anchors /200,000
Concrete Masonry g B 36,000
Mech/Elect. Equipment 53;500,000_,
. Care of Water ' fﬂ"300,000-}
Miscellaneous }:f;lod;OOO f
R 1,136,000
CONCRETE STRUCTURES L
Excavation f{ffﬁo;ddb?
Concrete fﬁ3b§;Q6df
Backfill " 140,000
Miscellaneous *i*5dib06il
150,000
DRAINAGE e
Excavation for Culvert g : %f227,500
 Concrete 7200:00° 2,100,000
Backfill g © 135,000
Compacted Earthfill Y 62,500
Miscellaﬁeous e 200,000
: “ 2,725,000
Subtotal 13,544,250
Cbhtinggncy (20%) 2,708,850
Subtotal 16,253,100
‘Engr. & Admin. (10%) 1,625,310
| TOTAL 17,878,410



TABLE (-3

COST ESTIMATE FOR RAWA PENING RAISED TO 125 x 105 m3 LIVE STORAGE -

Work Item

" MOBILIZATION

LEVEE & DRAINS AROUND LAKE

Foundation Stripping
Compacted Embankment

Drainage Canal Excavation;

" Miscellaneous

RAISING JELOK WEIR
"_ Anchors |
- Concrete & Masonry”'"

f Mech. /Elect. Eqp;pment
',Miscellaneous '
Care of Water

'CONCRETE STRUCTURES,
Ekcavation .

Concrete
Backfill
Miscellaneous

DRAINAGE; BRIDGE TO WEIR .
Excavation for Culvert

Concrete

Backfill

‘Compacted Earthfill
Miscellaneous

Quantity TRt Prise e )
L.s} - 500,000
674 000 m3 .1.50 936,000
3 saa ooo m3”L 2,50 8,970,000
,000m3 (275 - 2,337,500
f};?5f‘ | 350,000

‘ - 12,593,500

- 400,000 .

B 72,000

700 000:

o;ogoﬁ

- 300000
T672,000

. 70 ooo;i

14,0003 5500 |
1,700 m3 2oo oof} 3uo 0005f
10,0088 5000 50,0
CLs. '

wss00nd 500

120,500 m?ﬁ
27,000 3"
116,000 13
L

; (A)

- 350,000
2,892,000

Subtoral © . . 18,168,000
 Contingency (208) | 3,633,600
" Subtotal | 21,801,600
“Engr. & Admin. (10%) 2,180,160

' © TOTAL 23,981,760

‘Say $ 2u,000, ooo

e o o o e e
- s s o
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Sheet 1 of 3

TABLE C-4

COST ESTIMATE FOR GUNUNG WULAN DAM AT 275 x 105 m3 GROSS STORAGE

Work Item

Unit Price” Total
Quantity (LS. ) (U.S. &)

thzknn

Mobilization S :

Road E Railroad Relocatlonﬁ
uAm DAN . )

' 5‘fCare of Water B
xFoundation Excavation

“Grouting
Impervious Core
‘Rockfill
Random Fill
Transition
Riprap
Instrumentation

SADDLE DAMS

Foundation Excavation
Grouting

Impervious Core
Random Fill
Transition

Riprap
Instrumentation
Drainage Galleries

SPILLWAY

Ekcavation
'Backflll

Dra;n Pipe w/Beddlngf:

fAnchor Bars
_Concrete

L s.~ | - . - 1,500,000
LS et 1750,000

2,250,000

Z?f;ix;' 300,000

f7oo 000 ma‘ 2 505; 1,750,000
92,000 m" 30. oo%; 860, 000
. 800, ooo_m3 2,750 2,200,000
880, ooo;ma- 10. .00 6,800, ooo
780,000 3.50 2,730,000
165,000 > 50 1,237,500
© 65,000 n® 5?1 170,000
LS. 71005000
LT ;6,947,590“
1,250,000 n°
1, 9257650 W:*‘ :'5 293 750‘
m»

| 6,545 ooo

S 1 oso 000

7 50]‘ - 41,250

L4800 m 12 00 9,600
U i2,000m 32,00 64,000
© “1g,000 m>  175.00 3,150,000

55



Sheet 2 of 3
TABLE C-4
{Cont.)

COST ESTIMATE FOR GUNUNG WULAN DAM AT 275 x 10° m3 GROSS STORAGE

Work Item ' Quantity Ur(%tsP:gc):e (UTOStals)

SPILLWAY (Continued)

Reinforcement - ' 950 ton 750,00 . 712,500

Riprap"i 5,000m°  18.00° 90,000
Hiscellaneous Items 3 L 250,000

B 5,397,350
DIVERSIOV TUNNEL

‘Open Cut Excavatlon - 58,500
Tunnel Excavatlon:, ‘ gugo;ooo
Steel Supports 260,000

' Shotcrete 21,000

'Portal Concrete i_aS;OQQ o
Tunnel Concrete »}290 000
Reinforcement ffaoo 000 “
Drilling Grout & Drain Holesg T '60 000
Grouting 10 000;
Miscellaneous Items N 2Q0,00

;‘1,724,500.
QUTLET WORKS SR f o
Open Cut Excavation 18 0001.
Tunnel Excavation 5161 000\
Steel Supports  192 500
Shotcrete | 22, 500
Tower Concrete ; 67 500
Tunnel Concrete f130 000
Reinforcement | ",;59 ,,,o,oo_'_’
. Drilling Grout § Drain Holes 26,250

ess
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TABLE C-h
{Cont.,)

COgT ESTIHATB'POR GUNUNG WULAN DAM AT 275 x 10° m3 GROSS STORAGE

Work itemﬁﬂ'

- OUTLET HORKS (Continued)f 
| Grouting : b
Steel Lining .

Mech./Elect. Equipment Ly
Hiscellaneous Co

POWER PLANT € TRANSMISSION LINE

iLs :
1§Subtotal ;
,fContiVE?ncy (20%)5'
Subtotal .
'Eng . & Adm;ns. (10%)

-'Say $ 80 ooo;ooo

Total
- (u.s. $)

Unit Price

5,000
3oo 000
‘a\ofooo.

;37¢;7so;

-710,000,000

60,491,850
~12,098,370
72,590,220
7,259,022
79,849,242

TOTAL

- =87
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TABLE C-5

Sheet 1 of

COST ESTIMATE FOR GUNUNG WULAN DAM AT 340 x 10° m3 GROSS STORAGE

. Unit Price Total
Work Item Quantity (U.s. $) - (U.s. $)
GENERAL
Hobilizat:on o - ‘H‘,;,SOO,OOO-.
‘Road & Railroad Relocatlon} = - _. 750,000

MAIN DAH

‘szare of Water

fFoundation Excavation
.Groutlng '
'Impervious_Cdrg
Rockfillﬁ

" Random Fill
T?anéition

.Rlprap
Instrumentation

SADDLE DAMS

Foundation Excavation
Grouting

Impervious Core
Random Fill
Transition

Riprap
Instrumentation
.Drainage Galleries

SPILLWAY

Excavatlon

790 000 m

960,000 m”
“165 ,000°m™
65,000 m j
LS.

-3

-1,000'm -

~7i§;b00‘m

. o-58 -

‘1‘def606‘m.a

26600

. 32.00
175.00

300,000

: 2 000 000‘

750, ooo_
3 520,250
7,900,000
3,360,000
“1;237;500°"
1,170,000,

100,000

18,168,750

,750 ooo
-900, 000

5, 417 soo,
9 310 600

, 1 837 soo
e 3oo ooo[
‘ 1oo 000

;§ ,‘255,000
© 27,881,000

1,080,000
41,250
9,600
Bl , 000

3,150,000



Sheet 2 of 3
TABLE C-5
(Cont.)

COST ESTIMATEZ FOR GUNUNG WULAN DAM AT 340 x 106 m3 GROSS STORAGE

Grouting

- Work Item : QuantityL U?éfsfrége Uﬁg;éé)
SPILLWAY (Continued)

. 'Reinforcement 950 ton 750. 00 712,500
Riprap | s,ooo m3: 18, oo; 80,000
stcellaneous Itemsf : ¢ 250,000

A
DIVERSION TUNNEL B '
Open Cut Excavation ;9;59@]53} jiffé?qu 58 »500
Tunnel Excavation = 7,000 B s 70,00 '490 000
Steel Supports ﬂ269,909;
Shotcrete 1:21'000
Portal Concrete ) 35 000
Tunnel Concrete 2,900 m" : :‘ {290 000_
Reinforcement ' YﬁOOJt' ﬂﬂ750 00 f j300?000 
Drilling Grout € Drain Holes 4,000 m- 15, .00 60,000
Grouting Y 800 sks 12 50 o ptio;OQO
Miscellaneous Items © L.Su _ SRR *§’ 2502000-
S 1,724,500
QUTLET WORKS o '
Open Cut Excavation 18 000
Tunnel Excavation ;161 000'4
Steel Supports 2192 500 .
Shotcrete : 22 500
Tower Concrete 3w67,50d
Tunnel Concrete fiso;dbo
Reinforcement :iSQ;OdO
Drilling Grout & Drain Holes ;326,250

5,000
57,194,350

“ﬁc-sé“
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TABLE C-5
(Cont.)

COST ESTIMATE FOR GUNUNG WULAN DAM AT 340 x 106 m3 GROSS STORAGE

7

ke sy TR R

I

OUTLET (Continued)
Steel Lining

Mech./Elect. Equipment 5
Hisce;laneous

300,000’

/300,000
V72,750

POWER_PLANT LS. Rt 10,000,000-
‘Subtotal ~ . . 67,794,350

:Continggncy (20%) T 13)558,870

'Subtotal T . 81,353,220

' EEgE' & Admin. €108) 8,135,322

R 'TOTAL . . 89,488,542

’ISay $ ag 5oo ooo |

e



TABLE C-6

Sheet ) of 3 -

COST TSTIMATE FOR CUNUNG WULAN DAY AT 500 x 16® m3 GROSS STORAGE

Drain Pipe w/Bedding-

c-61 ,

. Unit Price Total
Bork Item Quantity (U.5. $) (U.S. %)
GENERAL
Mobilization L.S. - 1,500,000
Road & Railroad Relocation ’L.éﬁ, | - 57%%%:%%%
MAIN DAM »
Care of Water . L.S. - 300,000
Foundatién Excavation 1,000,000 n° 2.50 2,500,000
Srouting { 27,000 m 30.00 810,000
Impervious Core 1,280,000 m3 2.75 3,520,000
Rockfill 870,000 > 10,00 8,700,000
Random Fill 1,200,000 m° 3.50 4,200,000
Transition 250,000 m° 7.50 1,875,000
Riprap 75,000 ma 18.00 1,350,000
Instrumentation L.S. - 100,000
' 23,355,000
SADDLE DaUS
Foundation Excavation 1,600,000 m° 2.50 4,000,000
Crouting 32,000 n 30.00 960,000
Impervious Core 1+ 2,720,000 m3 2,75 7,480,000
Random Fill 4,410,000 o 3.50 15,435,000
Transition + 350,000 m3 7.50 2,625,000
Riprap 450,000 n° 18.00 8,100,000
Instrumentation L.S. - 100,000
Drainage Galleries o f:ﬁhofm 266.00  __ 399,000
' 39,099,000
SPILLWAY
Excavation 'géqiooo m? 4.50 1,188 000
Backfill . £,000 0 7.50 45,000
. 960 m 12.00 10,800



Sheet 2 of 3 .
TARLE C-6
(Cont.)

COST ESTIMATE FOR GUNUMG WULAN DAM AT 500 x 10° n3 GBROSS STORACE

Unit Price Total

Hork Jtem Quantity (U.5. ) (U.5. §)
SPILLWAY (Continued)
Anchor Bars ' 2,200 m 32.00 70,400
Concrete : 26,000 m3 175.00 4,550,000
Reinforcement ,  1,100 ton 750,00 825,000
Riprap 5,500 m3 18.00 99,000
Miscellaneous Items L.S. - 275,000
7,063,200
DIVERSION TUNNEL
Open Cut Excavation ‘QZ;ﬁdd‘h? 3,00 67,200
Tunnel Excavation 8;050 m°  70.00 563,500
Steel Supports ;‘f:iSO t 2;060;00 300,000
Enoterete 80w 15000 21,000
Portal Concrete ‘ _,526 ﬁ?' 125:00 40,000
Tunnel. Concrete 3;330 ﬁsh 100:00° 333,000
Reinforcement " isd t 750.00 345,000
beilling Grout & Drain Holés 13600 m 15:60 69,000
Crouting 920-sks ~  12:50 = 11,500
Miscellanecous Items Lis, = . 230,000
1;4983,200
JUTLET WORKS
Open cut Lxcavation 6,300 i 3:00 18,900
Tunnel Excavation 3;420 B> 70500 - 160,400
Steel Supports Tt 2;750:00 203,500
Shoterete 160 ﬁ? 150.00 24,000
Tower Concrete ’ 5§o,ﬁ3 225,00 72,000
Tunnel Concrete 13366 i° 100.00 136,500
Reinforcement o §id‘t 750.00 157,500
Drilling Grout & Draiﬁ7ﬁ6i3§3,7 , 1,840 m 15.00 27,600
Grouting A 400 -sks 12.50 5,000
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Sheet 3 of 3

TABLE C-6
(Cont.)

COST ESTIMATE FCR GUNUNG WULAN DAM AT 500 x 10° m3 GRosS STORAGE

. Unit Price Total
Work Item Quantity (U.S..$) (U.S. )
OUTLET WORKS (Continued)
Steel Lining ‘ 210 t 1,500.00 315,000
Mech./Elect. Equipment & f - o ;
Miscellaneous ) L8 - - 315,000
: _ 1,444,400
POWER PLANT , LS. c - 10,060,000
‘Suthtal 85,194,800
Contingency (20%) 17,038,960
Siibtotal 102,233,760
Engr: & Admin. (10%) 10,223,376

TOTAL 112,457,136
say $ 112,500,000
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COST ESTIMATE FOR GLAPAN DAM

TABLE C-7

‘Say  § 23,900,000

. Unit Price Total
Work Item Quantity (U.s. §)  _(U.5. §)

w L.S. 50,000
EMBANKMENT

Stripping ‘ 80,000 m3 1.50 120,000

Impervious Fill 600,000 m3 2.50 1,500,000

Riprap o 80,000 m° 18.00 1,440,000

Miscellaneous Items L.S. - 100,000

- , e 3,160,000

BARRAGE

 Care of Water L.S. ' o 150,000

Excavation - 28,000 m3 2 75} 77,000

Concrete in Floors : 15,900 n° 125 00& 1,987,500

Concrete in Piers o 20, ,200 n 250 oog ~ 7,300,000

Concrete in Canal Offtakes 1,300 m3 175 oo; - 227,500

Gates & Holsts L S. ,;W : - '4,000,000

Bridge Deck ‘ L S. L . © 350,000

Preloading -240 000 m3 2 OOn' . 480,000

Remove Glapan Weir "22 000 m_ | 2 175 60,500

Miscellaneous ; - 250,000

14,882,500

. Subxbtal 18,092,500

Contingency (20%), 3,618,500

i » o Subtotal 21,711,000

‘Engr. & Admin. (10%) 2,171,100

T  TOTAL 23,882,100



TABLE C-8

COST ESTIMATE FOR JRAGUNG DAM AT 50 x 10® m3 GROSS STORAGE

Say $ 54,800,000

Work Item Quantity U?é?g?rége (GT:ﬁi;)
oan &/ |

Mobilization & Preliminary Hork - LS. - 1,750,000

Care of River & Dewatering L  -';a - _ 120,000

Clearlng & Crubbing ha - 375 ooj' 15,000

Stripping »:mgj = 1 503. : ‘1;930,500

Core Trench Exc. S ras000m w0 132,000

Place Core (Candirejo) :%1;7#9,000 n° - 8.25 5,684,250

Place Core (Larangan) 330,000 m° 3.50 " 1,155,000

Place Random Fill 13,606,000 m°  "3.50° 12,836,000

Berms . 429,000 m° 1.25, 536,250

Sand Filter 124,000 m° 9 .00 1,116,000

Gravel Drain 1u2,ooo;m3' 12 250 1,775,000

Riprap o, 000 m° 13150 . 1,134,000

Riprap Bedding 33, 000!m3f” 7000 231,000

Downstream Toe 16 ,000m - 5,00 80,000

Drainage Gallery 1 ooo‘m3 266 ooi  266,000
Grouting & Other Misc. - L s. 1,500,000

iy R 30,361,000

ROAD & BRIDGE RELOCATION 2 L ey 720,000

IRRIGATION TUNNEL & INTAKE 2/ S e Tl . 1,265,000

spILiway 2/ e e - 5,400,000

RIVER DIVERSION w/SEDIMENT PASSING Yoo L = 4,200,000

BASE CAMP 2 | et . 1,400,000

L subtotal 43,346,000

;Contingency (15%) 6,501,900

_ Subtotal 49,847,900

Engr. & Admin. (10%) 4;994.790

TOTAL 54,832,690

1/ Prepared during present study
2/ Taken from Jragung Final Report Cost Estimate
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TABLE C-9

COST ESTIMATE FOR JRAGUNG DAM AT 75 x 10° m® GROSS STORAGE

Say

& 64,700,000

iy Uit o
nau ¥/
Mobilization & Prep. Work L.S. - 2,250,000
Care of River & Dewatering - L.S. - 120,000
Clearing & Grubbing , 50 ha 375.00° 18,750
Stripping 1, soo 000 m° - 1.50, 2,400,000
Core Trench Exc. 41,000 n>  4.00° 164,000
Place Core (Candirejo) 2,300,000 m3 : B ';3 25? 7,475,000
Place Core (Larangan) | ulb,o_oo.ms' "3, 50;"‘ 1 usq,ooo
Place Random Fill - 4,700,000 m> "3, .50 °1s 450,000
Berms 533,000 m° 21,25 666, 2sofi
Sand .Filter 153,000 u° 900 1,377,000
Gravel Drain 200,000 m° 12, so_f_; 2,soo,oooﬂ,
Riprap 15,000 m° 13,500 . 202,500
Riprap Bedding "‘u1'000_m3_* 7.00 287,000
Downstream Toe 16 ,000 m° L 5,007 80,000
Drainage Gallery '1,800m 268,00 399,000
Grouting & Other Hisc. ,‘ﬁ‘,;,L ‘S" - i 2,000,000
ROAD & BRIDGE RELOCATION 2/ S i} ’ 720,000
IRRIGATION TUNNEL & INTAKE 2/ - o 1,300,000
spILway 2/ : - - 5,500,000
RIVER DIVERSION w/SEDIMENT PASSING &/ - w0 4,400,000
BASE camp 2/ = <7 1,400,000
. Subtotal 51,144,500
Contingency (15%) 7,671,680
ST Subtotal 58,816,180
" Engr. & Admin. (10%) 5,881,618
. TOTAL 64,697,778

1/ ”Pz‘epar'ed during preéent sttj,dy

'2/- . Taken from Jragung Final Riport. -
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TUNTANG AND RELATED RIVERS BASYIS
DEVELOPMENT- PLAN -

APPENDIX C - PART IT.

* DAMS .AND HYDROPOWER

C.1. INTRODUCTION |

C;l,lg~General

The objectivé'bf'tﬁiq;éfﬁéﬁéis“té;pﬁbparq?g’plaq.fér the. {nte-
grated development 6ftﬁhe1§§§ér?h;sgupéga'of an' extended river basin
scheme comprising the Jﬁ;%ﬁﬁéé;una Basin iﬁinqﬁth Central Java, 1In
general the river basiné"gb%,iﬁﬁitéq.ﬁé those of the Penggaron, Doick,
Jragung, Tuntang, Seréng;éhdfihé'Lﬁéi River Basih and adjacent sub-
basins., If avriver’baSih;q§m§ife\appears vidble, then the pertinent
data obtained from its stﬁﬁ&féré putfnto:tﬁe computer model of the
integrated basin. ;

Part I of this Appéﬁgixvhig'Jémiteégtotstudyiﬁgﬂatorégé
sites on the Tuntang and;q?éghng‘Rfﬁéksiﬁ;ﬁéwevgp. in}ufdef,to'evalﬁe
ate the findings of-this{s;ﬁ@yﬁ all Fﬁqfconcldsions and reébmmepdation§
noted in Part I heading“<Qé.§.'IniﬁiallScneeniﬁg'of Patential Storage
Sites"; shall be vepeated in Part IT ‘under the é@bhquiﬁg "C.2.1,

Previously Screened Sites'from Part IV

C.1.2. Scope and Héthodology-

. Investigation of the water resources in the basins under study
have Been made on an ihdividuél basis in the past, however, the
Present effort is the fipst time that a study for the integrated
bdevelbpment of the Jratunseluna Basin has been performed. Previously



feasibility level studies have been done for dams or the Penggaron,
Jragung and Dolok Rivers [1, 2] and Kedungombo (Ngrambat) Dam at the
Serang [3, 4, 5, 7, 12, 13]. Other damsites investigated under this
Part II study that were previously studied to a prefeasibility level
are Nglanji, Ngrambat, Banjarejo, Kedungwaru and Bandungharjo Dams
[3, 4, 5]. Also, reconnaissance level studies were carried out fop
Balong, Ngemplak and Sapen Dams [3, 4, 5]. Due to variable levels of
topographic, geologic, hydrologic and sediment data available on the
various sites studied in fhe report; this study is generally of pre-
feasibility level in scope. While individual damsites such as the
Penggaron, Dolok, Bandungharjo, Kedungwaru and Banjarejo can be
considered to be of prefeasibility level, others such as the Balong,

Ngemplak, Sapen and Tirto Dams are of reconnaissance level only.

Before investigating, the water resource potential of each damsite,
all available reports, soil data and topographic maps were reviewed in
‘order to become familiar with previously identified storage sites.
Field reconnaissance trips were then made to each site in order to
verify the conditions as noted in the previous reports and to inves-
tigate new potential damsites. Based on the data review and field
inspections, an initial screening of all sites was carried out as
noted in Part I of this appendix. The sites which were retained
after this initial screening were studied in more detail and compared
on the basis of economic, technical and socio-environmental consider- .

ations.
C.1.3. Constraints

This study was started with the initial objective of preparing a
development plan for the integrated use of the Tuntang and Jragung
waters for irrigation, municipal and industrial demind and for power
generation. Subsequently it was expanded to include the Penggaron,

" Dolok and Serang Rivers and the Lusi River and its tributaries.
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Originally the water utilization cf the préjects was tailored to obtain
the optimum economic benefits. An interim report was prepared on this
basis [18], and was reviewed by each of the govermmental agencies
involved in the project development. As a result of that review the
following constraints were defined by the Directorate of Planning and
Programming for the Consultant's guidance,

1. Large projects would not be considered for the Tuntang or the
Jragung Basins during the near term (10 years), however, development
of irrigation and municipal water supply within the basins should
begin in the near future.

2. PLN (National Electricity Board) has no plans to upgrade ‘the .existing
Upper Tuntang power generating system, or to add to that system,

3. Operation of the Rawa Pening releases can be revised, however, the
average annual energy production of the existing Upper Tuntang
System (160 Gwh) should not be reduced significantly.

It was agreed that a development plan whic’: would meet the study
objectives while also meeting the constraints must consist of a mix
of small projects for near term implementation, and large projects
for implementation in the future. It was further agreed that it
would be preferable if the near term small projects could continue
to serve a useful purpose after the large projects are constructed

at a later date.
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C.2. INITIAL SCREENING OF POTENTIAL STORAGE SITES

C.2.1. Previously Screenad Sites from Part I

In part I of thi. appendix the study was limited to the eight
storage sites on the Jragung and Tuntang Rivers. Using the data
from the preliminary office and field studies, an initial screening
of these sites was carried out. The screening was based primarily
on the following factors: geologic conditions, availability of
construction materials, reservoir volume to embankment volume ratio '
and the number of inhabitants within the proposed reservoir area.
The following subparagraphs summarize the results of this screening

process.

C.2.1l.a. Jragung I Damsite

Due to poor foundation conditions this s1te was’ considered
suitable for a low dam or barrage only. Tt was concluded that
because of insufficient storage capac;ty for a low dam or a, barrage,”
the Jragung I site was economlcally not justifled SO’ it was dropped&

from Further consideration.

C.2.1.b. Jragung II Damsite

This site has been previously studied from fea81bility to final
design. The results of these studies have shown that the dam is
technically feasible hut economically marginal. The p0381h111ty of
constructlng a 1ower dam than originally de31gned was thought to be
more attractive from an economic standpoint, therefore, this site was

,retained for further cons;deration.

s



C.2.1.c. Jragung III Damsite

This site has a small reservoir volume, serious sediment problems
and many people to be relocated. Because of these serious drawbacks
the site was dropped from further consid.ration.

C.2.1.d. Glapan Damsite

This site has been previously studied to the feasibility level,
The ﬁrevioue studies and recent site inspections indicate that
construction of the proposed dam is technically feasible, however,
large amounts of eedlment must be accomodated at this site due to
the large drainage basin and the expected erosion rate of the water-
shed. The possibility of raising the originallyvproposed dam to
achieve greater live storage is limited by topography and would result
in inundating a largef land area and in displacing a greater number of
people. Due to this and the fact that a suitable damsite which
provides greater live storage exists uPStream at Gunung Wulan,
the Glapan site was dropped from further con31derat10n as a
major impoundment. However, the 51te ‘was retained for a full feasl-
bility level study at a later date ae a smaller prOJect with pro~

visions for sediment paQSLng.'

C.2.l.e. Gunung Wulan Damsite

This site was prevxously studled at prefeasibility level Wlth

a dam of moderate helght and a reserv01

The present study concluded tha H,he'da
’ '3

Xe constructed hlgh

.fenough to 1mpound aoo b’ 106 m" of water Du 'to 1ts large potent1a1

storage capaclty and its relatlvely hxg reaervolr volume +o embank-
' ment volume ratlo, this. site was retained for a ‘full feasibility

”study at a. later date.



C.2.1.f, Tempuran Damsite

This new storage site was identified during the Part I study by
inspection of topographic maps. However, subsequent site visits have
shown that the foundation and abutments exhibit highly unfavorable
geologic conditions. Therefore, this site was dropped from further
conaideration.

C.2.1.g. Sambirejo Damsite

This potential storage site was identified during the Part I

- study by inspection of topographic maps. Subsequent field inspectaon
indicated that the geology at this site is also poor except taat the
strike of the bedding is more favorably oriented than the Tempuran
site. However, due to the small storage potential, sediment would be
a major problem. Due to this and the expected large cost of develop-
ment, this 51te was dropped from further study.

C.2.1.h. Rawa Pening

Rawa Pening is a matural lake wh;ch has been’ ralsed tw1ce in the?
past by the constructicn of the Jelok Weir. Studies wére made 1n -
1972 and 1975 of raising it to an even hlgher level. Recent studies
have indicated that by providing levees- around the lake and rais:ng
~ the Jelok Weir, the capacity could be increased from 50 to 125 x lo6 3
'Another possibility would be to raise the ‘Jelok Weir to form the
max;mum -possible storage and floodlng the v1llages surrounding the
" lake.’ However serious foundation and dralnage problems are antici-

. pated if the levee scheme is used, or unpleasant soc1o-env1ronmental
(’problems may develop if the storage scheme without levees would be im-

" plemented. The results of a soils and foundation reconnaissance study are
‘fdescrlbed in Chapter c.11. of thls appendlx. Because of the potentially
‘ large benefits, thls site was retained for a full feasibility study at

‘a later date. "



C.2.2. Presa.tly Screened Sites

Based on a study of existing reports and 1:50,000 scale topogra-
phic maps, a total of eleven potential atorage sites were identified.

The sites are as follows:

Damsite River
Penggaron Penggaron

Dolok Dolok

Nglanji Serang

Kedungombo Serang

(Ngrambat)

sdunghardo Gl (lust Tedbutary)
Ngemplék Peganjing o S z f fehion
Sapen : | Soco'v , {v”§
Banjarejo Lusi | ';;

Balong 'Kedungben d,° ""
Kedﬁngwaru Kedungsambi v?nv“

Tirto ' Tambakselo , e

The pertinent data of these damsites are given im Table C-1 and the
locations are shown on Figuré_II—l. After these siteslwere identified
field reconnaissance trips were made ao noted, to eoaluate the topogra-
‘ phy, geology and availability of'construction materials. Office
- studies were then carrled out on these sites to determine the availa-
ble storage, water yleld and - the embankment volumes requlred to '
develop- the storage.

Us;ng the data from the prellminary office studies and field
inspections, an 1n1t1al screening process was carried out for these
damsxtes.‘ The: screenlng was based primarily on the following factors:
'geologlc conditlons, availabillty of construction materials, ratio of

reservoir volume to average annual yleld land use and population
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within the reservoir area, and the importance of the water benefit to
the integrated development plan. The results of the initial screening
are presented in the following subparagraphs.

C.2,2,a. Penggaron Damsite

The Penggaron Damsite was studied to feasibility level in 1871
by'NEDECO [1, 2]. 1In this study the proposed reservoir had a gross
storage capacity of 54 x 10% m® and would inundate about 600 ha of
“iand. With a storage volume of 52 percent of the annual water yield,
it was assumed that the 50-year sediment yield would reduce the active
storage a maximum of only 7 percent. However, recent studies of the
adjacent Jragung River have indicated a sediment yield so high that,
if the Penggaron River is assumed to yield similarly, a conventional
storage reservoir at this site would not be economically feasible.

The possibility of constructing a dam with a sediment passing scheme
was fhought to be a practical approach to this site so it was retained
for further consideration.

C.2.2.b. Dolok Damsite

The Dolok damsite was studied to feasibllity level in 1971 by
NEDECO [1, 2]. In this study the storage scheme had a’ gross storage
capacity of 23 x 10% m® and would inundate 180 ha of land. This
scheme resulted in a storage volume of only 46 percent of the annual
water yield. Recent topographlc and site lnspections have indlcated
that this site could support a much larger dam, 80" it was retained

for fuvther con51devation.

¢.2.2.c. Nglanji Damsite

The Nglanjl Dam81te was studled to prefeasibility level by NEDECO in
4y 5], forss _‘storage capacity was 185x 105m3 with 1,750 ha
The reservoir volume was only 38 percent

yiof land belng submerged.fi
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of the annual water yield of the basin. Besices being a small reser-
voir in relation to the annual yield, it was also doubtful that enough
embankment materials could be found within an economic haul distance.
With these problems, and the location of a potentially much larger
storage site downstream of it (Kedungombo), this damsite was dropped
from further consideration.

- €.2.2,d. Kedungombo (Ngrambat) Damsite

The Ngrambat Damsite was studied to prefeasibility level by
NEDECO in 1973 [3, 4, 5]. Subsequently, it was renamed Kedungombo,.
and studied to a preliminary design level by SMEC in 1979 [12, 13],
In the recent study the gross reservoir storage was 749 x 10° m3
with 4,760 ha of land inundated. The reservoir storage in this case
was 103 percent of the average annual inflow. Because of the
potential economic benefits from this damsite it was retained in the
present integrated development plan. However, no further studies
will be done at this time since it was pneviously brought up: to a
preliminary design level.

C.2.2.,e. Bandungharjo Damsite

The Bandungharijo Damsite was studied to prefeasibility level by
NEDECO in 1973 [3, 4, 5]. The total reservoir volume was: 21 X J.O6 3
with 250 ha of land underwater. The reservoir storage was 53 percent
of the average annual yield. From recent topographic map study and
field inspection it was noted that the proposed dam could be-raised
only about % m because of topographic limitations. Also, due to the
narrow right abutment, the embankment must be placed upstream of- the .
one shown in the previous study g0 as to blanket this narrow ridge.
A lower dam with a sediment passing sluice was considered, but rulled
out' because of the right abutment geometry, and the proximity of the
village of Klumpit just downstream of it. Although this damsite
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appears economically marginal, it was retained for further study as
~ a storage reservoir. |

C.2.2.f. Ngemplak Damsite

The Ngemplak damsite was studied at a reconnaissance level.by

~ NEDECO in 1973 [3, 4, 5], The possibility of construction of a dam

‘at this site was not worked out, only a indication of a possible. dam

- and works alignments were given. From studying the topographic map

and an on-site inspection it appears that the maximum gross reservoir
volume at this site would be 90 x 10% m3. Although the hydrology of
this catchment area has not been evaluated, it can be reasonably as-
sumed that the amual yield is proportional to the yield at the Bandung-
harjo catchment area. Because the potential gross reservoir ‘
storage would then become . 127 percent of the annual yield of- the
73 km? catchment area, this 51te was retained for further stud i

C.2.2.g. Sapen Damsite

The Sapen damsite was studied at a reconnaissance 1svel by
NEDECO in 1973 [3, u, 5] Slmllar to the Ngemplak study,i'his
damsite potential had not heen svaluated.v From studying the topogra-
'phic map, the maximum gross reservoir storage for this site is
estimated to be only 15 x 106 3. As this site is near the i
Bandungharjo catchment, it was assumed that the annual yield at

Sapen is proportional to ‘the catchment areas. W1th a catchment
area of 68 km2 it 1s apparent that the maximmn reservo;r

volume would be only 28 percsnt of the annua’ runoff. Operating the
dam as a run—of—river structure, s ;as to pass the sediment during

:the wet season, was rejected as being'too expensive in relation. to

Ethe small reserv01r>storage benefit uring the dry season. The
fdamsite was ‘thus: eliminated from'further consideration.
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€.2.2.h. Banjarejo Damsite

The Banjarejo damsite was studied to a prefeasibility level by
'NEDECO in 1973 [3, u,‘sj. In this study the proposed reservoir had
"a gross storage capacity of 90 x 10° m3 with 3,250 ha of land

inundated. Recently the catchment area was revised from the original
uuo'to 506 km2. The average annual runoff was also increased from
the previous 340 to 411.5 x 106 m3, Thus the reservoir volume

is only 22 percent of the annual runoff. Due to topographic
’1imitations the embankment cannot be raised more than a few more
Vmeters.v The geological and topographical conditions in this area are,
poor for the construction of any type of dam. In spite of this'
however, the damsite was, vetained for further study as a run-of-river
structure with a sediment passing provision during the early part of
the wet ceason. This is due to the considerable downstream benefits
which may be derived as' Banjarejc is the only control structure on. the‘

,Lusi Riven.

C.2.2,i. Balong Damsite

The Balong damsite was studied at a reconnaissance level by
NEDECO in 1973 [3, 4, 51. No damsite ‘evaluation or hydrologic data
was developed for this site, However, from studying the: 1imited
topographic maps of the area it was estimated that the maximum groes
reservoir storage available would be less than 10 x 106 3 The
hydrology for this catchment area has not been evaluated. However,
it can be assumed to be porportional to the yield from the Kedungwaru
area, an adjacent basin., In this case the Balcng yield would become
36 X 106 .3.' Thus the dam wculd only be able to retain 28 percent of
,the annual runcff. Operating the dam t‘ nass all river flows and the

ing the wet season, was

majority of the annual sediment load
rejected as being too expensive*i 3 on”to the small reservoir

'storage benefit forvthehdry season “'The" damsite was-thus eliminated

from. further consideraticn.
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C.2,2.]. Kedungwaru Damsite

The Kedungwaru damsite was studied to prefeesibility level by
NEDECO in 1973 [3, 4, 5]. The gross reservoir storage was estimated
to be 19 x 10° m3, with 350 ha of land under water. With an annual
runoff of 78.8 x 108 md, only 24 percent of this could. be retained
under this embankment scheme. Due to the relatively large drainage
area of 88 km2 the close proximity of irrigated lahds, the firm
foundation and the abundance of embankment material; this s;te was
retained for further study. '

C.2.2.k. Tirto Damsite

‘The  Tirto damsite was 1denti ieﬁiby NEDECO in’ 1973 [3] However.
ng conseqpently no damsit maps

no investigations were carrie

or hydrological studies wereimade:m Recently the catchment areaJ :
determined to .be 52 km2 Assuming a yield rate similar to that of

the Kedungwaru Bas;n, this: would result in an annual yield of u7:c106 3,
Because of the.lack of data from which to. make a judgement of this
damsite, it was retained for further atudy. ,

C.2.3. Diversion Sites

Presently diversion forks'exiSt'onfall&thefﬁéjer?ri§eréit6féﬁpﬁi&
irrigation watersvto the designated service ‘areas 'in the Uratunseluna
Basin., These are listed hereunder

Diversion Structure River
Pucanggading QPenggaron
Barang ' ?Dolok
GaPqu eragung}
Gurituir \ragung.

, fTuntangt
Sedadi' _Seréngr
Wilalung' ‘Serang
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The above structures, in existing or rehabilitated conditions.
are capeble of diverting irrigation supplies to the potential develop-
ment areas in the Jratunseluna Basin except the proposed areas along
the middle reach of the Lusi River. A suitable Mid Lusi diversion
site for these areas is defined in this study.

' C.2.3.a. Mid Lusi Diversion

'The.Hid'Lusi diversion site is a new site identified in the _
pnesenf study. The catchment area was estimated to be 893 km2 with' an
annual yield of approxzmately 725 x 105 m®. This site will be etudied
because of the need for a diversion structure, downstredm of the
confluence of the Kedungwaru and Lusi Rivers, to provide for irrlgating
the right and left bank areas of the Lusi River,

C.2.3.b., Grobogan Weir

To divert Serang waters at Kedungombo' to the South Gnobogan area,
a diversion structure called the Grobogan Weir has previously been
recommended as part of the Serang River Development. That diversion-
structure is an'essential component of the basin model for multi- -
reservoir operation and optimum irrlgation dzversions in the Jratun~
seluna Basin.
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TABLE C-1

JRATUNSELUNA BASIN
 PERTINENT DATA OF POTENTIAL DAMSITES

ProposedDams:ltes - Catchment Area Annual Yield Gross Storage: Live Storage
T (Jm?) (McM) (McM) (MCM)

Penggaron : 76 202 73 57

Dolok 3 46 57 u3

Jragung ou. 126 125 - 177. 75
oL '.ujd.qz, c . B . S

Rawa Pening 175

Glapan - 960

Gunung Wulan 830 "

Kedungombo : 611& 728

Bandungharjo oy Y 3
Ngemplak 73 kY a0 68
Sapen - 68- 56 '_ 15 - .

Banjarejo : 506]1 1&11

Balong 140 ‘36
" Kedungwaru 88 : 79

Tirto 52 : : u'l

Mid Lusi Diversion 893" 735
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C.3. DEVELOPMENT OF PENGGARON DAMSITE

The Penggaron damsite, located on the Penggaron River just
upstream of the village of Kalipang, is only 12 km south east of the
city of Semarang. The site was previously studied by NEDECO [1] to
feasibility level and the soils and foundation data were presented
-in [2, 3].

The damsite consists of a relatively broad alluvial plain with
gentle sloping hills on both sides. The minimum high elevation on
the left abutment is about 55.0 MSL (Mean Sea Level), while on the
right abutment it is 52, 0 MSL at the narrow spur that joins a higher
mountain. However, ‘two lower saddles of elevations of 40 0 to
45.0 MSL are located upstream of the damsite along the right abutment.»

C.3.1. Development. Concept

In the feasibility report by NEDECO it was recommended ‘tha 7a
storage dam be constructed at the Penggaron site. The internalurate
of return was estimated to be 1l percent based upon the oost of
capital of 8 percent and a construction cost of one billion rupiahs;

Since then however, it has been established that a storage dam

at this site is not economically justifiable due to the apparent high
sediment load in the river and the limited reservoir storage available.
This is based upon measurements recently taken in the Jragung River, |
a similar river basin adjacent to the Penggaron. Field inspection of
the Penggaron damszte and a fly-over the Penggaron and Jragung
catchment areas have shown that it is 1ike1y that the sedimentation

problem is more severe in the Penggaron Basin than in the Jragung Basin,

In order to allow for adequate reservoir storage while being
'capable ‘of passing as. much of the sediment load as possible; this
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study was confined to develop a scheme which would provide the largest
reservoir storage this site would allow, and also would be capable of
passing the major portion of the annual sediment .oad. This scheme is

shown in Figures C-1 and C-2 in this report.

C.3.2. Hydrology

The hydrologic aspects of the catchment area of this damsite are
discussed in detail in Appendix A -Part II. The catchment area is 75.6 Jm?
and the estimated average annual yield at the site is 101.7 x 106 m3,

C.3.3. Geology

As noted in the NEDECO report, the subsoil at the damsite is charac-
tarized by the fact that in early times the Penggaron River had scoured
out a deep valley in an old lahar layer, which later on has filled up
with alluvial deposits. The thickness of these deposits varies from
near zero along the hillsides to over 30 m in the river valley.

In the subsurface investigation by NEDECO it was found, that the
alluvial deposits which consist mainly of preconsolidated calcareous
clays, contained many large sand and gravel lenses some several meters
thick. The permeability coefficients were established as follows:

Calcareous clay 1077 to 107% cm/s

sand 10-3 to 4 x 10-% cm/s

The composition of the thick lahar beds varied considerably, and
conseqpenfly, the permeability varied from 1.0 to 1077 em/s. In
general, the permeability of the lahar beds may be considerably more
than that of the alluvial deposits. However the lahar foundation
could probably be rendered impervious by grouting, while the grouting
of the alluviunm would be technically infeasible or, at least, véry

expensive.
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Due to the relatively low strength of the foundation material it
is assumed that the proposed embankment should have upstream and
downstream slopes of 3 horizontal to 1 vertical.

C.3.4. Construction Materials

In the terraces surrounding the reservoir ares a considerable
amount of silty clay is available for embankment material. Because
of this abundance and the relatively large zmbankment volumes required,
a homogeneous embankment of this material was considered. in the test
results as published in the NEDECO repowt, this material was .shown to
be highly plastic and to possess a considerable tendency to swell.
Therefore, the clay was rejected as inappropriate for use in a homo-
geneous embankment. However, the clay could be used in a zoned embank-
ment if placed in impervious core of moderate size.

To reduce the foundation seepage, the NEDECO report recommends
providing a grout cutoff curtain under the embankment core that would
extend some 20 to 30 m through the alluV1um to the lahar bed below,
Considering that much of the alluvium is very pervious, and the lahar
bed even more so, a positive cutoff by grouting alone does not seem to
be a practical solution to the problem. A slurry trench in the alluv1um

with grouting of the underlying lahar. appears as a poss1ble but expens;ve
solution.

In order to reduce. the high 1eakage to a tollerable volume, an
upstream blanket of impervious clay material is proposed. For' the
purposes of this study the upstream blanket .was assumed to be 100 m
wide and from 2 to 5 m thick and rising to elevation 35 MSL on the
abutménts. Por a more detailed design study, an extensive testing
program will be requlred in order to more accurately identify the .
seepage characterlstlcs of this fouridation.
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For construction of the embanlment shell borrowed from the
sandy and permeable lahar material is recommended. It can be found
in the Lill Watulumbung above the right abutment. However, selective
borrowing will be necessary. Because of tha shell volume required,
other borrow areas for this material may have to be found in the
adjacent hills,

For filter drain material, a sufficient amount of sand and gravel
can be recovered from the river-bed. For riprap, rock has to be

selected from G, Watulumbung or other hillsides.

C.3.5. Embankment Dam

The only type of dam which is considered su1table for the
foundatlon conditions at this site is an earthflll dam. Based on.
topographic limitations, NEDECO proposed a dam w1th~avorest,elevation
of 50,0 MSL and a full service reservoir volume of'54 x'lO6 8,
Further studies have indicated that a dam with a orest elevatlon of
53.0 MSL and a full service reservoir elevation of 50 0 qu ls
pos31ble, which results 1n a total serv1ce reservo;r volume of _

73 % 108 m3. In this case, a one meter h1gh masonry parapet wall
will be required throughout the length of the dam crest so as to
provide the necessary freeboard ifa major storm were . to occur.

In order to prov1de upstream proteotlon along the narrbw rlght
abutment ridge, the embankment was pos1tloned between;th abutments

1n the‘form of a large arc with a. downstream radlus to: the dam crest
oenterllne of 450 m, resultlng in a crest length ‘of 1,225 m. The zoned
.embankment sectlon will consist of an upstream sloping core supported
on both oldes by shells' with slopes of 3 horizontal to 1 vertical. The
upstream shell w1ll stop at elevation 35, 0 where it meets the

upstream blanket. 'The blanket extends lOO m upstream of the shell

contact and contlnues under the shell for a ty-in with the core.
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The downstream shell will continue to elevation 35.0 vhere it then be~
comeg a 30.0 m wide berm. This berm will provide access to the founda-
tion drainage wells: which need to be installed to control uplift pres-
sures. In order to ensure positive drainage within the embankment, a
vertical drain will be placed between the core and shell on the downstream
side. This drain will connect to a horizontal blarket drain which will be
placed at the foundation contact under the downstream shell and berm.
Riprap slope protection will be placed on the upstream embankment Tace

and on the impervious blanket in front of the outlet works. Foundation

stripping was assumed to average 1.5 m over the entire contact area.

Two saddle dams w1ll be required along the right abutment. Due
to their low height, they may be homogeneous earthfill with
upstream and downstream slopes of 3 horizontal to 1 vertical. -The
material used should be similar, but somewhat coarser than, the main=

embankment core.,

C.3.6. Spillway

The spillway is located on the hillside on.the 1eft abutment.
An uncontrolled;’ open chute type spillway is prOposed.v The spillway:
was initially Sized by uSing one half the. unrouted PMF (1, 350 m3/s)
as the design flood. This resulted in a splllway crest length of
100-m and a crest elevation ‘of 50,0 HSL. The maximum water surface
elevation in this case would be 53 5 MSL. - To provide a 0.5 m
freeboard, a one meter high parapet wall will beé necessary on the
dam crest. In order to reduce the spillway channel width on the
narrow abutment, the ogee crest structure was laid out in a "duck bill"
shape, which then resulted in a chute width of 28 0 m. The hydraulic
energy generated in the chute shall be dissipated in a plunge pool
downstream of a fllp bucket tvpe structure.'
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C.3.7. Sediment Passing and Diversion Schemes

As noted previously, due to the expected sediment load, it will
be necessary to develop a sediment passing scheme which would nrevent
premature reservoir silting, and thereby ensure a‘longer reservoir
life. This will be accomplished by providing large capacity, low
level;outlets that will remain open during the major portion of the

wet ;season.

‘Located through a narrow spur at the right abutment, the sediment
passing sluice will operate as a diversion structure during -embankment
constructlon. For purposes of this study, the sluice was sized to pass
the 20-year frequency diver31on flood of 400 m3/s. Assuming the
diversion slulce would act as a’ broad crested weir a crest length of
16 Om with a corresponding head of 6.0 m was reqnired to pass this
flood. To provide diver31on closure and sediment pa331ng control,
two 6.0 m hlgh by 8.0 m wnde radial gates will-be installed.

For the event that gate repair in the dry season is necessary;
stoplog slots will be provided. Silt deposzts near the gate during
the water storage phase is not expected to’ be a problem on: a yearly
basis, because of the relatively large reservnir area ‘and the lowerf
silt load during the drier months.

The proposed reservoir operation scheme is'based on the following

assumptions:

1. There is an over abundance of runoff water so that during the
wettest two months, the outlets will be open for run-of-river '
operatlon S0 as to pass the high sedlment laden flows..

2, The reservoir has not ‘enough capaC1tv to retain enough active
storage volume to adequately provide for the water needs of the
irrigation and domestic users after the projecteu 30 years of llfe
‘time., . . .
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3. That vreservoir slope stability will not be a severe problem and

" that the natural materials available for dam construction will be
of adequate strength to prevent any possibility of failure under
rapid drawdown or earthquake conditions.

Because of the numerous assumptions that were necessary due to
vblack of data, it is recommended that additional effort be extended
-into establishing more accurate sediment yield data, and foundation

~ permeabilities aé the expected project life time and the cost of
Ffoundation treatment would decisively influence the economic viabilify
of the project. -
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C.h4, DEVELOPHENT.OF DOLOK DAMSITE

The Dolok damsite is located on the Dolok River 19 km south east
of Semarang, and one kilometer upstream from the village of Barang.
The site was previously studied to a limited feasibility level by
NEDECO [1], and the soils and foundation data were presented in [2, 3].

In general, the topographic conditions are nearly ideal for a
dams;te. The abutments are steep and form a narrow ridge. which is -
,considerably higher than any proposed dam crest. The dams;te.
and the lower catchment area are covered by a teak‘forest.vwhereasj
the‘uppermost part consists mainly of'rice‘fieids;

C.4.1. Development Concept

In the’ feasibility report by . NEDECO it was recommended that a;
storage dam or flood control dam be built at’ the Dolok slte.v The
internal rate of .return was about 10 percent for both schemes, with
the cost of capital at 8 percent.p The atorage dam cost was estimated
to be 750 million rupiahs and the small flood control dam cost was
90 million rupiahs.

The present study, however. will be confined to maximizing- the
damsite potential as a storage reservoir. The flood control scheme
was ruled out because it does not take advantage of the attractive
topographic conditions for a- higher dam, and the need for _greater
water storage in this area, for domestic water supply of Semarang
and 1rr1gation. The scheme etudied s presented in Idgures
C-S and c-u ‘in this report.

©.4.2. ‘Hydrology

Theﬂhydrologlc data fbr thls catchment area are presented in
l The catchment area is 34.0 km and the estlmated
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average annual water yield at the site is 46.1 x 10° m3.

c,u.a. Geology

The abutments of the proposed Dolok Dam consist of upthrust
beds of calcareous ‘sandstone and sandy limestones as described by
NEDECO. In this tectonic process the beds of rock were extensively
broken up, so that the permeability of both abutments may be high
and most likely would require a comprehensive foundation treatment
program. From a site visit it appears that the narrow ridge which
forms the left abutment is weak and needs to be’ provided with some
| blanket protection on the upstream side.

C.4.4, Construction Materials

With an abundance of sound limestone materials in'the reservoir
area, and a firm dam fbundation, a zoned rockfill dam is proposed.
The impervious core will consist of the silty clay materials found
in the valley both upstream and downstream of the site. However.
NEDECO notes that the quantity of clay material near the damsite is
limited so that other borrow areas should be investigated. The
rockfill shell will consist of the limestone quarried from nearby
hills and requlred excavation. The gravels and cobbles found in ‘the
river should be of sufficient quallty and quantity for use in the
dam filters and drains, and for concrete aggregates.

C.4,5, Embankment Dam,

The proposed Dolok embankment is a zoned rockfill structure with
an’ upstream slope of 2 horizontal to l vertical and downstrean slope
‘@of 1 8 horizontal to 1 vertioal. The internal clay core slopes
’ upstream at ‘the rate of l horizontal to I vertical on the upstream
"face ‘and 0.5 horizontal to'l vertical on the downstream face.
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To prevent the finec of the core from migrating into the upstream
shell during drawdown, a 4 m wide filter will be placed

between the shell and core on the upstream side. Due to the high
exit gradient on the downstream side of the core, a 4 m wide filter
and transition zone will be placed between the core and the shell in
order to prevent piping of the core material.

.For the full development of the potential of this damsite the em-
barkment crest was raised l7n1higher than the storage scheme proposed by
NEDECO, to an elevation ot 1l0. 0 MSL. The maximum dam height in this
‘fcase lS 57 0 m. With the full service reservoir elevation at 103.0 MSL,
the gross storage volume is 57 x 105 m3_

The embankment alignment was positioned 50 that the centerline

is straight from the right. abutment to’ the narrow ridge on the left
. piver bank, and then fbllows a curve, with a radius of 150 m, between
the two narrow ridges forming the ‘left abutment for a total crest
length of 460 m. The advantages of thie alignment are that the dam
gains conSiderable stability and volume reduction by being wedged
between the ridges, it also blankets the narrow left abutment along

its upstream face. The benefits derived by blanketing this somewhat
fractured ridge would be to reduce its high seepage potential, However,
because of the extensive fractures noted throughout the site area an -
extensive foundation treatment: program may nevertheless be required
Foundation stripping was assumed to average 1.0 m over the total
embankment foundation contact.

C.4.6. Spillwaz

The spillway is located on the left ‘abutment. ridge. An un-
controlled open ehute type Spillway is proposed The spillway was
sxzed by using one half the unrouted PMF (900 m3/s) as the design
fflood. ‘This resulted in an ogee creet length of 30 m for a design
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head of 6.0 m. With the crest set at elevation 103.0 MSL, the maximum
water surface elevation would be 109.0 MSL, resulting in a freeboard
of 1.0 m, TFor the check condition with no freeboard, the maximum
spillway discharge would be 1,211 m3/s, or 67 percent of the unrouted
PMF. The quality of the rock in the river appears adequate for energy
dissipation by means of a flip bucket structure located some 20 m
~above the Dolok River.

Ct#,?.,Diversion Tunnel

During embankment construction the river ‘would be diverted through

a tunnel under the ridges forming the left abutment. An unrouted
25-year frequency storm of 270 m3/s was used for diversion des;gn.
Under pressure flow conditions this resulted in a 4.0 m diameter '
| tunnel that is 370 m long; With the upstream invert set at elevation
55.0 MSL, the maximum diversion water surface elevation was found to
be 75.0 MSL. The diversion coffer dam, which will be " 1ncorporated
into the upstream embankment’ toe must therefore extend to elevation
75 op higher.

Diversion closure will be initially accomplished by loweringg

stoplogs' through slots provided 1n the upstream portal structur i

Permanent closure w1ll be done w1th a concrete plug placed 1n the
tunnel just upstream of the outlet works intake shaft.,:

C.4.8, Outlet Works

‘The outlet works, 1ocatedfi“
‘incorporated 1nto the diversion ’

h‘“left5‘b'tme ¥ ridge, is‘
1 i‘ ‘ ntake“consists of a
iface £ he steep rldge. A
1ng'tunnel leads from the intake

sloping structure along the upstr

TYO m dzameter ‘and 40 m ong sl

to thf{divereion tunneli“ Appr ximatel 3180 m downstream of this

1ntersection. the diversion tunne“‘w1llﬁbe plug?ed A steel penstock

"C-25



embedded in this plug will convey the flow through a branch tunnel
of about 30 m in length to the control building. The 0.6 m diameter
penstock is sized assuming the minimum reservoir water surface
elevation at 84.0 MSL, the outlet elevation being 53.0 MSL, and a
maximum water demand of 4 md/s.

'Cdntrol for the downstream releases will be by a hollow-cone
valve located in the control building near the downstream embankment
j‘toe.', No: energy dissipation structure is needed for these relezses
vas the water jet mixes with air thereby dissipating the hydraullc
venergy. For inspectlon and maintenance the outlet works is equlpped
wlth a u o x4, 0 m slide gate in the sloping intake structure. The
gate W1ll be operated by a hydraulic hoisting system.

Access to the sloplng intake will be provided. by a 3 0 m wide
brldge from the dam crest.:

C.4,9. Power

Provision has been made 1n the outlet works layout”for?a¥

powerhouse to be 1ncorporated‘into the control buildln x-:éﬂiiifii
benefits justify the expendlture.

C.4.10, Lower Dam Study.

Because of the hlgh reservoi“,storage volume. in relati n: o the

low annual yleld in the dam scheme;studied a storage scheme with a'

lower dam was, also 1nvestigated.

'Vat elevatlon

In this case the full surface water level was
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from 30 to 80 m because the design head was reduced from 6 to 3 m.
This scheme reduced the gross storage capacity from 57 to 48 x 10°% m3.

Essentially all other aspects of this scheme are similar to the

ones previously described.
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C.5. DEVELOPMENT OF BANDUNGHARJO DAMSITE

The Bandungharjo damsite is located on the Glugu River about ,
4 km by trail from the village of Gundih. The distance from Semarang
to the damsite through the town of Purwodadi is about 70 km in a south
1easterly direction. The: site was previously studied to a prefea-
~,sibility level by NEDECO (3, #, 51.

Topographicly, the damsite area can be described as a relatively;
.vbroad flat river valley lined with hills on each side which come close‘
dtogether in: the fbrm ‘of narrow ridges ‘that form the proposed dam{fl
‘kabutments. on the right bank the hills are above elevation l75' SL,
' whereas the left bank ridge elevation is only 75 to 80 MSL.,?
expected that a ‘saddle dam would be required in. this area, .

From reviewing the reservoir area map enclosed in NEDECO's report ‘and
confirmed during asite visit,a .large number of v1llages are located mthin
the reservoir area, The Glugu River appeared to be carrying somewhat less ,
sediment than en.ther the Dolokor Penggaron Rivers at the time. ‘of “the site Visit,

C.5.1. Development Concept

In the NEDECO report a storage dam was proposed which had'a’

voir with F.S.L. at elevation 72 5 resulting in’ a gross reservoir
storage of 21 x 105 3. The cost of the dam inoluding* ppurtenances,

access roads, engineering, administration and contingenc1es was
estimated to be $ 1,574,000 at 1973 prices. .

From recent sediment measurements taken 1n the Jrapung River,l pom’

observatlons during a ba31n fly-over and from a s:te inspection, 1t waq
; concluded that a falrly high sediment load must be expected at the Glugu
River., Because of* this’ and the‘llmited b351n water yleld this stucy was

‘confined to developiny a scheme' ‘ichfwoﬁld]provide”the largest reservoir

v‘storape thc 81te topograp\y:woulr ‘as}tO‘proyide adequate live
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storage during the expected life time of the project. The scheme layout
is described in Figures C-5 and C-6 of this appendix. A sediment sluicing
arrangement should be investigated after more data on hydrology and sedi-

ment transport in the Glugu River have been collected.

C:5.3. Geologle :

As noted in the NEDECO report and confirmed during ‘site inspection.
the predominant rock type at the damsite area is a fairly compact marly
claystone,\containing a varying amount of tuff. The bedding of" the
claystone tend to dip downstream on the right abutment whereas on the
left abutment they are nearly vertical. This change of orientation :
across the river could indicate a fault following the alignment of the '

river bed. With the. exception of a suspected fault 1n the right abutment,;
the foundations should be tight enough. to render grouting unnecessary.‘

C.5.4, Construction Materials

From the surrounding area an abundant supply of imperVious material
is available. This material, which is a uniform silty clay, could be
used-as the core material for a zoned: embankment.‘ Due to 1te high
plasticaty and low shear strength properties, 1t would be unsuitable ?
for a homogeneous embankment £ill.- However, a suff1c1ent quantity of
limestone i available for construotion of rockfill shells. Massive
ltmestone deposits and extensive tallus accumulations have been located
.w1th1n a kilometer north of the dam51te.v After proce331ng, the limestone -
could aleo be used for filter and drain material and as afgreqate for

fconcrete.


http:would.be
http:is-discussed.in

C.5.5. Embankment Dam

Based on topographic limitations, NEDECO proposed a dam with a
crest elevation of 76.0 MSL, resulting in a gross reservoir volume of
21 x 105 m3 with F.S.L. at elevation 72.5 . Further studies have indicated
that a dam with crest elevaticn of 80.0 MSL is possible which results
in a gross reservoir volume of 35 x10% w8 with F.S.L. at elevation 76.5.
In this case, a one meter high masonry parapet wall will be required
throughout the length of the dam crest so as to provide the necessary

freeboard in the case that the design storm would occur.

The embankment proposed for Bandungharjo Dam is a zoned rockfill
structure with upstream and downstream .slopes of 2 horizontal to 1
vertical. The internal clay core slopss upstream at 1 horizontal to
1l vertical on the upstream face and 0.5 horizontal to 1 vertical on
the downstream face. To prevent fines from the core migrating or piping
into the rock fill, a 4 m wide transition will be placed between the
shell and core on the upstream side and a 4 m wide filter drain will
separate the core from the shell on the downstream side.
Foundation stripping was assumed to average 1.5 m over the contact

area in plan.

The embankment crest as proposed by NEDECO forms a sfraight‘linef
between two narrow ridges across the Glugu Riﬁer. From site inspec-
tion it was found that the right abutmeﬁt ridge is very thin and is
considered unsafe because of the bedding orientation. Consequently,
the present crest alignment is positioned upstream of both abutment
ridges so as to form a protective blanket against the narrow right
abutment to reach a higher abutment elevation on the left. In this
manner it was pessible to raise the dam crest 4.0 m to elevation
80.0 MSL. The crest now forms an arc with a centerline radius of 350 m
downstream and a crest length of»usp m.
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C.5.6. Spillway

The spillway is located adjacent to the embankment on the right
abutment. Because of the narrow ridge forming this abutment, a side
‘channel spillway was chosen at this site. The spillway was sized by
using one half of the unrouted PMF (950 m3/s) as the design flood.
This resulted in an ogee crest length of 69.m under a design head of
3.5 m. With the crest elevation set at 76.5 MSL, the maximum water
surface elevation would be 80.0 MSL. ‘For freeboard allowance, a one
meter high parapet wall will be provided on the dam crest. For the
check condition of no freeboard, the maximum spillway discharge would
be 1,383 m3/s, or 73 percent of the unrouted “MF.

The side channel consists of a concrete lined trapeZOJdal basin
69 m long, 6.5 m to 8 5m deep, and a maximum of 20 m ‘wide at the base.
At the end of the basin is'a 20 m wide control weir set at elevation
70.0 MSL. This forms the upper portlon of the splllway return chute.

Due to the proximity of the village of Klumplt downstream of the
spillway, a stllllng baSJD type of energy d1551pator was chosen._
A U.S.B.R. tyoe IT stllllng ba31n was used based upon the Froude
nunber of 5 at the stilllng b331n level. However, due to the size
and cost of this type of Stllllng basin,“a custom made 1mpact type
stilling basin should also be con51dered and model tested when

evaluatlng the feasiblllty of thls dam pr03ect.

C.5.7. Diversion Conduit:

Due to the broad rlver plaln, mueh- of ‘the embankment can be

‘constructed From both abdtm nts'blthout dlvertlng the river. . Diversion
fw1ll be reqn;red, however *t‘ place the ‘embankment material in the gap

1eft open 1n the rlver'bed At‘that tJme “the rlver oanlx:dlvevted for the
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short time required, through a cut and cover conduit along the left
river bank. The conduit was sized assuming an unrouted 10-year
frequency storm (260 m3/s) and open channel flow conditions. This
resulted in a required conduit diameter of 6.0 m, and maximum water
surface elev:cion of 60.0 MSL. A cofferdan to divert the river will

be incorporated in the embankment at the upstream toe.

Diversion closure will be initiated by stoplogs placed in slcts
at the upstream-cenduit_entpance, and later backfilled with concrete

for permanent closure.
© C.5.8. Outlet works

The outlet works, consisting of an intake ‘structure, cut-and-cover
steel penstock encased in’ concrete and a control valve, is located along
the right river bank. The 1ntake is a vertical concrete tower and steel
trashrack, with the overflow crest placed at elev tion 69 MSL, so.as to
allow for an assumed 12 % 106 3 of sedlment to be deposited during
the project's projected 30 year llfe.: The penstock was 31zed 80

as to pass 5 m3/s under a 10 m. head through a - 100 m long plpe.
The penstock size required is 1. 0 m diameter. For outlet control, a
gate valve will be installed: near the downstream embankment toe.

JFFe tie

When evaluatlng the feasibllity of thls dam pronect,:
cost reductlon may be p0851ble 1f the outlet wp;k” ‘
corporated into the dxver51on condult along th}ﬂ _i:_‘,”b,
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C.6. DEVELOPMENT OF NGEMPLAK DAMSITE

The Ngemplak damsite is located on the Pengajing River 18 km by
unpaved road from the town of Monggot. The distance from Semarang to
the damsite through the towns of Purwodadi and Monggot is about 100 km
in a south easterly direction. The site was previously studied to a
reconnaissance level by NEDECO [3, 4, 5].

_ At the damsite, the Peganjing River is incised into the valley
-,floor some 5 m, with steep nearly vertical banks on either side.
"fThe river bed elevation is approximately 42 MSL, the maximum elevation
| of the right abutment is about 75 MSL, and the left abutment is

.approximately 80 MSL. On the right abutment a saddle is present
"which may require a small retaining structure if the dam crest is <
, above elevation 70 MSL. At present no mapping is available to confirm
“this.

During site inspection it was: noted that the Peganjii

appeared to be carrying somewhat less sediment than the Glugu Rl 2D
at the Bandungharjo 51te.

C.6.1. Development Concept ™

Because the dams;te offers con31derable s%orage‘ n comparison to ff;

ge.soheme.\ From ‘
fonoluded that the '
Inggaron and Dolok Rivers.

the annual yield the progect is de31gned as a: st
obgervations during 51te and ‘Dbasin 1nspection itf

river sediment load is not: as seveve dS at the’
'The 1ayout of the proposed dam and appurtenant strnctures is‘presented
in Pigures 0-7 and C-8. “ Felt w ‘


http:comparison.to

C.6.2. derologz

Hydrologic data for this catchment area are not available.
However, since the Bandungharjo Basin which is only 9 km to the west,
has bébp evaluated its data were used to determine the Ngemplak Basin
yield by area proportion. In this way the annual yield was determined

to be about 71 X 106 m3 in a catchment area of 73 xm2,

C.G.S._Geologx

As noted in- the: NEDECO report and.as, conflrmed during site
‘1nspectlon, the rock cropplng out along the river banks and hillsides "
is a well consolldated marly claystone.‘ The fresh claystone presents

-a soundﬁfoun@at1on and is.expected to support a rockfill dam.

The only alluvlum noted 1n the damslte area was a layer about
2 m thick on the left rlver bank. thtle alluvium was noted 1n the
river bed except for occasional silty clay bars. :

From the 6 boreholes taken along the dam axis, the average depthf3

of weathered rock is 3.5 m.'

The previous report notes that the strike 0 ”thewbeding is
1Theﬁdi§fis"generally

regular and nearly parallel to the dam axls
downstream at abouta§5° No faulting is: suspectedjln the area. o

The foundation is relatlvely impervious,.since :the average
ts _aken‘at'depths

' ,,:cm/s. Therefore

‘ permeablllty coefflclent from the pressur'
varying from 5 to- ism, were»l X 10‘" e _
tno grouting or other\foundatlon tgeatmyﬁ ,xlll be oonsldered for the

‘fpresent study.
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C.6.4, Construction Materials

The NEDECO report notes that abundant embankment core material
can be found some 400 m upstream of the damsite on the left river
bank. According to sieve analyses, the material consists of about
60 percent clay, 30 percent silt and 10 percent sand fractions. The
percentage of swelling clay minerals is high.

" North east of the damsite at a hauling distance of about 6 km,
suitable limestone outcrops have been located at Condro Hill, for
use as rockfill shell material. For the present, it will be assumed
that enougb material is available for the embankment. Further studies
hoyever, must confirm this. The limestone may also be suitable for

processing filter, drain material and aggregates for concrete.

C.6.5. Embankment Dam.

In order to maximize the storage benefits, the gross reservoirﬂ
storage was established from the average annual yield, plus an .
allowance for sediment storage durlng the projected 30—year project,
life. This resulted in a FSL at 70 MSL, a dam crest elevation of :
74 MSL, and a gross reservoir storage of 90 x lO6 3

The embankment proposed‘for‘Ngemplak Dam is a zoned rockfill
structure with upstream and downstream slopes of 2 ‘horizontal to
1 vertical. The 1nternal clay core slopes upstream at 1 horizontal
to 1 vertical on the upstream face and 0.5 horizontal to 1 vertical
on the’chnatream face. To prevent fines from migrating or piping
out of the core, a’ 3 m wxde transitlon zone will be placed between
fthe shell and core on the upstream 51de, and a 3 m wide filter
;drain w1ll be placed between the core and shell on the downstream

fs;de. oundatlon strlpping -was assumed to average 3.5 m over the

:contact.area in Dlan.;r
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The prcposed dam axis forms a straight line, 400 m lohg, between
the abutments and 25 ® upstream of the location as given in the NEDECO
report. This new location is preferable since the embankment will now
be placed against the upstream side of the abutment, thereby assuming
a good embankment to abutment contact.

€.6.6. Spillway

o 'ﬂ The spillway is located adjacent to the embankment on the right
;'abutment.- Although the logical spillway location would he some 200 m
f‘to the right of this in a natural saddle, this site was rejected
because of the proximity of the village of Bringin downstream of it
vlaud the long channel (500 m) required to return the discharges to the

- piver,

Because of the lack of hydrologic data at this damsite, the PMF
was estimated from known data in a catchment area of approximate size
(Kedungwaru). This resulted in a PMF of\2,500 md/s. The spillway
was then sized by assuming one half of the unrouted PMF (1,250 m°/s)
as the design flood. With a design head cf 3m, the required ogee
crest length was 112 m, Slnce the PSL and the spillway crest were set
at elevation 70, the dam crest was placed at elevation 74, allowing
a freeboard of 1.0 m, For the check condition with no freeboard the
maximum spillway discharge would be l 917 m3/s, or 77 percent -of the
unrouted PMF.

The 112 m long: ogee shaped crest structure was arranged in a
"duck bllr' shape, so as to reduce ‘the required chute
1width by half (56 m) . The chute wall helghts were sized from the
fdepth of flow using the check condition flood with 1 meter freeboard
ito allow fbr a1r entralnment and wave formation. The hydraulic
fenergy shall be d1851pated by means of a low level flip bucket and
=plunge pool 25 m from the Peganjing River.
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C.6.7. Diversion Conduit

Diversion of the river during embankment construction will be
through a cut-and-cover conduit along the right river bank. Using
‘ the Kedungwaru catchment as a model for the Ngemplak floods, the
25-year frequency flood was estimated to be 450 m /o- The size of the
conduit required to pass this unrouted flood under open channel flow
conditions was 6.5 m diameter. However, considering that the embank-
ment is rockfill, and the flood storage would be 1.5 x 108 m3; a
lesser diameter cosduit would still be appropriate. A 6.0 m diameter
cpnduit'was chosen which would be able to pass 357 m3/s, or 70 percent
of the unrouted 25-year frequency flood. In this case a cofferdam
would be incorporated into the upstream embankment toe to protect the
damsite during construction. The cofferdam crest was set at elevation
51 MSL to allow for a freeboard;of 1!°,ﬂ-.

Diversion closure w1ll be 1n1t1ated by stoplogs placed’ in slots' .
at the upstream conduit: entrance, and 1ater backfilled Wil
for permanent closure.

‘coniérete:

C.6.8. Outlet Works o

The outlet works. cons;st of an intake structure and’a steel
penstock and gate control valve located in81de the diversion conduit. ‘
The intake is a vertical concrete tower with steel trashrack with the ‘over- -
flow crest placed at elevation 60 MSL, so as to allow for an assumed
30-year silt load of 21 x 10B 3 . The. penstock was sized to :
5 m3/s of. water, assuming an. irrigatlon demand - of 1. 75 1/s/ha for .a r

irrlgated area of 2, 880 ha.a-
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C.7. DEVELOPMENT OF BANJAREJO DAMSITE

The Banjarejo damsite is loecated on the Lusi River 15 km by narrow
road from Blora through the villages of Banjarejo and Gapuk. The total
distance from Semarang to the damsite is 14§ km in an easterly direction.
The site was previously studied'to a reconnaissance level by NEDECO [3,

4, s].

L At the dam31te the Lu51 R1ver abutment is 1nclsed into the valley
,’floor at the right abutment some 8 m, w1th relatively steep banks on
feither s1de. The rlver bed elevatlon 1s approximately at elevation
'51 MSL, the wide flood p]ain at about elevatlon 63 and the abutments
Jjust above elevation 80. The topographlc map used was 1n1t1ally taken
from the NUSA report [lu] and reproduced in {31, and is very 11m1ted 1n
- scope. Consequently the presented project arrangement is merely a’

scheme of development to ‘'obtain a reallstlc cost estlmate.

C.7£l. Development'conCePf’.d

Although the Lu31 River is one of the largest rlvers inﬁhhe
Jratunseluna Basin, only one storage damsite has been identlfie’fand
that is at the Banjarejo site. Cons1derable 1rripatlon, flood control
and power beneflts would be obtalned if a storage dam would be con— ; ‘
structed at this site, However due to the lack of favorable topography, "f
the maximum embankment would only be able to contaln less than 25 percent f,p
of the annual basin yield. Because of the large catchment area and flow )
volume, a considerable amount of sedlment would be expected to- accumulate |
in a storage reservoir each year. The llfe expectency of a storage reser—:¢
v01r would, therefore he 1ntollerably short.~ Due to the hlgh water yield
and ‘the. potent1a1 1rr1gatlon beneflts, thls study concentrated on devel-
'Oplng a storage scheme w1th sedlment passln prov1s1on dur1ng the .wet
season.‘ Thls scheme is presented 1n -Figure ,C-Q'amd C-lO of this

report.,
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c.7.2. szrologx

~The hydrologic data for this catchment area are presented in
Appendix A - Part II. “The catchment -area is 506 km2 and the estimated
annual water vield at. the damsite is Hll 5x 105 m 3

7.0, cestegy

: The predomlnant foundatlon materlal at the damelte is a stlff
»JalluV1al clay.: ‘As. noted 1n the NEDBCO report and conflrmed by
1’observation at the 31te the clay is calcareous and mostly sandy to
silty. Out-crops of marly claystone were observed along the rlver
bed and the rlght abutment. Prev1ous 1aboratory testo_have shown

k that the permeabllltles of “the alluv1a1 clays to be less than
1x J.O6 cm/s, so only limited foundation excavatlon Wlll be necessaryq

C.7.4, Construction Materials

A great sbundance of sandy to silty clay nateria
throughout the damsite area for use in the imperv1ouplemb_n‘ 0
The percentage of swelllng clay minerals 1n “this mateérial’ is, ‘high.

According to the 'NEDECO report, no. su1table material ‘has: beeng
found near the dam51te for use in the- earthflll shell. However, af;
sandy calcareous rock formatlon has been located on top of several~‘
hills whlch are about 6 km southeast of the dam51te.. This formatlon
consists of hard tuffaceous rock and very hard 11mestone, and averages
approxlmately one meter thick.. Underlylng thls 1s a 2 m thick layer
‘:of lightwe1ght, porous rock.@ It 1s doubtful however that the porous
'Trock could. w1thstand the handllng operatloA w1thout breaking down
'fcon51derably.; In any case,‘the relatlvely weak foundation material

:makes the use7of}rockfill uneconomlcal”‘
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It is recommendated that additional Ffield investigations for borrow
areas and laboratory tests of the foundation and available materials be

instigated for a more realistic assessment of the project viability.

C.7.5. Embankment Dam -

Because of ‘the relatively weak clay foundatlon, the dam embankment
Lhas been designed with an upstream slope of 4 horizontal and 1 vertical
?and a downstream slopes. of 3.5 horlzontal to 1 vertical. The zoned
*embankment consists of a large central core which tapers 1 5 horlzontal'
.to 1 vertical in the. upstream direction and 1 to l in the downstream )
‘divection. The mater:.al in the random zone 1n v:.sual:.zed to consxst of
the more sandy clays available in the v1cin1ty of the s1te ' In order

to ensure p051t1ve dralnage, a gy m vide chimney draln wlll be placed
between the core and the shell on the downstream slde. Also a horlzontalﬁ
blanket drain, with a mlnlmum thlckness of 2 m, wlll be placed on. the
foundation contact under the downstream embankment ‘shell. For slope
protection, riprap will be employed along the ent1re upstream shell
slope. Native grasses w1ll be planted on the. downstream side as slope
protection. Foundat1on strlpplng was assumed to average l 5 m oVer the

contact area.

Based on topographic llmltatlons, the dam crest was set at elevatlon :

the necessary freeboard for the de51gn flood The maxlmum'r serv01r
elevation for storage is 76 MSL, wh1ch results 1n a gross storage of
100 x 10° m3,

o the - one; proposed by
ments.' The embankment
'etter “topographic maps

The locatlon of the dam axls 1s 31m11A‘
ZNEDELO and fOrms a stralght line betwee the
'crest length is: approxlmately l soo\m on
fwould probably result 1n an- arrangement_nhlch would make better use of

'the site conflguratlon.j;
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- C.7.6. Spillway

‘ The spillway 1s located 1n the broad flat area on the right abut-
_ment. The uncontrolled ogee type crest is 207 m long and was designed
;to pass half the unrouted PMF (3,550 m3/s) with no freeboard. This is
chonsidered conservatlve since the dam will not be storing water during
vvthe wet season, and 1f such a major storm were to occur, it must first
'jfill the reservoir to the spillway crest level while discharges are
-made threnoh the slulceway at the same time.

; The spldlway chute is at a d1agonal to the crest structure so as -
[jto reduce the required width to 100 m. . The upper portlon of the chute -
'gls concrete lined and the lower portion is riprapped because of the

flat slopes encountered The availablllty of riprap ‘however is question?
.able. The extent of the concrete chute w1ll have to be established from
a tailwater rating curve after detailed topograph:c maps are available.
Energy d1351patlon is assumed to take place in a low level plunge pool :;
located a safe distance downstream of the spillway and the dam. |

C.7.7. Sedimént Passing and Diversion Schemes

The need to operate the pro:ect as a run-of-rlver structure during
the wet season, requires a sedlment pa331ng ‘sluice whlch can. be designed
to function as the rlver diversion condult ‘during constructlon. Located
at the base of the right abutment the structure will con51st of a doubla
barrel concrete conduit w1th an 1ns1de dlmen31on of 7.0 m high by 8,5 m
wide on each side. Controls for outlet works dlscharges will be. by two
~7.0x 8,5m radlal gates operatlng 1n a gate chamber under the dam crest.

.‘,Access for operat1ng, malntenance or repairs will be through a gate shaft

above the chamber. In the event that the ‘of%u1t_must be dewatered for
_hlnspectlon and malntenance, stpp:ogs oan be 1nstalled 1n slots provided

“at the 1n1et andrputlet p6rtals.,‘
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The conduit was sized to pass a diversion flood equal to the mean
annual flood of 540 m3/s with no routing benefit. This Fflood, which
- has a frequency of occurrence of‘greater than two years, was considered
sufficient for the diversion design since only the closure section of
the embankment in the temporary river channel would have to be placed
during the diversion period. If during the sediment passing operation
the conduit has insufficient capacity to pass a flood the excess waters
would sxmply be stored in the reservoir.

Because of the elastic foundation the condult would have to be b

desxgned as an. articulated structure to allow for foundatlon deformations.. 
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C.8.. DEVELOPMENT OF KEDUNGWARU DAMSITE

The\Kedungwaru damsite is located at the village of Kedungwaru
on the Kedungsambi River, which eventually becomes the Kedungwaru
:River, about 5 km north of the town of Kunduran on the Purwodadi -
'Blora highway. The distance from Semarang to the damsite is 105 Jam
in an easterly direction., The site was preViously studied at a
reconnaissance level by NEDECO [3 U, 5]

At the damsite the Kedungsambi River is incised some 6 m 1nto the
valley floor with relatively steep banks on either 31de. The river
bed elevation is about 57 MSL, the flood plain elevation about 65 MSL
and the abutments raise to elevations above 80 MSL. The river appeared
to be carrying 1ess sediment than the Peganjing River at the Ngemplak
site, at the time of the site 1nspection thus making it the river with
the lowest sediment yield in the Lusx River Subbasins, whlch were studied.

C.8.1. Development Concept

Because of the 1arge catchment area at the’ damsite, the annual
yield is the largest of any of the 51tes studied 1n ‘the subba31ns of
.the Lusi River, However, due to the lack of adequate mapping in the
higher abutment regions this study will be limited to using the -
available data supplied in the- NEDECO report.‘ Because of this, the
maximum water surface elevation was fixed at 78 MsL, which uould then
provide a gross storage of 2h x- 106 3 or - 30 percent of the annual
basin yield. Because of the limited storage capacity in comparison to
the basin runoff, and the expected high sedlment yield this dam was
designed with a sediment passing structure fbr the wet ~season flows.
The layout of Kedunpwaru Dam and appurtenant structures 1s presented
in Fipures C-11 and c-12.
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It is recommended that further studies be made of this dam to
store the optimum amount of water when adequate mapping becomes
available. The existing 1 to 25,000 scale and 12.5 m contour map
indicates that a water surface elevation of 85 MSL is possible,
which would then provide 50 x 106 m3 of gross storage.

C.8.2. Hydrology

The hydrologic data for this catchment area are presented in
Appendix A-Part II. The catchment area is 88 m? and the estimated
annual yield at the damsite is 78.8 x 106 m3,

C.8.3. Geologz

Acéording to the NEDECO report and field observations, the
predominant. type of rock at the damsite varies between a stiff
calcareous clay and a hard sandy claystone. Covering the clay is a
layer of marl which is hard and can be seen cropping out of the
adjoining hills and across the river at the damsite. Previous
laboratory tests bave indicated that the permeabilities of the clay
and marl foundation is less than 10~° cm/s, so that mo special
foundation treatment will be necessary. -

The river flood plain consists of a layer of alluvium up to 8 m
deep in some areas. The alluvium is mainly a mixture of clay, silt

and some sand.

C.8.4, Construction Materials

For the embankment core, abundant quantities of a silty clay
material are available along the left river bank just south of the
damsite. The percentage of swelling clay minerals is high. For the
rockfill embankmentlshell, abundant quantities of a porous but hard
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limestone may be obtained by developing a quarry in the hilly ridge
3 km north of the damsite. The limestone would also be suitable for
riprap. Its adequacy for filter material and for concrete aggregates

is not known at this time.

C.8,.,5. Embankment Dam

Assuming the foundation is sufficiently strong to support a rock
fill dam and considering the abundance of rock matsrial, a zoned
rockfill embankment is proposed at the Kedungwaru site. The upstream
and downstream slopes are 2.5 horizontal to 1 vertical and the
internal clay core slopes upstream at 1 horizontal to 1 vertical on
the upstream side and 0.5 horizontal to 1 vertical on the downstream
side. A 3 m wide filter will be placed between the shell and core
materials on both sides of the core so as to prevent fines from
migrating or piping. Because of the depth of alluvium along the river

banks, the foundation stripping was assumed to average 3 m over the
contact area in plan. The dam crest is at elevation 81 MSL, for
sufficient protection during major floods.

In order to place the dam over the firmer marl foundation and"j
eliminate crossing the Kedungsambi River and. adjacent stream several
times, the embankment centerline was located just downstream of the
confluence of the river and the side stream (see Figure C-11). :
Beginning at the right abutment the crest centerline fbrms an arc,’ .
with a 1,000 m radius upstream, for a distance of some 900 m and then
becomes tangent for an additional 700 m for a total crest lengthséfjﬁ
1,600 m.

The cpillway is located adjacent to the embankment on the right
ahutment:f‘Because of topographic limitations and the river location
the spillway Flows could not be discharged directly into the biver'
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without first dissipating the hydraulic energy. The spillway consists-
of an uncontrolled concrete lined chute structure for 100 m and termi-
nates in a low level flip bucket. The ogee crest elevation was set at
78 MSL and the bucket invert elevation at 71 MSL. An 1.5 horizontal to
1 vertical slope with concrete lining and a cut off forms the upstream
face of a plunge pool, set at elevation 60 MSL. An unlined discharge
channel, with a sill elevation of 65 MSL, conveys the spillway flows
from the plunge pool to the river, a distance of some 500 m.

' : The\spillway'was sized to pass half the unrouted PMF (1,425 mals)
' with no freeboard. Because the dam is not llkely to be storing water
during the wet season, inflows must first flll the reservoir to crest
" level whlle slmultaneously discharglng through the sluiceway., With a ;}
' de51gn head of 3 m, the splllway crest length was set at 128 m for thei}
deslgn flood. ‘ )

c.8.7. Sediment'PaSSingrandZDiVersionfsehemesf

© Due to the lack of. reservoir storage the pro:ect will be. Operated,ﬂ"
so as to pass all flows with high sediment concentratlons during ‘the wet’
season. For economic reasons the diversion conduit and the outlet works '
were combined into a single structure. Located through an open. cut
across the left bank of the river, the structure consxsts of a double fjl,'
barrel concrete conduit with an inside dimension of 6.0 m hlgh by 5. 5 ﬁ
wide on each side., Controls for ‘diversion closure and outlet works
discharges will be by two 6.0 x 5 5 m radial gates operating 1n a chamber
under the dam crest. Access for operatlng, malntenance or repalrs will
be through a control building and shaft from the dam crest._ For e
dewatering the conduit for inspectlon and malntenance stoplog slots

are prov1ded in the upstream portals. ' R

The conduit was. s1zed to"pass, under open channel flow condition: ,
' an annual flood of 276 md/s w1th no

Ea dlversion floodiﬂqual to
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routing effect. Because the river 1s incised at the damsite a con-
siderable portion of the embankment can be placed before the river
needs to be diverted. The diversion period should be of short
duration because of the small amount of material that needs to be
placed in the ciosure section of the dam. For these reasons a diver-
sion flood, with a frequency of occurrence of greater than two years,
was considered sufficient for this site.



C.9. DEVELOPMENT OF TIRTO DAMSITE

Tirto damsite is located on the Tambakaelo River about 4 km by
paved road north of the town of Wirosari and approximately 1 lm north
’iof the existing Tirto diverS1on structure. The djstanceffsom Semarang
*to the damsite is about 80 km in an easterly direction. - The site was
- previously identified by NEDECO [3].

‘ Since no previous investigatlons have been carried out ang the
i_only map available 13 1 to 25,000 scale w1th 12, Sm cont urs, a dem51te
H'has rot been speclfxcally located in this catchment area’ and.theﬁe-
fore, no des1gns oy draw1ngs were’ prepared. However from a recon-
naissance field trlp of the basin it.was noted that numerous potent1a1
damsites are available due to the abundanCe of hills on both ‘sides of
the river. At the time of observatlon the . Tambakselo Rlver appeared |
to have a similar low sediment- y;eld as the Kedungsambi Rivér.

C.9.1. Development Concept

Because of the topography, and an expected low sedlment 91eld,
storage dam is recommended for this bas;n.; ‘With an’ 1rr1gatlon ayatem
and diversion structure already operat:ng downstream of the resertoar,
it is anticipated that the 1rr1pat10n beneflts should be good fog;a

storage scheme upstream.

c.é.z. szrologz

Hydrologlc data for this catchment area ape not available.
However the Kedungwaru Ba51n 14 km north east of Tirto, has been
”evaluated and its hydrologlc data were used to determlne the Tirto

In th1s way the annual yield
ea‘eetlmated to be 52 Km2.

‘fBasan water yJeld by area proportio
“beoémes’ 47 x 10% m3 in a catchment ar
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C.9.3. Geology

The geology in this area has not been studied. A dense marly
‘claystone material is common in this portion of the Lusi Subbasin
however, as noted at the Kedungwaru site. Also outcrops ofﬁlimestone ,
were observed alrag the hillside in the upper basin area.

C.9.4, Construction Materials

"‘, For the purposes of this reconnaissance level studyto“”Tirto, itf”

-~ for the embankment shell is available withl
tance from the damsite.

C.9.5. Embankment Dam

Because. of . the numerous and relatively steep hllls adg"'h e

river and the rock outcrops noted a zoned rockfill dam w1ll\ ef
assumed for this site. The proposed embankment w1ll have upstream and*
downstream slopes of 2.5 horizontal to L vertical and an internal core
sloping at 1 horiZontal to 1 vertical on the upetream 31de, and ;

0.5 horizontal to 1 vertical on ‘the downstream sxde.» A 3m w1de U
transition or filter wlll be placed between. the shell and core '

material on both sides of the dam.

C.9.6. Recommendations

In order to properly evaluate thle promlsing damsite area, a
feas1b111ty level study is recommended. Before this can begin
vvfhowever, a 1to 5, 000 séale map should be - prepared, beginning at
i{fthe Tlrto Dlversion and extendlng upstream for a distance of 5 km,
‘afand at least to the hllltOpS on both sides of the river. The contour
l‘lnterval used should be 2 m. The feasibility study should include a
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1 to 2,000 scale map of the identified damsite with 2 m contour and
the 1 to 5,000 map for the reservoir area. Surface and subsurface
geologic exploration and material invéstigations and testing will be
~ necessary. Also a hydrologic study needs to be performed on the basin.
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C.10. DEVELOPMENT OF MID LUSI DIVERSION SITE

The Mid Lusi Diversion site is located at the village of Dumpil,
2 km downstream of the confluence of the Kedungwaru River with the
Lusi River, and 3 lm south of Ngaringan on the Purwodadi -~ Blora high-
way. The dietance from Semarang to the site is 98 km in an easterly

dlrectlon.

At the damsite the Lusi River is incised up to. 9 m into the flood

‘ plaln, with a steep bank on the right side. .. The river bed elevation’
is about 40 MSL and the bank elevation 49 MSL'_'_
matelv 100 m downstream of a newly completed bridge crossing the river.

The site is approxl-'

'C.10.1. Development Concept

The proposed Mid Lusi Dam will be a diver31on structure“w1th
headworks to control the proposed right and left bank canals 1;_""
right bank canal will prov1de perennial 1rr1gatlon water for a.

. projected 10, 000 ha and the left bank canal for a pro:ected 4 000 har;

No accurate maps are avallable along this portlon of the Lusx
River. A 1°to 25,000 scale and 12 5m contour map was used t
determine the bank elevations. The river cross seotion useddfor the
dam profile was taken from the brldge construction drawings. The
diversion dam plan, profile and headworks sectlons are shown on
Figures C-1% and C-15.

Q.10.2. szrologz

Recorded hydrologlc data for thls site are no-. available. However,
the Lusi Rlver Baaln hydrology at the Bangarejo site, 17 km upstream of
the Mld Lusi sxte, has been evaluated. Assuming water yields propor-.
tlonal ‘to. the catchment areas, the annual y1e1d would then become
725 x 106 3 from a catchment area estlmated to be 893 kmz
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C.10.3. Geology

The geology at this dumsite has not been studied. Stiff marly
clay was observed along the right river bank at river level and along
the left bank downstream of the site. Overlying this is a 7 m thick
alluvial deposit of silty clay material. |

C.10.4. Construction Materials

~The: diversion dam will consist of a relnforced concrete overflow
~weir, downstream apron and abutments with rubble masonry headworks, '
plers, tralning walls and transitlon sections. No aggregates for the"
concrete or rocks for the masonry were observed near the. proposed

damsite. However, the limestone quarry noted in the Kedungwaru dam-
"site study can also be used for obtainlng construction material for
the -Mid Lusi Diversion Dam. The haul distance would be approxlmately
18 m.

C.10.5. Diversion Weir

In order to pass the large river flows and to prOV1de hydraullc
head to deliver water to the rlght and’ left bank canals ‘”“ "
proposed across the center portlon of the rlver channel. 5>"”

consists of an uncontrolled ogee crested structure w1th a crest length}
of 87 m. The crest elevation was set at uu MSL based upon passlng
the design discharge of 2,073 m3/s at 5'm head.. Slnce no hydrology
data, and, therefore, no flood studles, are avallable at thls 31te
the design flood was determ1ned by u31ng the Reglonal Flood Frequency
curves, and assuming a 50-year perlod of- recurrence.‘ De51gn1ng the -
weir to pass laryer floods was corsldered 1mpract1cal because these
flows would most llkely overtop the existlng rlver banks anyway. .

. Scour protection for preventlng floods.from cutt1ng around the weir
will' have to be provided,. After the
dams at Ban]arejo and Kedungwaru the%ﬂ

plementatlon of the proposed
'currence .period for the assumedv

g2



G
design flood will considerable increase.

It is expected that a site .can be found for the Mid Lusi diversion
weir where it can be constructed in the dry inside a bend of the river.
The approach and discharge channels would be excavatnd after the head
" works structure 1s completed.

‘c.1o;s. Canal Héédwaks

The canal headworks, located adjacent and ust upstream of the
gweir, and perpendicular to it, are the main confrol structures 7S )
regulate the diverted flows into - the right and left main canals. Each"
headwork contalns three low head slide gates, two for normal operation
and one for standby. These gates were sized to pass 2 m3/s of water .
for each thousand _hectares of irrigated area, or 20 m3/s for the nght
Bank Canal and 8 mals for the Left Bank Canal. Assuming orifice flow .
conditions and a 0.5 m head, this resulted dn 2 0 m high by’2 2‘m'wide}
gates for the Right Bank Canal ‘intake and 1. 3 m high by 1.5 m'widei'f‘”
gates for the Left Bank Canal 1ntake.»

In order to reduce the amount of sediment being carried 1nto the

main canals from the river flows, a sediment pa351ng sluice lo
in the diversion weir abutments. adjacent tvicach headworks structure.
These sluice gates will be operated when the rlver flows exceed the ”
amount of water diverted 1nto the canals.. Two slulce gates are Qi'»
provided at each headworks and their sizes are the same as the re-ff

spective’ canal gates.

C.10.7. Diversion Works Commepts

i Wlth this river diversion scheme, the right bank canal elevation:
:'fHSL andtthe Lef'ﬁBankjﬁanal elevatlon 42.2 MSL. This

| ’f 8. 5 m for the right bank and 6.8 m
he:canal elevations had to be kept low because of

becomes 1

results in"deep cana‘ excavatio
tor the 1eft bank..q
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the diversion weir crest elevation required to pass the design flood.
The canal elevations could be raised by raising the weir crest, however,
this would require increasing the weir length. This would add con-

siderably to the overall cost of the diversion weir.

Much benefit could- be galned by raising these canal elevatlons
and by providing some storage at this site. The most expedlent method
6 accompllsh this would be to add control gates to the weir crest.; ”
Thls‘is a costly<1tem andllt_qould require,continuous operatlonal and.
maintenance effort to ensure proper functioning of‘the'gates. Also
the new bridge upstream would have to be jacked-up above the prOjected
high water level, and W1ng dlkeS added on both sides of the Lusr River
The advantage, however, are con51derable benefits whlch would accru
from maintaining a. higher water surface elevation at. ‘the’ dlversion
structure. These - advantages ave as follows:

1. A greater irrigated area can be covered by the gravity flow canal
system, B ' R

'2. Raising the canal invert elevation would reduce canal excavation
costs for the first few kilometers of the main canals.‘

3. Higher canal elevations will result in less river sedlments to be
passed into the canals.

4, Less fluctuation of the head pond because of the larger water: surface
area resulting in more controlable and, therefore, dependable canal
releases. ‘

5. More water available from storage for later usefas‘irrigat;on'water*
during periods of low river flows. '

. Due to lack of time no deszgn analysis or draw;ngs were made of a
dlverclon scheme incorporating coritrol gates and d1kes,however a cost
-estlmate of thxs scheme was prepared. Because of the benefits noted
;it is recommended that further studies be performed on designing a
'lgate nontrolled divers;on welr,and on optimizing canal intake elevations

‘and the amount of storage to be provided
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C.11l. RAWA PENING FOUNDATION STUDY

Rawa Pening is a lake formed in a natural depression at the base

- of the volcanoes Merbabu and Telomoyo. The lake, constitutes the head-
waters of the Tnntang River and is located about 40 I south of Semarang
‘along the sSemarang - Salatiga highway. Utilizing this lake for additional
storage was previously studied by others [6, 15, 16, 17].

C.11.1. Site Visit '

On 27 February 1980 a- field trip was made to the Rawa Pening to
~visit the locations’ of the completed subsurface exploration borings
and examine existing large structures for evidence of settlement. ;
What is believed to be a settlement ‘crack was ‘observed near the ;ﬂ;?
corner of a wall around a military facility in the general area of
boring RP-7. Since access to the facility was denied it was not B
possible to obtain additignal pertinent infonmation. Boring RP-7, _
located within-about a half kilometer, indicates that highly compresJ
sible organic material lies within 2 m of the ground surface in that

area. Two buildings were examined which were apparently part of the old
Willem I Fort. One building bore the ‘ipscription 1846 - 1849, The
wall was constructed of brick, about 7 m high and about 1. 2 m thick.
The nearest boring to these buildings is RP-1 which 1s located over

one kilometer away and 1nd1cates the presence of clay to a depth of

6 m. Peat lies beneath' the clay at the site of boring RP-l. Hhile

it may be assumed that a clay layer beneath the building has.acted

to reduce the stress’ 1ncrease in the ‘deeper more compre551ble soil
layers, resulting from construction of the heavy building described before,‘
one would st:.ll expect some consolidation to’ occu:p in the clay layer itself. '
An examination of: a. stress net. for a wall configuration gimilar to the
buildings examined 1ndicates that the. resulting load induced stress

lat a given depth beneath the center of the wall is not significantly
cdifferent than the stress whichideyelops at the same depth beneath
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the corner. Therefore there would not be a natural tendency toward
differential settlement.  In fact it appears that the stress incre-

ment beneath the center of the wall is slightly larger than the stress
which develops beneath the corner. These facts would help to explain
the ahsence of differential settlement cracks in the buildings. While
uniform settlement has probably occurred, in the absence of information
on the construction history and soil profile in the immediate area the
observations noted prove to be of limited value. No indications of the ,

magnitude of,settlement which‘has occurred,were apparent.

C.11.2.- Laboratory Testing Program

A llmltﬂd laboratory testing program was carried out consisting
of index property tests, unconfined compression, consolidation and
‘permeability tests. The purpose of the tests was to determine values
for the undrained shear strength and: consolidation parameters of the .
major soil types for use in preliminary analyses of stability and °ettle—«
ment of dikes proposed for raising the lake. It should be noted at the H
aitset that the condition of many of the undisturbed samples was poor. The results
of the tests are given in Table 0-2.‘ From a qualitative standeint
the majority of the samples examined -were soft to very soft in terms
of consistency. Samples of the‘organic’soils'varied greatly. Some
samples were extremely fibrous with plant remnants varying from the
size of a man's thumb down to twigs and leaves. "Other samples had
deteriorated to the point where fibrous matter was barely discernible;
All organic samples were characterietically dark in color (dark grey
to black) and possessed a strong odor. - Quantitatively the organic
soil samples typically had high moisture contents, high void ratio and
low unit weights. The ‘tests, as antiCipated, yielded low values for
undrained shear strength and high values for the compression index.
The, results of the consolidation tests and. permeability tests appear,
at first contradictory, Wlth values for the coefficient of consolidation
appearing too low for the values for thecoeffiCient of permeability
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An explanation might lie in the fact that the decay of plant
matter has created numerous cavities resulting in a relatively

permeable material. It was noted that the consolidation curves

exhibited a soft break early in the consolidation stage as described

by Zeevaert. (Refer to the discussion of primary and secondary
consolidation in saturated soils with cavities in Foundation Engineering
for Difficult Subsoil Conditions by L. Zeevaert). The samples, however,
did not exhibit the pronounced secondary consolidation as discussed by
Zeevaert even though significant secondary consolidation would normally
be anticipated for this material. While it does not appear that this
break in the curve necessarily indicates the end of primary consolidation
it does seem reasonable to assume that consolidation is rapid until such -
cavities are forced to close under load. As the seepage paths close the.¥
permeability naturally decreases as reflected in the values of the
coefficient of consolidation. Nevertheless, from a qualitative point

of view the tests tend to indicate that the initial stages of consoli- -
dation could occur rapidly and the resulting settlements could be large.
A final point, of less importance, regarding the testing is that values:
for the specific gravity of the peat seem too high. While this doesyi
affect the values of void ratio and degree of saturation it. w111 not
significantly affect the results of a preliminary analysis.‘ Sufficient
time was unavailable to resolve the matter.

C.11.3, Stability Analysis

Based on the resulis of the laboratory tests a preliminary
stability analysis was performed for the levee assuming different
soil profiles to determine the safety factor as a function of the
depth to the organic soil layer. The soil profiles were taken from
the logs of borings in the area. The- results} thcugh limited, ’
indicate that from the. standp01nt of stability the construction of" ;
the levee is fea31ble._ -However, more extenSive analyses should be f
performnd and they should examine the stability under long term |
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drained comditions as well as undrained conditions. Laboratory tests
will have to be performed to determine drained shear strength parameters.
At this stage it is recommended that the side slopes of the levee should

not be steeper than 3.5 horizontal to 1.0 vertical.

C.1ll.4. Settlement Analysis

A preliminary settlement analysis was also performed to formulate
an estimate of the total settlement which could occur under the proposed
levee. It should be noted, however, that the behaviour of the miterial
at Rawa Pening as it relates to settlement and consolidation is extremely
complicated and therefore difficult to predict. To perform an analysis
at this stage certain simplifying assumptions had to be made. Therefore,
in order to view the results of the above mentioned analysis in proper
perspe¢€ive the factors influencing the problem should be briefly
discussed. One factor which will influence the total settlement will
be the distribution of stresses to the soil system as a result of load
imposed by the levee. The relative stiffness of adjoining soil layers
will significantly effect the tfansfer of stress from one layer to the
next. The foundation at Rawa Pening is highly layered and extremely
nonhomogeneous. A relatively stiff clay layer near the surface may
significantly reduce the stresses transferred to a softer more compres-
sible underlying layer. The result would be less total settlement.

Also effecting total settlement will be lateral strain. A problem of
this type would normally be analyzed as a -strip loading resulting in
one dimensional compression of the foundation. One dimensional
compression assumes no lateral strain in the foundation. In view of
the very soft consistency of much of the foundation it is probatle
that significant lateral strain will occur, particularly in view of
the magnitude. of the stresses involved. The result will be larger
vertical strain which will contribute to total settlement. OFf major
importance also is the time rate of settlement or consoiidation since

we must concern ourselves with not only the magnitude of the total
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settlement but also the length of time over which the settlement will
occur. Consolidation of the foundation material at the Rawa Pening
will occur in two stages. The first stage is referred to as primary
consolidation. The term describes the volumetric deformation that
occurs under load as water is expelled from the soil pores and the
stress increase is transferred to the soil skeleton. The second stage
occurs after all measurable hydrostatic excess pore pressure has dis-
sipated and is referred to as secondary consolidation or secondary
compression. The volumetric deformation that occurs during secondary
consolidation is a result of an intergranular viscosity phenomenon.

It should be noted that the theory of consolidation describes only
primary consolidation which is a function of the permeaﬁility and
compressibility of the material and the thickness of the s0il layer.
While for a great many cases secondary consolidation has a milnor effect
it has been recognized that for organic solls secondary corsolidation
may contribute a major component of settlement. Additicnal tests on
good undisturbed samples would be required to better define the
secondary consolidation stage of the materials at the Rawa Pening.

A prediction of the rate of primary consolidation is complicated by
the stratification of the foundation where we have thick highly compres-
sible soil layers overlain or sandwiched between less permeable, less
compressible soil layers. Therefore,a major portion of the drainage
will be forced to occur in the horizontal direction. It may be noted
that ordinarily in sedimentary soils the permeability is considerably
higher in the horizontal direction than in the vertical direction.

1t should further be noted that sand layers of varying thicknesses
and at varying depths, were encountered in most of the exploration
holes.

It was assumed in the settlement analysis that the load induced
stresses in the foundation followed the distribution for an elastie
embankment as presented by Perloff. No allowance was made for
differences in the relative stiffness of adjoining soil layers since

the samples examined in the lab were pgenerally of a similar soft
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consistency. The calculations were perfomed according to the
assumptions of a one dimensional analysis. Values for the compression
index and coefficient of consolidation were taken from the results of
one dimensional compression tests for the primary consolidation stage.
The analysis indicates that total settlements in excess of 50 percent
of the total levee height are probable. An estimate of the rate of
consolidation is far more sensitive to variations 1n the material.

The rate is profoundly influenced by continuity of the compressible
layer with a free drainlng soil strata and. the length of the drainage
paths. More time would be required to better evaluate the effect of
horizontal drainage. Nevertheless, in areas beneath the levee #here
conditions are favorable to drainage the majority of the prlmary
consolidation could take place in 2 to 5 years.

In regard to the levee side slopes we find it advantageous from .
a stability standpoint to use flatter slopes, however, from a settle- i
ment standpoint the opposite is true. A comparison of 2 horizoital‘ |
to 1 vertical slopes versus 3.5 horizontal to 1 vertical slopes v
indicates that for the case analyzed a reduction in total settlement
~of about 15 percent of the total levee height would be ‘achieved by
constructing the steeper slopes. While slopes of 2 horizontal to
1 vertical are unreasonable in light of available data on shear ‘
strength the comparison does serve well to point out that the slopes ‘
should not be arbltrarily flattened for safety sake without con-‘,f ‘
sideration given to the effect on total settlement. Furthermore it
illustrates the need for a thovough stabllity analysis’ in order to :i
determine the .maximum allowable slope angle. '

In allowing for settlement by placing additional material on the
levee to re-establish the required elevation it must be kept in mind
‘that the placement of additional material will induce further consoli-
dation in proportion to the amount of material placed. Such an
operatlen would have to become a part of the regular maintenance of
the levee with costs figured accordingly in view of the magnitude of
the settlement anticipatad and the secondary compression phenomencn.
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Another consideration at this stage is the possibility of inducing
additional consolidation of the levee foundation by raising the lake level.
While this would normally not be expected, the presence of a clay layer
over a more compressible organic soil layer could potentially affect
such a result if the clay layer is much less permeable than the com-
pressible layer and is of significant lateral extent. The reasoning
" is as follows. The increase in total stress within the foundation '
resulting from raising the‘lake level will bring about a correspon-
ding increase in pore pressure and flow will begin through the
" foundation beneath the levee as would normally’be expected. The.
difference, however, is that if the flow of water through the clay
'layer is much less than through the compressible soil layer, the pore_
water leaving the soil will result in primary consolidation rather S

than steady state seepage. A determining factor, however, may be,,.?
the springs which feed the Rawa Pening and the supply of water which?
they could provide to the underlying goils. Also of major importance
would be the latteral extent of existing permeable sand layers.e Both;p

these factors could potentially prevent such: consolidation fromv"_ v
occurring. Nevertheless at this stage the possibility should not be .
ruled out without a better understanding of the foundaticn materials‘

and groundwater conditioms.

C.11.5. Drainage Ditches

The idea has been advanced that if peat is encountered during
the construction of drainage ditches a lining of clay be constructed ?
over the peat to prevent the ditch from acting as a drain fcr the 8
peat leyer. Seepage would then be further reduced when the ditch is-
filled with water and the water would alsc contribute to the stability
of- the ditch.‘ Several problems would have to be addressed with this
scheme.- First would be the short term stability of the excavation

_during ronstruction and the behav1cus of the peat to this stress
lraductlon.f Another problem could exist from seepage into the ex-

‘fcavation from the peat depending on groundwater conditions. Finally
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the construction of a compacted clay lining over a soft, highly
compressible saturated soil would present problems.

C.11.6, Conclusionsvand Recommendations

- It appears, based on this preliminary analysxs. that while the
2jconstruction of the levee is technically feasible the problems relating
: to settlement and consolidation of the levee and potential problems .
'associated with the construction of drainage ditches could make this '~
alternative economically unattractive. 1f, however, it is decided
»that the raising of the Rawa Pening can only be accomplished by con-
v”structing a levee and accepting the attendant costs then the following
should be kept in mind. A 51gn1fioant amount of additional work will
have to be performed to better evaluate. potential settlement and con-
solidation. Due to the complicated nature of the problem the best
approach would ‘be the construction of one or more fully 1nstrumented
test sections in the field to observe the actual behaviour of the
foundation, A thorough laboratory test program would also be necessary
to determine the shear strength properties of- the fbundation and cor-ih
relate laboratory behaviour of the foundation to actual observed field
behaviour in terms of total settlement and oonsolidation. Additional
information should also be obtained on groundwater conditions at the :
site in view of the springs that feed the Rawa Pening to determine f
what effect they might have on the behaviour of the foundation under
load. Major consideration should be given to the depth of overlylng
clay layers, in terms of stability and settlement,(when selecting the
alignment. for the levee. Additional work will have~to be done to
predict the behaviour of the organio 3011 layers upon excavation for
drainage ditches.

atFthis t1me in the possible

Another problem that is not{underst"
: *he’Rawa Pening on the ground

finfluence of raising theh ater surfa
}water regime o 'the‘wurrounding‘area nd:on the‘yield of the springs in

jand around the}lake AR




TABLE C-2

TABULATED SUMMARY OF SOIL PARAMETERS'F

FOR THE FOUNDATION MATERTALS .OF THE RAWA PENING
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. %,é.o_;éEQ:f e A B FRee R pf7 _ _
8 j15.4-15.8 = .013.5). - -
| 8 j15.4-15781 16.0] 10%-20-5| -
| 8 l12:4-12.8 3.7 - 5.10-%
{8 115.0-15.4 3.1 - 1.10-3
| '~

- Liquid Limit

Plastic Limit

(LL)'E“le
(pL)

Compression Index (Cg)

Moisture Cont

ent GDO)

Void Ratio (eg) :
Compression Index (C¢)

(1) Based on

Lab test

‘Specific Gravity (Gs) °
Total Unit Weight (¥¢) =
Undrained Shear Strength' (Sy)-

Coefficient of Permeability-(k) . .
Coefficient of Consolidation: (C.):

(3) ‘Based on empirical expression after Hough .
(4) Based on empirical expression after Nishida

(2) Based on empirical expreésion after Terzaghi & Peck
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C.12, RAWA PENING CIVIL REVIEW

- The raising of the Rawa Pening was previously studied and is

' presented in Part I of this appendix. The purpose of this limited

‘.reﬁiew is to update the Rawa Pening drawing included in Part I and
"to:add a sketch of raising the Jelok Weir. The drawings avre
presented as Figures C-15 and C-16.

nglZfl.;Rawa Pening Levees and Drains; |

| of 3 5 horizontal to 1.0 vertlcal as proposed in the Par I study‘
appear to be adequate.

In order to prevent local runoff from the adjacent slopes from
.ponding along the leveee a drain needs to be prov1ded around the lake.;
The drainage would discharge water into the Tuntang River downetream
of the Jelok Weir. Careful congideration must be given to. locating
the drain as the ditch could affect the stability of the levee if it
is located tao close. The length of the drain at a required alope jf
could result in the ditch invert to drop below the existlng 1mperviousf
clay layer at the surface ~into’ the’ ‘very: soft and highly previous peat -
layer below. Draining the peat into the: drainage ditch would result
- in excessive settlements of the levees. Burried pipe drains with drop
inlets may provide a solution. High coats and considerable conetruction
difficulties may renter this scheme undesirable. Shallow drainage
ditches with pumping fac111t1es at- 1ntermediate points appear to be the

most logical arrangement at this time. e

fQ;lé;ﬁl;Raising;JelORfHeir”

The existing Jelok Weir is located about one kllometer north of
;the highway@to'Salatiga where it crosses the Tuntang Rlver at the
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C.12, RAWA PENING CIVIL REVIEW

The raising of the Rawa Pening was previously studied and is
_presented in Part I of this appendix. The purpose of this limited
review is to update the Rawa Pening drawing included in Part I and -
gto add a sketch of vraising the Jelok Weir. The drawings are
presented as Figures C-15 and C-16.

;}lQ.l.'Rawa’Pening Levees and Drains

, Based upon the results of the laboratory soil tests and.the “re-}
rllminary stabillty analy51s noted in Chapter c. ll., the leve slope“hﬁ
of 3.5 horlzontal to 1.0 vertlcal as proposed in the Part I studv” ‘
'appear to be adequate..

In: order to prevent 1ooa1 runoff from the adjacent slopee from
pondlng along the 1evees a drain needs to- be prov1ded around the 1ake.
The dralnage would dlscharge water into the Tuntang R1ver downstream
of the Jelok Weir. Careful consideration must be given;t'hlocating
the drain as the ‘ditch could affect the stabzllty of. the levee 1f 1t
is located too close. The 1ength of the draln at a requ1red slope
could result in the ditch invert to drop below the EXlBtng 1mperv1ous
clay layer-: at the surface into ‘the very soft an ,highly prev1ous peat f
layer below. Draining the peat 1nto the drainage dltch would result
in excessive settlements of the levees. Burrled;plpe:drains W1th drop
inlets may provide a solution. ngh oosts and co ':’I.derab:l.'a conetructior
difficulties may renter this scheme undeszrable_ 3 allow drainage <‘
ditches with pumping fao111t1es at 1ntermediate points'appear to be the}{

most log1cal arrangement at this t1me. :

.€.12.2. Raising Jelok Weir

The exlstlnp ‘Jelok Weir is located about one- kilometer north of .
‘fthe hlghway to Salatxga where it crosses the Tuntang River at the
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C.13. GLAPAN BARRAGE CIVIL REVIEH

The Glapan Barrage was. prev;ously studied and is presented in
-Part I of this append;x. The purpose of this brief review is to
, update the drawing of the. barrage as shown 'in Flgure C-5 in the
‘fPart 1 report.f The revised drawing is presented as Flgure C-l7
:herein. ' .

"

‘QQJla.l;lBarrage Sizing

A " As mentioned in the Part. I study, the: barrage was ueeiglitd Ly,

pass the unrouted loo-year frequency flood of 1,190 'm /s.’ The clear :
waterway width was determined by settlng the width equal to 1. 2 tlmesf
the river width [19]. This checks closely with Lacey's Formula of
2.67 times the square root’ of the. dlscharge [20]. This resulted 1n
a waterway width of 80 m, or 6 bays of 15 m each. ‘

Because of the clay foundatlon under the barrage, different1a1
settlement is likely to occur due to the variable loads applled to‘

the foundation., With radial gates employed as’ controls, no dlfferentlaly
settlement can be allowed that would cause the gate not’ to open or closei
in operation. Therefore, each bay is designed as an 1ndependent un1t off
sufficient stiffness to prevent jamming of the gates. The jOlnt between‘

the bays is ‘located in the ceuter of the plers. The bays would only be
connected to each other by a waterstop placed between ‘the plers.__‘r '
Assuming a half-pler w1dth of 2.5 my and 5 gplit: piers between the,y
barrage abutments, the total barrage 'span will be. 115 me -

L 15 MSL and& he apron elevatlonﬂat 12 MSL._
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‘C.13,2. Foundation Desigg

_ In order to reduce the foundation uplift pressures on the base -
pslab, steel sheet pile walls are employed under both the upstream
‘and downstream cutoffs.’

. Depending on the strength parameters of the river bed alluvium

1 at. ‘the site, special provisions may be necessary to assure sliding e
iresistance of the gate structure. This may be done with batter piles

' in the pile foundation or by increasing the length of the base slab.,
_A comprehensive foundation exploration and material testing program
“will be requiredoheforevthe”foundation design can beAconducted,

c.13.3. Glapan Diversion’ Structure (Barrag_l
Guide" Lines for Final Desigg

€.13.3.a. General

The design description. of the Glapan Barrage asagiuen i the o
preceding subsections C.13.1. and C 13 2. is for a‘ truoture designed
at reconnaissance level for estimating quantities and costsrl_“k“
following paragraphs of this section are presented;tome “eneral
guidelines for designing the proposed Glapan Barrage.‘g

Accepted design rule for: barrages on permeable foundation arehi
contained in Section 17 of. Handbook of Applied Hydraulics by T
C.V. Davis [20], As the. heading indicates Section l7 deals with
- design of barrages on permeable foundations. The. stated experience

is exclusively drawn from low head weirs in wide,_alluvial river
»channels on the major rivers in Pakistan and India v
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C.lé;d.b. Glapan Diversion Structure

‘ti)hoperation

The Glapan Diversion is planned to serve multiple purposes,
namely 1) to raise the'riv“”~ ater 1evel for ‘diversion into the
irrigation canals 2) tov_ ! .;sediment inflow into the canal
.headworks, and 3) to provide storage for augmentation of river
flows during the dry season. These three design goals set apart’

the . Glapan structure from the barrages ‘described in most hydraulic
handbooks., However, the expected high sediment yield in the
Tuntang River requires the structure to be so de81gned as to
‘allow passing of the wet . season flows and floods through the
structure in the same way a barrage is operated. ' ’

(1i) Structure,Poundation‘

No exploration has been done on the proposed site for the
Glapan diversion structure. From visual inspection it appears
that the alluvium in the river bed may be L-to 6 m deep-, The
river deposits are mostly silts 1ntermixed with clay particles
to a varying degree.. The material exposed in the river banks
is of medium to high plasticity. Although the presence of
permeable lenses of fine silty sands must be expected the
overall permeability of ‘the foundation materials should be in
the range of medium to low. The density of the foundation
‘material overlying the bed rock is probably low, so that con-‘
solidation under construction load has to be expected.‘

~ Without some more specific knowledge of the Glapan founda~-
tion. conditions, the following design assumptions should be made.

Nl.,The .8tructure should be located in a river bend in order to
facilitate construction in the dry behind cofferdams, while
the river remains in its natural channel.
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2. Because of expected differential settlements in the foundation
the design should provide articulation of the concrete struc-
ture. In effect each bay should be designed as an individual
unit with the separation of the unit blocks along the center
of the piers. 1If the foundation conditions should be found

-better than expected at present, two or three bays can be
combined in one block. The formed concrete at the interface
between blocks shall be smooth, and a coat of asphalt should
be applied before placing concrete of the adjacent block.

A waterstop with a large center bulb, which can accommodate
differential movement, should be placed in the joint.

For reduction of seepage losses under the structure'and'to°
'material sheet pile cutoffs should be provided one under the
cutoff of the. approach apron, ‘and one each under the upstream and'
downstream cutoff of the weir section, . The lines of sheet piles
should be" 1nterconneeted under the end piers on both abutments. i
For the reduction of uplift pressures an underdrain should be .-
_installed under the approach apron - depending on the permeability “
of the structure foundation also behlnd the upstream cutoff of
the weir structure. The drain outlets are located at” the upstream
end of the hearth slab..

(iii) Hydraulic Design

Procedures and guidelines for hydraulic de81gn of barrages -
are given in many hydraulic handbooks. The two important items o
appreciable backwater effect, and the length of the hearth slah
which must contain the hydraulic jump for 411 flow ccnditions. '

Design limitations applied as a rule to barrages constructed
on fine cohesionlessv801ls can be 1iberalized for the cohesive
;materialhat Glapan.f' : ' f hydraulic head (afflux) of 1.5 to
'&1ls‘m'atvmaximum'flood‘discharge should be permissible, and flow
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concentrations of 28 to 37 m3/s/m of weir length could‘be
tolerated. Necegsary bed protection upstream and dowmstream
of the concrete structurs by block or rock aprons should be
established from model tests. The design flood chosen for the
Glapan site has a recurrence period of about 100 years. This
is considered a conservative design approach for the size of
the structure and when possible changes in the flood magnitude
‘in the future, because of other developments on the Tuntang
River“”are being considered.

(iv) Uplift and Slid_ﬁg

‘Most uplift theorles developed in handbooks% Lpljﬂtd;,u
'permeable, homogeneoue foundations.g On fbundati with lo
permeability so that the amount . of seepage can easily be handled
it is customary to provide a. system of: underdrains, and to make
allowance for drain efficiency. s;milar to uplift computations :
for dams. Since our assumptions ‘for the foundation conditions
at Glapan are in no way substantiated at this time the design
shown on the drawing is a combination of prov1d1ng a. tolerabler
hydraulic gradient through the fbundatlon by steel pile tutoffs
and by. reducing uplift pressures along the structure - foundation
interface by a system of foundation drains. Depending on actual
foundation conditions either one or. the other of the two uplift
control measures should receive preference when all required
information in available.

A complete understanding of the structure foundation -and
reliable data on the strength characteristics of the foundation
materials are necessary for. the: stahility analysis of the Glapan
‘Diversion weir. The critical load conditlon would be full water
:pressure on closed gates with no tailwater. It is general
'practice for barrage like structures to consider only the fric-
tional resistance of the foundation material and not to apply
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the shear-friction criterion. The sliding factor for a silty
clay foundation as expected at Glapan should not exceed 0.3.
The effect of the approach slab on sliding stability may be

, considered if the design provides the necessary structural ties
between slab and weir structure. The amount of assistance to be
.relied upon must be determined from conservative uplift assump-
tions (Lane's creep ratio, drain efficiency, method of
intependent variables)

C.13.3.c. Recormended Investigation’Program

(1) site Eiplorationv

a. Foundation

The geology description contained in NEDECO's Jratunseluna
Basin Development ‘Plan is based on vieual 1mpre391ons, as no d
core drilling, augering or test pitting has been performed at .
the Glapan site. For a proper geotechnical and- structural
design of the barrage a comprehensive site exploration is .
necessary. A program from which needed 1nformation and data
can be obtained is: depicted on a map showxng a preliminary
layout of -the Glapan Structures. This program, however, .
should be augmented 1n the field by an experienced geologistf-
in order to confirm or disprove the presence of a wrench fault;y
which is suspected by NEDECO. Also the location of the nine .
drill holes 1ndicated should be checked inrthe field so that
the field exploration program fills gaps 15“ he interprete-'

tion of the site geology as observed in out ops, natural or
man-made cuts, river banks, topographic express;ons etc. :

All‘drill ‘holes ‘houldibe NX size, recovered drill cores

.should be caretull Wmeasured for exact locations in situ, and
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should be logged by an experienced geologist. All drill holes
should extend to about elevation 5.0 MSL; the depth of holes
for the exploration of faults should be determined by the
supervising geologist. The presence of limestone on the site
necessitates that all holes be tested for permeability.
Permeability tests are also required in the alluvium which
overlies the valley floor in the banks and in the river bed.

It is expected that the alluvium in the valley floor is
too deep for dozer trenching. The proposed trenches are,
therefore limited to exposing the bed rock in the abutments.
. The trenches should be surveyed and logged by an experienced
geologist or geotechnical engineer.

If wide variations in the alluvium become evidant during
the drilling program additional test pits may provide the
required information.

The following sampling methods should be employed:
rock coring with tripple-tube core barrel, in the alluvium
and in weathered in situ material shelby tube or pitcher
sampling, and bulk samples in trenches and test pits.

b. Construction Material

Construction material for the dam embankment should be
obtained as far as possible from the reservoir area. A borrow
area for impervious material can probably be found in the
older and veathered alluvial deposits in the valley floor.
Material with somewhat better properties for use in the
outer zones of the embankment may be available from 3lope
wash (colluvium) along the bottom of the abutments. Locations
for potential borrow areas should be determined in the field
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by an experienced engineer. If the cohesive materials in the
vicinity of the site have low shear strength and are dif-
ficult to handle because of high plasticity, the use of
limestone may be considered in the outer gshells of the
embankment.

There is nothing known at this time about sources for
concrete aggregates, filter material, sand and gravel in the
fuse plug, and riprap. A search of these materials has to
be part of the exploration program. Good quality vrock, sand
and gravel may have to be imported from considerable
distances.

(11) Laboratory Testing

Laboratory testing is required for the materials in the foun-
dation of the barrage. In order to establish excavation levels
the materials have to be sampled and tested from near surface to
bed rock level. The testing should include: basic material
classification, consolidation and swelling, direct shear and

triaxial and unconfined compression.

Materials proposed for construction of the embankment need
also be tested. A geotechnical engineer or a geologist should
select representative samples from different locations and from
different depths in the borrow areas. The soils parameters
required for design need to be established from the following
testing procedures: basic material classifications such as:
gradation including hydrometer, specific gravity, natural moisture,
Atterberg limits, consolidation, swelling, unconfined compression
(for marls), undrained and drained direct shear, triaxial shear.

c-73



Triaxial tests should be perforﬁed unconsolidated undrained, with
pore pressure measurements. As NEDECO suspects large swelling
pressures from the clays at Glapan,minerological analyses are

recommended.
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C.l4, CONSTRUCTION COSTS

Preliminary designs were prepared, except for Tirto, for each of
the dams recommended for fuvrther study and are presented in Figures C-1
to C-14%. From these drawings the various quantities of construction items
were estimated and then used to develop the prefeasibility level cost estimates.
The estimated project capital costs were then utilized in the economic
analysis of the recomhended development plans. The updated Rawa Pening
and Glapan Barrage drawings and the modified Jelok Weir drawing included
herein were not utilized to develop new construction quantities and cost
estimates due to the lack of data and time. However, the capital costs
for these structures as presented in Part I of this appendix is deemed
to be accurate enough for this.levél of study.

The basic philosophy ﬁn_preparing.the designs and cost estimates
was that the estimates at this level of-atudy should be on the con-
servative, or high side to reflect the lack of data and the preliminary
nature of the study. In order to eneure a uniform basis of comparing
the merits of all the projects in this report, the costs are based on

December 1979 prices as given in Part I of this appepdix.

C.1l4.1l, Unit Prices

The unit prices assigned to the various items of comstruction were
derived considering various data and inFormation. De*ailed engineer's es-
timates were prepared recently for théfﬂragung Dam and the Kedungombo Dam,
both of which are within the Jratunseluna Basin. These estimates,
actual construction costs from similar projects in Java, bid prices
from projects in Asia and the writer's judgement were all considered
in arriving at the unit prices used in the presented estimates. Where
the unit prices for similar items differ among the estimates, they
reflect the cost effect of quantity variations, haul distances or
aifficulty of construction. ’ |
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Computation of construction quantities is not applicable to some
items such as Cave of Water, or Mobilization, and is not warranted at’
this level of study for other items such as Access’ 'Roads, Gates and
Miscellaneous Metalwork. Such items were estimated on the basis of
lump sum prices derived from estimates previously prepared for other
projects and of bid tabulations of other similar projects.

C.l4.2. Non-Construction Costs

A contingency allowance of 20 percent was added to the estimated
construction cost of each project. This contingency is intended to
cover inaccuracies in estimating quantities due to inadequate mapping,

the probability that the ‘proposed design will be revised ac more data
become available, unforseen or overlooked items of construction and
the uncertainty of the effects of Jocal conditions on unit prices.

An allowance of 10 percent of the total of construction coet
plus contingency was added to account for the cost of . engineering
and administration.

C.1lu4,3, Results

The cost estimates for each project studied ‘herein and included
in the development plans a:epresented in summary form in Table c-a.
A breakdown of the costs for each project is presented in Tables
C-i4 through C-12.



TABLE C-3

vCOST'SUHﬁARY OF POTENTIAL DAM PROJECTS STUDIED

Project Element

PenggaronDam at 73 x 106%‘1;13 Gross Storage -
'Dbi&k | Dan at §7 x 108 m3 Gross Storage
| DolokDam at 48 x ;106, m3 Gross Storage |
’ Bahdpnghaéjo Dam at’ 3 5 x 10% m3 Gross Storage
Ngemplak Dam ét 90 x 106 nd Gross Storage
Banjarejo Dam at 100 x 105‘m?_ Gross Storage
Kedungwaru Dam A.t_{;tgl& X 166 jm3; Gross Storage
Mid Lusi Diversion i)am

Mid Lusi Diversion Dam with Control'Gates

=77

Cost in Millions of
(v.S. $)

23.3
17.2

4.8

10.2




TABLE C-4

[

COST ESTIMATE FOR PENGGARON DAM AT 73 x 10% m3 GROSS STORAGE

Work Iten Quantity -“?3%‘.”3?‘ WS 8
'GENERAL ‘
Mobilization L., - 400,000
'Access Road LS. - 100,000
800,000
' EMBANKMENT a
Care of HWater : o - 100,000
Stripping f360'000ﬂm3 | 900,000
Drilling & Grouting . 3,500 m' ;os.ooo'
Imp. Core & Blanket geso.ooo n3 2,337,500
Earthfill , /950,000 m3 3,800,000
Sloping Filter = | 50,000 m3 375,000
Blanket Filter Drain 160,000 m3 1,120,000 -
Riprap 58, 000 3 112.00; 686,000
Masonry Parapet '1,00m% 60,00 64,200
9,497 +»700
SADDLE DAMS |
Stripping 112 500‘_';
Random Fill 1.200 ,000-
Riprap 96 000‘:
Drilling & Grouting 81!000’7
; ;!9925590f~
SPILLWAY £
Excavation 152 000 m? S 4,00 ?sos ooo‘
Backfill | 14,500 m3 7450 33,750
Drain Pipe with Bedding 1,000 m" +12,000
Slab Concrete h 3,080 m3 125,00 497,500
Wall Concrete Qa 380 w8 175,00 591,500
Reinforcement i ; C 368t 750,00 276,000
Riprap fa,vuo m 112.00 i ,880
Drilling € Grouting ° 720 m 730,00 21,600
2,085,230
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TABLE C-4

(Cont,)

COST ESTIMATE FOR PENGGARON DAM AT 73 x 105 m3 GROSS STORAGE

Work Item

C e

* DIVERSION/OUTLET WORKS

‘ Ekcavation

Backfill ,
Drain Pipe with Bedding:
~8lab Concrete '

Wall Concrete
Réihfofcemént

Drilling & Grouting :

2-6.0 x 8.0m Radial Gates

ﬂiscellaneous Hetalwork.

i
100,000 md 4,50 450,000
‘~1u,sop m  7.50 109,500
| 'aOO‘m'5’,’jgié;po3-' 9,600
2,040 m® 125,00 - 855,000
16,430 ‘md 140,00 2,300,200
©hoo't  750.00, 900,000
goom’ 130,00 ‘18,000
FE YT e 250,000
“}iL,s;* s 120,000
RN 3,812,300
_ Subtotal 17,684,730
;:Continggpcy (20%) 3,536,946
* Subtotal 021,221,676
"{ngp © Admm (10%)5' 2,122,168
IR ';TOTAL, 23,343,844

Say $ 23 300 ooo




TABLE C-5
COST ESTIMATE FOR DOLOK DAM AT 57 x 10° m3 GROSS STORAGE

: It . Total
Work Item Quantity U?éfs?rsie (U.S. %)

GENERAL |
Mobilization LS Coe 400,000
Access Road ﬁfﬁiseﬂ i 400,000

| ’ 800,000
EMBANKMENT | ) :
Care of Water u'f}ﬁ.s;f
" Stripping = ;jéb;obd md
' Drilling & Grouting - 6,800 m"
Impervious Core : ‘229,000 m3
Rockfill - Quarry = 879,000 m3
Rockfill - Requived Ex. . ' 80,000 m3
Filter Transition 125,000 m3

100,000

150,000

204,000
687,000
7,032,000
240,000
937,500

oo
SPILLWAY Faprg et
Excavation
Drain Pipe with Bedding
Slab Concrete
Wall Concrete
Wall Anchors

Reinforcement

s 1405,000:
200 oo
125.00 325,000 -
175.00 385,000
v‘.'a.é'ico:/f '25"500
7505003 204,000
ld. 00 . 14,400
30,00 5000

Riprap
Drilling € Grouting

1,412,400 .




TABLE C-5
(Cont.)

COST ESTIMATE FOR DOLOK DAM AT 57 x 10° m3 GROSS STORAGE

Hork Tten wantity iU s e
DIVERSION TUNNEL

Open Cut Excavation . 83,600 m3 4.00 14,400
Tunnel Excavation 7,100 m3 60.00 426,000
" Portal Concrete | 50 m3 200.00 10,000
Tunnel Concrete 2,500 m3 125,00 312,500
Plug Concrete 200 m3 100.00 " 20,000
Reinforcement 0t 750,00 52,500

Drilling Grout & DrainHoles =~ 5,300 m 15.00 79,500
Grouting 2,000 sks 12.50 12,500

' | | B - 927,400

OUTLET WORKS

Open Cut Excavation 800 m3. 1,007 3,200

Tunnel Excavation _ o ‘ { 3900 maﬁ : 70. 00“ - 63,000

Intake & Outlet Concrete 't]fzsovma' jzoo 00- 50,000

Tunnel Concrete- 1400 m /150,00 60,000
Backfill Concrete ‘190m3 100.00° 19,000
Bridge Concrete | 160md - 400,00 61,000
Reinforcement a0t .4’v‘7so 00 60,000
Drilling Grout & Drain Holes . 400@m = 15.00 6,000
Grouting |  80sks 12.soja 1,000

0.6 m Dia. Penstock LSS et 20,000

4.0 x 4.0 m Slide Gate L.S. - - 50,000

Fixed Cone Valve . L.S.. = 100,000
Miscellaneous Metalwork 7ﬁ§$i' JE;f 20,000
S o | 516,200

' “Subtotal 13,006,500

' “Conting9ncy (20%) 2,601,300

 Subtotal 15,607,800

‘Engr. & Admin. (108) 1,560,780

TOTAL: 17,158,580

Say §_17,200,000

=t
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TABLE C-6

COST ESTIMATE FOR DOLOK DAM AT 48 x 105 m® GROSS STORAGE

Work Tten antity RS (s s)
GENERAL
Mobilization L.S, - 400,000
Access Road LS. - 400,000
” | 800,000
EMBANKMENT
Care of Water  ;L S;v >{7-L‘A 100,000
Stripping 4,000 u® 2,50 110,000
Drilling & Grouting 6,500 m 30,00, 195,000
Impervious Core 168,000 3 3,00 504,000
Rockfill - Quarry 426,000 m? ©8.00 3,408,000
Rockfill - Required Ex. 277,000 m3 . 3.00 831,000
Filter Transition 92,000 m® 750 690,000
Masonry Parapet aan gl 60;66 21,600
. ?5;859;spo
SPILLWAY L ;7 i
Excavation ~1 soo 000
Drain Pipe with Bedding 21”600
Slab Concrete 862,500
Wall Concrete 192 500
Wall Anchors 12 800
Reinforcement 417 000
Riprap ‘ag, uooi
Drilling & Grouting 7s,ooof,
| | E .119,800’"
DIVERSION TUNNEL S
Open Cut Excavation _51u5400'
Tunnel Excavation 426,000
" Portal Concrete - /200,00 ~ 10,000
' Tunnel Concrete 125300 312,500
'.‘Piug Concrete';' 1i00;66”: 20,000
Relnforcement "750.00 52,500
Drilling Grout & Drain Holes ~ 15,00 79,500
Groutlng , 12,50 12,500
C-82
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TABLE C-6
(Cont.)

COST ESTIMATE FOR DOLOK DAM AT u8 x 10% m® GROSS STORAGE

Unit Price Total

Hork Trem Qantity  “(y5.'§) (U5, $)
OUTLET WORKS: | |
Open Cut Excavation ?f800 m3;
Tunnel Excavation 22900 m?;

Intake & Outlet Concrete .
Tunnel Concrete o
Backfill Concrete +:400.00:
Bridge Concrete - 400 00;
Reinforcement | i 80*t 750 00}
Drilling Grout & Drain Holes. 400 m :
Grouting B
0.6 m Dia. Penstock

4,0 x4.0 m Slide Gate

Fixed Cone Valve , |
Miscellaneous Metalwork

515 2ooff'

Subtotal . 11 233,000 -
COntingency (2@%); ~ ;:f,2 2&# GOQE
Subtotal ~ 13,867,600 °
| Engr. & Admin (208 1,345, ;760

TOTAL

o o o o ol 0o e o ol o g e
—---------—-
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TABLE C-7

COST ESTIMATE FOR BANDUNGHARJO DAM AT 35 x 10° m® GROSS STORAGE

c-84

Work Item quanttey YT s s)
GENERAL ’
Mobilization .L.S. - 500,000
Accegs Road LeSs - 500,000
1,000,000
EMBANKMENT
Care of Water - 100,000
Stripping w3 2.50 115,000
Impervious Core ' 73,doo}m?_ 2750 200,750
Rockfill 181, 1000 3 9.00° 1,629,000
Filter Transition 46,000 m3 7,50, 345,000
Random Fill =~ 6,400 B3 3,00 18,200
Mascnry Parapet 400 m3 60,00 24,000
’ 2,432,950
SPILLWAY . |
Excavation 120,000 m3 u 50 540,000,
Drain Pipe with Bedding 1;050'm" 12 OOJ 12 600f
Slab Concrete ,125 oo. 587 500»
Wall Concrete 175.00 ﬁ1 627,500
Wall & Slab Anchors 32 oo/ 75 aoo?
Reinforcement y 395 soof
Riprap ;r*'szoooé
18,235,900,
DIVERSION CONDUIT.
Excavation 90 800f
Embankment Backf1ll 32, ooo?
Conduit Concrete 5588 000?
Plug Concrete 23,000
Reinforcement 100,500
B " '834,300"



TABLE (-7
(Cont.)

COST ESTiHATE FOR BANDUNGHARJO DAM AT 35 x 10% m3 GROSS STORAGE

Unit Price Total

Work Item Quantity TGS TS (s, §)
OUTLET WORKS :

Excavation 2 100 m3 w00 8,400
Embankment Backfil: .800n 20,00 36,000
Intake Concrete 5o m3j 200,00 10,000
Bedding Concrete 150 m37 100.00° 15,000
Reinforcement = 15t 750,00 11,250
1.0 m Dia. Penstock ;L 8.0 el ~ 50,000
Gate Valve LS, Ll 100,000
‘Miscellaneous Metalwork a?hﬁ$5~/ = 20,000
| 250,650

Subtotal 7,753,800

Contingency (20%) 1,550,760

Subtotal - ‘ 9,304,560

Engr. & Admin (10%) 830,456

TOTAL‘ 10,235,016 .

Say $ 10, 200 000




TABLE C-8

COST ESTIMATE FOR NGEMPLAX DAK AT 90 x 10° m3 GROSS STORAGE

Hork Item Quantity i?tijtspré‘):e e )
GENERAL
Mobilization L.S. - 500,200
Access Road L.S. - 1,000,000
1,500,000
EMBANKMENT
Care cof Water L.S. - 100,000
Stripping 66,000 m3 2.50 165,000
Impervious Core 83,000 m3 3.00 289,000
Rockfill 294,000 m3 10.00 2,940,000
Filter Transition 36,000 m?d 7.50 270,000
Random Fill 14,000 m3 800 56,000
3,780,000
SPILLWAY )
Excavation ‘1043000 @8 ;00 416,000
Drain Pipe with Bedding 15000 & 12:00 12,000
Slab Concrete | i+3900 ﬂ? i25:00 612,500
Wall Concrete 3;330 wm 175566 582,750
Wall Anchors 450 @ 3300 14,400
Reinforcement iigari:“ 750.00 ' 337,500
Riprap 3;900 @S i2:00 ... . 146;800
2;021,950
DIVERSION CONDUIT o ‘
Excavation ;;s;aaa,ag 400 64,000
Enbankment Backfill 3506 @ 2600 70,000
Conduit Concrete ;200 &d i75;00 735,000
Plug Concrete 500 @3 - 10000 50,000
Reinfobcement - s ¢ 75000 126,000
1,045,000
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TABLE C-8
\Cont.)

COST ESTIMATE FOR NGEMPLAK DAM AT 90 x 106 m> GROSS STORAGE

say $ 11,300,000

Unit Price Total
Work Item Quantity (U.S. §) (U.S. 8)
QUTLET WORKS
Intake Concrete 126 m3 200.00 25,200
Reinforcement 10 t 750.00 7,500
1.0 m Dia. Penstock L:S; - 50,000
Gate Valve L:S: - 100,000
Miscellanecus Metdiwerk. I - < 20,000
: 202,700
" §ibtotal 8,549,650
Contingency (20%) 1,709,930
Subtotal 10,259,580
Engr. & Admin. (10%) 1,025,958
TOTAL

11,285,538



TABLE C-9

COST ESTIMATE FOR BANJAREJO DAM AT 100 x 10% m3 GROSS STROAGE

Work Ttem uantity  "GETE® (uses)
GENERAL Gt
Mobilization L. - 400,000
kacess Road L.S. - © 100,000
* 500,000
EMBANKMENT ) |
Care of Water LS. - 300,000
Stripping 273, 000 m® <250 682,500
Impervious Core - Required Ex.  §21,000m . 2.00 1,042,000
Randem Fill | Ef755,ooo w3 00 3,020,000
Filter 287,000m3  8.00 1,896,000
Riprap - 83,500m% 1400 1,169,000
Masonry Parapet 1,230 ‘,§p4qoﬁ 73,800
'8,183,300
SPILLWAY | o
Excavation 776,000, Wl 2,328, ,000°
Drain Pipe with Bedding ©2,000m oy ooo{
Slab Concrete 17,800 nd 2y 225,000
Wall Concrete 7, 540 m3 « 131 319 soo
Reinforcement ' - 913 500,,
Riprap
Back£ill




TABLE C-9
(Cont.)

COST ESTIMATE FOR BANJAREJO DAM AT 100 x 108 n;3 GROSS STORAGE

ity e Tl
DIVERSION/OUTLET WORKS

Excavation 80,000 m3 4,00 320,000

Embankment Backf{ll 2,000 m? 20,00 40,000

Conduit Concrete 17,900 m3,  175.00 3,132,500
Gate Shaft Concrete 3,000 m3 175,00 525,000

Reinforcement 83 t - 750.00 627,000

Support Piles LB, - 250,000

2-7.0 x 8.5 m Radial Gates LS. - 300,000

Miscellaneous Metalwork L.S. - 30,000

o 5,224,500

 Subtotal " 21,141,050

Contingeroy. (20%) 4,228,210

‘Subtotal U\ . 25,369,260

Engr. & Adun.' (108) 2,536,926

. TOTAL 27,906,186

Say § 27,900,000

- Cc-89



TABLE C-10

COST ESTIMATE FOR KEDUNGWARU DAM AT 24 x 10° m3 GROSS STORAGE

Hork Item uantity  RTES 05 s
GENERAL |
Mobilization L.S. - 400,000 -
Access Road ‘L.S. - 100,000°
| 500,000
EMBANKMENT )
Care of Water L.S.\ - 1oo,dbo
Stripping f210 000 m3 2.50 525,000
. Impervious Core 151,500 m® 3.00 454,500
Rook£111 932,000, m® 9.00 2,988,000
Filter Transition 169,000 m® 7.50  14267,500
Masonry Parapet 1,320 m® 60 ,00 . 79,200
5,414,200
| SPILLWAY
Excavation 460 ,000. m® 3.50 1,610,000
Drain Pipe with Bedding 1, 200 m j 1200 TS 400
Slab Concrete - ) ﬁ[ 8 200 ¥ 125.00 1 025,000
Wall Concrete es0md_ 175,00 5:110,250
Reinforcement 630 t.  750.00' 472,500
Riprap 5,600 m® 12,00 67,200
3,299,350
DIVERSION/OUTLET WORKS )
Excavation 65,000 m3, 4,00 260,000
Embankment Backfill 1,500m® % 20,00 -30,000°
Conduit Concrete &, 040 m3 175.00 . 707 .000 -‘
Gate Shaft Concrete 3,000 nd  175.00 525,000
Reinforcement 282 t 750.00 ., 211,500
2-6.0 % 5.5 m Radial Gates LS o 150,000
Miscellaneous Metalwork L8, | - ___ 20,000
' 1,563,500
Subtotal 11,117,050
Contingency (20%) 2,223,410
Subtotal 13,340,460
Engr. & Admin. (10%) 1,334,046
TOTAL 14,674,506

Say §=1u,7oo,ooo

........ i

C--90
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TABLE C-11

COST ESTIMATE FOR MID LUSI DIVERSION DAM

Work Item

untiry  Uhie Prie

Total

GENERAL
Mobilization

DIVERSION WEIR
Care of Water
Excavation

Concrete

Reinforcement

Masonry Walls

4-Sluice Gates
Miscellaneous Metalwork

CANAL HEADWORKS
Excavation
Backfill
Concrete

Reinforcement

Masonry Piers & Transition
6-Slide Gates
Miscellaneous Metalwork

L_.S- . S

10000

2,860 m 3,00
120m% 200,00
2t 750,00 -
2503 60.00
LS. L
L.S. Sa

60,00

(U.S. $)

200,000

300,000
190,500
| 522,000
- 70,500
48,000

50,000

110,000
1,190,000 -

»?1;§3§ 
5,000
24,000
8,000
31,500
75,000
20,000
© 172,480

Sﬁbtofal. poplE
Contingency (20%).

1,562,480
312,496

Subtotal o .

1,874,976
187,498

Engr. & Admin. (10%)
L  TOTAL

Say $ 2,100,000

: C-Ql

2,062,474



TABLE C-12

COST ESTIMATE FOR MID LUSI DIVERSION DAM WITH RADIAL GATES

Work Item Quantity Unit Price Total .
(U.s. )  ~ (u.s. $)
GENERAL . |
Mobilization | - L.S. - 200,000
DIVERSION WEIR . L
Care of Water ]7~;" : 300,000
Excavation 12,5 106,000
Concrete 3100 00, . 707,000
Reinforcement 75000 . 79,500
Masonry Walls - 80.00 748,000
4-Sluice Gates LS S 50,000
4-4,0 X 2175 m Radial’ cafas L s;Q g ';]750 000
Miscellaneous Metalwork G Bridge 'f'L s.]; 100 000

;,2;140,500?;
CANAL HEADWORKS R T Y
Excavation ;;;390:@3

Backfill o 400°mS

Concrete : ' "16O m3?4

Reinforcement 10 T Qﬁ

Masonry Piers & Transition - '350 m3§ 

6-Slide Gates L.Si

Miscellaneous Metalwork . ‘ ,L.S, f,
- 151,400
 Subtotal 2,491,900
“Contingency (20%) 498,380
 Subtotal ’ 2,990,280

Engr. & Admin. (10%) 299,079
* TOTAL 3,289,308

Say $ 3,300,000

C~92
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