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.

PRETACE

The Directorate General of Water Resources Developmen:t (DGWRD) of
the ministry of Public Works, Goverrment of Indonesia (GOI) contracted
PRC Engireering Consultants, Inc. (PRC/ECI) 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, 197¢ 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 discucsions between PRC/ECI
and DGWRD, it was the consensus of cpinion of all the participants that
it would be very beneficial if the study on the Tuntang/Jragung Rivers
could be modified by including the entire Jratunseluna Basin in certain
aspects of the study. In that modified study the interrelationships 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 insofar as it
related to the development of water resources for providing irrigation
and Municipal and Industrial water supplies to the project areas.

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 attention
of the reader is drawn to the basic assumptions made in this regard in
the study and described in Section D.1l.2. of Part II of this Appendix.
The original contract between GOI 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 Project Planning for supporting the proposed plan. That
report is being produccd as Appendix D - Part I, Project Planning,related
to the Tuntang/Jragung Rivers Basins Integrated lavelopment 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 planning of the
development works done by the consultant to support the proposed plan
are reported in this document as Appendix D - Part II, Prcject Planning,
related to the Tuntang and Related Rivers Basins Development Plan.

Semarang, May 1980 PRC Engineering Consultints, Inc.
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TUNTANG/JRAGUNG RIVERS BASINS
INTEGRATED DEVELOPMENT PLAN

APPENDIX D -~ PART 1

PROJECT PLANNING

D.1. INTRODUCTION

The appendix describes the rationale behind, ani the methods
used in the planning studies carried out in the Tuntang/Jragung
River Basins. As with most modern wacer resource development
activities, development within the subject basin will of ps-essity
require utilization of the basins water for a number of purposes.
Present and potential water uses within the basin include irrigation,
municipal and industrial water for the city of Semarang and water for

the generation of hydroelectric power.

Basin planning requires that each structure or project element

proposed be physically and economically viable as an individual
project, but even more important, that all planned elements eventually
function effectively together to meet the ultimate water and power
requircments of the basin. It is possible that a single project or
element may Le originally desipgned to serve a particular function

- during one period of time, and as other planned project elements are
[i implemented, chanpes in the operation of the initial elements allow

it to serve a modified or different function.

This part of the report (Appendix D - Part I) serves as a plamning
report covering the many physical, social and economic aspects which are of
necessity considered. This Appendix will deal more specifically with plan
formulation, that is, the procedures used to evaluate all pertinent information
and identify an economically and physically feasible array of elements so
phased to meet the growing water requirements of the basins' population.




Subjects discussed in detail in other appendices and speeial repovts
[3, s, S] include, but are not limited to, hydrologic data. examination !
of the pattern of existing and future domands for irrigation water, dcuand
for municipal and industrial water supply, existing power generation and
future power requirements, geologic conditions at various potential storage
sites and the economic data for' the project area.

The planning study considers single element developmeats, various
combinations of development elements, various irrigation service areas,
varying M & I water supply rates and transbasin diversions as well as
power generation and power potential associated with development.

An earlier study of the Jragung and Tuntang basins was completed
in 1973 by NEDECO when they developed the "JRATUNSELUNA BASIN
DEVELOPMENT PLAN™ [1]. A number of single element developments were
considered at that time and a number of these are included herein,

but in conjunction with other elements.

Other studies previously conducted in the basin are discussed and
described in detail in the Interim Report, Integrated Development of the
Tuntang/Jragung River Basins submitted by PRC/ECI in August of 1979 [21.




D.2. BASIN DESCRIPTION

D.2.1. Project Area

The Tuntang and Jragung Rivers Basins extend from the eastern

and southern slopes of the volcances Ungaran, Telomoyo, and Merbabu

to the northern coast of Java. The Tuntang and Jragung Rivers are
two of several rivers draining the plain and adjacent highland to

the east of Semarang and flowing into the Java Sea. The total area
is referred to as the Jratunseluna Basin and has an area of ‘

! approximately 7,400 km?. The word Jratunseluna originates from the
; names of the five major rivers within the basin - JRAgung, TUNtang,
‘) SErang, LUsi and JuaNA.

The location of the project area within the basin is shown in

Figure D-1.

[E The climate in the project area is characterized by two distinct
’ seasons; the wet season from November through May and the dry season
from June through October. The annual rainfall on the coastal plain
averages between 2,000 and 2,500 mm and the average annual precipita-
tion on the upper watershed area is about 2,700 mm.

D.2.2. Water Resources

D.2.2.a. Surface Water

The mean annual discharge of the Jragung River at Borangan bridge
is 3.82 m3/s. This represents an average anmial runoff of 1,280 mm
over the 94 km? catchment and an annual runoff volume of 121 x ;06 ma.

The mean annual discharge of the Tuntang River at the proposed
Gunung Wulan damsite is estimated at 24.4 m3/s. This represents an




average anmual runoff of 1,150 mm over thé 659 ka2 catchment and an
average anmual runoff volume of 770 x 106 m3. An additional

110 x 105 m3 of local inflow reaches the Tuntang between the Gumung
Wulan damsite and the Glapan Weir.

Full information on the basins surface water resources is fcund
% in Appendix A -Part I, Hydrology.

v

% D.2.2.b. Groundwater

! The geology of the Jratunseluna Basin has been analyzed on a

( number of occasions in attempts to locate or quantify groundwater
supplies or potential. Basic conclusions are that the coastal

[ plains are unlikely to provide groundwater in suitable quantity or
quality to be of significance. Groundwater potential is relatively
( more favorable in he volcanic uplands. These sources are yet
| unproven and no attempt has been made in thése planning studies to
incorporate groundwater supplies into this basin plan. Further
information on basin groundwater conditions may, however, be found
in Special Report I, Tuntang/Jragung River Basins, Mfunicipal and

Industrial Water Supply [3].

D.2.3. Water Use in Basin

D.2.3.a. Present Use - Irriggtion

Water is presently diverted from both the Jragung and Tuntang
Rivers at the Jragung and Glapan Weirs, respectively. Full dry
season water supplies are available to some 6,000 ba in the Tuntang
System but dry season supplies are not adequate for‘any year-round
irrigation in the Jragung System. Current practices and irrigation
usage is discussed in Appendix B-Part I, Irrigation and Agriculture.




D.2.3.b. Present Use - Municipal and Industrial Water

The city ~f Semarang presently uses 805 1/s to meet a part of
their requirements, ocut of which 303 1/s is derived from springs,
17 1/s from wells and 485 1/s .from the Kali Garang. Details are
given in Spec.al Repor. No. I, Tﬁntang/Jragung River Basins,
Municipal and Industrial Water Supply [3].

D.2.3.c. Present Use - Hydropower

Two hydro plants are currently operated on the upper reaches of
the Tuntang below Rawa Pening. Combined installed capacity of the |
Jelok and Timo Power Plants is 32.5 MW, however, their maximum
generating capacity is limited to about 26.0 MW. .Current operation
produces approximately 50 Gwh of firm energy and 110 Gwh of secondary
[i energy annually. Details are presented in Appendix C-Part I, Dams and

Hydropower.




D.3. NEED FOR WATER RESOURCES DEVELOPMENT

D.3.1. Irrigation

There are 35,000 ha of irrigable land in the basin below the
existing Glapan and Jragung Weirs. Accurate estimates of the number of
hectares of land receiving a full (year-round) water supply arediffic.:% to
derive. Present cropping patterns presented in Appendix B - Part I
indicate that some_s,OOO»to 7,000 ha could be considered tc have firm
water supplies for two to three rice crops per year. Optimum watex
resources development in the basin would dictate that the entire
35,000 ha be provided a full water supply if possible.

D.3.2. Municipal and Industrial Water

One of the most serious water problems in the basin at present

is the short supply of municipal and industrial water for the city

of Semarang. Projections developed in Special Report No. I -
Tuntang/Jragung River Basins, Municipal and Injustrial Water Supply (3]
indicate a total need of 6,010 1/s by the year 2000 while the present
supply is only 805 1/s. A portion of these municipal and industrial
water supplies should be developed within the basin. In the planning
process municipal and industrial water is supplied through various

o

project elements in quantities ranging from 2,000 to 4,000 1l/s at
ultimate development. The maximum amount of M & I water economically
available from the Tuntang/Jregung Rivers Basins, without unfairly

depriving other potential users is considered to be 4,000 1/s.

e B o T oo I s

D.4. IDENTIFIED POTENTIAL FOR ACCOMPLISHING REQUIRED DEVELOPMENT

Appendix C - Part I outlines in detail all sites with development poten-
tial considered in this planning study. The sites for storage, diversions,
delivery and power generation are shown schematically in Figure D-2.




D.S. BASIN MODEL DEVELOPMENT " BRSNS -

D.5.1. Ganeral

A computer model of the Tuntang/Jragung Basin was developed
to simulate multi-reservoir operation. The plan, or arrangemeat,
of a water resources project may be considered as a system. The
project formulation of the system is sometimes referred to as
system design. The development of the water resources of the Tuntang/
Jragung Rivers Basins constitutes a relatively complex system which
may be created with different combinationz of system elements
(reservoirs, diversions , power plants, canals etc.), levels of output,
and allocation of capacity of the units to various purposes at
different times. The objective of system design is to select the
combination of these variables that maximize net benefits in accordance
with requirements of criteria imposed. The maximization is subiect to
many constraints. In the case of the Tuntang/Jragung Rivers Basins,
constraints are technical, budgetary, social and administrative. The
optimal plan or an aray of elements is subject not only to technical
limitations but economic and sociopolitical limitations as well.

In the case of this basin a large number of combinations can be
arranged. By utilizing the basin model, it was possible to consider
a large number of different project element combinations simultaneously.
A basin model makes it possible to simulate the behavior of
relatively complex water resources elements for periods of any desired
length; to perform numerous and repetitive computations needed for
many combinations of system variables, and finally to evolve an optimal

or near cptimal design of the system. -

The basin model of thes Tuntang/Jragung Basin developed by PRC/ECI
during this study considers storage at four sites, diversion of water

from subbasin to subbasin, power generation at two existing and two




proposed hydroelectric plants, municipal and industrial water supply.
from two points on the system and irrigation demands at the Jraguné
and Glapan Weirs. All studies utilizing the basin model were performed

on the IBM 370 computer system at the DPU Computer Center in Jakarta. V

D.5.2. Model Featurgi

The model utilizes monthly inputs of streamflow and irvigation
water requirements and in turn computes monthly volumes of reservoir
inflows, reservoir evaporation,irrigation releases, spill and shoprtage.

[g In addition it computes the ending storage and water surface elevation
i at each storage site and the monthly firm and secondary energy produced
at the existing power plants on the upper Tuntang as well as Jragung

and Gunung Wulan Reservoirs.

Twenty-one years of record were used in simulating operation of
single elements as well as total development packages including a
number of elements. The ways in which the model handles storage,
transbasin diversion, provision of municipal and industrial water,
computes shortages, spills and releases are discussed in the following

sections.

D.5.2.a. Storage

As discussedin Appendix C-Part I, four storage sites were identified
as being potentially attractive from both a technical and economical
viewpoint. The model includes the potential for storage of water at
these four points on the system; Rawa Pening, Gunung Wulan and Glapan
sites on the Tuntang and the Jragung damsite on the Jragung River.
| Storage capacity at each site may be adjusted from zero (run-of-

' river conditions) to the maximum feasible storage at the site. Releases
l from Rawa Pening can be governed by either povwer or irrigation demands,
while releases from the remaining three sites are governed by irrigstion




demands only.

Sediment passing, as discussed in Appendix A-Part I and C-Part I can be
simulated at any or all of the downstream reservoir sites as desired.

D.5.2.b. Transbasia Diversion

An integral part of basin development is the transfer of water
from the Tuntang Subbasin to the Jragung Subbasin. The model incor-
porates such a diversion to increase water availability as required.
Two operational rules govern the diversion of water in the final
version of the model.

With the exception of the months of March, April and May, water
is diverted to Jragung only if irrigation shortages exist at the
Jragung service area. If storage is provided at Jragung, sedimeut
would be bypassed during the months of December, January and February
and diversion to the storage in March, April and May is governed by
the storage capacity remaining. In cases where the flow available
at the diversion is of a magnitude less than the total irrigation
demands at Jragung and Tuntang the available flow is proportioned

in direct proportion to the two demands.

D.5.2.c. Municipal and Industrial Water

Provision is made in the model to allow delivery of any amount
of municipal and industrial water from four points in the system.
Municipal and industrial water may be diverted from Muncul Springs,
above Rawa Pening, from Rawa Pening itself, from Jragung at the
reservoir or from river diversion, as well as from Gunung Wulan on

the Tuntang.

In addition to thé municipal and industrial water for Semarang




the model incorporates river maintenance flows to assure that residents

presently using the river water would have continued use of that water

in the event of constructed storage on either river.

D.5.2.d. Reservoir Releases

As stated, releases from Rawa Pening were governed by power in
some early runs. The review by the Directorate General of Water
Resources Development of PRC/ECI's Interim Report [2] and the subsequent
review meeting revealed that if secondary power generation could be
maintained to between 80 and 90 percent of present production? Rawa
Pening releases could be governed by irrigation. As a result, all
model runs herein reported control Rawa Pening releases based on B

downstream irrigation demands.

Irrigation shortages,as considered by the model, occur when that
month's irrigation demand cannot be met from the combination of inflow
and storage at a given site. These monthly shortages in 105 m3 are
totaled for each year, the annual totals computed and the total annual
shortages subsequently accumulated allowing determination of the average
annual shortage for the twenty-one year simulation period. If the
shortage volume in any given month is greater than 5 percent of the
irrigation demand volume for that month a month of shortage is counted.
To compute irrigation firmness the total number of months during which
shortages are counted is divided by 252 (number of months in the simula-

tion period), the quotient representing the percent of time during which

shortages occur. Firmness is then 100 percent less the percent of time

which the shortages occur.

In the case of all four reservoir sites, monthly evaporation is

estimated based on the water surface area and average free water surface
evaporation as described in Appendix A-Part I and is subtracted from
reservoir storage andAinflow to relate true available water supply.




F.

At Gunung Wulan and Glapan the only reservoir demand‘fecognized
is the irrigation demand. If reservoir storage plus monfhly inflow
volume meet or exceed that demand then the coatrolled release is
equal to that demand. If reservoir storage plus monthly inflow
velume is not equal to the irrigation demand all water is released

from the reservoir and a shortage exists.

In those alternatives where storage at Jragung is provided the
primary demand is the irrigation demand. In addition to the irrigation
demand the reservoir is also called upon to supply municipal and
industrial water at the rate of up to 2,000 1/s in some alternatives.
Actual outflows are handled by the model as for the other reservoirs.
Using the stage storage relationships which are included in the model
the ending elevation of the reservoirs water surface for each month

is computed.

D.5.2.e. Hydropower Features

The model includes generation of hydroelectric power at four
points. The existing Jelok and Timo plants on the upper Tuntang are
model aelements. As stated previously, the releases from Rawa Pening
are governed by downstream irrigation demands in the model. The
turbine release to Jelok and Timo is limited to the irrigation release

plus spill up to the present peaking capacity of 26 MW. The remaining

excess water which cannot be released through the power plant is

discharged to the Tuntang at the weir.

In alternatives where Gunung Wulan and Jragung Dams are consideved,
power plant installations of 10 MW and 6 MW respectively are introduced
into the model. At each site the model uses the controlled releases

and excess flows up to the capacity of the plant to compute hydropower

generation. The energy in Gwh which can be generated each month is
determined. The model computes both firm energy and secondary. energy




with firm energy defined as that which can be generated on a contiﬁuous‘
basis for 100 percent of the time. Because of the empty reservoir at
Jragung during sediment by-pass in December, Jamuary and February and
because of irrigation release patterns at Gunung Wulan no firm power

is generated at these plants.

D.5.3. Model Inputs

D.5.3.a. Inflows

In computing total monthly inflow at the diversion site, the
model considers the local watershed yield from the catchment area
between Rawa Pening and the diversion point and adds this volume

to that months' release from Rawa Pening.

For sites further downstream similar procedures are used.

Local inflow is added to the release from the upstream structure.

At Jragung the inflow from the Jragung River is added to the
monthly diversion volume to establish the total monthly reservoir

inflow.

Streamflow records for Rawa Pening and Glapan are available for
the period from water year 1953 through water year 1973. The Rawa

Pening data are presented in Table D-1.

Inflow records at the transbasin diversion site were generated
by reducing the inflows at Glapan using drainage basin ratio to
derive inflows at the site, and subtracting Rawa Pening releases.
Thus, the inflows generated represent only the natural runoff from
the catchment between Rawa Pening and the diversion site. These

records were generated for the period 1953 through 1973 and appear

in Table D-2. In model operation, these flows are added to Rawa Pening




release to obtain the available flow at the diversion site.

Inflow records at the Gunung Wulan Dam were also generated for
the same period of time by reducing flows at Glapan by drainage area
preportion and subtracting Rawa Pening releases. These data appear
in Table D-3. Using the above procedure resulted in some negative
flow values, which are negligible. These negative values were
retained as they represent a use between Jelaok Weir and the damsite. Total
site inflow volume for a given month is the natural runoff from the
intermediate catchment plus Rawa Pening release less the amount
diverted from the Tuntang to the Jragung.

The drainage area between the Gunung Wulan damsite and the
Glapan Weir is 127 km?. The local inflow between Gunung Wulan and
Glapan was generated for the period 1953 to 1973 by subtracting the
Gunung Wulan inflows without release from Rawa Pening from the Glapan
inflows without release from Rawa Pening. These data are presented
in Table D-4. This procedure also resulted in negative flow values
at the Glapan Weir. These too were retained as they represent an
existing use between the Cunung Wulan site and the Glapan Weir.

Jragung reservoir inflows can come from two sources, the Jragung
River and the Tuntang diversion. Jragung flows for the period of
record were derived by the run~ff-rainfall model for the watershed
developed by PRC/ECI in 1976 when updating the Jragung Feasibility
Report [6]. These data are presented in Table D-5. Total site inflow
is represented in the model by the natural runoff plus the flow diverted
from the Tuntang.

D.5.3.b. Irrigation Requirements

In developing the basin plan, one major objectivé was to attempt
to serve the total irrigable land in the basin. The total area to be




[T

served is 35,000 ha; 11,625 ha on the Jragung and 23,375 ha on the
Tuntang. The service areas are shown in Figure D-3. The model has
the flexibility to allow shifting of lands from one service area to
the other so the above breakdown is simply the models norm.

The cropping patterns projected for the project area in the
future are developed in Appendix B. The water requirements for the
recommended cropping pattern are entered into the model as total
wonthly volume demands on each system with the normal areal distribu-
tion of lands.

Irrigation demands expressed as monthly volumes were computed
using an additional program which used as input the computed average
monthly evapotranspiration and service area monthly rainfall for the
period 1953 to 1973. The service area monthly rainfall data were
generated in accordance with procedures described in Appendix A,

These data are summarized in Table D-6.

Crop water requirements were reduced by effective rainfali (RE)
which was estimated from the monthly rainfall (RF) data using the
relationship:

RE = 1.8 (rF)°-8

An average overall irrigation efficiency of 50 percent is )
assumed on the systems. Fifty percent of the excess water diverted,
that is 25 percent of the total diverted can be applied to additional

area as return flow at a total efficiency of 60 percent. Fifteen percent
of the total area can thus be served by return flow. Water releases
from reservoir sites for irrigation would then be necessary only for
10,095 ha on the Jragung and 20,340 ha on the Tuntang. The balance,

of 4,565 ha would be irrigated as return flow areas.




Using the recommended cropping pattern, irfigatidh_demapga on
the Jragung and Tuntang (full development) are suﬁha#ized*iﬁ ”i
Tables D-7 and D-8 respectively. For comparison, .simi.'!_.ar- demands
were generated for a cropping pattern of two rice crops plus one
upland crop per year. Under this pattern, demands on the Jragung
and Tuntang are summarized in Tables D-9 and D-10 respectiveiy.

During the development and refinement of the basin model and in

the final phase of the study over 1,000 computer runs were made.

A summary of pertinent runs is presented in Table D-42.




\K‘th
Year

1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
C1971-72

.1972-73

TABLE D-1

MODEL INPUT DATA

MONTHLY INFLOWS INTO RAWA PENING IN 105 m3

Oct Nov Dec Jan Feb Mar Apr May

20.09 45,62 40,98 40.99 38,95 61.60 69,98 68.57

9.91 19.96 28.39 41.78 39.19 45.00 4O.44 39,91
17.95 45.88 43,66 42,32 32.66 52.50 52.76 50.35
23.84 30.07 32.41 67.23 30.8 40.18 27.899 24.91
16.87 21.00 39.64% 46.87 27,58 74.19 46,66 37.77
13.39 15.81 45.80 u45.80 71.85 65.35 76.20 58.12
28.66 23.07 59.73 50.35 62.42 57.05 53.14 67.50
21.70 19,96 4i.25 41.25 57.13 43.93 53.65 55.u4
18.75 34.21 30,80 49,55 30.48 39.10 27.96 Uu46.60
11.78 15.81 19,82 38,03 33.87 41.78 58.58 33.48
18.75 23.07 21.31 38.30 33.38 54.10 40.63 28.39

12.86
30,53
10.45

2089
. 10,98

22.50
13.39

. 13.93

24.11

10.45

15.03
35.51
14,77
19.15
12,96
31.88
27.22
26.18
43.03
14,00

20.09
27.59
25.18
42.32
27.86
45,80
43.39
31.07
51.37
24,37

23.84
4Z.85
36.43
43.12
40, L4k
53.03
31.34
31.87
39.91

42,05

31.57
36,77
43.30
48.15
46.35
59.03
35.56
38.47
41.59
41.61

32.68
36.96
57.32
36.96
b47.94
39,46
54,64
40,4l
57.32
39.77

35.77
32,66
37.34
66.17
46.69
72.52
47,95
43.03
42.25
44,06

31.87
19.28
26.52
31.3Y4
54,10
39.37
46,34
44,73
46.60
63.48

Jun

31.88
26.96
3c.07
44,58
17.63
31.62
42.51
27.73
23,33
25.66
17.¢e8
23.07
14,26
22.03
16.85
43.03
32.92
27.73
36.55
22.03
39,92

25.98
22.77
51.69

22,77

42,85
45.53
49,55
31.61
23.03
21.43
14.73
16.87
14,73
15.00
13.93
44,19
22,77
31.87
23.57
19.28
31.07




TABLE D-2
MODEL INPUT DATA
MONTHLY FLOWS IN 106 m3 AT TUNTANG DIVERSION SITE WITHOUT RAWA PENING RELEASE

onth Oct Nov Dec Jan Feb Mar Apr May Jun Jul Ay Se
Yoar i

1952-53 1,46 11.59 9.89 13.68 11.01 10,03 18.92 16.64 2,12 1,12 0.00 .20
1953-54 .27 3.94 7.05 11.00 12.04 11.11 9,20 6.48 3.50 1,81 2.09 1.08
1954-55 2.82 10.55 8.50 10.93 8.15 8.27 7.58 4.98 2.26 6.03 2.09 .54
1955-56 1.32 8.69 6.51 17.55 11.98 5.33 1.15 1.50 5.36 .31 1.81 .64
"1956~57 .69 3.27 10.10 7.u9 4L.40 17.55 8.66 2.23 .57 2,96 -.42 -.80
1957-58 -.28 1.15 10.62 8.25 - 20.89 20.58 16.34% 12.64 3.74 6.62 8.08 1.75
1958-59  2.22 2.76  20.89 18,13 10.72 7.91 15.43 13,54 4,95 8.84 1,67 .24

1959-60 1.39  3.17 16.40 9.67 12,79 9.82 8.83 6.48 .91 1.60 -.14 -.54
- 1960-61 .41  6.33  4.84 12,99  6.32 11,45 6.03 8.36 .71 0.00 -.35 -8l k
B 1961-62 .68 .61  1.15 69.6  7.7% 12,99 1543  3.65 .37 .68  1.22  -.47 |
S 1962-63 .38  6.4% 10.31 15.49  6.64 15.25 7,28  1.43 0.00 -.03 - 14 .24

1963-64 .52 .44  5.47  3.76  7.05  7.55  8.02  7.47 1.95 -4 -1  -.08

1964-65 3.71  6.50 3,03 10.48  9.37 11,77 7.00 .10 .27 .25 -.07 .30

| 1965-66 -.35 3,04 2.82 6.27 5,98 16.50 5.2  1.53 1,52 .66  -.69 =17
1966-67 1.7 1.85 11.56 9.12 11.57 6.75  7.99 .87 1.01 1.29 -1.71 1,35
'1967-68  -.21 .13 4.32 11.63  7.61 10.31  8.93 13,51 B8.63 5.64  2.54  -.08
. 1968-69 2.68 8.35 6.93  7.66 15,19 15,39 20,05 2,54 1,45 .84  -,56  -,54
'1969-70 .11  1.78 5,05  3.52 2,74 13,40  5.42 4,21 1.35 .84 0,00 88
1970-71 .50  2.86  5.36 6.28 8.73  9.37  9.16 6.4l 3.8l .45 -2
1.50 4.78 11.00 14,48  %.,15 8,50 11.86  5.22 -.10 .69
-.76 4,65 9,30 9,26 6,10 10.41 14,46 18,28 3,30 3.24




TABLE D-3
MODEL INPUT DATA
MONTHLY INFLOWS TO GUNUNG WULAN WITHOUT RELEASES FROM RAWA PENING 105 m3

’ \w "Oct Nov Dec Jan Feb Mar Apr May “Jun Jul Aug Sep
Year

1952-53 8.47 67,14 57,27  79.26  63.76 58,08 109,59  96.40 12.30 6.46 0.00 1,17
1953-54  1.66 22.82  40.81  63.74  69.77  64.34  53.29  37.51 20.30 10.49 12.12  6.25
1954-55 16,34  61.09  49.21  63.33  47.18 47,80  43.91  28.84% 13.08 35.90 12,10  3.12
1955¢56  7.67 50.36 37,71 101.65  69.40  30.86  6.64 8.67. 31,03 1.82 10.49 3,71
1956-57 4,03 18,93 58,48 43,36 25,50 101.65 12,91 3.32 17.14 -2.42 -4.68
1957-58  -1.61  6.64  61.51  47.80 121.02 119.20 73.21 21.66 38,32 146.79
1958-59  12.91 16.00 121.01 104.99  62.12 _ 45.79 78,45 - 28.69 51,23 9,68
1959-60 8,07 18.35  95.00 50,22  74.07 56,87 37.51 5,27 9,28 -.81
1960-61  2.42 36.69  28.03  75.23  36.61  66.35 48,40 4,10 0.00 -2.01
1961-62  -3.95  3.51  6.65  40.34  44.81  75.23 21.17 2.15 3.63  7.06
1962-63 2.22 37.32  59.68  89.75  38.44  88.34 8,27 0.00 -.21  -.81 -1.37
1963-64  -3,03 2,54  31.66  21.78  40.81 43,76 43,26 11.32 .81 -6l 20
1964-65  21.50 37,67  17.55  60.70  50.28  68.19 61 1,56  1.42  -.40
1965-66  -2.02 -1.76  16.3%  36.30  34.61  95.50  29.08 8.88  B8.78  3.8% 3,43
1966-67 3.07 10.73  66.96  52.84  67.04  39.12  46.26 5.04  5.86  7.46 -9.89 .
© 1967-68  -1.21 .78 25.00  67.36 44,08 59,70 51,72  78.25 49.97 32,67 14,72  ~0,
| 1968-69  15.53 48.40  40.13  44.37  87.99  89.14 116.13 14,70  B.30 4.8 -3,22

' 1069-70 .61 10.3%  29.24 20,37  15.85  77.64 31,42  24.41  7.81 ° L.84 -0,00
. 1970-71. 3.3 16.59 31,06  36.10  50.59  S4.25  53.04  37.11 22,06  2.62 |
1971-72  8.67 27.72  63.7%  83.90  24.04 49,21  69.20  30.26 -0.59 4,03 -]
~ -4.43  26.93  53.85  53.65  35.34  60.30 83.73 105.88 19.13 18.76 -




TABLE D-4

MODEL INPUT DATA
MONTHLY FLOWS IN 106 m3 AT GLAPAN BARRAGE GENERATED ON THE CATCHMENT
BETWEEN GUNUNG WULAN AND GLAPAN

Month Jan Feb Mar Apr May

Year—

1952-53 22.60 27.48 16.57 36.08
1953-54 18.17 29.50 18.34  17.47
1954-55 18.06 19.95 13.63 10.52
1955-56 28.79 29.35  8.80  2.17
1956-57 12.37 10.80 28.99  16.45
1957-58 13.58  50.96 33.87  30.96
1958-59 29.95 26.20 13.00 29,23
1959-60 14.27 24.61 16.17 16.72
1960-61 21.37  15.45 18.86 11.42
1961-62 11.50 18.90 21,38 29.23
1962-63 - 25.05 16.21 25.10 13.78
1963-64 6.19 17.20 9.85 15.19
1964-65 17.26 22.90 19.35 13,27

~ 1965-66 10.32  14.60 27.18  9.55

 1066-67 15.02  28.27 11.11 15,12

. 1967-68 . | 19.14 18.60 16.96 16.92

' 1868-69 12.61 37.10 25.3% 37.97

1969-70 5.79  6.68 28.76 10.28
' | 10.26 21.41 15,42 30.61
23.84 10.14 13,99 22,65

15.24  14.91 17,14  27.38




TABLE D-5

MODEL INPUT DATA
» MONTHLY FLOWS IN 10% m3 AT JRAGUNG DAMSITE

;;EEEEE- Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1952-53 3.490 6.20 10.10 11.70 9.30 17.80 13.30 12.70 .10 1.20 0.00 0.00
1953-54 9.40 7.90 12.50 23.00 -13.70 7.60 11.60 1.50 1,00 2.00 5.20
1954-55 28.10 10.10 12.40 32.50
1955-56 13.00 14.60 70.90 21.80
1956-57 3.80 17.80 16.10 14.30
1957-58 7.50 32.90 15.50 34.10
1958-59 5.00 16.60 23.60 12.20
1959-60 1.70  2.70 18.20 20,00 25.90  7.40 10.00  9.90 1.20 .70  0.00 0.00
1960-61 20.80 8.50 77.30 9.20
1961-62 0.00 5.2Q 11.40 40,40 32.00 36.10 26.70 .40 2.60 4,10 2.70 0.00
1962-63 5.80 13.20 63.70 13.50 24,20 11.00  1.40 0.00 0.00 0,00 0.00
1963-64 2.40 15.00 14.20 17.30
196465 18.40 10.70 73.90 18.80
1965-66 4,30 14,00 20.20 31.70
1966-67 '5.00 12.50 21.70 29.70
- 1967-68 7.30 13.50 19,00 31.30

0z-a

1968-6S 2.10 9.50 29.20 8.10 10,50 11.20 30.30 - .80 .80 0.00 0.00 WO
1969-70 .80 7.00 6.00 13.60 13.80 31.20 13.20 15.80 2.30 3.10 0.00

- 1970-71  2.80  9.70 22,30 33.30 37,10 21.00 11.80 7.50 - 6.10 1,00 0,00 O
! 6.40  8.90 7.20 40.40 11,20 40,50 8.20 .80 0,00 0.00 0,00 .




TABLE D-6

MODEL INPUT DATA
SERVICE AREA MONTHLY RAINFALL (mm)

Month Jan Feb Mar Apr
Year

1952-53. 227
1953-54 322
1954-55 376
-1955-56 273

- 1986-57 234
T ——1957-58 519

1958-59 178
1959-60 36
1960-61 259
1961-62 458
1962-63 429
1963-64 170
196865 295
1965-66 361
367

370

325

297

Loy

200

316




~Lonth

Year

1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69

- 1969-70
1§70-71 -

- 1971-72
‘ 1972-73

TABLE D-7

MODEL INPUT DATA

JRAGUNG MONTHLY IRRIGATION DEMANDS IN 106m3

RECOMMENDED CROPPING PATTERN - NOVEMBER START

Dec

Jan

5.42
4.70
2,41
3.82
0.00
0.62
0.00
2.72
7.13
5.59
4.30
0.00
0.00
3.27
6.64
0.d0
0.00
7.46
1.16
0.00
1.39

3.60
0.00
7.36
0.00
2.40
9.3¢C
0.00
0.00
0.00
0.00
0.00
5.46
0.00
1.77
0.00
0.00
7.61
0.12
0.00
0.00
0.00

feb

0.00
0.¢0
0.00
0.00
0.00
0.00
4.10
0.00
0.00
0.00
"0.00
4,79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.23
0.00

Mar

22.63
26.97
21.90
27.23
19.26
14,78
26.89
24,28
26.89
17.00
28.36
20,14
25.11
25.03
24.19
22,96
20.45
18.71
17.3%

8.85

8.70

Apr

May

14,39
6.41
13.88
18.86
23,59
16.02
16.58
16.67
0.51
26.52
28 .71
15,75
18.66
17.52
26.02
6.33
24,83
10.39
747
16,30
0.00




TABLE D-8
MODEL INPUT DATA

JRAGUNG (11,625 ha) MONTHLY IRRIGATION DEMAND IN 106p3
CROPPING PATTERN 2 RICE + 1 UPLAND CROP - OCTOBER START
Yel::\nth Oct Nov Dec Jan Feb Mar Apr May Jun Jul
1952-53 11.80 20.00 6.10 .60 7.50 0.00 0.00 0.00 25.00 45,40
1953-54 23.70 21.60 5,40 0.00 0.00 0.00 2,20 0.00 15,80 41.80
1954-55 9.80 7.40 3.10 4.30 0.00 0.00 0.00 0.00 19,80 37.40
1955-56 11.20 17.40 4,50 0.00 3.80 0.00 9,00 2.40 15.40 44,70
1956-57 6.80 26.10 .10 0.00 6.90 0.00 0.00 7.10 24,10 38,20
1857-58 18.20 27.u40 1.30 6.30 0.00 0.00 0.00 0.00 13,60 40,60 _
1958-59 14,10 28,40 0.00 0.00 11.60 0.00 0.00 .10 21.80 37.50
1959-60 20.00 24,80 3.40 0.00 0.00 0.00 3.20 .20 23.30 48.80
 $’. 1960-61 17.90 11.u40 7.80 0.00 4,90 0.00 0.00 0.00 25.70 52.30
,=g 1961-62 23.50 29.80 6.30 0.00 0.00 0.00 0.00 10.00 23.50 43,30

1962-63  12.80 27.70  5.00  0.00 0,00 0.00 0.00 12,20  28.20 53.00
1963-64 22,40 34,20  0.00 2,40 12.30 0.00 0.00 0.00  19.70 50.10
196465 1.50 25.10 0.00  0.00 2.00 0.00 6,40 2,20 20.70 51.10

 1965-66  26.40 24,20  3.90 0.00 0,00  0.00 4.70  1.00 16,20 52.10

196667 2,40 30,90 7.30 0,00 0.00 0.00 ©0.00 9,50 28,30 53,00

~1967-68 15,70 24.10  0.00 0.00 0.00 0,00 2.80  0.00  14.90 32.90

. 1968-69 8.70 12,30  0.00 4.60 0.00 0.00 1.30  8.30 22,80 50.20

1969-70  16.00 26.80  8.10  0.00 1.90 0,00  0.00 0,00  23.60 42.80

,1970-71  15.60 23,30 1,80 0,00 ©0.00 0.00 0,00 0.00 14,40 51,60

[ 1971-72 8.30 17.40 .50 0.00 9.70 0.00 5.70 0.00 28.00 53.00

: 1972-73 27.80 14.10 2.10 0.00 40 0.00 0.00 0.00 14.80 u43.50




TABLE D-9

MODEL INPUT DATA
TUNTANG MONTHLY IRRIGATION DEMANDS IN 105m3
RECOMMENDED CROPPING PATTERN - NOVEMBER START

\Wx Oct Nov Dec Jan Feb Map Apr May Jun
Year

1992-53  0.00 59.82  10.93  7.25  0.00 45.60  7.45 29.00  42.58 64.73  60.68 65.24
1993-5%  12.27 62.91  9.47  0.00  0.00 S4.35 25.08 12.92  24.06 57.48 3u.13 35.80
1954-55  0.00 34.33  4.85 14.83  0.00 4.12 18.56 27,92  32.17 ug.57 34.36  49.05
195556 0.00  54.57  7.71  0.00' 0.00 54.87 38,78 37.99  23.31 63.22 36.20 42.59
1996-57 © 0.00  72.14  0.00  4.83  0.00 38.82 18.39 47.52  40.84 50.22 51.25 62.25
1957-58 1.1 74.58  1.25 18.75  0.00 20.78 17.72 32.20  31.76 54,94 17,14 44,63
1938-59  0.00 76.70  0.00  0.00  8.25 54,18  8.40 33.40  36.23 48.75
1959-60  4.82  69.40  5.48 0,00  0.00 48.91 27.03 33.50  39.18 71.48
1960-61  0.50 42.45 14.37  0.00  0.00 54.18 18.22 1.02  u4.15 78.53
1961-62  11.79  79.58 11.25  0.00  0.00 34.26  5.85 53.43  39.65 60.50
1962-63 0.0 75.28  8.67  0.00  0.00 57.1% 11.14 57.85  149.00  80.00
1983-64  9.67 88.27  0.00 11.00  9.64 40.57  8.56 81.73  31.96 74.12
1964-65  0.00 70.08  0.00 0.00 0.00 50.59 33.58 37.60  34.06 76.15
1965-66  17.58 68.22  6.53  3.55  0.00 50.42 30.08 - 35.2 24,82 78.15

(1966-67  0.00 81.78 13.38  0.00 0.00 48.74 16.05 52.43  49.38  80.00
1967-68 0,00 68.05  0.00 0.00 0.00 46.26 26.32 12.76  22.37 39.5g
1966-69  0.00 44.26  0.00 15.3%  0.00 41.21 23.17  50.03 38.25 74,40

- 1969-70 0.00 73,53 15.03 0.25 0.00 37.71 16.38 20.93 39.88 59,48

S 1970-71 0,00 66.38  2.3%  0.00 0.00 35,97 12.92 15.06 21.25 77.11

1971-72  0.00 54.57  0.00  0.00 449 17.82 32.10 32.64  u4B.64  80.00
972:73. 20,57 47.90  2.80  0.00 0.00 17.53 16.22  ©.00 22,18 60,91,




TABLE D-10
MODEL INPUT DATA
TUNTANG (23,375 ha) MONTHLY IRRIGATION DEMAND IN 106m3
CROPPING PATTERN 2 RICE + 1 UPLAND CROP - OCTOBER START

Month Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Year——

1952-53  23.20 40.40 12.30  1.10 15.00 0.00  0.00  0.00 50,30 91.50 71.10 48,00
1953-54 47,80 43.40 10,80  0.00 00,00 0.00 4,50 0,00 31.80 84.30 44,60 18,50
1954-55 19,70 14.90  6.20 8.70  0.00 0.00 0.00 0.00  39.90 75.40 44.80 31.80
-1955-56 22,50 35,10  9.10  0.00 7.60 0.00 18.20 4.80  31.00 90.00 46.60  25.u40
1956-57  13.80 52.70 .10 0.00 13.90 0.00 0.00 14.30 48,60 77.00 61.70 45.00
1957-58  36.60 55.10 2,60 12,60 0.00 0.00 0.00 0.00 39,50 81,70 27.60 27.30
1958-59  28.30 57.20 0,00  0.00 23.30 0.00 0.00 0,20 44,00 75.50 70.80 32.60
1959-60  40.40 49.30  6.80  0.00  0.00 0.00 6.50 .40  46.90 98.30 75.90 36.00
1960-61 36,00 23.00 15.70 0.00 9.80 0,00 0.00 0.00 51,80 105,30
1961-62  47.30 60.10 10.30 0,00 0.00 0.00 0,00 20.20  47.40 87,30
1962-63  25.80 55.80 10.00 0.00 0,00 0.00 0.00 24,60 56.70 106.80
1963-64  45.20 68.80  0.00  4.90 24.70  0.00 0,00 0.00  39.70 100.90
1964-65  30.00 50.60  0.00  0.00 4,10 0,00 13,00 4,40 41,80 102,90
1965-66  '53.10 48.80  7.90  0.00  0.00 0,00 9,50 2,10  32.60 104.90
1966-67 . 4.70 62.30 14,70 0.00 0.00 0.00 0.00 19,20  57.10 106.80

11967-68  31.50 48.60  0.00  0.00  0.00 0.00 5.70  0.00 30,10 66.40

© 1968-63  17.50 24.80  0.00 9,20 0,00 0,00 0.60 16.80 46,00 101.20
. 1969-70  32.30 S4.10 16.40  0.00 3,80 0,00 0.00  0.00  47.60 86.30

71970-71  31.30 46.90  3.70  0.00 0,00 0.00 0.00 0.00 29,00 103.90

'~1971-72. 16,80 35.10 1.10 0.00 19,50  0.00 11.50 0.00 56,40 106.80

197273 $6.10 28,40 4,20 0,00 .80  0.00 0,00 0.00 29,90 87,70




D.6. SPECIAL OPERATION STUDIES

This section describes a number of special runs conducted for
specific purposes other than evaluation of an element or array of

elements.

D.6.1. Effect of Different Cropping Patterns on Area Irrigated at
95 Percent Firmness

The cropping pattern developed and recommended for the project
area in Appendix B-Part I was used in nearly all operation studies. The
Jratunseluna Project staff requested a comparison of areas which
could be irrigated if Rawa Pening were raised under the PRC/ECI
recommended cropping pattern with a November start and a cropping

pattern consisting of two rice crops and one upland Ccrop.

Assuming the delivery of municipal and industrial water from
Muncul Springs to be 2,000 1/s and Rawa Pening raised to 100 x 106 m3
both cropping patterns were imposed on the system. Reference to
Table D-13 shows that with the recommended cropping pattern 11,000 ha

can be irrigated with 95 percent firmness if 2,000 1/s of municipal
and industrial water is diverted from Muncul Spring. Reference to
Figure D-4 shows that with the (2 + 1)-cropping pattern only 9,727 ha

can be Irrigated at 95 percent firmness.

This can be explained by examination of Tables D-9 and D-10.

The (2 + 1)-cropping pattern discussed in Appendix B-Part I imposes much ]
higher irrigation demands in July and August than does the recommended

cropping pattern. The recommended cropping pattern avoids high use in

late dry season thus making run-of-river or transbasin diversion

flows in those two months more effective in meeting dry season demands.
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Thus only the recommended cropping pattern was considered in'the
major part of this study as potential benefits are significantly
greater with the recommended cropping.

D.6.2. Effectiveness of Local Inflow Between Gunung Wulan Damsite and

the Glapan Weir

A second assumption made in all studies discussed in the following
sections, with exception of those incorporating Glapan Barrage; was
that local inflow between the Gunung Wulan damsite and the Glapan Weir
was ineffective for irrigation diversion. In actuality a relatively
large percent of the dry season monthly discharge (insignificant in
volume) and a very small percent of the wet season flows would be
divertable. Some conservatism in the studies results from this as-
sumption. Table D-11 compares two conditions, both with, and without
consideration of runoff from the lower 127 km? on the watershed.

Fifty percent of the run-of-river flow is considered divertable.

Consideration of the local inflow is insignificant with respect

to affecting the irrigation firmness established by the model.
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No.

917

919

918

TABLE D-11

EFFECTS OF CONSIDERATION OF LOCAL INFLOWS
BETWEEN GUNUNG WULAN AND GLAPAN

\

. . Irrigation
Storage Provided Local Area Irrigated Firmness

Pzz:: 4 ﬁ:ﬁﬁﬁf Jragung Flow Tuntang Jragung Tuntang Jragung o
(106 m3) (106 m3) (106 m3) Comsidered .y (1) (%) ()

43 0 0 No 23,375 11,625 77.4 42.5

43 0 0 Yes 23,375 11,625 77.4 42.5

125 260 0 No 23,375 11,625 98.4 98.4
23,375 11,625




D.7. EVALUATION OF INDIVIDUAL PROJECTS ON THE TUNTANG

Carrying out all works necessary for fnllﬁdevnlbpment of the
basirs water resources would constitute a project of considerable
magritude. Phasing of development will be a necessity.

Spaclal governmental constr.ints in Indonesia at the present
time pose to delay the constrvction of larger dams to an unspecified
ﬂ' future date.

One step utilized in the p.inning process was then to isolate
I’ two of the smaller and the largevt project component and analyze
them as individual projects. All of the projects, as will be showa
lg later, fit as a component in an overall development plan analyzed.

E D.7.1. Raising of Rawa Penlnijeservoir

Rawa Pening has been raised in 1912, 1932 and again in 1966.
Further raising was studied in 1972 and 1975. Details are discussed

and past studies cited in Appendix C-Part I. Previous studies have con-

3
[

sidered raising Rawa Pening assuming releases would be based primarily

on hydroelectric power demands. The present study, however, assumes

releases based on irrigation with resulting decrease in firm power

but no significant reduction in average annual energy production.

- wed

This project, or development component appears particularly

Feo

attractive with respect to allowing an early relief with respect to

supply of municipal and industrial water supply to Semarang. It is

also attractive from the standpoint of fitting into a number of total

development schemes.




D.7.1.a. Procedures

A large number of operation studies were conducted to investigate
Rawa Pening alone in order to arrive at the optimum development of this
element. The raising of Rawa Pening to provide live storage volumes of
100, 125, 150, 200 and 250 x 105 m3 was considered. Each of these
storage volumes were then investigated with an M & I diversion from
Muncul Springs of 250, 500, 1,000, 1,500 and 2,000 1/s. The ir-
rigation area on the Tuntang for each set of conditions was varied in
order tic letermine the area which could be irrigated at 95 percent
firmmess. To arrive at a combination which would result in precisely

95 percent firmness would be very time consuming.

Some pertinent applicable operation studies are summarized in
Table D-12 as an example. As may be noted from Table D-12, in some
cases percent firmness failed to change with an increase or decrease
in M € 1 diversion rate when storage and irrigation area were held
constant. Compare runs 696 and 697 for example. It should be noted,
however, that the average annual shortage volume always increased with
increased Muncul diversion, and decreased with decreased Muncul
diversion. This is due to the manner in which firmness is computed as
previously explained. In order to assess actual conditions, firmnesses

were normalized with shortages by the following procedure:

For each irrigation area considered, the values of shortage and
firmness were plotted from the computer output for various combinations
of storage and M & I diversions. A regression analysis was then per-
formed to fit a curve through the plotted poinfs. From this 6urve, the

value of shortage was determined which corresponds to 95 percent firmness.

An index value of shortage times firmness was then computed for 95 percent

firmness. Figure D-5 presents an example of this procedure.




This procedure was repeated for a number of 1rrig§ted;areaé" .
resulting in ability te establish an "index value" versus,irrigéted
area relationship. This is presented as Figure D-6. For any area
shortages were thus normalized to 95 perceht firmness. '

Using the index values, the curve representing shortage volume

versus irrigated area at an iriigation firmness of 95 percent was

derived. Utilizing the results of numerous operation studies including
those as summarized in Table D-12, the relationship of shortage versus

irrigation area for each diversion rate associated with each live

1 storage volume was plotted. The shortage volume versus irrigated area

. o]
[T

pownn

curve at 95 percent irrigation firmness was then superimposed on each
: set of plots establishing the area which could be irrigated at

s 95 percent firmness under each set of conditioms. ,;

These plots for Rawa Pening live storage volumes of 100, 150,
200 and 250 x 105 m3 appear at Figure D-7, D-8, D-9 and D-10 respectively.

6 nd of live storage at Rawa Pening, only the case of

For 125 x 10
a 1,500 1/s diversion at Muncul Springs was considered. The operation
studies conducted were in a range to allow the setting of the irrigated 'Wf
area by straight line interpolation. The curves and regression analysis

are presented in Figure D-11.
D.7.1.b. Results

The results of the computer studies and subsequent analysis are

summarized in Table D-13 which shows for each height of Rawa Pening

the irrigation area served for five different M & I diversion rates

at Muncul Springs.

Similar data are graphically presented in Figure D-12. Effective-
ness of additional storage at Rawa Pening decreases rapidly as the
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storage volumes increase. As an example, if one assumes an M € I
diversion rate of 1,000 1/s and storage volumes of 150 and 200 x 10% m3
the irrigation area served increases from 17,080 ha to 20,580 ha. This
additional 50 x 10° m? of live storage increases the potential service
area by 3,580 ha. If, however, the M § I dive?sion is maintained at
1,000 1/s and an additional 50 x 108 md of storage is added (200 to

250 x 105 m3) total service area increases to only 21,800 ha. The
second 50 x 10° m3 increment considered increased the area served by
only 1,220 ha whereas the same incremental storage in a lower total
Qolume range increased the potential area served by 3,580 ha.

Providing that all Rawa Pening releases are governed by downstream
irrigation demand, the energy which can be generated at the two existing
power plants (Jelok and Timo) on the upper Tuntang decreases as a result
of three factors - increase in storage at Rawa Pening, increase in the
size of the irrigation areas served and increased M & I diversion from
Muncul Springs (Increased storage at Rawa Pening would increase power
potential if release of that storage were governed by power). Large
areas require di'y season releases in excess of the capacity of these
power plants. Therefore, the power plants do not make maximum use of
the stored water. Larger storage reservoirs spill less during the wet

season reducing wet season power generation.

Figure D-13 shows the reduction in pbwer production at the Jelok
and Timo plants as a function of M & I diversion and the storage
provided at Rawa Pening.

The DGWRD has indicated in their review of the Interim Report onb
this project that power reductions of up to 10 percent would probably
be acceptable. Schemes resulting in power reductions of between 10 and
20 percent, if economically viable when the negative benefit of power

loss is considered, should probably be seriously considered for
implementation.
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Examination of Figure D-13 shows then, that consideration of'Rawa
Pening storages greater than 150 x 10° m3 have little merit for further
consideration based on this constraint.

As discussed in Appendix G and Appendix C-PartI, there are two other
factors limiting the height to which Rawa Pening can be raised.
These are the foundation materials on which the levees are to be

constructed and the serious problems caused by raising the lake level.

These three consideration coupled with the fact that a given
F1 increase in storage becomes less effective with increased volume

i indicate that the consideration of raising of Rawa Pening should be
T limited to a range of 100 to 125 x 10° mS.

In both the cases of raising to 100 or 125 x 105 m3, a four-year
construction period is assumed. Reservoir area wovld be purchased at
$ 9,600 (Rp. 5.952 x 10%) per hectare and irrigation system rehabili-
B tation costs were estimated at $ 328.00 (Rp. 203,360) per hectare.
The detailed cost estimates for the embankments are contained in
{ Appendix C-Part I.

' The operation and maintenance costs at the dam are set as a

function of the total cost and the annual operation and maintenance

costs for the irrigation system are set at $ 10.00 (Rp. 6,200) per

l hectare.

[' The power losses at the existing Jelok and Timo power plants on
the upper Tuntang are considered a negative benefit and benefits for

. municipal and industrial water are taken in accordance with the values

[. established in Appendix E-Part I. A five-year development period to

achieve full production after project implementation is assumed.
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The irrigation benefits as established in Appendix E are used. .
T-2 results of the Internal Rate of Return determinations for the

two cases involving this single element are summarized in Tahie D-~li.

D.7.1l.c. Summary

The raising of Rawa Pening as an individual project is very
attractive. As will be discussed later, it also is an important
element in the total development array and is worthy of full future
consideration in development of the Tuntang/Jragung Basin.

D.7.2. Construction of Glapan Barr;gg

In the Jratunseluna Basin Development Plan prepared by NEDECO [1]
in 1973, a damsite was identified at Glapan. This site was studied by
NEDECO to feasibility level [7]. The structure proposed as a result
of that study had a gross séorage capacity of 320 x 10% p3 with a
reservoir area of 3,000 ha. Twenty one thousand people would have been

displaced from the reservoir area, and the town of Kedungjati inundated.

This site, as indicated in PRC/ECI's Interim Report [2] on this study
was considered as a potential storage site. Since a suitable damsite
which provided greater live storage was identified upstream at Gunung
Wulan and the problems associated with inundation were fewer at that
site, the Glapan site was not given further consideration. Undefined
but relatively severe sedimentation problems were also associated with

the site at Glapan which has an upstream catchment area of approximately
2
800 km<“.

However, in view of the previously mentioned govermmental constraints
with respect to construction of large dams, it was proposed that a small
storage facility should be considered at the Glapan site. Such a develop-'if
ment must be designed to mitigate potential sedimentation deposition.
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The concept developed was to bwild a barrage type structure to
provide a gross storage of about 125 x 10° m’ and allow run-of-
river flow through all gates during the period of October 1 throuéh
March 31. A large percent of the anmual sediment load would thus be
passed through the proposed structure. Details on sedimentation consider-
ations at the site may be found in Appendix A-Part I of this report. the
proposed structure is described in detail in Appendix C-PartI. While the
primary purpose of the storage would be for the providing of dry

season irrigation water, the structure would be operated so as to

allow the diversion of up to 1,500 1/s of municipal and industrial

water from Muncul Springs. If such a project were attractive on its
merit it could possibly be considered in conjunction with other

elements in one or more overall development schemes.

D.7.2.a. Procedures

Operation studies were conducted using applicable components of
the basin model. The resulting live storage of 87 x 10° m3 was
considered with three different municipal and industrial diversion
rates from Muncul Springs. Municipal and industrial supplies of
500, 1,000 and 1,500 1/s were considered. The irrigated area on the
Tuntang for each condition was varied by model run and the 1rr1gable

area at 95 percent firmness for each diversion rate was subsequently
established.

Pertinent applicable operation studies are summarized in Table D-15.
As may be noted in Table D-15 in most cases firmness of precisely 95
percent and the corresponding irrigable areas were not established. The
areas at 95 percent firmness were established by linear regression
analyses utilizing data sets from model results. For municipal and
industrial water diversion rates of 500, 21,000 and 1,500 1/s, the 95
percent firm irrigated areas were computed as shown in Figures D-1%, D-15
and D-16 respectively and as previously described for Rawa Pening.




D.7.2.b. Results

The results of the computer basiu model runs and subsequent
analyses are summarized in Table D-16 which shows the irrigation
area served for each of the three municipal and industrial diversion .

rates at Muncul Springs. A graphical representation of these data
are presented in Figure D-17,

Figure D-18 shows the reduction in energy generated at the Jelok
and Timo Plants as a function of M § I diversion with the Glapan
Barrage in place. As previocusly stated the DGWRD has indicated in
their review of PRC/ECI's Interm Report [2] that power reduction of
10 percent would be acceptable. It is thougﬁt, however, that schemes
resulting in power reductions of between 10 and 20 percent should not
be discarded provided the element is economically viable with the
negative benefit of power loss considered in the analysis.

In the economic analysis performed on this particular element a
four-year construction period was.assumed. A flow rate of 1,500 1/s
from Muncul was selected as the required municipal and industrial
water supply for the city of Semarang at completion of the project.

Determination of right-of-way costs was somewhat complex for
this element as the reservoir inundates land exhibiting four land:
uses, i.e. villages, riceland, plantations and forest.

Since the Larrage gates will be opened from October 1 through
March 31 each year it is considered to be possible to raise one crop
of rice on the ricelands presently existing in the reservoir area.
Outright govermment purchase of all lands was assumed. The affected
people are expected to relocate at higher elevations around the
maximum pool level and settle there. After acquiring the proprietary
rights, the govermment would lease back those ricelands in return for
one-third of the rice produced over the thirty-year 1ife of the project.




Using crop values projected for the project area in the future
without project, one-third of the present worth of future (onevcrop)
rice production over a thirty year period is $ .86 x 105. This value
was subtracted from the financial cost of land purchased to result in

an economic cost.

Right of way acquisition costs are summarized in Table D-17.
Semarang Regency guidelines were utilized in setting the purchase
price of land falling into the four land use categories outlined
above.

The barrage construction cost of 23.9 million dollars is docu-
mented in detail in Appendix C-Part I. Irrigation system rehabilitation
costswere estimated at $ 328,00 (Rp. 203,360) per hectare. Operation
and maintenance costs at the dams are set ac a function of total cost
and annual operation and maintenance costs of the rehabilitated
delivery and distribution system are estimated at $ 10.00 (Rp. 6,200)

per hectare.

Power losses at the existing Jelok and Timo power plants on the
Upper Tuntang are considered a negative benefit and benefits for
municipal and industrial water are taken in accordance with the value
established in Appendix E-Part I. A five-year development period to full

production after project implementation is used.

Irrigation benefits are established in Appendix E - Part I of this

-report. A summary of the economic analysis performed on this element

is presented in Table D-18.

It should, however, be noted that if both Rawa Pening and Glapan
are constructed in stages, the benefite which will then accrue will be
different from the cumulative benefits derived from the Glapan Barrage
and the raising of Rawa.Pening. In that case the M § I benefits will




--depend upon the maximum limit of water that can be drawn from the

Muncul Springs for that purpose and for which the needed storage has
been provided. Also,the irrigated area will not be a sum of the
areas presented for the two cases in the foregoing. The total area
which will be ifrigated in that case will be 20,907 ha as discussed
in paragraph D.9.3.6.

D.7.3. Construction of Gunung Wulan Dam Alone

As indicated in the Interim Report [2] the construction of Gunung
Wulan Dam serves as a development nucleus if the full potential of
water resources is to be realized in the basin. The site, appurtenant
problems, and dam configuration are presented in detail in Appendix C-PartI.

As individual projects eventually to become array elements wers
evaluated, it was deemed advisable to evaluate Gunung Wulan alone
without transbasin diversion and without the raising of Rawa Pening.
The first exercise was to evaluate the storage required to irrigate
the full 23,375 ha assigned to the Tuntang as a study norm while
allowing the diversion of 2,000 1/s of municipal and industrial water
from Muncul Spring.

Results of applicable model studies are summarized in Table D-19.
The area was held constant for a number of trials to establish the
live storage volume required. Full storage of all sediment for the
50-year project life is incorporated as a condition.

From Table D-19 it can be seen that construction of Gunung Wulan
alone to provide a live storage of 190 x 106 m3, or a gross storage.
of 450 x 10% m3 would irrigate the 23,375 ha service area at just over

85 percent firmness while allowing the diversion of 2,000 1/s of
M € I water from Muncul Springs.




live storage which can be provided at the Gunung Wulan Site Is ,
260 x 10° m3. The resulting gross storage for this condition is set
at approximately 520 x 106 3. The live storage was set at 260 x lOSnP,
Muncul Springs M & I diversion at 2,000 1/s and the irrigation area on
the Tuntang varied to reach 95 percent firmness. Pertinent applicable
operation studies are summarized in Table D-20. Unfortunately the
series of runs failed to reach an area sufficient in size to produce

a resulting firmness of 95 percent. Projections by regression analysis
shown in Figure D-18 set the area which could be irrigated at 95 percent
firmness at 32,920. Only 30,900 ha of the total area of 35,000 ha could
be served from the Glapan Weir without pumping. If Gunung Wulan were
constructed so as to provide 260 x 108 n3 live storage it may safely be
assumed that 30,900 ha of the service area could be irrigated.

In the first case,with 190 x 106 m3 1ive storage provided and
23,375 ha served, the power reduction at the existing Jelok and Timo
powerplants is 16 percent with a total loss of firm power and a gain
of 24 Gwh annually of secondary energy. An additional 65 Gwh of
secondary energy results from the power plant installation at Gunung
Wulan for a net gain of 85 Gwh of secondary energy annually.

In the case of the construction of 260 x 105 md live storage at

Gunung Wulan and the subsequent irrigation of 30,900 ha of land it

was necessary to project the energy generated by linear regression

from the Gunung Wulan energy data presented in Table D-20., The average
annual total energy generated at Gunung Wulan under these conditions is
estimated to be 63 Gwh annually. Generation of energy on the existing
upper Tuntang system is estimated at 134 Gwh annually. Again there is
complete loss of 50 Gwh annually of firm energy. A gain of 24 Gwh
annually of secondary energy results on the upper Tuatang and with the
63 Gwh at Gunung Wulan there is a net gain of 87 Gwh annually.

As discussed Appendix C~Part I, it is now believed that the maximm

N




In both the cases of providing 190 x 106 m3 and 260 x 105 m® of
live storage at Gunung Wulan a four-year construction period is
assumed. Population in the reservoir area is concentrated in the
lower lands and it is estimated that for either case some 2,850 fa-
milies would of necessity be transmigrated at a cost of $ 2,800 per
family or a tctal of $ 7.98 x 105, Irrigation system rehabilitation
costs are estimated at $ 328.00 per hectare for Case 1 (190 x 106 3
of live ciorage) and also for Case 2 (260 x 10% m3 of 1ive storage).
At that poir’. 33 percent of the water would be discharged into the
Kali Cabean from where it would flow to the confluence of the Glapan
and the Kali Gemboyo to be rediverted at the Guntur Weir. The project
cost including Row and irrigation rehabilitation costs is estimated
at $ 117.2 x 10°® for 190 x 105 m3 live storage and $ 132.7 x 10° for
260 x 106 m3 live storage. Gunung Wulan Power Plant Costs, which are
in addition to the dam cost, are estimated at $ 13.2 x 10%. Detailed
cost estimates for the two sizes of dams and the power plant appear

in Appendix C -Part I.

Operation and maintenance costs at the dam are set as a function
of total cost and annual operation and maintenance costs for the

irrigaticn system are set at $ 10.00 per hectare.

Power losses at the existing Jelok and Timo power plants on the
Upper Tuntang are considered a negative benefit and benefits for
municipal and industrial water are taken in accordance with the
values established in Appendix E - Part I. A five-year development

period to full production after project implementation is assumed.

Irrigation benefits as established in Appendix E - Part I are
used. Results of the internal rate of return determinations for the

two cases involving this single element are summarized in Table D-21. o




TABLE D-12

SUMMARY OF SOME OPERATION STUDIES PERTINENT TO THE RAISING OF RAWA PENING
TO PROVIDE FOR MUNCUL M & I DIVERSION AND INCREASED IRRIGATION FROM THE TUNTANG
(RECOMMENDED CROPPING PATTERN)

et

Irprigated Area Live Storage Controlled Average Annual Irrigation M € I Diversion Average Annual.

4 at Average Annual Irrigation Total Energy .
Jragung Tuntang - p... Pening R:iease Shoitage Firmess from Muncul UTS W
(ha) (ha) (106 nd). (106 m3) (106 m3) (%) (1/s) (Gwh)
0 10,518 100 104,2 3.2 98,4 250 159.0
0 12,856 100 122.8 9.8 95.6 - 250 155.8
0 15,194 100 138.1 20,0 92,9 250 152,2
0 8,181 100 82.5 0.0 100.0 500 156.0
0 12,856 100 121.7 10.8 9.8 500 152.8
0 15,194 100 137.6 21.2 92.9 500 149.7 .
0 8,181 100 82.2 .2 99.2 1,000 150.8
0 10,518 100 102.1 5.1 96.4 1,000 150.8
0 12,856 100 119.3 13.0 94,8 1,000 147.2
0 . 8,181 100 81.2 1.2 98,8 1,500 144.6
-0 10,518 100 100.6 6.6 96. 4 1,500 44,2
.0 12,856 100 117.4 15.1 ay .4 1,500 141.8 -
0 - 10,518 100 99.1 8.1 96.4 2,000 137.6
0 15,194 100 128.7 30.1 90.9 2,000 - 132.1
] 12,858 125 123.8 8.9 €6.4 1,500 141.0 -
0 14,025 125 132.7 13.0 95,2 1,500 ‘ - 138.7 .
0 15,193 125 141.2 17.7 94,0 1,500 136.5 -
0 15,193 150 152.0 7.3 96.8 250 49,4
0 18,700 150 180.0 19.7 94.8 250 nl. 8-
0 15,193 150 151.2 8.1 96.4 500 _106.7f
0 18,700 150 178.7 20.9 o4. 4 500 ’ '139f
0 15,193 150 149.6 9,7 96.4 1,000 Lo B
0 18,700 150 176.3 23.3 Q3.7 1,000
0 15,193 150 : 147.9 11.4 g96.4 1,500
0 18,700 150 173.7 25.8 93.3 1,500
0 15,193 150 146.0 13.3 96.0 2,000
.0 28.7

18,700 150 170.8 92,5 '_2,000




TABLE D-12 (Cont.)

SUMMARY OF SOME OPERATION STUDIES PERTINENT TO THE RAISING OF RAWA PENING
TO PROVIDE FOR MUNCUL M & I DIVERSION AND INCREASED IRRIGATION FROM THE TUNTANG
(RECOMMENDED CROPPING PATTERN)

Irrigated Area Live Storage Controlled Average Annual Irrigation M & I Diversion Average Anmual  ¥

at Average Annual Irpigation Total Energy
Jragung Tuntang Rawa Pening Pelease Shortage Firmess from ¥uncul UTS
(ha) (ha) (106 m3) (106 m3) (106 m3) (%) (1/s) (Gwh)
0 18,700 200 181.4 8.6 97.6 250 139.1
0 23,375 200 228.8 27.4 93.7 250 128.1)
0 18,700 200 190.4 9.5 96.8 500 136.0
0 23,375 200 226.3 29.9 93.7 500 125.2
0 18,700 200 188.1 11.8 96.4 1,000 129.9
0 23,375 200 . 221.1 35.0 92.5 1,000 119.8
) 18,700 200 185.1 14,7 96.0 1,500 124.7
0 123,375 200 214.9 41.0 90.9 1,500 11%.6
0 18,700 200 180.7 19.9 95.6 2,000 128.1
0 23,375 200 208.7 47.1 89.7 2,000 109,% e
0 19,869 250 207.3 6.7 98.4 250 .433.8 -
0 23,375 250 232,7 23.7 . 95,2 250 126.5 -
0 19,869 250 205.2 8.7 97,6 S00 130.9
0 23,375 250 230.3 26.0 95.1 500 123,6 .
0 19,869 250 200.5 13.2 96.4 1,000 126.2
0 23,375 250 225.6 30.6 a4.0 1,000
0 16,362 250 170.3 2.7 99.2 1,500
0 23,375 250 220.9 35.2 93.3 1,500
-0 16,362 250 167.1 5.8 98.0 2,000 -
0 23,375 250 216.3 3%.7 92,5 2,000

8



. TABZE D13

SUMMARY OF PUSSIBLIE M & I DELIVERY
FROM MUNCUL SPRINGS AND IRRIGATION SERVICE
AREAS BELOW GLAPAN RESULTING FROM RAISING

RAWA PENING TO VARIOUS HEIGHTS

Live Storage M § I Supply Irrigation Average Annual Irrigation Average Annual
at from Irpigation , Energy B
Rawa Pening Muncul Area Short Firmness UTS

(108 m3) (1/s) (ha) {106 m3) (%) (Gwh)

100 250 13,640 13.2 95 154.0
100 $00 13,29¢ 12.7 95 152.0
100 1,000 12,450 11.8 g5 148.0
100 1,500 11,640 i0.8 95 143.0
100 2,000 11,000 10.9 95 137.0

125 1,500 14,204 i4.0 95 138.7

150 250 18,400 18.6 95 141.4
iSo 500 17,8490 18.0 ‘ 95 140.7
150 1,000 17,080 17.1 95 137.0:
150 1,500 16,480 16.4 95 132.5
150 2,000 16,640 15.4 a5 128.0

200 250 22,320 23.1 95 130.5
200 500 21,600 22.2 95 129.0
200 1,000 20.580 21.1 95 135.5
200 1,500 19,640 20.0 95 122.5
200 2,000 18,640 18.8 95 119.5

250 250 23,640 24,8 95 126.0
250 500 23,000 4.0 85 i2u.s
250 1,000 21,800 22, 95 121.5
250 1,500 20,520 21.2 95 120.5

i

250 2,000 19,280 18.7 95 117.0




TABLE D-1%

SUMMARY OF RESULTING INTERNAL-RATES OF RETURNS
FOR RAISING RAWA PENING ALONE

Irrigated :
Area MEI Project Cost Annual - Intérnal Rate
Total HNet Water O € M Cost of Return
(ha) (ha) (1/8)  ($ x 105) ($ x 105) (%)

11,640 5,640 1,500 23,69 0.10 41.3

14,204 8,204 1,500 31.00 . 0.1%




TABLE D-15

SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GLAPAN BARRAGH:
TO PROVIDE FOR MUNCUL M § I DIVERSION AND INCREASED IRRIGATION FROM THE TUNTANG

Irrigated Area Live Storage Controlled Average Annual Irrigation M & I Diversion Average Annual

at Average Annual Irrigation Total Energy
No. Jragung Tuntang Glapan Release Shortage Firmness from Muncul UTS iy
. (ha) (ha) (106 m3) (106 m3) (106 m3) (%) (1/s) (Gwh)

96.8 1,000 148,3

0 1,167 87 187.9 5.0

9yl 0 9,350 87 154.2 .8 98.8 1,000 147.9
942 0 14,025 87 217.5 13.3 95.6 1,000 148.0
943 0 16,362 87 245.4 23.4 93.3 1,000 48,2

o - Shb 0 11,687 87 186.4 6.5 97.2 1,500 , 142.0

i 945 0 9,350 87 153.6 1,3 98.8 1,500 " 4.7

@ aus 0 14,025 87 - 215.5 . 15.4° 94,0 1,500 41,8
ay7 0 16,362 87 22,8 26.0 92.5 1,500 1.7
948 0 11,687 87 189.1 3.8 98.0 500 54,2
948 B O 14,025 87 219.8 . 11.1 96.6 500 154.2
949 1] 16,362 87 248.0 20.8 94.0 500 153.9 .
950 0 18,700 87 273.7 33.0

91.7 500 153.0



TABLE D-16

SUMMARY OF POSSIBLE M & I DELIVERIES FROM MUNCUL SPRINGS
AND IRRIGATION SERVICE AREAS RESULTING

(* FROM THE CONSTRUCTION OF GLAPAN BARRAGE
1 Live M &€ I Supply Irrigation Average Annual Irrigation Average Anmal
(i Storage Irrigation Energy
at from Muncul Area Shortage Firmness - UTs
- Glapan
| (106 m3) (1/s) (ha) (105 m3) (%) (Gwh)
] 87 500 15,275 17.5 95 ' 154.0
' 87 1,000 14,341 15.5 95 148.0
87 1,500 13,517 14.6 95 142.0
TABLE D-17
RIGHT OF WAY ACQUISITION COSTS AT GLAPAN
Area Unit Cogt Total Cost
Land Use (ha) (R x 100) ($ x 105)
Villages 280 3 1.35
Riceland 575 5 3.78 1
Plantations 230 2 74
Forest 350 1 .56 5,
River Bed & Other 65 - - é
Totals: 1,500 - 6.43 1 ;

1. Economic costs considering rice leaseback. Financial Cost is
$ .86 x 10 greater and represents. the present worth of one

third of the future production for the next thirty years at
12 percent.




TABLE D-18
SUMMARY OF ECONOMIC ANALYSIS - GLAPAN BARRAGE CONSTRUCTION

Live Irrigated Area M &I Project - Annual Internal Rate of
Storage Total Net Water Cost 0 & M Cost Return
(10° w%) (ha) (ha) (3/s) ($ x 106) (s x 109) (%)

87 13,517 7,517 1,500 32.77 .14 20.8

TABLE D-18
SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GUNUNG WULAN ALONE
TO ALLOW M &€ I DIVERSION AND IRRICATION OF 23,375 ha ON THE TUNTANG

Average Annual
Total Ener

Rawa Gunung Average Annual Average Annual Irrigation Diversion UTS  Gunung
s Irrigation .
Pening Wulan Release Shortage Firmness Muncul Wulan

(ha) (ha)  (10%m3) (10%md) (106 md) (105 m3) (%) (1/s) _ (Gwh) (Gwh)

Irrigated Area Live Storage Gunung Wulan MET

No. Jragung Tuntang

23,375 43 175 - 369.2 29.0 93.7 2,000 133.7 S4.4

23,375 43 190 373.9 4.3 95.2 2,000  134,1 60,7
23,375 43 260 388.5 9.7 98.4 2,000 134.,6 64,9
23,375 43 150 345,2 38.8 92,1 2,000 1344 57,2
23,375 43 200 376.6 21.6 96.0 2,000  134.,1 62,0




SUMMARY OF OPERATION STUDIES PERTINENT TO THE CONSTRUCTION OF GUNUNG WULAN ALONE

TABLE D-20

TO ALLOW M & I DIVERSION AND IRRIGATION OF A MAXIMUM AREA FROM THE TUNTANG

Irrigated Area

Live Storage

Gunung Wulan

Average Annual
Total Energy

Run  Jragung Tuntang Rawa Gunung Average Annual Average Annual Irrigation MeI . UTS  Gunung .
. Irrigation Diversion
No. Pening Wulan Release Shortage Firmmess Muncul Wulan
( ha) (ha) (106 m3)(106 m3) (106 m3) (106 m3) (%) (1/s) (Gwh) (Gwh)
921 23,375 143 260 388.5 9.7 98.4 2,000 134.6  64.9
922 21,037 43 260 356.5 3.7 98.8 2,000 1344 65.4
923 18,700 43 260 322.3 0.0 100.0 2,000 134.6 66.1
TABLE D-21
SUMMARY OF RESULTING INTERNAL RATES OF RETURNS
RESULTING FROM CONSTRUCTION OF GUNUNG WULAN- TO
TWO DIFFERENT HEIGHTS
Live - Irrigated Area M & I  Project Annual Internal
Storage Total Net Watep Cost6 O &€ M Cost Rate of Return
(0%%x10°) _(ha) _(ha) (1/s) _($ x 10°%) ($_x 106) (%)
190 23,375 17,375 2,000  130.38 48 .1
260 30,900 24,900 2,000  145.85 .50

16.1




D.8. EVALUATION OF INDIVIDUAL PROJECTS ON THE JRAGUNG

D.8.1. Comments on Jragung Dam

In these planning studies no consideration was given to the

.
development of Jragung Dam alone, although consideration is given

to incorporate a small Jragung Dam with sediment passing as a part
of the phased development with the constraints, imposed by the DGWRD.

The final design of the Jragung Dam Project including all
investigation, design criteria, standards and codes were presented
in the Final Design Report submitted by PRC/ECI in April of 1979 [8].




D.9. BASIN DEVELOPMENT WITH DGWRD CONSTRAINTS

D.9.1. Bacggggund

On September 24, 1979 a meeting was held to discuss the DGWRD's
review of the Tuntang/Jragung Rivers Basins Integrated Development
Plan - Interim Report submitted by PRC/ECI in August of 1979.
Because of several reasons certain constraints were placed on the
basin development plan by the reviewing officials. These are
briefly summarized as follows.

1. It is improbable that the Govermnment of Indonesia will consider
the construction of any "large" dams in the Jratunseluna Basin
within the next ten to twenty years. Sedimentation measurements
are just commencing on the Tuntang River during the present wet
season so it will be considerable time before any length of
record will be available to serve as a data base in reliably
estimating reservoir sedimentation rates at Gunung Wulan. If
then, as stated in the Interim Report, Gunung Wulan is the major
element in total basin development it should be constructed as
the final phase of the total plan.

Based on the constraint given above, consideration was given in

the plan with DGWRD constraints to a small Jragung Dam with

50 to 75 x 10% m3 of live storage as phase 2 of basin development

to increase M § I water supplies to Semarang and irrigate additional
area.

In initial phases of development prior to the installation of
additional hydropower facilities average annual total energy
generated at the present time at the Jelok and Timo Power Plants
on the upper Tuntang should not be reduced by more than

10 to 20 percent.

It was with these constraints and agreement with the client that the

first total development plan was formulated.

D.9.2, The Development Plan with DGWRD Constraints and Scenario

The major objectives of this development plan are to provide 4,000 1/s




of munfcipal and industrial water to the city of Semarang and maximize '
the irrigated area up to the 35,000 ha of irrigable land at an acceptable
Internal Rate of Returm.

D.9.2.a. Development Elements

The elements comprising this development plan were selected after
considering numerous combinations of elements within the constraints.
outlined above on the basin. It was assumed that the storage at Rawa
Pening would be 100 x 10% n® for all cases and that 4,000 1/s of
M & I water would ultimately be supplied by the project. At the time
rtudies on this array were initiated the severe foundation restraints

L
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at Rawa Pening were not recognized and unfortunately most operation
studies were conducted with Rawa Pening raised to provide 150 x 108 nd
storage. From a minimum number of runs, estimates of area irrigable

are made in the following sections.

P P

The components selected for maximum development include: -

o
e

The raising of Rawa Pening to 100 x 108 m3 1ive storage.

Transbasin diversion/Tuntang to Jragung.

pm—

Construction of Jragung Reservoir to 75 x 10% m® 1live storage
with sediment by passing in December, January and February.

Construction of Jragung Power Plant (6 MW).
5. Construction of Gunung Wulan Reservoir to 260 x 105 m3.
6. Construction of Gunung Wulan Power Plant (10 MW).

F

7. Service_area rehabilitation.

In their ultimate configuration this scheme is best represented

by model runs 867 and 868. These are summarized in Table D-22.

From the data presented in Table D-22 it may be seen that a live

3

storage of 260 x 108 m?® at Gunung Wulan would result in firmnosses of

approximately 93.8 percent on the Jragung and 93.5 percent on the Tuntang.




Time did not allow additional runs for area pmojectioxi to
g5 percent firmmess. Based on observation of other projections
irrigable areas are estimated at 22,206 ha of the Tuntang and .
11,045 ha on the Jragung.

D.9.2.b. Phasing

It is recommended that the totalAproject be constructed in three
phases. The first phase would include components 1 and a portion of
7 as listed in paragraph D.9.2.a. The second phase would include
items 2, 3, 4 and a portion of 7 and the third phase would include

elements 5, 6 and the remainder of 7.

The conditions existing between completion of phases 1 and 2 are
derived in the previocusly analyzed case of Rawa Pening alone at
100 x 10% m3. cConditions existing between phases 2 and 3 are
represented by model runs 786, 787 and 788. Unfortunately the Tuntang
area was held constant at 8,181 in these runs rather than at the
11,640 ha service area on the Tuntang established for Phase 1.
(See Table D-13). Results of runs 786, 787 and 788 are shown in
Table D-23, '

Adjusting the above data, area is assumed interchangeable provided
the operating rule at diversion is modified accordingly. At 95 percent
firmness 17,976 ha could be irrigated. The 11,640 ha irrigated as a
result of phase 1 remains and an additional 6,336 ha is added on the

Jragung.

Municipal and industrial water supply benefits are not taken until
required. The municipal and industrial requirements as developed in
Special Report No.l [3] are shown in the projections in Figure D-20.

The phasing, interim and final municipal and industrial deliveries
and irrigation service areas are shown in Table D-2u.
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The economic analysis of Phase 1 alone is presented in Paragraph ‘
D.7.1. of this appendix. The resulting internal rate of return was
21.5 percent.

An economic analysis using a fifty-year project life was conducted
on the total scheme (Phases 1, 2 and 3). Results of the economic
analyses are presented in Table D-25. Capital investment is considerably
greater in this plan than in the other plans of development presented in
the following sections. The corresponding internal rate of return is

lower as are the net average annual benefits.

Total costs for the development plan here considered in Section
D.8.2. are estimated to be $ 243.01 million. Further consideration is
not given to this plan because its combination of elements results in
lower annual benefits and higher investment costs than the plams sub-
sequently evaluated and designated in this appendix as Cases I, 11, and
III. (Cases II and III are very similar, the principal difference being

the quantity of M &€ I water to be supplied.

D.9.3. The Development Plan with DGWRD Constraints - Case I

Total development cost of the development plan - designated as
"Case I" which is analyzed in this section is $ 179.6 x 108, With the
DGWRD constraints a gfouping of elements was considered, again including
two smaller projects as first and second phase development. Jragung Dam
was replaced by the Glapan Barrage as phase 2 of this development plan.

D.9.3.a. Development Elements

The eiements comppising this; development plan were selected after
imposing numerous combinations of elements within the constraints
outlined above on the basin. It was assumed that Rawa Pening could be
praised to 125 x 10° m3 and that 2,000 1/s of municipal and industrial
water would eventually be supplied to the city of Semarang by the
projects comprising the development package. '

D-53
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The components selected for development inciude:

6

1. The raising of Rawa Pening to provide 125 x 10° m” live storage. -

2. Construction of tlapan Barrage to provide 87 x 108 3 1ive storage
on the lower Tuntang.

3. Transbasin diversion/Tuntang to Jragung.

4. Construction of Gunung Wulan Reservoir to 190 x 105 m3,
S. Construction of Gunung Wulan Power Plant (10 MW).

6. Service area rehabilitation.

D.9.3.b. Phasing

It is recommended that the total project be constructed in three
phases. The first two phases would be limited to component 1 and 2
and a portion of 6 as listed in paragraph D.9.3.a. The third phase

would include elements 3, 4, 5 and the remainder of 7.

Conditions existing betweéen completion of phases 1 and 2 are
derived in the previously analyzed case of Rawa Pening alone at
125 x 105 m3, Conditions existing between phases 2 and 3 are
represented by basin model runs 965, 966 and 967. Results are
summarized in Table D-26.

By linear regression analysis the area irrigated on the Tuntang
at 95 percent tirmness is 20,907 ha. The 14,204 ha irrigated as a
result of phase 1 remains and an additional 6,703 ha is added on the

Tuntang.

The full service area of 35,000 ha would receive a year-round

water supply after Phase 3 implementation.

The phasing, interim and final municipal and industrial deliveries

and irrigation service area are shown in Table D-27.




The economic analysis of Case I, Phase 1 alone (i.e., razslng o L
Rawa Pening to 125 x 105 md) is presented in paragraph D.7.1. of this
Appendix. The resulting rate of return was 21.5 percent.

Economic analyses using a fifty year project life were conducted
on Phases 1 and 2 alone and on the total development plan (Phases 1,
2 and 3). The IRR for full development is 17.3 percent. Results are
presented in Table D-28.

Cash flow values used in determining the internal rate¢ of return
for Phase 1 § 2 combined and for the total development are summarized
in Tables D-29 and D-30 respectively.
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TABLE D-22

SUMMARY OF MODEL RUNS 867 AND 8581‘
. Irrigation
Rm Storage Area Irrigated Firmness
No Rawa Pening Jragung Gunung Wulan Jragung Tuntang Jragung Tuntang
" €085 md) (106 md) (106 md) (ha) (ha) (%) (%)
867 100 75 250 11,625 23,375 93.7 93.3
868 100 75 270 11,625 23,375 94,0 93.7

1. Both runs consider 2,000 1/s from Muncul and 2,000 1/s from Jragung for ME I.

TABLE D-23

SUMMARY OF MODEL RUNS 786, 787 AND 788

Irrigation Average Annual
Run  Storage Provided Area Irrigated Firmness Energy
Rawa
No. Peninga
(106 m3) (108 md) (ha) (ha) (%) (%) (Gwh) _(Gwh)

Jragung Tuntang Jragung Tuntang dJragung UTS Jragung

786 100 75 8,181 11,625 92.9  92.1 127.1 19.2

788 100 75 8,181 5,812 87.6 98.8 133.4 12.1

[ 787 100 ° 75 8,181 8,719 96.4 96.4 131.3 16.4




mm, S
IASING - nzvm.epmr WITE. mmm coxsmzm-s

Year Construction Construction ME§IX S' ied *Irrihgtnd Area Net M§ I
Wuncul gr

S a ' agung Tuntang Jragung quuirement
tart oaplete (1/3) _€2/s) _(ha)  _(ha) (1/8)
;M 1982 Rawa Pening 0 0 0 0 500
- 1983 600
- josn l : 700
1985 Rawa Pering : . 800
B Vv
1986 Jragung 1,500 0 11,640 0 1,000
1987 g ' 1,150
& 1988 Diversion 1,300
; 1989 l 1,450
1990 Jragung 1,600
v Y \L v v
1991 Gunung Wulan 2,000 0 11,580 6,336 1,860
1992 2,120
1993 2,380
1994 ¥ Gunung Wulan 2,900
v \ \ 4
r 1996 2,000 2,000 22,206 11,045 3,360
1997 l 3,820
1998 4,280
v *
7 v .
TABLE D-25
ECONOMIC ANALYSIS ~ INTERIM AND TOTAL
DEVELOPMENT WITE DGWRD SCENARIO
Item Irrigated Arvea HET Project Anmual IRR
Total Net Delivered Cost Benefits
(ha)  (ha) (1/s) ($x208) ($x206) (%)
Phase 1 14,204 8.204 1,500 31.01 12.98 21.5
Total 33,251 27,251 4,000 243,01 47,05 12.6
Development .
(Phase 1, 2

and 3)




TABLE D-26

SUMMARY OF MODEL RUNS 965, 966 AND 967

Storage Frovided Area Irrigated Irrigation Virmness
Rava Gl Tu Tunt Jrs
¥o. Pening ] apa? ntang Jragung ntang e Zung
= (108 =3) (108 md) (ha) (ha) (%) Y
465 125 87 16,362 - 97.6 -
966 125 87 18,700 - 96.0 -
967 125 87 14,025 - o8.4 -
TABLE D-27

PHASING - DEVELOPMENT WITH DGWRD CONSTRAINTS

i CASE 1
1 Year Construction Construction M & I Supplied _Irrigated Area Net M E I
Muncul Jragung Tuntaing Jragung Requirement
S
tart Complete  (1/s) _(1/s) _(ha) _ _(ha) (1/s)
1982 Rawa Pening 0 0 0 0 500
1983 BIC
198y 700
1985 Rawa Pening 800
1986 Giapan 1,500 0 1y,20u4 0 1,000
1987 1,150
1988 l 1,300
1989 v Clapan 1,450
1990 Gunung Wulan 2,000 0 20,907 0 1,600
1991 & 1,860
1992 Diversion 2,120 %*#
1993 l 2,380
1994 Gunung Wulan 2,900
[‘ 1995 2,000 0 23,375 11,625 3,100
: 1996 1 I | 3,360
1997 v 3,820

%M & I requirements after 1952 met with water from other sources,




TABLE D-28

ECONOMIC ANALYSIS -~ INTERIM AND TOTAL
DEVELOPMENT WITH DGWRD CONSTRAINTS - CASE 1

Item Irrigated Area MEI Project Annual IRR
Total Net Delivered Cos Benefits
(ha) (ha) (1/s) ($x10°) ($x105) (%)
Phase 1 14,204 8,204 1,500 31.01 12.98 21.5
Phase 1 € 2 20,907 14,907 2,000 63.51 23.54 20.3
Total 35,000 29,000 2,000 179.61 46.21 17.3
Development
(Phase 1, 2
and 3)

ok
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TABLE D-29

PHASES 1 AND 2
BASIN' DEVELOPMENT PLAN CASE I
INTERNAL RATE OF RETURN
US Dollars 106

No. of Cost v_?enefits Cash Flow
Years Construction Total Irrigation Power M § I Total

1 1 9.53 9.53 - - - - .- 9.53
2 1l 19.05 19.05 - - - - -19.05
3 1 19.05 19.05 - - - - -19.05
L 1 15.88 15.88 - - - - -15.86
5 1 - .27 4,19 -2.39 4,96 6,76 + 6.49
6 1 - .27 8.38 -2.39 4.96 10,95 +10.68
7 ) - .27 12.57 -2.39 4.96 15.14 +14.87
8 1l - .27 25,786 -2.39 4.96 19.33 +19.06
9-50 1 - «27 20.96 -~ 47 4.9 23.53 +23.26

IRR= 20.3 %




TABLE D-30
BASIN DEVELOPMENT PLAN CASE I
INTERNAL RATE OF RETURN
US Dollars 108
Year No. of Cost Benefits 3 Cash
Years Construction Total Irrigation Power M E I Flood Control Total Flow
1 1 8.98 8.98 - - - - - - 8,98
2 h 17.96 17.96 - - - - - ~17.96
3 1 17.96 17.96 - - - - - ~-17.96
‘ y 1 14.37 14,37 - - - - - -14.37
- 5 1 12.57 12.83 4.08 -2.39 4.96 - 6.65 - 6.18
Lol 7 1 30.17 30.43 12,64 -2.39 4,96 - 15.21 -15.22
8 1 30.17 30.43 16.72 -2.39 %.96 - 19.29 -11.14
g 1 17.286 17.52 20.79 -2.39 4.96 - 23,36 + 5.84
10 1 - .72 24,87 - .47 4.96 .95 30.31 +29.59
1) 1l - .72 28.95 - 47 4,96 .95 34.39 33.67 -
12 1l - .72 33.02 - 47 4.96 .95 38.46 37.74
13 1 - 372 36.59 - .u" u.gs 095 u2113 ul.ul
1“‘“5 33 - .72 40.77 - Qu" uogs 095 u6|2l us.ug
1l 4.62 5.34 40.77 - U7 4.96 »95 46,21 40.87
3 .72 Lo,.77 - 47 (u.gs .95 46,21 u5.49
IRR = 17.3%




" D.10, BASIN DEVELOPMENT PLAN WITHOUT DGWRD CONSTRAINTS

The objective of this proposed plan is to develop to the maximum,
beneficial utilization of the basins water resources to the extent
that it is physically feasible and economically viable. Following
ultimate development either 2,000 1/s or 4,000 1/s of municipal and
industrial water are to be supplied to the city of Semarang and the
irrigation area maximized up to the available 35,000 ha at an

attractive economic return.

D.10.1. The Development Plan

The development elements selected below were combined to form
the system design. Ultimate delivery of 2,000 or 4,000 1/s of
municipal and industrial water to the city of Semarang from the
project is questionable at this time. It is quite possible that
surface water from outside the basin or groundwater could be
utilized to provide the balance of the supply. The groundwater
resources of & limited part of the volcanic uplands are now under
investigation by Nihon Suido Consultants Co., Ltd. of Tokyo, Japan.
The Semarang Groundwater Investigation and Development Project is
financed by the Asian Development Bank. Although an Inception
Report was issued by the Consultants in June of 1979 no conclusions
as to development potential will be available until the completion
of this study and others. Conditions of ultimate municipal and
industrial deliveries of both 2,000 1/s and 4,000 1/s are considered.

A second variable affecting this series of plans is the lack of
subsurface information at Rawa Pening. Conditions are such that
125 x 108
Should foundation conditions be found less desirable during future inves-

m? of live storage appears the maximum which could be developed.

tigation 1live storage at Rawa Pening might be reduced to 100 x 105 m3

or less.




Two alternative plans (here designated as Cases II and III were
considered. These cases are as follows:

vt —c s

M

Case ITI : Ultimate municipal and industrial delivery of 2,000 1l/s
with Rawa Pening at 125 x 105 n3 1ive storage.
Case III : Ultimate municipal and industrial delivery of 4,000 1/s

with Rawa Pening at 125 x 105 w3 1ive storage.

D.10.2. Project Components

The combination of elements comprising this development plan
was selected from among numercus combinations of elements under
varying conditions, all of which were analyzed by use of the com-
puterized model of the basin. Many runs are suwmarized in Table D-52.

The components selected are:

l. The raising of Rawa Pening to 125 x 10° m3.
2. Transbasin diversion/Tuntang to Jragung.

3. Construcgion of Gunung Wulan Reservoir with live storage of
260 x 10° m3,

4. Construction of Gunung Wulan Power Plant.

5. Service area rehabilitation.

These elements form what appears to be one of the best combina-
tions to maximize development. Jragung Dam was eliminated as an
element when it was found that the Jragung area could be fully or neraly
fully served by transbasin diversion alone and by providing adequate
storage on the Tuntang below the diversion point. In this plan,
raising Rawa Pening was selected in lieu of additional downstream

it
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stooaée at the Glapan Barrage for a number of reasons. Firét, the
internal rate of return generatad by raising Rawa Pening is greater
than that of Glapan and providing Rawa Pening can be raised to ac-
comodate 125 x 10° m3 live storage, the area irrigated in the interim

period before completion of phase 2 would be greater thus generating
greater average annual benefit. Stopage below Gunung Wulan is not
necessary for maximization of irrigated area. Storage above the
diversion point is much more beneficial. This is shown in Table D-31l
by comparing the results of model runs 999 and 918. f

The benefit of storage at Rawa Pening was discussed in Section
D.7.1. The effectiveness of storage at all three points, Rawa Pening,

Gunung Wulan and Glapan has been evaluated in the previous section.

D.10.3. The Development Plan - Case II

In this case Rawa Pening is raised to accomodate 125 x 106 m3
live storage, the transbasin diversion is sized at 16.0 m3/s, and
Gunung Wulan is constructed to elevation 75.6 to afford 260 x 106 n3 .
of live storage. Municipal and industrial water is diverted at a |
rate of 2,000 1/s from Muncul Spring and the full 35,000 ha of area
is irrigated with a firmness of 94.8 percent. Complete operational
data for the system appears in the computer pfintout for run no. 918
given at the end of Part I of this appendix.

D.10.3.a. Phasing

It is recommended that the project be constructed in two phases.
The phasing, interim and final municipal and industrial deliveries, e

and irrigation service areas are shown in Table D-32.




D.10.3.b. Economics

The economic analyses for Phase 1 alone is presented in D.7.1.
of this appendix. The resulting Internal Rate of Return (IRR) was
21.5 percent.

An economic analysis based on fifty-year operation was then
conducted on the total scheme (Phase 1 § Phase 2) and thelresulting'
IRR was 17.6 percent. Results of the economic analysis of Case II
are presented in Table D-33.

From Table D-34 it should be noted that Gunung Wulan provides
about 70 percent of the average annual benefits. A summary of cash
flow for the development is presented in Table D-34,

The development plan outlined as Case II is considered excellent
as it allows year-round firm irrigation delivery to the 35,000 ha of

irrigable land.

D.10.4. The Development Plan - Case III

The development plan - Case III assumes that Rawa Pening can be
raised to provide 125 x 10 w3 live storage, and that additional
2,000 1/s of municipal and industrial water for the city of Semarang
are not located outside the basin or available from the upper basins

groundwa-er resources.

All development features and costs remain identical to Case II
except for increased diversion costs and lower irrigation system
rehabilitation costs. Benefits are reallocated in that the irrigation
area is decreased to accomodate the eventual supply of 2,000 1l/s
municipal and industrial water from Muncul Springs and 2,000 1/s from

the Jragung River.




A number of operation studies were conducted specificallj to
determine the reduction in irrigated area if the 4,000 1/s of
municipal and industrial water was required. These are summarized
in Table D-35.

Irrigated area at 95 percent firmmess in-Case III is set at
10,172 ha on Jragung and 20,452 ha on the Tuntang. Total irrigated
area is 30,624 ha.

D.10.4.a. Phasigg

The proposed phasing for Case III, interim and final municipal
and industrial deliveries and irrigation service areas are shown in
Table D-36.

D.10.4.b, Economics of Case III

The economic analyses for Phase I (Rawa Pening raised to
125 x 105 m3) are presented in Section D.7.1l. ~f this appendix.
The resulting IRR was 21.5 percent.

In the economic analysis of the total scheme municipal and
industrial water benefits were foregone until actually required
based on the projections presented in Figure D-20. The rate of
1,500 1/s was used in 1986 and 500 1/s increments added in 1991,
1992 and 1994 with the benefits for the final 1,000 1l/s being
claimed from 1995 forward. , .

~ An economic analysis based on fifty-year operation was then
conducted on the total development (Phase 1 and Phase 2) and the
resulting IRR was 15 percent. Results of the economic analyses ~f
Case III are presented in Table D-37 and the cash flow‘ianable‘D-38.




TABLE D-31

COMPARISON OF MODEL RUNS 999 AND 918 SHONING
1MPROVED EFFECTIVENESS OF STORAGE UPSTREAM OF THE -
DIVERSION pomnt 1

Run Storage Provided ' Area Irrigated Irrigation Firmmess =

No Rawa Pening Gunun t)g Wulan Glapan Tuntang Jragung Tuntang Jragung “
. (105 m3d) (10° n3) (105 m3) _(ha) (ha) (W) (%) =
939 43 260 116 23,375 11,625 96.8 84.5
“’1' 918 125 260 0 - 23,375 11,625 . 94.8 = 94.8
8! . '
El 1. Both runs consider Muncul M & I diversion of 2,000 l/s
i
TABLE D-32

PHASING - THE DEVELOPMENT PLAN
CASE II

‘ *
Year Construction Construction M & I Supplied Irrigation Area Net M & I Water
Muncul Jragung Tuntang Jragung Supply Demand

Start Complete  (1/s) (i/s) _(ha)  _(ha)  .(1/s)  (1/s)
1982 Rawa Pening 0 0 0 0 0 500
(125) i
1983 0 600
1984 l l l 0 700
1985 Rawa Pening 0 800
1986 Gunung Wulan 1,500 u 14,024 0 1,500 1,000
(260) ‘ )
1987 I3 1,500 1,150
1988 Diversion ‘1,500 1,300
(16.0)
1989 "1,500 1,450 -
1990 l Gunung Wulan 1,500 1,600
1991 2,000 0 23,375 11,625 ' 2,000 1,860

C 1992 RSN
3 1993 o ,
3 1994 S I

. ¥ Does not include present availability of 800 1/s T
m “* M £ I Water from 1992 forward assumed to come from other sourcea pmvmfmd
N ¥ developed by that time. ,




TABLE D-33

ECONOMIC ANALYSES - INTERIM AND TOTAL
FOR OPTIMUM DEVELOPMENT PLAN - CADE II

Item Irrigated Area MEI Project Annual IRR
Total Net Delivered Cost Benefit
(ha) (ha) _ (1/8)  ($x205) ($x109 (%)
Phase 1 14,204 8,204 1,500 31.01 "12.98 21.47
Total 35,000 29,600 2,000 162.51 45.49 17.7

[} Development
A

(Phase 1 & 2) -




TABLE D-34%

BASIN DEVELOPMENT PLAN - CASE IT
INTERNAL RATE OF RETURN
US Dollars 10°

No. of Cost _ : _DBenefits Cash

Years Construction Total Irrigation Power MET Total Flow
1 1 4.65 4,65 - - - - ~- 4,65
2 1 9.30 9.30 - - - - - 9.30
3 1l 9.30 9.30 - - - - - 9,30
4 1 7.76 7.76 - - - - - 7.76
5 1 13.15 13.29 2.45 -2.27 3.72 3.90 - 9.39
6 1 32.88 33.02 4.48 -2,27 3.72 5.92 -27.09
7 1 32,88 33.02 6.93 -2,27 3.72 8.38 -24.64
8 1 32.88 33.02 9,38 -2,27 3.72 10.83 -22.19
9 1 19.72 19.72 11,42 -2.27 3.72 12,87 - 6.85
1 - .69 17.53 - .58 4.96 23.25 +22,56
1 - .69 23.24 - .58 4.96 28,96 +28,.27
1 - .69 28,95 - .58 4,96 34.67 +33.98
1 - .69 35.06 - .58 4,96 40,78 40.09
33 - .69 40.77 - .58 4.96 46.49 45.80
1 . 4,62 5.19 40.77 - .58 4,96 46.49 41.30
3 - .69 40.77 - .58 4.96 46,49 45,80

IRR = 17.6%




TABLE D-35

SUMMARY OF OPERATION STUDIES CONDUCTED TO SHOW
REDUCTION IN IRRTGATED AREA DUE TO INCREASED

M § I WATER REQUIREMENTS

DEVELOPMENT PLAN - CASE III

HET Water

Run Area Irrigated Irrigation Firmmess
No Jragung Tuntang Jragung Tuntanzg = Murcul Jragung
: (ha) (ba) (%) (8) .. (1/s) (1/8)
bR
883 11,625 23,375 90.9 9.7 2,000 2,000
€84 11,043 22,206 93.7 93.7 2,000 2,000
lg 885 10,462 21,037 s4.8 9.8 2,000 2,000
886 9,881 19,868 85,2 98.2 2,000 2,000
L]
': 887 9,300 18,700 96.3 97.6 2,000 2,000

—




'TABLE D-36

PHASING - ME DTVELOPMENT AN CASE IIT

Year Constructicn Construction M§ I~Sugglied Irrigated Area

Start Complste  Muncul Jragung Tuntang Jragung

(1/s) {1/s) (ha) (ka)
1982 Rawa Pcning 0 0 0 0
1383 !
1Say
1985 Pawa Pening
{

1986 Cunung Wulan 1,500 0 14,024 0
1887 & !
1388 Diversion ‘
1989
1990 CGunung Wulan
1991 2,900 2,000* 20,452 10,172

b

% Available - See text for utilization szhedule.

TABLE D-37

ECONOMIC 4NALYSES - INTERIM AND TOTAL
FOR THE DLVELOPMENT PLAN CASE I1I

Item Irrigated Area MEI Project Annual IRk
Total ‘det  Delivered Cost Beneﬂgs
(ha) (ha} _(1/s) _ _‘ x105) ($x10%) (%)
Phase 1 14,204 8,204 1,500 31.01 12.58 2).5
Total 30,524 24,624 4,000 174.20 45.28 4.8
Nevelopment

Phase 1 & 2




TABLE D-38

BASIN DEVELOPMENT PLAN CASE III
INTERNAL RATE OF RETURN
' US Dollars 10°

Year No. of Cost Benefits _ Cash
Years Construction Total Irrigation Power Mé I Total Flow
1 1 5.46 S.u6 - - - - -
2 1l 10.93 10.93 - - - - -
3 1 10.93 10.93 - - - - -
L 1 9.10 9.1 - - - - -
5 1 16.6 16.99 2.31 -2.27 3.72 3.74 -13.25
v 6 1 41.5 41.89 4,62 -2.27 3.72 6.05 -35.84
~ 7 1l 4l1.5 41.89 6.93 -2,27 3.72 8.36 -33.53
8 1 41.5 41.89 9,24 -2,27 3.72 10.67 -31.22
9 1 24.9 25.29 11.53 -2.27 3.72 12.96 -12.33
10 1 - .63 16.19 - .58 5.0 21.95 -21.32
11 1l - .63 20.85 - .58 6.2 27 81 -27.18 :
12 1 - .63 25.51 - ,58 7.44 33.71 +33.08 p
13 1l - .63 30.17 - .58 9.92 40.83 40.20 ‘
1“ 1 - .63 3“. 6 - 058 9092 “5.26 4“.63
15-45 31 - .63 4.6 - .58 9.92 45,26 4,63
46 1l 4.62 5.28 34.6 - .58 9.92 45.26 39.98
47-50 4 - .63 34.6 - .58 9.92 45,26 uy4.63

IRR = 14.8%
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D.11. IDENTIFIED MINOR PROJECTS COMPLIMENTARY TO MAJOR DEVELOPMENT

D.11.1. General

The Ministry of Public Works, in accordance with the latest
Government policy, has decided that more emphasis should be placed
on small projects, particularly those like the tertiary comstruction
program that will benefit many small farmers. Since the entire left
bank area of the Tuntang River from Semarang to Gubug has been
rehabilitated, the major drainage network is being presently upgraded
and the tertiary system program is being implemented,there are only a

few viable small projects that can be congidered.

D.11.2. Small Construction Projects

There are two small projects that could be implemented in the
Tuntang/Jragung area that would improve irrigation and rice production;
(1) Development of the Grogol area (3,950 ha) and (2) the study and
construction of some drainage improvement/reuse facilities.

D.1l.2.a. Grogol Subproject Area

The development of the Grogol Subproject area would bring the
last area in the Tuntans, Project area under irrigation. Under the
present system where direct run-of-river diversions are made, develop-
ment will be limited to supplemental irrigation of the wet season rice
crop only as all dry season flows have already been appropriated for
other subproject areas, namely Singon Kidul, Gubug and Dangi portions
of the Tuntang Project. The construction and implementation of
irrigation and drainage facilities for the supplemental irrigation of
the wet season rice crop would essentially guarantee the locdl Farmers

one full crop of rice each year. Detailed studies of demand versis
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the historical wet season flows at Glapan Weir have not been made to
determine the reliability of the irrig.tion supply. Rice yields in
the Grogol area could be lower than the present estimated average
project yield of 2.8 t/ha and are probably on the order of 1.9 t/ha.
The supplemental water would allow future yields to average 3.6 t/ha.
The increased yield may average from 1.0 t/ha to 1.2 t/ha. The Grogol
Subproject area is estimated to include 3,340 ha net irrigable land.

Development of the area will be somewhat easier than might be
expected because the combined capacity of the T-1 and T-21 canals at
the km 33 control structure is reportedly 10.261 m3/s. The T-21 canal
has been over-sized to carry 5.016 m3/s. At the present time it is
doubtfull that the canal could carry that much water but proper
maintenance would bring the canal back to design capacity. Development
of the Grogol area would require increasing the capacity of the T-39
canal from 4.93 m3/s to 10.5 m3/s at the km 33 turn-out down to 7.5 m3/s
at the turnout for Grogol secondary canal at Boundary 5 which serves the
Grogol East area. Topography of the area was nnt available but it was
estimated that 29 km of secondary canal would be required to serve the
area with a canal running down both sides of the area serving some
20 turnouts. Drainage would be provided down the center of the area
to the coast. A salinity control structure on the drain would be re-
quired since the estimated elevation of the area ranges from only
1.5m M.S.L. to 0.5 m M.S.L. The total cost of enlarging the T-39
canal and constructing the secondary irrigation system was estimated
to be Rp. 485 x 105, The tertiary development was estimated to be
Rp. 300 x 108 including minor structures and construction of the ditches
for a total project cost of Rp. 785 x 105, Benefits resulting from a
net increase in rice production of 1.5 t/ha would value Rp. 178,940 or
$ 289 per hectare for an annual project benefit of Rp. 705 x 10% or
$ 1.4 x 11" per year after development. This appears to be a viable
project. The above cost does not include aeridl mapping costs.




£.11.2.b, Drainage Improvement and Reuse Projects

The reuse of drainage water has not been adequately developed in
the Tuntang/Jragung Area. Diversion structures like the Guntur, Gaji
and Karangroto Weirs have been constructed to utilize drainage flows
on fhe larger drains but many more could be constructed to reuse
water in the smaller drains. The reuse of water could contribute to
the irrigation of many areas away from the main diversion weirs and
could contribute to reducing the canal carrying capacities serving
the areas. These strucfures would replace the temporary structure
that local farmers build each year in the drains to irrigate small
areas. An example of this is the local diversion structure in the

drain near Golang along the T-21 canal.

The design of reuse structures located.in the drains would have
to allow the passage of design floods without causing local flooding.
The use of automatic upstream constant head gates could be considered.
These structures would cost between Rp. 1.5 x 10% and Rp. 15 x 106,

Associated canal and ditch systems would pose additional cost.

The Gaji Weir should be rehabilitated and equipped with automatic
gates to reduce the local flooding now caused by the use of flash-
boards. Even vertical hand operated slide gates would reduce the
local flooding. This water could be used to supply part of the
requirements of the Glapan-Setu area and might reduce the carrying

capacity requirements of the Glapan Barat canal.

No estimate of the number or location of reuse structures can be
made until adequate mapping is available. Elevations and topography
are extremely critical to the design and evaluation of such ctructures.
As a result, no cost estimates have been made herein. The Gaji Weir

will require foundation exploration and a subsequent testing program
on foundation materials., Estimates at this time are not warranhted,




D.11.3. Assistance Programs/Projects

There are a number of assistance programs that should be developed
and implemented which could improve irrigation and rice production in
the basin. Some of them would involve reinforcing existing programs

which are not presently functioning at efficient levels. Others would

be new. These programs would require consultants, both local and
expatriate, to provide training and to keep the program on schedule.

Anyone of the programs outlined in the following sections will
require firm commitment on the part of the Government of Indonesia
to provide operational funds after program establishment. The
Government must commit financial support for irrigation project
operation and maintenance to perpetuate the project t' .u its economic
life. The following are a series of programs that should be implemented
with expatriate assistance to get the staff trained, programs planned and

to increase the production from irrigated lands in the basin.

D.11.3.a. MaEEing

The entire service area and adjacent areas should be mapped at a
scale of 1:2,000 with suitable contour intervals. Efforts should be
made to spot elevate the paddies. The photo should supply the base
with elevaticns and all other features placed on them in white. Paddy -
bunds should be shown as they will affect irrigation design. Inadequate
mapping is a constraint to effective irrigation planning and project

implementation in the basin.

D.11.3.b. Operation and Maintenance

o

Additional assistance is required in order to get subprojects

operational ard adequate maintenance funded and scheduled. Funding e
levels sufficient to develop an effective 0 & M organization should




: be reviewed. The organization lacks adequately trained fisld staff.

2 There is a need for better maintenance records ir the Semarang area.

v A commitment for adequate funding and a desire to establish an

‘!3 effective 0 &€ M is required as are expatriates to help plan, train,
| solve problems and provide the stimulus necessary to get the organi-
?.[} zation running smoothly.

D.11l.3.c. Tertiary Development

PSP

H Additional assistance is required in order to implement the

; Tertiary Irrigation Project. The project is understaffed, lacks
adequate topography, and requires additional staff with surveying
and design experience. Many of the ditches do not adequately

serve the intended command area. The improved mapping recommended
in D.11l.3.a. will be required to strengthen the program. Particular
emphasis in this assistance program would be training of the field
staff to properly locate and design ditches. Tertiary irrigation
should be designed inthe field and not at office desks. The designers
will require field training. The supervisor of construction will
have to be trained in making field changes from the construction
drawings so that errors in topography can be corrected and adjusted
for at the time of construction. Local surveying techniques can

also be improved through training.

D.11.3.d. Integrated Agriculture and Water Management Program

A vater management program is required to train the farmer in
the more efficient use of water thus increasing his production.
Water management will have to be put forth as a necessary tool to
obtain high yields. The two constraints of high yields are fertility
and water management. Better and more economic use of fertilizers

will have to be developed for each paddy, rice variety, lard use
intensity etc. The general recommendations by BIMAS and others do not




appear valid for high yields and the farmers are aware of this. More
progressive farmers are already using larger amounts of fertilizer to
.obtain higher yields but no data is available to help the farmers get
maximum crop response for Rupiah spent or for his local conditions. |
Programs for insect and disease control must be developed and used by
the farmers. Today, if a farmer goes into the field, discovers an
insect infestation and sprays; thera is a 95 percent chance that he
is already too late and extensive damage will result. The use of
agricultural scouts and fieldmen will become more and more important.

The local farmers have demonstratea that they are ready for the
technology that an integrated agricultural program will provide.

Assistance is required to set up such a program.

D.11l.3.e. Regional Agricultural Laboratory

A regional agricultural laboratory with associated field services
is necessary to support the integrated agricultural program. The
laboratory should be designed to support the local farmers in improving
yields. It should have a soils section that will conduct routine soils
testing for fertility recommendations. Experimental work will be
limited to obtaining correlation between all the various soils in the
basin and yield levels so that specific recomendation can be made.

The fertility requirement of new variety introductions will be

established. Corrections or variety selection for nutrient deficiencies

will be made.

In addition to soil fertility testing the laboratory should be
equipped to make leaf analyses fertility requirements. Both entomology
and plant pathology facilities should be provided to control insects

and diseases.



facility. If the insect levels start to build towards critical

levels, warnings can be given in time for the farmers to organize

and get a preventive program into operaticn before damage progresses

to unmanageable proportions.

This assistance program will require the expertise to plan,
build, equip and operate the facility. An extensive program to
train the senior staff and technician staff would be 2 part of

the consultants program.

D.11.3.f. Fesearch and Development to Establish Design Criteria for

Reduction or Passage in Canals with Cohesive Sediments

There are no proven design criteria for canals located in cohesive
clayey-silty sediments such as those in the Tuntang and Jragung Rivers.

The only criteria available is for sandy sediments developed in the

United States, Pakistan and India. These may not be campletely applicable in

Indonesia. A major problem in the conveyance system is the annual
accumulation of sediment. If properly maintained, thousands of toms
of sediment must be removed each year. Present sediment control
systems do not work efficiently as presently designed. New criteria
are needed to reduce the sediment load in the canals. A research
program should be initiated that would provide the answers necessary
to minimize the problem. A program of sgspended sediment measuring,

profile measurement, bed load sampling, detailed study of clay and

silt particles including X-ray defraction should be formulated.
Assistance is required to set up the program, to plan and guide it,
and to train the staff after the criteria have been developed.
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D.12. CONCLUSIONS AND RECOMMENDATICNS

The conclusions drawn herein and the subsequent recommendations
are based on several analyses of individual project components and
different combinations of project components. Many such analyses
are not discussed in this section of the Appendix which deals
principally with conclusicns drawn from the many studies and puts
forth recommendations based on those conclusions. The anélysesAwere

previcusly discussed however.

Cne array of elements noticeably missing from this section is
that array based on the development scenario put forth by the
Directorate General of Water Resources Development which included
the raising of Rawa Pening with subsequent *ransbasin diversion, a
small storage provided at Jragung and finally construction of Gunung
Wulan. This particular path of basin development is fully explored
and analyzed in Section D.9. of this Appendix. This array of
elements resulted in lower annual net benefit, a lower internal rate
of return and required greater capital investment than the develop-

ment plans described in the following sections.

D.12.1. Conclusions With Respect to Individual Projects Within the

Tuntang/Jragung Basin

Four individual projects, or plan elements, have been identified
in the basin, three of which are compatible with a total development
array. These elements are: Rawa Pening, Gunung Wulan, Tuntang/Jragung
transbasin diversion and Glapan. They are technically feasible and
economically attractive. Considering each of the three storage sites
on their own merit, they are discussed in the following paragraphs.




D.12.1.a. Rawa Pening

The raising of Rawa Pening appears to have the greatest merit as
an individual project for early implementation. Raising of Rava Pening
80 as to provide 125 x 105 n3 of live storage would result in the
following:

1. A timely supply of 1,500 1/s of municipal and 1ndustrlal water to
the city of Semarang from Muncul Springs.

2. A year-round irrigation water supply for 14,204 ha of land in the
Tuntang service area.

3. Amnual net benefits of $ 12.98 x 108 at full development.

4, An internal rate of return of 21.5 percent.

Capital cost associated with the project im 1979 dollars is
$ 31.0Lx 105, A negative benefit associated with project construction
and reservoir operation based on irrigation demands results from a loss
of 5.2 MW of firm power. The average annual firm energy loss would be
50 Gwh at the existing Jelok and Timo power plants on the upper Tuntang.
However, there would be an increase in secondary energy production of 28 Gwh
annually resulting in a total average annual energy generation of 135 Gwh
which is a decrease of 13.5 marcent of existing energy generation.

The project appears: technicelly feasible and economically viable.
There ore, however, two major constraints:
1. Poor subsurface foundation conditions along the levee centerline.

2. Sociological Impact on the Rawa Pening area.

It aprears that the first constraint can be overcome by prudent
design techniques and the second with well planned mitigation efforts.
Should either constraint limit the magnitude of the project such that
only 100 x 105 n3 of 1live storagn could be provided the 1,500 1/s of
municipal and industrial water could still be supplied and 11,640 ha
provided with a year-round supp.y of irrigation water. Capital costs
would drop to $ 23.69 x 10° and the resulting internal wats of returuy




would be 21.3 percent. Annual net benefits at full development would
be $ 9.57 x 106. '

B.12.1.b. Glapan Barrage

A second small-size project which on an individual basis would
result in attractive benefits is the construction of Glapan Barrage.
The construction of the barrage on the Tuntang to provide a storage
capacity of 87 x 106 m3 and operating it such that all water and
sediment is bypassed from October 1 to March 31 would result in the
followingl :

1. A timely supply of 1,500 1/s of municipal and industrial water to

the city of Semarang from Huncul Springs.

2. A year-round irrigation water supply for 13,517 ha of land in the
Tuntang service area.

3. Annual net benefits at full development of $ 12.15 x 106.

4. An internal rate of return of 20.8 percent.

Capital cost associated with the project in 1979 dollars is
$ 32.77 x 10%, & negative benefit associated with the construction
of the barrage and operation of Rawa Pening based on irrigation
demands results from a 5.2 MW loss in firm pover.

The average annual firm emergy loss would be 50 Gwh at the existing
Jelok and Timo power plants on the upper Tuntang. There would however

be an increase in secondary energy generation of 32 Gwh annuaily at the
two plants resulting in a total average annual energy generation of
142 Gwh as compared to the existing 160 "%,

1. Assuming the 43 x 100 m3 of existing live storage at Rawa Pening is
g released in accordance with irrigation priority.




The project appears technically feasible and economically viable.
Under the present policy of the Government not to build large-size
projects, it is suggested that consideration should be given to the
near-term construction of Glapan with the construction of CGunung Wulan
at a much later date. Capital costs of complete development would be
increased. If such consideration is given it appears possible to assess

a future function of Glapan as a reregulation reservoir for Gunung Wulan

;y" allowing some firm power generation at that site.

D.12.1.c. Gunung Wulan

A third project which could be implemented on an individual basis
is the Gunung Wulan Dam. This project would require a large amount of

capital for implementation.

‘ Construction of the dam to the height required to provide
190 x 10° m3 of live storage and a 10-MW power plant would produce

the following results:

1. A supply of 2,000 1/s of municipal and industrial water would b?come
available for diversion to the city of Semarang from Muncul Springs.

r

. A year-round irrigation water supply for 23,375 ha of irrigated
land in the Tuntang service area.

3. Average annual net benefits of $ 30.27 x 105,
4. An internal rate of return of l4.1 percent.
5. Production of 65 Gwh annually of secondary energy.
Capital cost associated with the project in 1979 dollars is

$ 130.38 x 100, Again a negative benefit associated with implementation
is the loss of 5.2 MW of firm power on the existing upper Tuntang system.

The project appears technically feasible and economically attractive.
The project constructed to only 190 x 108 m3 of live storage is compatible
with the development plan including Glapan. The project is not compatible
with current GOI policy on larger dams. .




\ \*]:
of live storage, therefore becoming comvat;ole as an element in the"’
development plan without Glapan 1ncreafea tbe _rrigated area’ to ,stT
30,900 ha and brings the internal rate of pe turn up to 15.7 percéni.

Capital costs increase to § 145.85 x 105, Because of the current GCI .

policy on large dam“, and more costly rehabilitation of the 1rrigailon
systems it is not as attractive as 2 first phase project in total

development as is Rawa Pening.

D.12.1.d. Jraggng

Jragung Dam is not required for optimum development of the
Tuntang/Jragung Basin and is, therefore, not considered a viable

individual project.

D.12.1.e. Tuntang/Jragung Diversion

The Tuntang/Jragung transbasin diversion plays a major role in
integrated development of the two basins. This atudy shows that
without storage provided on the Jragung significant benefits from
diversion occur only when storage is provided at Gunung Wulan
allowing diversion of Tuntang dry season flows to meet dry season
irrigation demands in the Jragung service area.

Therefore, transbasin diversion is considered as an element
to be constructed simultaneously with Gunung Wulan for optimum
development.




D.12.2. Conclgsions with Respect to Totai'ncvﬁlopbénf“

D.12.2.a. Potential for Full Development ;

Considering ultimate development of the basins water rescurces
to result in the abiliff to provide 2,000 1/s of municipal and
. industrial water and provide a year-round irrigation water supply
L to 35,000 ha of land, potential for near maximum development is both
technically possible and economically attractive. The most serious
! physical constraint to total development is the lack of resexvoir
sites allowing adequate storage volumes. One major contributing

f factor is the estimated severe erosion on the upper watersheds and
the subsequent high reservoir sedimentation rates.

It is, however, possible to maximize the utilization of the
basins water resources with an economical grouping of projects.

D.12.3. Selected Arrays of Elements Constituting Maximum Development

Two near optimum development plans are presented in the following

Il

sections.

D.12.3.a. Development Plan - Case I

The raising of Rawa Pening to provide 125 x 10% 3 1ive storage,.
construction of the Glapan Barrage to provide 87 x 108 m3 1ive storage
and as a final phase the construction of Gunung Wulan Dam with
190 x 10% w3 1ive storage will meet the basins projected water needs
provided that this basin development need provide only 2,000 1/s of
municipal and industrial water.




supplies. 'l'his group of projects is referred to in the text'of tlﬁs

- appendix as Case I of the development plan. A thirteen year k S
construction period is assumed Total capital costs associated with
devaloppent are $ 180 x 10°. This investment results in’ average
anmual net benefits of $ 46.2 x 10% and produces an intermal rate of
return of 17.3 percent.

Lt SRS VR )

Table D-39 summarizes thé salient and economic features of Case I.
Data for e=ach stage of development are presented. The internal rates
of return for Phase 1 and Phase 1 plus Phase 2 were computed assuming
no further development after that particular phase.

D.12.3.b. Development Plan - Case II

The raisinz of Rawa Pening to provide 125.x 108 n3 1ive storage
with subsequent construction of Gunung Wulan Dam to provide 260 x 106 md .
live storage and construction of the transbasin diversion with a
capacity of 16 m3/s will meet the basin's projected water needs
provided that this basin development need provide only 2,000 1/s of .
municipal and industrial water. The full 35,000 ha would be provided i
with a year-round irrigation supply. This array is veferred to in the :

text of this appendix as Case II of the development plan.

Total capital cost associated with development is $ 162.5 x 108,
This investment results in average annual net benefits of $ 46.49 x 108
and produces an internal rate of return of 17.6 percent.

The effects of foundation and/or sociological constraints as well

as the effect of possible necessity to eventually provide .000 lll_uf




annicipal and . 1ndnstria1 wvater to the city'of 8unarang,£rnnxtht
on this development project were evaluated. The s:asitivity‘af L
development economics to these variables is insignificant. Full

details ars given in Section 106 of this report.

Table D-40 summarizes the salient and ecomomic features of
Case II. Data for both phase 1 and total development are presented.
The internal rate of return for phase 1 was computed assuning no
further development after implementation. .

' D.12.4. Recommended Development Plan ' .

Comparing Case I and Case II, it is noted that 1) Case I costs
$ 17.1 million more than Case II, and 2) that the internal rates of
return are about the same. Either plan is attractive and basically
no difference exists, except the difference in project costs. The
recommended development plan considers both alternatives.

.

If the current policy of the Government with respect to lavge
dams prevails Case I would certainly be favored as it allows greater
interim development without large dam construction. Feasibility
level studies should consider Gunung Wulan/Glapan Barrage as a unit

\ as well as the larger Gunung Wulan storage without Glapan and when

more definite informatica is generated a more logical choice could
be made.

The development plan herein recommended serves the full

35,000 ha of irrigated land and provides 2,000 1/s for municipal
and industrial water from Muncul Springs.




-

D.12.5. Recommendation for Full Development

Providing that full feasibility level studies confirm the
findings presented herein it may be recormended that the total
»; development plan be implemented as the benefits to the pecple
of the basin are badly needed and the bemefits to the entire of

Indonesia would be highly significant.

To assure timely basin development, it may be recommended
s that a staged feasibility study with respect to the raising of
[ Rawa Pening be initiated at the earliest possible date. This is
a key element in total basin development as herein envisioned but
also offers excellent financial returns and economic viability .g
as a "smaller" individual project. To avoid possible un- ' g
necessary expenditure by commencing with full feasibility im- ;
mediately it is further recommended that feasibility level studies &
concentrating only on the major physical constraint be initiated
as a first stage. That constraint is foundation conditions along
the embankment centerline. One additional item, worthy of inclu- ]
sion in the first stage of such a feasibility study would be a g
study of groundwater conditions in the areas around Rawa Pening 3
to establish the reliability of Muncul Springs flows under.existing
conditions and in the case of future exploitation of groundwater
resources in the area, as well as to identify and possibly guantify
the additional groundwater inflow to Rawa Pening itself.

s B e A
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It i1s estimated that the first stage effort would require some
| 8 months to complete but that preliminary results available at the
end of 6 months would allow a decision as to the advisability of




going to full feasibility. Providing the initial feasibility level
studies indicate that major recognized constraints can be overcome . .
the study would be converted to a full feasibtility study.

Concurrently with the staged feasibility study of Rawa Peming

cutlined above it is recommended that the DGWRD encourage the city

of Semarang to initiate additional studies of possible sources of

municipal and industrial water. iIn addition to the "Semarang

Groundwater Investigation and Development Project" funded by a loan

from the Asian Development Bank and described in Section D.10.1. of

this Appendix a number of other efforts with regard to identifying

potential should be undertaken. These include but are not necessarily

limited to the following:

1. Burns and McDonnell/Trans-Asia [9] reported a groundwater potential
of 1,000 to 1,500 1/s from the basins of the Kali Babon, Kali Garang,
Kali Mangkang and Kali Blorong. The current study will provide
valuable information on the groundwater potemtial of the Kali Garang.
Similar programs should be initiated immediately in the uplards of

the Kali Babon, Kali Mangkang, Kali Blorong, Kali Pengkol, and
Xali Lana Basins.

2. Surface water sources outside the Tuntang/Jragung River Basins
should be considered as municipal and industrial water supply
sources to allow full irrigation development on the Tuntang/
Jragung. In 1976 Burns and McDonnell/Trans-Asia [9] analyzed in
some detail these reservoir sites for water supply potential.
Penggaron Dam was identified as the most feasible source and
further consideration of this supply will be undertaken as a
component of Part II of this study.

Design should follow the feasibility iinediately and construction

could commence in 1982,

The implementation of Rawa Pening is scheduled as a first phase
to allow timely development and the earliest possihle delivery of
1,500 1/8 of municipal and industrial water to Semarang. The éecmxl
phase, ideally to commence immediately after Phase 1 would 1ne1ude :
construction of either Glapan or Gunung Wulan Dam. e |




Table D-4l1 summarizes the reccumended tims f:mfwfw&c
study and subsequent basin ckvelopuent.

Vith ar without Govermment constraints, feasibility level studies
should commence on Gunung Wulan with and without Glapan as soon as
F studies at Rawa Pening are completed. When the feasibility of Rawa
Pening is completely :stablished and the city of Semarang has identified
r and proven other sources for their supply, operational requirements at
Gunung Wulan/Glapan can be more firmly set. In addition to the items
which would normally be included in such a feasibility study it is
strongly recommended that Glapan Barrage be re-evaluated serving a
major function of re-regulation of power releases at Gunung Wulan,
By utilizing Glapan for re-regulation,and allowing the generation of
some firm power at Gunung Wulan in addition to affording stc.,age of
local inflows, its attractiveness as a component in a development
array might possibly be improved even more. If this was to be the
case and the position of the Indonesian Goverrment with respect to
delaying large dam construction prevails it would provide a second
"intermediate size project" compatible with total development of the
basin which might be undertaken at an early date.

If financial, sociological or other constraints restrict
timely commencement of total basin development as envisioned in this
appendix, attention might be.directed toward those minor projects
outlined in Section D.11.2. as they would be compatible with future
basin development efforts. If a timely effort at basin development
as outlined in the proceeding section were undertaken these minor
:rojects would need not be undertaken as separate projects but would
be included as a part of irrigation system rehabilitation leading to
full basin development. The assistance programs and projects
summarized in Section D.11.3. will of course complement any level
of development and could be initiated at any time. As éedinmtaﬁ.on ‘
r resulting from what appears to be an ever :lncreas.‘lng degres of
! erosion on the basins watersheds is a mjo!' pl'obl-n. mxwu







TABLE D-39

THE DEVELOPMENT PLAN - CASE I °

Average Annual
Phase Storage Provided Ares Irrigated  Irrigation Firmness Energy M&1 Projest Averags Annusl mWI b
Rswa Gunung Glapen Tuntang Jragung Tuntang Jragung UIS Gunung Water Cost Net Bemefits

i ,
AReh Qo) 0¥ ) () _®  _ () (om) (@M (/0 (@xioh ~anh @

1 123 14,204 95.0 139 1,500 31.01
1+2 123 87 20,907 95.0 136 2,000 63.51

Total 125 190 87 23,373 11,625 94.8 ; 2,000 179.61
Devalop~




TABLE D-u40

THE DEVELOPMENT PLAN - CASE II

Average Annual

Phase Storage Provided = _Area Irrigated Irrigation Firsness Energy M &1 Project Average Annual
Rawa Gunung Glapan Tuntang Jragung Tuntang Jragung UTS Gunung Cost Net Benefits

m:&%‘s)glﬁ-a (hs) _ _(ha) (ha) (ha) _ (GWh)

1 125 14,204 94.8 954.8 139 31.01

. Total 125 260 22,375 11,625 95.0 95.0 133 162,51
Develop-
sent




RECOMMENDED STUDY AND DEVELOPMENT

' TABLE D=4l

SCHEDULE - TOTAL BASIN DEVELOPMENT

1980
1380

1980
1981
1982
1982

1983
1984
1985
1986

1930
1991

1935

R w

H oW

Commence Staged Feasibility Study - Rawa Pening

Civy of Semarang intensifies efforts to identify
and prove other supply sources.

Phase ¢ - Rawa Pening Feasibility Study
Design Studies - Rawa Pening
Construction start - Rawa Pening

Commence Feasibility Study on Gunung Wulan and/or
Gunung Wulan/Glapan

Complete Gunung Wulan Feasibility
Commence Gunung Wulan Design Phase
Complete Rawa Pening Construction

Commence Gunung Wulan and Transbasin Diversion
Construction or Glapan Construction

Complete Gunung Wulan or Glapan Construction

In the case of three phase development construction
starts on Gunung Wulan

In the case of three phase development construction

ends at Gunung Wulan.
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SUMMARY OF SELECTED BASIN MODEL AUNS
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TASLE O- 42
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SUMMARY OF SELEZCTED BASIN MODRL RUNS
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SUMMARY OF SELECTED BASIN MODEL RUNS
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.M 18,199 1,55 113 240 - - 9 12.6 1284 264.6 .8 29¢.3 186.7 1.0 5.2 - - - ”.e -
§e 13,375 1,635 100 260 - - 1500 1.0 1%.% 3600 30.4 18,0 174.8 1.0 887 - - - 8.4 s
MY 32,306 -11,003 300 260 - -~ 31505 15.2 1293 3364 228 210.0 170.1 2.0 2.6 - - - 2.8 -
9 1,00 10,662 100 20 - - .1 14,8 123.7 3838 16.8 27.5 18), 9.0 3.3 - - - 9%.0 ».
13 19,0 081 100 30 - - 33,0 1.7 uLY g 12.6 7.0 13,6 6.6 846 - - - 2%.8 -
NS 22,26 11,043 100 260 - - 1609 17.2 1613 350.3  20.9 105.7 2.0 0.2 .3 - - - 9.3 s
Totens 1. 1o ail cases Rews Peaiog s opavaced for irrigation

3. In oll coses the B ? d ualess ethervise soted
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{Cont.)

SUMSARY OF SRLECYED BASIN WODEL RUMS

B lreigeted Aves Live Storage Capactties drszaee ’",‘,:,",{:;""“ i Cumgag Wolem Jragung Slapen Irrsgation Plowsess M & § Metax
Reva THax A icisssss Sho $pill Ral Ther
Bo. Tostang Jresves feve  Cuvung anll_ Clapm oo A:?:l. Tisge  $p) esesa Shortage Spill  KLelsases tage  Spill Tatmg Jrageeg Mamsal Jsagueg
Peaing Wulas Relesse ¢ Volume AVeTaEe Aversge ¢ Average g8 Averags ags sge oge
thad i) (106 D0 w100 wh (1t 2h P wY fwhe) (108a]) 08 uh Qobad) Gobed pted Gbad Uobad O eD beh Cotah M . Gl e
378 11,629 &3 - - - 133.4 - - 26%.1 110.4 si8.0 47.4 u1.0 - - - 77.4 a2.9 - - $,

BB LNl s z - 1613 160 1366 367 3.5 1900 781 136 M8 - - - ¥ %t 108 - DIs @e o
89N 3,375 165 O - - - 8.2 - - 209.6 108.0 517.3 47.4 1410 16.4 - - - 7.4 42.% - - 154.9 - -
4920 13,395 11,838 18 260 - - 188.7  14.0 1381 Ju.9 24.4 w3.2  a7%.6 ALY Sied - - - %4 9.8 3,90 - 133.0 V] -

a1 23,3 - 43 %0 - - 12.0 - - 248.5 "? 304.3 - - - - - - 9.4 M 1,000 - 194.8 " -

922 21,307 - 3 60 - - 9.3 - - 356.3 37 3.3 - - - - - - ”.8 - 1,000 - 134.6 5.4

o 870 - s 20 - - % - 0.0 ¥%7.4 - - - - - - 100.0 S0 - 1M s .

2% 16,362 - 3 260 - - .3 - - 204.3 0.0 403.6 - - - - - - 100.0 - 3,000 - 1.7 .8 »

- 5932 14,028 - 128 - - - 137.6 - - 199.4 19.6 $18.2 - - - - - - 2.1 - 1,000 - 196.8 - -
593 11687 - 123 - - - 1us.6 - - 173.7 10.0 340.8 - - - - - - 9.6 - 2,900 . 130.8 - -
. "% ._”.. - 128 - - - ".9 - - 1.2 3.1 566.9 - - - - - - .4 - 2,908 - 15.8 -
% a2 I W = - S R - ma  sle ey - : - - P 31 - e . way < o
89 14,028 - 100 - - - 125.4 - - 187.7 3a.4 $31.5 - - - - - - .5 - 2,000 - 128, - -
597 1, - 100 - - - 132.7 - - 169.1 1.3 348.9 - - - - - - 92.9 - 1,000 - 133 - -
398 9330 - 100 - . - 16.3 - - 16.0 7.4 §72.¢ - - - - - - 15.6 - 3,000 - 118.6 - -

o M - 100 - - - 75.4 - - 1u7.6 1.8 $99.4 - - - - - ”.s . ) - r'] -
é ne L6 - 13 - - o %) - - - - - - - - e 5.0 2.8 - ..."". M+ S -

M oums - e - oowmowioIoI T I I e s oo S+~ S < S

For R - - - . - - - - . - - - . . X - - 0

3 6.8 - s - - o i - - - - - - - - M4 - ©.3 - L -~ w3 - .

% 1.8 - I} - - o 3.7 - - - - - - - - 108.4 9.2 - 1,9 - 3,0 - -

u 930 - 8 - - T - - - - - - - 156 "0 . 1, .« M7 . -

o*%e 14028 - 43 -~ - [ 34.9 - - - - - - - - a1s.3 [ X - 1,500 - 141, - -

) 18368 - g - - 7 e - - - - - - - - nie s - 1L - WL . -

"e M8 - 8 - - 3 B T T - - - - - - - X 0. - " - 2 . .

Totas: 1. I8 611 cases Nowe Famisg is epetated for irvigsies - - 1ocal Tailow Detween Susany, ~ e aad Glapen fatieleced

1. Iv all cases the Racemended Creppisg ts walase othar Be Coopplag Patters t0 2 ¢ 1
- 3. Mverags semusl energy i totally secewmdsry.
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TANLE D~ 42
{Cont.)
SUNMARY OF SEZLECTED BAZIN MODEL MUNS

Sca  Irrigsted Ares Live Storags Capacities Aversge Toarane/lrorene Cusvng Welse Jrageng Clapen lreigatios Pirmess M & § Woter

No. Tumtamg Jeamens 'h- ConaE e Clapes '::::‘ Hax lvuuc Talesees Bhortage $pi11  Woleases Whoriage pIi1  Deleases Phoriess SPII0 glo0” srigug Mescel Jusgmg W9 { —— e
—_ e} m.un_;.uw‘-’u__-’zug‘_umwdg. ué?guu_‘_-b Gtbeh o ehy o el gial) (obeh gobed obedh | (D (/) Nu. Al SeA MMM
oS 1¢,028 - 43 - - [y 38,2 - - - - - - - - 9.8 1.1 €0.2 - w - 154.9 . L]
% 16,%2 - o - - a7 a6 - - - - - - - - U0 204 6L . 00 - 198 - -
950 18,700 - 3 - - s/ 8.9 - - - - - - - . .y 30 856 . w - 109 - -
s 18,700 - 100 - - 7 10 - - - - - - - - 6.6 0.1 3.8 - 1,50 ~ 118 - -
9% 16,32 - 00 - - 2 al - - - - - - - - 2355 133 3529 - 2,00 - s - -
%2 1988 - i - - [T R - - - - - - - - 306.6 191 5167 - 5,00 = 138 - -
%6 18,700 -~ 123 - - 87 6.5 - - - - - - - - 290.1 16.6 nr.e - 2,000 - A - -
973 11,687 3,812 100 - - 124 %.4 8.3 3.0 - - - 2.6 a7 ’".1 1809 12.0 5679 9.3 2,000 - 135.9 - -
909 123,378 11,628 41 260 - ue 7.1 187 145 128 13.6 LS 1.3 %2 K2 T %Y d 0 N 4.3 3,008 =+ WA - -
Wi 23,5y - o 1% - - 26.7 - - 538 4.3 3259 - - . - pt - 2000 - M2 ®7 -

Sotes: 1. hux“l—tdnunc-ullauﬂuth
2. 1s a1l ceses the X od wmless
S.w.—nlhuuhnnﬂym
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COMPUTER PRINTOUT
RUN NUMBER 918
OPERATIONAL DATA-. S

— /4 J08 RCLT3055 : DATE_11/10,779,CLUCK. €9/30/18.. e
/77 EXEL TNTANGLPF : . )

e e RUH_NUMBER ___918

= . IN_TH]3 RUN STORAGE_CAPACITIES OF RAWA_PENINGy G-WULAN_AND_JRAGUNG_ARE____125._ 260, . 0. MM _
TRANSUASIN DEVERSLON MAX J1SCH CAPACITY = 30.00 CMS

WATER _SUPPLY FUR SEMARANG FRUM MUNCUL = 2,000 AND FROM JRAGUNG = .0 CMS e . s

- , T TIN THES PUN StUIMENT IS PASSED THRG.GH JRAGUAG DURING DECEMAER, JANUARY AND FEBRUARY

-—— J

coNDITIONS o o ' ;
© 77 1. IRRIGATION SHURTAGES LESS THAN FEVE PEZRCENT EY VOLUME CF LRRIGATION DEMANDS ARE ALCODUNTED FOR SUT NOT COUNTED Yy :
T 2. MARIAUN MONTHUY DIVERSION WVER PER100 OF RUN 1S SHOWN - . ! :
3. FIRM PONER AND ENGRGY AND SECONDARY PUWER AND ENERGY ARE CONPUTED AND SHOUWN '

4. TRANSBASIN DIVEASIUNS ARE MAOE TU MEET KZQUIREMENTS AT BOTH JRAGUNG AND GUNUNGWULAN WITH OUT SPILL AT JRAGUNG .

TRRIGATED AREA ON THE TUNTANG 1523375.00 MA. AND ON THE JRAGUNGL1623.00 HAe . 7

B
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- JHATUNSELUNA BASIN = TUNTANG ANU JRAGUNG RIVER SYSTeMS .

- : RESERYUIR_OPERATION SIVQIES .
PRC_ENGINEERING CUNSULTANT S, INC, - ENGLENOOO, COLORADO, UlSeA,

L YEAm. ) _ . e e e __RUN WUMDER_ 9% .
a RAWA BENING DIVERSION GUAUNG WULAN JRAGUNG -

MOHTH INF _OUT__SHG  SPL__END__ENo__POW_Vul_ VOL_ INF__JRR _ JOV_TUT__SPL_ €r0___ENJ_PUW . INF _ B4R ._TOT__ TUT_ S¢L _ xid. . END__ QUM . _.
VUL VOL VUL VUL STG ELE AVG AVB DIV VUL REW U7 SHG VUL STG ELE AVL VOL Réy. UUT SHLG VUL STe cblk  AVE

EMCHMPEACALIMCMDINCH ) EACHD_ (MWL (MO EMCHLINCHM ) (MCM) EMCAT SACHIINCHIANCMD . IMW ) EHCMD EACA ) EACH ) THLA D IRLI) IRLM) O T, ]
— OCY 20,1 Q.0 Qe0 0+0 13u%02,5 0,0 1.5 0,0 97 040 let 0.0 0.0 7.2 554 0.0 3.4 0.0 0,3 0.0 2.8 0.0 90,0 0.0

NOV 4506 2907 QeU__Ue0. _23074963,0 L¥e5 30e3 2927 TBeS5 59e8_61a% _UeU. _0.0_23e0 5727 2Y.310%_29.7..29.9.. 040 1.0 Ul “0.“...0.0....."

OECL 41e0 067 _0,0_.0,0_55+6%0%993_0.0_ 942 _0.0 0609 10e9 1205..0.0_. 0.0 Thed 622 UOod 10adl _ Se%_9.7. U0 4.l Uel 'N.O_n.n___:

———IAN___ 41,0 240 0.0 240 £Tab405a6s 000 130T UaQ 9227 Ta3 hali 0.0 0a0157e% 6LTa0 0.5 T 3.6 3.9 (1.0 _z.s_n.uu.u_n.n__é
FED _ 30eY. Va0 _0a0. 000117454668 0aU 1120 _ 0.0 T4e9 0.0 Jabr_ Uel) 0a022727-7025 00 .Ye3 . 0.0_0o3 0.0 8.7 U.U 0.0 -0.0_...: -
- JMAR 6146 Gt 0.0 _38,5125,046701 26D 5541 62610003 8520 _47a2_ 00023462000 Thal 9.9 280k 2240 2209 . Usl Lol .. Uoll LA Y] ._n.n_,.:
—_—APR___ 700 0.0 0,0 0Lle0125.0407a) 2640 7929 0a016922 Tad 9afl 0,0177,0260,0 Tlel 10,0 13,3 3.7 4.0 Uail _9.0 .n.n_en.n_n.n_;
MAY __68e0__de4 _ 0a0.36411252046Tel 2640 _Tued 3.4168.9.29.0 30e5__0.0135,1200.0 71,1 10.0_16.1 14,4 14t U0 Dol 0.0 Y0.0..040.
Tt JUN . 3069 228, 000 001125.0407.1 1762 2540 2208 L4e2.42.6 44ed  UoU d.ﬁt:o.v. Te% 6ol 2249 21al 21lev LoV Lol weU Yuad UeU
e e V2000 03207 _Ual) 0.010943406805 2547 3340 32,7 Tad 6427 bbad  Oall  Ualle8a? 62049 BaT 33e9 3201 S0t Uall. Lol . Uall Fuel.. Ualt
AUG  Lue¥ 319 . 060..0.0.05e2465.5.2409.3149 3L09. 003 60a7 0202, 0a0 . Ua0. 999 63cb. Te3 S0e? 3041 S04 0U Lo, ULV YUaU. Dav

SEP _ 157 34,1 _0.0 _.°|°~§50U.’|6ﬁ-.’;lﬁ.o-."’n’_“lal_,_l‘].,binub-“._,\)no._Q-quno_’)an._ Galt Inel S2a% 32anu Uad Iao-nau.”‘,-ﬂ_..n‘.n;‘.

el 159%.6 411.9 31358 [ U7 § 36,3
47242 0.0 : . 156.3 0.0 U0

DURING TH1S YEAR TOTAL ENERGY GENERATED AT UPPER TUNTANG SYSTEM s 137,0 GWH :
. —— . AT _GUHUNG WULANZ=  Olied AND AT JRAGUNG =___ 0,0 Guil

el ecbnmenbemcs cndte mm---

SRS JERN S -'--.j
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JRATUNSGLUNA BASIN = TUNYANG_AND_JRAGUNG RIVER SYSTEMS_
RESEAVOIR OPERATIUN STUDLES

PRC ENGINEERING CUNSULTANTS: INC. - ENGLEWOOD. CO'.URAJ0s UsSeAa

e S YEAR .2 . RUK NURu:in 918

——— —

RAWA PENING DIVERSJON WUNUNG WUL Al U | VYA TTTT

MOWTH ENF  UUT _SHG.__SPL__ENU__ENJ_PON__VOL_ VUL __INF__IRR_JOT__TUT__SPL__ERD__ENJ_ PUn Lilf %A 10T BUT_ Srhk. . ehd  ENO_ VW — _
Vin, VOL VUL VUL ST6 ELE AVG AVD DIV VUL REQ OUT SHG VOL ST6 ELE AVL Vol Red U1 SHL Vou STl &LE AV
MO EMCHD GMCHDEACM)ENCM ) MWD _(ACH) LMCMIIMCH)IMCM)AMCM)IMCHDIMCHIEREM D (A ) LALM I LACIN I EALHD LHLAD CHCH B SALAD N}

o OLY__ 9.9 7.8 0.0 0,0 40.6466ad 3e8  Bal Tef 1.7 12.3 338 a0 0.0 18a7 57a0  0u7 ToB_ Gad_ el 0al__Sal_ J.0 90a0. Oali_
NOV 2707 6628 0.0 0.0 15.0462e6 _2600_66.0_2306 4727 62.9_64.5.__0e0_0e0._0c9 51.0__ 4.7 33.0 3102 3122 Vel Ia0. Usl y0el._ Dol ..

28 .4

DEL 0.0 0,0 00344346305 _0,0_ 7.0 0.0 470095 11ad 0.0 (.0 3604 5926 0e5_7e9. 4e¥._ 9] . Usd. 2ab.. U0 _90a0_0e0...
— _dAN__41.8 0.0 0.0 0,0 67.1464e8 040 1120 Qa0 7425 Qa0 lab 0afl 0.0107a0 54all 0al) 1225 el Qe bull dlod  Uali YQaD . 0ul
FED  39.2 9.0 _0.0._J00_970246640_ 0.0 12,0 (a0 Ble6 _0a0 1ot 0u0 0.0164e7 68.72 0.0 23e0 Vsl .0o3..0.0 dlah- Vol 9000000 _.
. MAR 4540 15.0_0.0._0.01180246603 10,0 26al_15:0 752 _54e3_5549__ 000 _ 0.0200sB_69T__ToT. 28072700 2724 .0al ._Led._Qol_3000._0alh..
e APR___ 674 5,6 0.0 1801250096 TeX 1807 3328 626 BOL2 25.) 20af 0.0 0027202 T0uS  Sab 142 1244 12,7 0.0 2ol 0.0 _90.0 0.0

MAY  39.9_ 0.0 _0.0_30.9125.046701 242 3755 _Qe0_T79¢6_k2,9 _14+5 U0 48.0200e0 T1ak Be9_1Let_ 0e%_ 67 .iUa0 _%b_0.0_90.0_0,0._..

JUN _ 27.0 12.2 _ 0.9 _5-.7[15.;9.{007_-.1_1116_11-.&_11:?_19 -J_l".-l‘.25-6.__0-]1_0.05269‘.6_11;1..3 3 13.7 Ala¥ 1242 . 0a0_ 2edl__ 0,0 9Uel__U0. .
UL 2240 293 0.0 0.010945%6605 2247 3lak 2903 1220 57a3 5940040 . 0.020900 T0a) $a2 3003 Z20e5 2008 Ual 1ol 0aD 00 0a0. .
AUG. . 3043 16e7._0.9_ 0.01i4:0966.7 1125 18.8 1647 1440 3402 35,7 0.0_ 0018408 68,7446 1847 17000742 _0a0_Lek_Ue0_90.0_0a0. _
SEP __18.7 14.3 0.0 0.0109,346605_ 953 1506 16,3 Tod 3508 _3Te4_0u0_ 04012202 86D __406 1945 1708 1s.o,_o.o-kx.xh_u.o_yp.o;_o.a,-,

L TOIANS 15608 54,6 3672 486 16bat 50.0
363, 0.0 125.6 0.0 0.0

OURING THIS YEAR TOTAL ENERGY GENERATED AT UPPER TUNTANG SYSTEN = 99,9 &6WH :
e e e+ e e s e AT _GUNUNG WULAN=__ 33,5 _AND AT _JRAGNG. = _ 0.0 Gwid _ .. ___ __ _ oot e e 2e o st o s -
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—— e ———— JRATUNSELUNA BASIN = TUNTANG_AND_JRAGUNG RIVER SYSTEMS

e ____WESERVOIR UOPERATION STUDILCS

G S,

PRC_CENGINCEKING CUNSULTANTS, JNCe = ENGLEWUUD. COLDRADDS UaSeAs
- —— YEAR__ 3 RUN NUMLER__91B
RAWA PENING __~ OIVERSION GUNUNG WULAM JRALUNGG

——— MONTH_INF OUT__SHG__3PL_ ENQ_ END _POW_VOL__VUL_ [i#F_ JR*_JOT_TOL__SPL _END END_ PUW _INE__IKR__TUL__JuT _SPL__&kND__END__POM_
VUL VOL VUL VUL STG cLE AVG Avo DIV VOL REQ UUT SiHG VOL ST6 ELE AVL Vul HEW OUT SHL VUL STuL éLE  AVe

e oo JMCHPEMC M) (HCM ) (NCH ) IACHD (W) _(RCM)IMCHLINCH D (MCH)INCHLIACHI(NCHILACH D . (MW ) _(RCHILACHLIRCAD LACH MIALMIENLRD L)
[, | 179 0,0 0,92 b {

NOV 45,9 0.0 0p0_3001125,090701 2309 _4Us2 0401015 193 _35.9 04004022947 _70.5__4+8_2821_17:0.4703.. 00 10,3 .0.0 ¥0.0. _UGaQ___
. DEC | §3.7..040 . 0.0_54,612540467 L 20,0 43ek 040 9241 __&oti 00%..0.0.52.1260.0 Thal et 10ed . 2.4_2.7 00 Tol. 0.0 90.0 0.0

- FES.)&-LD..ﬂ_.ﬂ;Lz;mlinﬂabhul.u_jhﬂ_nmu.ﬂ_l.b_u.uhmn.n_ll.LJu.0_3&.:-_o.o_n.J__o.n-Jl.‘l-,. 00 90.0. 0.0

L MAR 525 11ed_ 040 32,3125,0407e) 2040 52aT 1122 bital 4421 45.7 0.0 39.2200.0 Thal 100 23.7 21,9 22.2_ Ual._Llal —Uel $0.0_0al

(J 9 v s 3

. . -WAY 50,3 ,_o.v-m.y..ao,mi'.nsor.m.y_n.a_nd_u..u_n.s_aq.z_.n.n._o.x.;uuu.u_u.x,_u..q._u.n_u.s_u‘.x_n.n el 0.0 YUU _0e0._.
e WU 3000 1604_ 003 _606125.066T.1 1545 2303 18ak 20aT 3202 3327 0.0 0.0288.4 70oH 403 1727 2bafl koa2 _Uat). del Uol Yot _ Q0.

- 1 1
——lll___$3a2.19:3 0,0 23.4125.04670) 2640 48a7 1923 fh6al 68,6 50u1 Oull 002555 FRail Tal 25,9 2601 200h 0ol 1.0 U0 S0 el ) '
]

e AUG___ 338 15,6000 941125.066Te) 1828 2628 1526 2320 3428 _35.9 00 0.0239.4 70.7 _4a? Lot 1720173 _0.0 Aol Gl 70.0‘0.1._:

]
SEP __3i9e7 2349 040 00817574600 1850 2%a% 23,9 3a% 59.0 5046 __0e0_0.08d%.U0 6920 _6+Y 260L.2403. 290 UelU. Lol LoD Y0 _0a0 .

e
JOUALS 8503 211.2 . . 327 .4 36640 156.4 U0
- 479”7 0,0 853 0.0 . Va0

GURIHG THIS YEAK IU‘IAL ENERGY GEKERATED AT UPPER TUNTANG SYSTEM = 179.7 Gud
- - - AT GUMGJULAML.MLJRAGWA&_’

.’\! °

]
'
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.
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]
|
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0aU Giad. .
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—_— - JHATUNSELUNA BASIN = TUNTANG AND JRAGUNG RIVER $YSTEMS S
: _ RESERVOIR_OPERATIGON STUDIES
PRC_ENG INEERING ADQs UsSaAs

e _ YEAR __& . o AUN_HUSEA__9L8_
IANA_PENING __ D1yeRsign GUNUNG WULAN i AHAGUNG

WONTH INF  QUT SHG  SPL__END __ENJ__POW__VUL _ VOL__INF _IRR _JuT_TOT__SPL_ gNO__END__PUa INF LR _TOT _TUT _SPL_ cAJ_. END__eUd __
VOL YOL VYUL VuL STe ELE AVG AV DIV VUL REG OUT Si6 VUL STG &LE AV VIL REV GUT Siis VUL STe ELE  ave

< oo UMCHIUNCMIEMCM) (ACH D EMCM)_ (MWD _(HCH)(MCHDIMCH) (MCHLINCHDIMCHDEMCNIINC D SMW)D_EMCH) LACHDIACH ) LACH D INCAITNLND __(WN)
—OCT 23,8 0.0 0.0 7,01i52046Ted 346 BeY 0,0 1603 0.0 Lob 0.0 0,020006 6927 0.0 a6 0.0 023 Uafl_ 6.0  Qalh 900 U0 .

NOV el 15e8 03 5421250060701 15e5_7/9e7 15,8 6440 5406 5601 _0o0__0.020502_6909.. . Te8 28et 2Ted 2703, Vel . Ael._ Ue¥ ¥0,0 0.0 .

OEC .. 3244 040 000 23.6125.046Tk 17e6_2949. U0 673 77 . 93 . 0s0_001260.0_Thed 007 14e6_. el _4al_Qel I0e2__ a.u.w.o__o.o,;.
___.jlﬂ_.._bloL_O,-Q_Daﬂ_ihﬂls_mw‘u.ﬂllh u.n.x.n_n.nuz..azm.n_u.x.m'.ngn.y_n 0D_0a4 00 70,0 0.0 300
FES . 350.9 0.0 _000 @laBl25.0467al 2640 5308 _0.0123.0_ 0.0__1c6 0.0118.4226000-T1e1 500 218 ~0.0..0e3..0e0.-21e2-0.0.-90.0 o.o...a'
MAR  404¢ 1302 040 16s01254046Tok 2804 3605 1302 5309 5409 5604 _Ua0. 06025401 TLO 8a0 2707 (Ve 2765 Ual . 140 ..Us0 0.0, 010 i
AR 2.0 1667 ou.xxmmuwwnwu.umwuwwuwwu. :
MY 2909 9.6._0.0_06.3125.0567,1_10.8_17.5_ 9.6 1602 38,0395 020 02019308 %23 522 2006_1849_19a1 _0.0__1ol.. 0.0 ¥0.0_0. a__.,
SN . 4%06  Te2  0.0_28031230086Tat 2650 _50e9 _ Te2 04a5_2323 2409 0.0__0.0230,2 105340 13e3 Alab 118 _0.0 5,/ 0.0 ¥0.d_0 n_._.
MWMMMMMMMMBM_*
- __‘“-__ 2729 13506_000_ De0109T56625 105 _17a% 1500 3240 3602 _37a8_ 0.0 _0a0136:0 658 &5 19.7_18 .n_n.z_.n.o_x.l_.n.n.oa.Lo.n__,'
SEP __18.1_22.9_0.0_0.0 _95. 2&5..3.11-2_2149_22.13__3;1_31.141.2_0..0_0.& M.n_u‘z__»d_zz.v_zx.z_ud_a.o_x.x_.n.uu.n_,o.n._n

1900 ATR.D 2902 _ . AL
410.8 0.0 133.6 0.0 . . 0.0

4

AT

!
DURiNG THIS YEAR TiTAL eur.ucv GENERATtJ AT UPPER TUNTANG SYSTEW = 135.9 GaH } : . '
e AT_GUNUNG. _NULANZ 6922 AND_AT JRAGUHG = 0.0 Guil_ : . t

e—— T S oy




B LE R R TRy

S.heet 6 of 23
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L . ) ) KRESERVUIR UPERATION STUUIES )
L4 . .
PRC ENGINCERINS CONSULTANTS, INCoe = ENGLENOUD: COLURADO. UeSsAe .
e e — N YEAR___ 5~ AUN.NUMBER 928 -
RAWA P ENING DIVERSION GUNUNG WUL AN : JKAGLG

. . MONTH INF OUT__SHG__SPL _ENJ__END__PUM __YUL _YOL' INF_JRR _TOJ TOT_SPL_END END  POUW._INE_ IRR _TUX_TUT__SPL_ ksl END_ PDM___
. VUL VUL VYOL VUL ST ELE AVG aVe DIV VUL REG UUT SH6 VUL STG €LE AVU VOL REQ OQUT S VUL S$Tu ELE AV

e AACAMCHIENCM) (AT (NCH)  InN ) LACK) LMCHDENCH ) (ACHDENCM) AMCH D EMCHIENCA) MWD IHCHDEMCHREMCAD CHCHAGHCHIIREN) _  _ IMud

e OCT _ 10e? 046 020 000030290002 040 122 0sbr 4e5 020 labh 0.0 0.0 955 6323 0.0 1.8 0.0 0o 0.0 1.1 U0 0.0 0.0

¥
4
3
;
;
t

Lo MOV 210 33,8 OsU. 0.0 YLles9054 2040 37 -_Q_}_L_LZ_L-L'IZLL_'E oT . Ge0 0.0 4143 60al T2l 3Tah 3548 36ad Ul 1.0 U0 _¥0.0..0.0__.

e DEC 39,6 _ 0,0 _000_Us0l1200466,6_ 040 10ul 0.0 6843 Ca0 1a66 0.0 0,0105.5 64i0 0.0 1728 _0o0 . 0o3 0.0 1702 . 0.0-900._Qald__.

——S 9049 0ed 0.0 26,5125.0807.0 ABay 32,3 0.0 75,4 4.8 626 Qul) 001724 680 Oud lual 2.6 2.2 0.0 120) 0.0 900 Daf

o FED __27.6__0a0_ 00 130612500496Tak 13k 2350i 0.0 48.2 0.0 loh 0.0 0.0215.0 20.2  0.0-16e30u0 _0o3—0e0.1307— 000 Y0000

PAR T49e2 _00b . 0e0 0431285609 Ts1 2600 82e7_0.0108J03 36,8 40e4__D0a0 95.2260.0 ThaX 1040 11.w.a.n.a__n.n_n.l__u.o_an.n-_n.n.._.‘

APK . 80,7 3. i L) ; 2, p
WA 3782006000 6.1125,046701 2203 J1a0 2006 _Z1a0 4745 49.d 0l _0.0210.7 70.5 &e? 25:3-2306 238 0all_ 1.0 _Ual Y040 __0a0...
e N 1700 1002040 _0.0115.456607 120 Liad 1002 30t 40aB 4204 0.0 0.01E8.7 £Y.0_ 5ot 2200 203 2005 . O0ud Lol _0ul. ¥0e0_ Dol
e ]

L d 9 9 B 0.0 0015603 ATall  bod 2007 28,9 252 Ul a0 0.0 uda0 llﬂ"
e AUS. _10e9 29D 040 _020108.7566as 1900 2505 258 =207 51a3_5Zotf__0a0_Dall 9BaS h3eS . _bel 2608 Z5a% 2547 _Uel _Uen Ual vn.v-.n.n._:
!

e SEP___10a8 I2al _0e0 000 832850505 296 3129 3129 =929 6223 fde__0a0  0od 2827 83 _bateIled d0af I1e2 sl Va2 _ued. sn.n_.n.ﬂ...'.: -

fOTALS  1ST.8  352.4 4069 1465.0 19%an 5242 !
. 406.8 040, 156.5 0.0 ’ 0.0 -
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PRC ENGINEERING CONSULTANTSe INCo = ENGLEMUUDs COMRADDL UeSehe :
- J .

D )

e e e s o — ———-YEMR __ b © e e ciea— -RUN NUMDEA 918 .
RAKA PiNING e DIVIRSION o GUNUNG WULAN L

e ve e dBAOANG L L L

MONTH INF  OUT_ SHG_ _SPL_ LND _ENJ_ PUN__VOL__VUL_ INF__IRR__TOT _TUT__SPL__END _ENJ__PUW __ANF__IRR _TUT__JUT__SPL v END _PUM . __
Vul VUL VOL VUL ST16 ELE AVG AVD DIV VUL KcQ UWUT SHS VUL STG GLLE AVG VOL REQG WIT SHe VulL STu ELE Ave :
. ___ AMCMIIMCMDINCM) (MCM)IMCHMD__ (MWD (MCM] EMTA ) AMCH D (MCH) IHCH)EACHIIMCRA) ENCH ) AP _ENCH D IACH ) AIRCAD LN ) (LA ANEH) 1T

0CT _13.% 0.0 0.0 0,0 88,2465:0 0.0 =043 =0,3 =19 %ol 2.7 020 0.0 23,1 5727 DD 240 0.5 D B 02D 0.9  yJaQ 9Ua0__ 0.0

NOV _ 15.8 78,8 0.0 _Ue0_160240207 2620 80eQ 313 5501 7406 761 _0eD_ 0,0 0.9 51.Q__ 5.6, 36-9_}7-0 3T2d__0s9.. LoV . 00 YU . 0V __.
. DEC_ &3%.9 0.0 UODA_Ooo.,5.2opﬂﬁitu,u-ﬁ_g_n.o__un’._lIJ_‘-u-u.n_ﬁ&-Lﬁlol_o.Ull’...ﬂab‘._.o-u-‘l._.’lns el el 0.0

“Jhlujguu;mmmu.wmmww%i.w

- FGB,_,]I 8_0.0_0.027. 51zs.mwnux.z_u.s._o-maz.z__n.n_x.a_n.n._.a.szsn.n._n;x__a.s_.u.x_.o.n..n.x._n.‘u..u.s Gel 90e0 -0l

— —MAR___ 6523 _0.0__0.0_56.31¢5.046721 260 T6s9 _0.0195.8_29.8_31. 3_DJM.JM-D_JLL1LWLL§“.LLL§.§—U 0 20-&..0."-_.
_MMWMWW ._n.n__n.z_n.n_su.n_u.n__.,

e —PAY__S58al _TeZ _0.0 §1-912§,0_4161.1_26‘9_§m_14u11 3 32 .3.3.1.n__n.n_sn.unn.n_u.1.u‘a_1m.u.n_ud_..a.n_1 L_.u.n_vo.n_.n.u_..;
SUN__3l.6 12.4_ 0.0 10,21 a,ughuhuaw_uuhz_n.wm%bw.wuuu 0.v0. l1l_.llnll_..1 *
o UG 35e3_0a9._0e0_25.51254056Tal 20l I4ed 0. «2_80.1_17.1 18.7__0.0 58 anD.D.JLlJLLlﬂnU.L_I‘I_D-.L_l 1.0 .0.’0-0._0 o
o SEP__22.9 23.6._0.0__ qmu.uoa.um.zsM.bJLQMuwumawﬂmu.x Oe 0._!0.0 0.0

248.8 - : 382.6 &15.4 e _163.0 . ‘90,8
377.6 0.0 91.8 0.0 . o 0.0
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__MONTH IKE _OUT _SHG _SPL _ END__END__POM__YOL .ym._.xmLma_InI_mI_nt.__ﬁm_mq__m'
VUL VYOL VUL VOL STG ELE AVG Ave DIV "VUL "REQ OUT SHG VUL ST ELE AVe VOL. REW WUT S46 VuL STe ELE AVE

e AMCH) LACHLIACA ) {HCH LIACH ) (HM1_LNCHLEHCH LINCA ) {ACHLLNCHLINCAD INCRLIAUL AN D _IHCA LIACHLINCA LUACH D IHCA ) INCA) — inm)__
T NOV.__23.1 35.8_ 0.0 0,0108,2866.3 2640 3706 3%el 1023 167 THal 0a0 0.0179.2 68.% 1050 39,8 38,1 3.3 Oall _1.0__0s0_v0a0_0.0 o
.._oec__-.sv.v_o.o.*o.q_zo.mzs,jasu'.x_n.z_s.n.n._n.oux.aﬁ,n.o_x.n_*n.n_a‘ 864076020 T1a1 100 1oab_0a8_ 003 0.0 160 0.0 90.0_ 0.0
e FEB_ jza__o.n_o.n_smm.uu.;u.uqi.n.nm;u.z_i,n_n.nm.numn;u.w.w sl el _Aen_ 0.0 T8 0.0 90,0 0.0. .
e MAR 3740 Aiie®__0e0_292082520867ak 2640 5502 Lited $300 5402 5.7 Qa0 25.1260.0 Flel 100 28.6 u.ml_n.n. 1.0_.0.0_90.0..0.0
———APR  S3a1 0.0 0.0 $4.115.0467el %647 §925 0a0188.7 8.4 10.0  0.0135.526000 0a) 1040 16.3 6.2 Aos 0.0 11.% 0.0 90.0° S0
- PAY__€725_3.3_0.054a91252048T0k 2600 7220 2.5146.7 3306 25a0  0.0108.5260.0 T1ad 1040 Lhud Lhah 16k G0 10030008
N _92:5 17,8 0.0 Jo. oxuumwumummummu.h_uu.n u.z_n.n_x.x_n.n_n.n__n.n__

- AUG __21e0 n.7.0.0--0.oms.un.z_zﬁ.s_n.s_na_u.Lao.q_Ax.g_mn_amwg.u_n.ugx.mou.r_n.u.;.n_n.m.o,h.n_;

4r . lest 49.1_O.u-Puo_b‘l.uu.n..ll.u.ﬂu&.u.«.u.uhu.u.mﬁzd_n.l__a.b_zﬁ.:.zs.n.n.n__u.n_-.x.o_n.axn.n..o.n...
—I '
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PRC_ENGINEERING CONSULTANTS: INCe = ENGLEWONO. COLORADO. UaSeAa ’
YEAR T AUN_NUMBER_ 218
M_!A_LEMN&__.._____MEISLIIL._____” SANUNG WUL AM AMALUNG

a3 A%9ad. HA0.T

M_INF__IRR__TOT._1u1__SP

)
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YEAR___» ‘ _ BUN. wnun_.ﬂl._..__.,
. RAWA PENING DIVERSION CAINUNG WULAN —ARAGUNG i .
. R . . L]
: ——__MONTH_INF__OUT__SHG_ SPL__END__END__POW_YOL_VOL__JNF__JRR__TOY__JOU_SPL__ENO__ ENO_POW__INF__IRR__TOL_TOT.__SPL_ END__

ENO__POM
YUL VYOL VUL VUL STG . ELE . AVG AVB DIV VUL Rel OUT SHG VUL SI6G ELE AVLe VUL HAEY LUT Sdtb VUL 3Te elE AVe
e e AMCM)UMCHDANCM)(ACH ) AMCID_ (W) _{MCH)ENCH JINCH ) (MCHDINCHDINLMDIMCHDINEAD . EMw ) _THTH ) (HCADENCADIACH N INCRDINGA ) (k) -,

Nl

L. MOV 20.0_33.5__0.0__0s0_ 75596551 _26+0_3%.T7_33,5_2163__ 69-_5_11-.0._1._0__1.1!111112.61.]_8.5 J602 3% _34aT _Us0._1.0_0,0 W.G_D-L_.. :
DEC . &l1.3 0.0 0.0 0.0107.7%6.4_,0.0_16.6.__0.0111-h S5e5__ J.u_o.n_u..ozuz.x_hs.n_ % 1802 20T 320 .Us0. 1409 Uad_ Qo.n_.n.n__.:

__JMJ;MMWMM‘MLLWMMW
.. ——FED_ _35T7al_0.0_ o.n_ua.uzs.un.x_za.n_m.s_n.nuad_n.n__l.a_n.nun.nun.n.n.L w.c 45.9-0.0...0.3.—0.0—2.‘0.1-4!.0.90-0—0.0——)

L _MAR 8349 18.46__0.0_L6s315,046Ts) 2600 $8aT 1006 _b2eT_ qatum:_o‘m.nzno.n.rhuo.o zo.n_ua_zu._n.n_x.a_n.o_vo.a__n.n_.{
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Mmmwwwwwm
. _MAY__ S55.4__8.S y.0_37..1121.9.161-1_'2b,n_12d_h5.u.b_n.6_35,1_0.11_42_1'2&0.0_11;.1..10.ma.s_u.l_u,s_n.u_hu u_su.n._n‘n_.;
—_— N, _zv.uo,u,ummmm.m.uuxuumum_: t_u.z_u.s_ua__n.n._x.u.u_m.u._n.n_‘
. . : , q

e AUGu 1721 3402 0.0 0.0 83.646%.4 2640 3641 36 L_huhsJLn_n.n_n,nJmu_LLn.ouz.L_m_n.s_n.umu.n__, '
- __uL_u,uhz_mn_M:hzma_zhLmzLuua_&y_mwu J_n.LzA.A.u.J__n.n__n.s__n.un.n__n.n_.s

1 ;
B ) . 417.3. 2681.8 - i J C 210, AR.2 : 0
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S S : ) RESERVOIR OPERATION SIUDIELS . - _ _ﬁn -
PAC_ENGINEERING CONSULTANTSs INC. = ENGLEWOOD. COLGAADO. UaSaAa ' C
~YEAR 9 . RUN_NUMGER _938_.
RAWA PENING . oIveastun GANUNG WULAN : A .
___MONDY_INF__OUY__SHG_ SPL__END__ENJ_POM_ VUL VUL _INE

E_JRR__JOI _TJOT  SPL ENO ENJ PO _ANF _1RR _TOL__ToI__SP ' -
VUL VOL VUL VuL STG cLE AVG AVD DIV VOL REQ OJUT SHG VUL 816G ELE AVE VUL REu OUT S VuL Ste wLE AVe
o MCA(NCHLINCHIINCHI(NCH)  (NM) (MM ) (MCARINCMDENCM] AMCK) (SCHIIMCHINCHD M) AMCH)CACH L IACHOAKCA D EMCRDANCA ) (Kal

o NOV__3442_2,0__ 0.0 0.0 9204465.8  0¢3  Ba8 2.0 42,8 4224 4520 0.0 0.0 23,8 $7o8 4.0 22,8 21al 21a3_ 0.0 1.l 0.0 $0.0_ 0,0
- ——DEC__30.8_0.6 0.0 0:011309466a7 0,0 502 00 3206 18ak 15.9 0.0 0.0 39,3 60.0_ Lad 822 Tal Tid 0.0 1ol 0.0.90.0 0.0 .

3 . . L

. __FEn 3.8 0.0 _0.0 21.5129 MJWMM‘M“MWM&—&MJ—U-“ .t—-ﬂ-l&ﬂ.ﬂ—-ﬁ.ﬂ.—:

_PAR___39.k__6al Qa0 23.9125.0567:i) 23a% 41,5 6.12101.5 54. MWMM_J n._n.n..yn.n_...n.n.._.
APR 3020 6% 0.0 16.5175.0467a1 15,4 27,0 ‘“5 5.2 18.2 19.8 n.n 22 leﬂ n Ji.l 5.2 10.4 9.0 g.; 0e0)ol—0.0-90.0 ﬂ'.'

. PAY 4046 0-0...0'0..’7.612)-06&7-1_26-0 4229 0.0 9"-1-...1-0 2400040, 30..’2?0‘0.'1-1.1000 u-l..lhi...n.l..u.u 34T 0.0 W.“.. 0.0 - -

233 £3e7__00_. _QoOllﬁlbl:bé..] L7..H_.Lﬁ.-&..23.1__.'ub._‘l§ J_hm__n‘n_n.azu.un.z..b.a.u.m.m“.n_x.x_u.o_w.u.a_q
g : * ‘
- ....q_.AUG.......l 006_3%02.. 0400 .n.amsu.n_za.o._:wa «3_=2.3 b3 .Q-AMJAB_IIJLMALAL‘I_T.Q_AA.QJZJ_ALUM.A _n.n_w.n..n.n_...

- —SEP___R1.4 Sle6_ 0. UMMWMMMMMMMMM

o1 127.0 : : 05,0 115.4
353.86 0.0 o 150.0

19649 _10%.n
0.0 N . ¢ a 0.0 -
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—_— JRATUNSZLUNA BASIN —~ TUNTANG_ AND_JRAGUNG h[vgk 3'5"5"3 "':
— RESERVOIR OPERATION STUJLES .
PRC_ENG INEERING_CUNSYLTANT i :
— - i
M .
—_— e YEAR__10 BUN NURWER 318}
RAWA PENLNG J1¥ERSIO0N GUHUNG WULAN ARACLNG 4

-

I0TALS 136.3 134

_MONTH INF QUT _SHG__SPL__END ENJ_POM_VOL_ V9L INF_JRR. YUl _JOT S
VOL VUL -VOL VOL S16 ELE, AVGC AVS DIV VUL REQ OUT SHG YUL

e IMCHIIRCREAMCMD (NCM IO (MW)_(ACMDEMCADINCH) (MCH) IMNCHY( BOMLIMCARENCAD  AMWD EMCHIARCMLANCA)AACHALNCAD LHLH l.___'.ll\ll...,'_!

M 38,0 0.0 0.3 340 33e34ude® 0.2 Ta0_ 0.0 47.0 0.0 lab 0.0 0.0 4503 60.4 0.0 60,4 0.0 0.3 0.0 9.6 4.0 904 0.0 |

. FER__33.9 (.0 _0.0__0.0 58. 1&65 ah__0.0 7.7 90, AUJMJ-WMMMLMLO.B .!0-0..0.0_*

33,5 20.9 _0.0__ o.oub,oul.j_u.s_ualhsxs,wus.uwﬂmmmu.um
_ZS.LN.!_Q _0_0MMAQI-“M-U&-LZ.lJQ.L&LU.B_&.M.MM_’M.L&LLJ n_.L.l._n.n_an

_M__B:Lllcﬁ_‘? -9_0.01 u,mwuwwwummmmuu.u Q

__END POM_ INE._ARR°_JUT _TUY_SPL_End_ _END__POM__ |
3716 ELE AVG VuL REQ OUT sSHe vYuL Sly’ £LE AYG 1]

’ NOY 1508 7.5 0.0 . 0.0_0.9461e9_3e3__He1_2.4_9.0 ) 7906802 72.9_040_ 0.0 50,0 o.n._'buz.s__l.ul.n_n.n_u.n_sn.n_h.n__:

178 T3 _0.0_ 0.0 ....“o,ﬂ‘oolo,l___}-l —Ue®_ 0.0 14,6 1163 12.8_0s0_0.0 0.9 5120 0.4 11.4 5. h_s.l....n‘n._s.z__n.ua.a_n.u._, )

—&1.8_0.0_0.,0_0. Q_".Q:_?.‘&LJ_O 9 13, 0.0 B8.0 35 .z.ml_n.n_n_.nm.n_n. A_sdJa,x_umm.“nd_n.un.n_n.n_q

nﬂ-ﬂ.l__.l

- -

i

. .St __1Al. tm.uumamumuwmwunmwmum%

144.2

TN | i lid2a9.

33643 0.0

131.9 72.9

32.6

-

ODURING TH1S YEAR TOTAL ENERGY GENERATED AT UPPER TUNTANG SYSTEM =
AT_GUNUNG_WULAN= 26

86.8 GwH
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PRC_SNGINSERING CUNSULTANTS, INCe — ENGLEWOUOs COLURADG. UaSeAo :
. e e i __YEAR__ 11

RAVA PENING

AIVERS IO GUNUNG WULAN

. MONTH ]NF___W?___SHQ_SP_L_ENO
VOL VUL VoL VvuL SsT6

e SMCMAUMCND (MCHD (NCH) (MCA)

ocY__ 18.8_0.0 8

RUN_NUMMER _918
JRAGUMG

END__POW__VUL__vuL | INF

0

IRR__TOT__JuUT_SP)___EN)__| ENJ_LQ“_INF_IBLJILL_IDL__SPL_E“D END__p
eLE AVG AVS DIV VUL REQ WT S1H6 VUL SI6 ELE AVG VOL RE4 OUT

(MW)_fMCn) [1',..'4 JIMCMIENCH) IMCH) S !C!JJM’_IMI___IHHJ_IE»M_IBW (NS HIANCHD EMCR). ANLA

SHG VUL STL clE AV,

Nad

“
L.NOY 2361 545 0.0 U0 920856343 J,b-Q_bl )_33, v}_b&-7_75-L76-U&JALR‘MM1~LJLMMQ—DMLU.Q-—

__31.3 0.0 _0_.._0. o_bﬁ.uo_s.L_Q.g_m.s_Lum Lm‘z__n.n_n.mud_aw.z_mz_a.n_n‘n_na_n.n.m.n.n.o_
 _FES __33.8 0.0 Dad 0.0118.7466a8 0.0 _6.6_ 0.0 64,8 0.0 1.6 0.0 0.0200.5 69.2 u.o_xa.:_n.n_a.s;n.n.;z.s_n.n.sn.n..n.é_

PAR __54.1 54-2_0MZMM_L&J_Lnah.ZJl-x.uJ_n.Lu.nzm.mun.umw.u.umJnum_

ugwmmmmmwwwmm

. LBAY __ 1.!_-.‘0._22:1..9_-0_0. 00152306607 2255 30,5 2902 Yo 5T ua.s__o.n__n.ozm.u.un.uua_u‘n_o.n_l.m_a.wm_n.n_
e JUN __17.9 2641 _0.0__0,0 98 gUhWLMM).ﬁ&MWL&M&“W.HJ-“-‘_

_—MM - Py . M—-n‘n—. .

e AUG___11,8 35.9 0. &_n.maaahuhn_z54Uhu.s¢>a_w.umu.m.u.m.uwz“u.uua.n.n.n_ )

EMMZMMMMMMMMM —~Dell_ D4 w.n_..na....._

JataLS 221.9 SAa8 co ' $£43.0 IS8 . N n 21651 10,2
372707 0.0 X . 181.3 . 477 . , - . ’ 227 :

OURING THIS VEAR thL ENERGY GENERATED AT UPPER TUNTANG SYSTEM = 142-0 GwH - L T
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