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Figure A.1.17 Shaft Geological Profile at Borrow Area (1/2)
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ANNEX. 2 - METEOROLOGY, HYDROLOGY AND
B WATER BALANCE STUDY

1. -~ INTRODUCTION

This Annex describes the results of meteoro-hydrological study and water balance study which
were carried out in the Feasibility Study on the Gilirang Irrigation Project. In the hydrological
study, investigation and studies on long-term runoff are carried out to clarify the potentiality of
surface water resources for the Project. The water balance study, which is the basic component
for the delineation of the project scale, is executed in accordance with the results of the
hydrological study. The main objective of the study in this Annex covers the following items:

(1) to collect and analyze the meteoro-hydrological data in and around the study
area,

(2) to check the availability of the meteoro-hydrological data for the study,

"~ (3)  to prepare monthly meteorological data for continuous 15 years period from -
1979 through 1993 in the study area, :

(4) = to prepare half—monthiy rainfall data for continuous 15 years peribd from 1979
through 1993 in the study area,

(5) to prepare half-monthly runoff discharge data of the Gilirang river for
continuous 15 years period from 1979 through 1993 at the proposed dam site
and weir site, : :

(6) to estimate the probable floods of the Gilirang river at the proposed dam site and
weir site, .

{7 to clarify the possible cropping intensity according to the results of the water
balance study. .

2. METEOROLOGY

2.1 Climate

The study area is located in south Sulawesi, at just 4° of south latitude and about 120" of east
longitude. It belongs to the equator climatic zone. Its climate is characterized by tropical
monsooens, having distinct dry and wet seasons. The east monsoon predominant from may to
June and which brings the rainiest month in May.

There are. three (3) meteorofogical stations and fifteen (15) rainfall stations in and around the
study area. The location of the stations are mentioned in Figure A.2.1.

2.2 Rainfall

Though the rainfail data are available at 15 gauging stations mentioned above, their observation
periods are very different and there exist not many stations which have enough length of data
for the hydrological analysis. The observation period of daily rainfall at these stations are

illustrated in Figure A.2.2 and the annual rainfall pattern of each station is mentioned in Figure
A2.3.

Sakkoli rainfall station is located at the center of the study area and the data in this station seems

A2-1-



to be most reliable comparing with the data in the other stations, though there are some
interruptions of observation period. Lack of data can be compensated with the data observed at
Peneki rainfall station. Half-monthly average rainfalls at the Sakkoli rainfall station are shown
in Table A.2.1. There is a marked difference in the yearly rainfalls, though there is a clear trend
in annual rainfall pattern. The average yearly rainfall is about 2,200 mm in the study area. The

ycarly rainfalls w1dcly vary from year to year ranging between approx:mately 1,500 mm to
2,900 mm. _

2.3 Other Meteorologlcal Condltlons

Among three meteorolog1cal stations, Bontouse station has only a few available data comparmg :
with Sengkang station, which has certain length of reliable data. Sakkoli station has just started
its observation from ]ast April, and has no available data, at all. Therefore, the meteorological

data observed at Sengkang station are employed for meteorological analyses in this study.

2.3.1 Temperature

The mean monthly temperature varies from 26 °C to 28 °C with a little seasonal variation.
From October to November is the hottest season, having a mean maximurmn temperature over 32 .
°C. The coolest season is from June to August which has a mean minimum temperature less
than 23 °C. The average daily fluctuation is only about 4 °C through a year. The mean
monthly temperature observed at Sengkang meteorological station is shown in Table A.2.2 and
Figure A.2.4.

2.3.2 Relatlve Hurmdlty

The mean monthly relative hurmdity is from about 72 % to 84 %. The highest relatlve humidity
occurs in May and June, and the lowest occurs in October. The mean monthly relative

humidity observed at Sengkang meteorological station is shown in Table A.2.3 and Figure
A2.S. .

2.3.3 Sunshine Duration

Annual average sunshine percentage is 53% at Sengkang. The mean monthly sunshine
duration varies widely from 5.2 hr/day at minimum in December to 8.1 hr/day at maximum in
September. The mean monthly sunshine duration observed at Sengkang meteorologlcal station
is shown in Table A.2.4 and Figure A.2.6.

2.3.4 Wind Velocity

The monthly average of wind velocity is generally low in a range of 1.0 m/sec to 1.5 m/sec,

The mean monthly wind velocity observed at Sengkang meteorological station is shown in .
Table A.2.5 and Figure A.2.7.

2.3.5 Evaporation

The annual evaporation from the Class A-pan varies from 1,840 mm (5.0 mm/day) in 1978 to
2,290 mm (6.3 mm/day) in 1987, and the average of annual evaporation is 2,080 mm (5.7
mmy/day). The mean monthly evaporation is in the range of 4.6 mm/day in June to 7.1 mm/day
in October. The mean monthly evaporation observed at Sengkang mcteorologlcal station is
shown in Table A.2.6 and Figure A.2 8.

A2-2



3.  LONG-TERM RUNOFF OF GILIRANG RIVER

3 1 Rlver Basm

Thc Glhrang river is the only surface water source in the study area. The river originates from
the mountainous zone between Bila and Awo river basins. The river meanders from the north
to the south near the junction of provincial road and turns its trend to the cast, and then flows
directly into the Bay of Bone traversing through the alluvial plain in the lower Gilirang river
basin.

Its total reach is about 100 km. The catchment area of the river are 518 km2, 230 km?2 and 169

km? at the river mouth, Gilirang gauging station, and at the proposed dam site respectively.
The proposed dam site is located at about 11 km upstream of the Gilirang gauging station. In
the upstream of the station, the river basin is classified into three categories by its coverage.
About 70 % of the basin is mountainous area with forest, 20 % of that is hilly area with no trees
and the femaining is'grass land. The average gradient in the first 10 km from river origin is
very steep and it gradually becomes gentle toward the river mouth. The average gradient
between proposed dam site and the river mouth is very gentle and it is about 1/2,500 (See
Figure A.2. 9)

3.2 Available Data

There are three water-level gauging stations in the Gilirang river as shown Figure A.2.1.
However, Arajang station just started its observation in February 1994 and has no available
data yet. Among two remaining stations, the observation at Tarumpakkae station started by
P3SA in 1975 and terminated in 1978 in accordance with the installation of the Gilirang station
in 1978, and there exist only short period data. The Gilirang gauging station has contintous
data from 1979 up to date by P3SA and BPPDSA, though there are some interruptions. The
observation at Gilirang station is carried out by an automatic level recorder, though that at
Tarumpakkae ‘was cartied out by manual reading of three times a day.

Considering above conditions, the observed data at the Gilirang gauging station is the most
reliable data for hydrological analysis. The Gilirang station also has certain amount of
discharge data with water level data which were measured directly using current meter. These
data are very useful to know the relation between the water level and the discharge in the river
by formulation of so called rating curve. There are sixty-seven (67) available data of the direct
measurements, and the estimated rating curve using these data is shown in Figure A.2.10.

The nearest river basin to the Gilirang river basin, which has certain period of reliable daily
flow records, is the Bila river basin. There are two gauging stations of Bila (Upstream) and
Bila (Downstream). The Bila (Upstreamn) station has continuous data from 1978 to date and the
Bila (Downstream) has. contmuous data from 1973 to 1988 with some interruptions at both
stations. -

3. 3 Half—monthly Dlscharge

The daily discharge at the Gilirang gaugmg station is esumated using the rating curve which is
estimated using the direct measurement data. The half monthly discharge for 15 years (from
1979 through 1993} is calculated using these data. The interrupted periods of the data are filled
by estimated discharge using the relationships of discharge between the Gilirang gauging
station and Bila (Upstream)} or Bila (Downstream)} gauging stations. Regression formulas
among these stations are shown in Table A.2.7. The half monthly discharge at Gilirang station
is shown in Table A 2.8.

The estimated half-monthly discharge at the Gilirang gauging station is converted into the
discharge at proposed dam site and the discharge from residual basin between proposed dam
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site and proposed weir site using the ratio. of catchment areas. Estimated half-monthly
discharge at the proposed dam site and inflow discharge into the Gilitang river from the residual
basin are shown in Table A.2.9 and A.2.10 respectively. The discharge varies with seasons
and also drastically fluctuates year by year. Average half-monthly discharge at the proposed
dam site for 15 years (1979 - 1993) is meationed in Figure A.2.11. Average annual runoff-
coefficient is-about 55 % assuming annual rainfall of the Gilirang river basin is same as that at
Sakkoli rainfall station. . ' ' : g ' : :

4. FLOOD ANALYSIS
4.1 Procedure of Analysis

The purpose of the flood analyss is to determine the design flood discharge for the design of _
various structures such as spillway, diversion tunnel, etc. As there is not enough record of
floods which can be used for the estimate of flood discharge for longer return periods, synthetic
unit hydrograph method is employed to estimate the probable flood discharge and pattern of the

flood in various return periods in this study.

4.2 Design Rainfall
4.2.1 Probable Daily Rainfall

The rainfall data at Sakkoli rainfall station is used for the estimate of probable daily rainfalls in
the Gilirang river basin. The probable daily rainfalls are estimated in various methods for
different return periods in Table A.2.11, and values estimated by Gumbel method are applied
for the flood analysis as follows : ' -

Return Period (Year) - .
5 10 20 ° 50 100 200 500 1,000 PMP

Probable Daily Rainfall 165 193 221 256 282 309 343_"_ 370 504
(mm/day) : '

4.2.2 Design Storm Pattern

The Thiessen method is not applicable to this study to estimate average basin rainfall due to the
lack of rain gauge network. Therefore, the average basin rainfall in the catchment area is
estimated from the point rainfall at Sakkoli station. The applied conversion ratio from the point
rainfall into the average basin rainfall in the catchment area is estimated from the curves which
were recommended by US National Weather Service as shown in Figure A.2.12. The
conversion ratio of 0.92 is used for the estimate of the basin rainfall in the catchment area.

Storms in South Sulawesi, as in most of Indonesia, tend to be relatively short duration
thunderstorms. Since the data on rainfall pattern in South Sulawesi for the storms are not
available, the rainfall intensity-duration curve at Jakarta is used with duration time of 6 hours
for this study as follows: : - o o

Ri = R4 x 8.65
"6 (t+2.65)

where, Rt: Rainfall intensity of the design storm (mmv/hr)
Rd: Total rainfall depth of the design storm (mm)
t : Duration time (6 hours)

The estimated storm pattern and intensity is shown in Figure A.2.13;
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4.3 Unit Hydrograph

4.3.1 Concentration Time

Concentration time is defined as flood travel time and which can be obtained from time lag
between the beginning of rise of direct flow and its peak. Some recorded hydrographs of direct
flow are available at Gilirang gauging station, and the concentration times obtained from these
‘hydrographs are tabulated below : :

Date of Occurrence of Peak Peak Discharge (m3/sec) Lag Time (hr)

Jul. 21, 1992 116 ' 10

Jul. 23, 1992 166

Jun. 18, 1993 126 5

Jun. 26, 1993 : 207

Jun. 2, 1994 265 11

Jun. 10, 1994 = o 220 11
Average | - 9

Based on the above observation, 9 hours is adopted as the concentration time at proposed weir
site and 8 hours is adopted as that at proposed dam site assuming the flood velocity between the
proposed dam site and weir site is about 11 km/hr.

4.3.2 Rainfall-runoff Model
As there is not enough hourly rainfall data corresponding with flood records, construction of
the unit hydrograph from actual rainfall-runoff relationship is impossible. T herefore the
synthetic unit hydrograph method developed by Nakayasu is applied.
The Nakayasu's unit hydrograph is described as follows:
(a) Flood peak
- AR 1
P= 36 3T+ 1)

(b) Rising curve (0 <t <Ti)
Q/Qp = (T/T1)>4
E (c) Recession curve |
) 03<Q/MQp<l
- QQp=0.3TIHm
; ii)_. 0._09'é Q/Qp<0.3
Q/Qp 2'0-3(’1‘—’1‘_11»0.5 T3)/1.5 T3
i) Q/IQp <0.09 o

Q/QP = (. 3(T-TI+i5 T3)/2.0 T3
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where, Q : Discharge of unit hydrograph at time T (m3/sec)
Qp : Peak discharge (m%/sec)
A : Catchment area (km2)
Ro : Unit rainfall in unit time (mm)
- T1 : Rising time from beginning to peak (hour)
T2 : Recession time from peak to 0.3 Qp (hour)

T1 and T3 are determined using the following empirical equations de've]_oped by Nakayasu.

T1=TG +08 Tt

T3 = 0.47-(A-L)025

TG = 0.4 + 0.058-L  (if L > 15 km)
TG = 0.21.L07 (if L < 15 km)

where,' - TG : Basin lag time (hour)
Tr : Duration of unit rainfail (hour}
L- : Length of river course (km})

Figure A.2.14 and A.2.15 show the unit hydrograph of the Gilirang river at the proposed dam

site and at the proposed weir site for a storm with duration of | hour and intensity of 1
mm/hour respectively.

- 4.4 Probable Flood for Res_efvoir and Weir Plan
4.4.1 Probable Flood for Paselloreng Dam

Probable floods with various return periods and probable maximum flood for the Paselloreng
dam are estimated using unit hydrograph method, under the assumption that the runoff

coefficient during intense rainfall is 0.70 and base flow is 4 m3/sec. The result is shown in
Figure A.2.16 and peak flood discharges are summarized as foliows: :

Probable Peak Flood at Paselloreng Dam

(Unit : m3/sec)

Retumn Period (Year)
10 25 50 100 200 1,000 PMF
Probable Peak Flood 677 802 896 987 1,081 1,293 1,760

4.4.2 Probable Flood for Gilirang Weir

Probable floods with various return periods and probable maximum flood for the Gilirang weir
before the dam construction are estimated using unit hydrograph method as shown in Figure
A.2.17, under the assumption that the runoff coefficient during intense rainfall is 0.70 and base
flow is 5 m3/sec.

After the dam construction, the probable floods which pass through the reservoir will be
regulated because of storage effect of the reservoir. For example, the peak discharge of the
probable maximum flood which flow into the reservoir becomes less.than half when the flood
spillout from the spillway as shown in Figure A.2.18. Therefore, the probable floods at the
weir site after dam construction are different with those before the dam construction. Figure -
A.2.19 shows the probabie flood discharge with 1,000-year return period at weir site before
and after the dam construction. The peak flood discharge is reduced to less than half after the
dam construction. The peak flood discharge at the weir site before and after the dam
construction is summarized bellow: :
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| Probable Peak Flood at Gilirang Weir
_ _ (Unit : m3/sec)

Probable Peak Flood Return Period (Year)
100~ 25 50 100 200 1,000 PMF
Before Dam Construction 836 991 1,107 1,219 1335 1,598 2,175
After Dam Construction 362 444 508 570 637 792 1,152

In Figure A.2.20, specific discharge of design flood at the Paselloreng dam and the Gilirang
weir for various return period are plotted with Creager 100 and 30 flood lines, as well as design
floods of dam or weirs in Bila and Langkeme Irrigation Project in South Sulawest.

5. SEDIMENT ANALYSIS

Sediment load is one of the major factors to define the reservoir dimension, such as dead
storage capacity. For the estimate of sediment transport at proposed dam site of Paselloreng
Dam, sediment load is divided into two (2) components of bed load and suspended load
including wash load.

The bed load is assumed to be 20% of suspended load, which is a commonly applied value in
Indonesia unless relevant data are available. The suspended load is usually estimated using the
actual relation between suspended load discharge and water discharge at relevant river. There
are five (5) actual measurements of suspended load at Gilirang gauging station as shown in
Table A.2.12. The results of the measurement are plotted on Figure A.2.21 and an equation
which indicates the relation between the water dlscharge and the suspended load discharge is
obtained as follows;

Qs = 5.012 Q 0506

where, Qs : Suspended sediment discharge (ton/day), and
Q : Water discharge (m?/sec) :

In order to calculate the average total sediment inflow, the year of 1983 is selected as the
representative average year from 1980 to 1993. The suspended foad and bed loacl are estimated
usmg above relations and applymg daily discharge data in 1983.

Bedload - 549 m¥km%year
~ Suspended load 11.0 m3/km?/year
Total - 65.9 m3/km?/year

However, estimated value above is rather small comparing with the estimate of 1,000

. m3/km2/year for Kalola dam of Bila Irrigation Project which is the nearest project to the
Gilirang Irrigation Project. The followmg matters should be considered to get the final estimate
- of the sedlment load at propo‘;ed dam site.

1) ~ The base rock of the Gilirang river is Temary Pliocene sedimentary rock which is same
as that of Kalola river.

2) Data number is not sufficient and no sample data with large discharge is included,
though' the suspended load with large dmcharge casily affect the amount of total
' sedlment load.

- 3) Accordmg to the geological investigation by’ the geologist, there is not much difference
- of geological condmon in the upqtream area of both river.
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Considering the matters above, the total sediment load at proposed dam site is estimated as
1,000 m3/km?2/year adding some safety allowance. Therefore, dead storage capacity and dead

water level of the Paselloreng dam is assumed to be 17,000,000 m3 and EL. 34.0 m,
respectively. ' - : - '

6. WATER QUALITY

6.1 Water Quality of Gilirang River

Water samplings were carried out at the proposed dam site and at the Gilirang gauging station
on 7th April, 1994 for the clarification of the water quality of Gilirang river water. The samples
were sent to the Maros Soil Research Station for analyses. The results of the water quality
analyses for both sites are shown in Table A.2. 13 and which show that the water in the
Gilirang river scems to be harmless for irrigation purpose. : '

6.2 Variation of Salinity in Gilirang River

The salinity of the water in the Gilirang river was examined on October 19, 1994 as shown in
Figure A.2.22. The salinity in the lower part is very high and the river water between river
mouth and about 17 km upstream of the river mouth is useless for the irrigation purpose due to -
its high salinity. This is because that the river water is affected by sea water especially in the .
dry season when the river discharge is very small (0.3 m3/sec at Gilirang station), as the
gradient of the Gilirang river is very gentle . o '

7. WATER BALANCE STUDY FOR ALTERNATIVES

7.1 Basic Concept for Water Balance Study

The purpose of the water balance study is to clarify the relationship among the proposed dam
scale, irrigable area and cropping intensity for each alternative development plan. The proposed
alternative plans are as follows:

(1) Alternative

- The maximum irrigable area (existing paddy field) of 8,600 ha would be irrigated by the
storage water in the reservoir with the maximum storage capacity of 132 MCM.

- Direct diversion from the reservoir would be applied for whole irrigation area of 8,600
ha by facilitating a headrace to connect with irrigation canal system.

{(2) Alternative II

- The existing paddy field of 5,880 ha would be irrigated by the storage water in the
reservoir with the maximum storage capacity of 132 MCM. ' ' N

- The intake weir at the downstream of the reservoir would be installed to divert the water
to the irrigation area of 5,880 ha. The whole irrigation area would be irrigated by
gravity irrigation system. - ' . .

(3) Alternative 1II

- The existing paddy field of 7,000 ha would be irrigated by the storage water in the
reservoir with maximum storage capacity of 132 MCM. - S

- Small scale portable pumping units would be provided for scatiering 440 ha of the
upstream area , and the intake weir at the downstream of the reservoir would be installed
to divert the water to the remaining 6,560 ha. 680 ha out of 6,560 ha would be also
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irrigated using small scale portable pumping units and the remaining 5,880 ha would be
irrigated by gravity irrigation system. . _

The water balance calculation is carried out with following basic condition.

- Cropping pattern of "paddy-palawija-paddy" is examined first as the most preferable
cropping pattern (refer to Annex 6).

- If the amount of irrigation water is not enough, the cropping intensity of palawija is
reduced and that of dry season paddy is reduced next.

- If there is any excess of irrigation water, the storage capacity of reservoir is reduced.
Calculation of water balance for each alternative is carried out for the period of fifteen (15)
years from 1979 to 1993 on the basis of runoff estimated in the hydrological study and

estimated irrigation water requirement for each alternative (refer to Annex 4). The calculations
are made on half-monthly basis.

7.2 Basic Components for Water Balance Calculation
The water balance calculation is executed in accordance with some basic components. The

components of inflow and outflow in the water balance calculation for each alternative are
illustrated below and details of the components are described here in after.

Alternative 1

----p : Inflow
_—-) - Outflow

Main Canal

Rn}\ Gilirang River

A2-9



Alternétive 11

+--mm ¢ Inflow

—3» : Qutflow

Main Canal

. Gilirang River

---p : Inflow

—>» : Outflow

Main Canal

Gilirang River

7.2.1 Inflow Component
(1) Runoff at proposed dam site (Ro)

Half-monthly average discharge at the proposed dam site from Gilirang river basin for
15 years from 1979 through 1993 is used for the calculation. '

(2) Inflow from residual basin between proposed dam site and intake weir site (Rf)

Half-monthly average inflows from residual basin between the proposed dam site and
weir site for 15 years from 1979 through 1993 are used for the calculation.
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7.2.2
(D

)

3

4

&)

(6)

Q)

®)

&)

7.2.3
(1)

Outflow Component

Evaporation (Ep)

Evaporation from the reservoir surface is estimated by converting observed evaporation
of A-pan at Sengkang meteorological station from 1979 through 1993 using 0.7 of
converting rate.

Seepage loss from reservoir (Sp)

Seepage loss from the reservoir is assumed to be about 0.03 %/day of gross storage
volume.

Irrigation water demand for 8,600 ha (D1)

Diversion water requirements at proposed dam site for 8,600 ha of gravity irrigation
schemes. -

Irrigation water demand for 5,880 ha (D2)

Diversion water requirements at the proposed weir site for 5,880 ha of gravity irrigation
schemes. : C

Irrigation water demand for 440 ha (D3)

Irrigation water requirements for 440 ha of pump irrigation schemes which locate along
the Gilirang river between proposed dam site and weir site.

Irrigation water demand for 6,560 ha (D4)

Diversion water requirements at the proposed weir site for 5,880 ha of gravity irrigation
schemes and 680 ha of pump irrigation schemes.

River maintenance flow (Rm)

River maintenance flow in the downstream reach of the proposed intake weir site is
designed to be 0.89 m3/sec in minimum, which is present average discharge in driest
half month (the first half of December) from 1979 through 1993.

Diversion water requirement from dam (Dw)

Diversion water requirements at the proposed dam site from 1979 through 1993 are
calculated using the above components and adopted for the further calculation. Dw is
same as D1 in case of Alternative 1. '

Spillout discharge from dam (So)

Spillout discharge is considered if there is any excess storage which exceed the
maximum storage capacity of dam.

Efficiency
Intake efficiency at weir

Intake efficiency at weir is assumed as 90 % including conveyance efficiency between
proposed dam site and weir site. Intake loss (10 %) is considered as a part of the river

“maintenance flow (Rm).
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(2) Irrigation efficiency

“Total irrigation efficiencies of 64 % for paddy and 51 % for palawija are adopted for
both pump and gravxty jrrigation schemes in the calculation.

7.2. 4 Characteristics of Rcservmr

Characteristic curves between water level and reservoir capacity or surface area which are
mentioned in Figure A.2.23 are used for the calculation. Dead storage capacity is designed to
be 17 000 000 m3.

7.3 Procedure of Water Balance Calculatlon
The water balance study is made in the following manner_.
Se=Sb+1-0r-0s

where, Se: Reservoir storage volume at the end of the period
Sb : Reservoir storage volume at the beginning of the period
I Inflow to the reservoir during the period (Ro)
Os: Spillout discharge (So) during the period in case the reservoir storage
: volume at the end of the period exceeds maximum storage capacity, if any
Or: Outflow from the reservoir during the period including diversion water
requirements (Dw), seepage loss (Sp) and evaporation loss (Ep)
(wherc Dw D1+ (D2/0.9) + Rm Rf)

If the storage volume at the end of the penod is less than the dead water storage , the outflow in
the period is assumed to be zero for the convenience of calculation. Therefore minimum

storage volume is dead storage capacity (17,000,000 m3), and the period of the dead storage
capacity is considered as drought penod in the calculation.

The calculation is carried out for 15 years from 1979 through 1993 on half monthly basis. The
maximum storage capacity of which frequency of drought time is two (2) tlmes 1s defined as
Gross storage capacity corresponding to each cropping pattern or intensity. -

7.4 Results of Water Balance Calculation

The fluctuations of storage volume in the reservoir, inflow and out flow volumes at proposed
dam site and spillout volume from the reservoir for each alternative are illustrated in Figure
A2.24, A2.25 and A.2.26. The possible frequencies of full storage in the reservoir for 15-
year period are 9/15 (Alternative 1), 12/15 (Alternative II) and 11/15 (Alternative III)

The results of the water balance calculation are summarized below:

Irrigable Area and Cropping Intensity Max Storage
‘Wet Season Paddy Palawija Dry Season Paddy = Capacity of Dam
Alternative I 8,600 ha 0 ha 7,400 ha 132 MCM
(100 %) (0%) (86 %) S
Alternative II 5,880 ha 5,880 ha 5880ha  125MCM
(100 %) (100 %) : (100 %) - .
Alternative HI 7,000 ha 2,000 ha 7,000 ha ~ 132MCM
(100 %) (29 %) (100%)
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8. OVERALL WATER BALANCE IN GILIRANG RIVER BASIN

8.1 Definition

Overall water balance study in the Gilirang river basin is carried out to presume the discharge
condition in the Gilirang river due to project implementation. This study is indispensable not
only for the estimate of available water in the Gilirang river in future but also for the
environmental assessment study in and around the project arca. The water balance calculation
under condition of with and without project is executed for Alternative 3. Discharge condition
of the Gilirang river is presumed at proposed weir site and river mouth.

(1) Calculation period and interval

Overall water balance calculation is carried out for 15 years period from 1979 to 1993
on the basis of the result of water balance calculation for Alternative 3. The calculation
is made on half-monthly basis.

(2) Runoff caused by rainfail

Rainfall in the residual river basin in the lower reach of the proposed weir site is
represented with the rainfall observed at Sakkoli station which locates almost center of
the area. Runoff into the Gilirang river from residual river basin is estimated as follows:

Effective runoff = 0.55 x (Rainfall - Effective Rainfall) x Residual river basin
Time lag between rainfall and runoff into the river is assumed to be half month.

(3) Return flow from seepage of reservoir

50 % of the seepage from reservoir is assumed to be return flow into the Gilirang river.
Time lag between seepage and return flow into the river is assumed to be 1 month.

{4) Return flow from irrigation water

50 % of irrigation loss (conveyance loss and application loss) and 50 % of seepage loss
from paddy field are assumed to be return flow into the Gilirang river. Time lag
between seepage and return flow into the river is assumed to be 1 month.

8.2 Result of Overall Water Balance Study

Through the water balance calculation, variations of discharge in the Gilirang river are
presumed. The variation of discharge at proposed weir site under condition with and without
project is shown in Figure A.2.27 and that at river mouth of the Gilirang river is shown in
Figure A.2.28. Figure A.2.27 shows that the discharge at lower reach of the proposed weir
site is decreased in most seasons after implementation of the project, except for the driest
seasons. The discharge in the dry season becomes rather constant after the project
implementation, though there are much fluctuations under without project condition. Figure
A.2.28 shows the tendency that the discharge in the dry season is increased in spite of decrease
in the rainy season after the project implementation.

From the above considerations, it is obvious that the river discharge in the Gilirang river will
become more constant and steady than the present discharge condition especially in the dry
season, and the frequency of large discharges will be decreased after the project
implementation. This tendency will be appropriate for the fish culture in the lower reach of the
project area, especially for the fish farmers who are going to introduce the shrimp cultivation.
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Table A.Z.Z(IIZ) Mean Montﬁly Air Temperature at Sel_lgkang (112)

(Unit:°C)

Year Jan. Feb. ~ Mar. Apr. May Jun. Jul. Aug. Sept, Oct. Nov. Dec.

1976 Max. 319 323 323 321 307 290 278 297 320 325 327 314
Min. - 248 247 233 228 224 219 213 205 229 232 170
Mean - 286 285 277 268 257 249 255 263 277 280 243

1977  Max. 315 319 325 315 312 290 288 296 317 334 347 33
Min. 236 236 235 234 235 232 219 217 216 224 230 239
Mean 276 278 280 275 . 274 262 254 257 267 219 289 285

1978 Max. 327 312 328 323 31.8 310 317 30.7 314 320 326 318
Min. 235 232 24.4 235 244 233 229 227 228 . 227 231 23.9
Mean  28.1 302 286 279 28.1 27.2 273 267 271 - 274 219 219

1979 Max. 321 323 325 31.9 322 29.9 294 312 31,5 333 337 330
Min. 237 23.5 23.5 23.6 240 23.5 219 218 225 219 235 23.4
Mean 279 219 280 27.8 28.1 267 257 265 210 276 286 28.2

1980 Max. 331 326 32.1 327 30.5 296 30.1 30.2 323 . 341 345 319
Min. 241 238 23.9 230 24.0 236 225 224 213 0 231 237 236
Mean  28.6 282 28.0 219 273 266 26.3 263 26.8 28.6 29.1 278

1981 Max. 320 327 32.0 317 30.7 30.8 30.0 309 320 - 325 321 310
Min. 242 233 229 238 243 232 227 0 217 229 . 227 238 239
Mean 281 28.0 1.5 27.8 27.5 270 . 264 263 215 276 280 3

1982 Max. 310 317 316 304 30.0 289 296. 303 31.6 33.1 340 337
Min.  23.8 231 239 248 25.6 25.0 231 2318 249 25.1 269 258
Mean 277 274 218 276 278 27.0 26.4 27.1 283 . 291 30.5 29.8

1983 Max. 312 313 323 0O 301 294 28.5 29.4 315 325 313 300
Min. 253 255 26.4 260 258 253 245 24.2 253 257 25.6 250
Mean 283 28.6 29.4 29,0 28.0 274 26.5 268 28.4 29.1 286 275

1984 Max. 311 313 309 293 30.1 28.4 278 29.5 30.3 320 321 3LO
Min. 252 26.2 25.1 240 - 240 236 . 230 221 230 223 23.1 229
Mean 23.2 28.8 28.0 26.7 21.1 26.0 254 258 267 272 276 270

1985 Max. 312 309 309 - 304 29.7 290 279 28.6 304 311 316 316
Min. 234 24.1 235 226 22.1 21.1 210 - 215 21.9 223 227 22.3
Mean 273 275 27.2 265 259 25.1 24.5 25.1 262 267 212 272
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Table A.2.2(2/2)

Mean Monthly Air Temperature at Sengkang (2/2)

(Unit:°C)

Year Jan, Feb.  Mar. Apr. May Jun, Jul. Aug, Sept. Oct. Nov. Dec.
1986  Max 29.9 304 306 303 302 297 29.1 30.1 314 311 30.6 31.4
Min. 226 207 20.1 200 206 211 220 217 219 22.9 229 229

Mean 263 256 254 253 254 254 25.6 25.9 26.7 210 26.8 27.2

1987 Max. 310 314 30.5 30.8 296 297 30.0 30.7 321 326 326 30.1
: Min. 231 237 226 227 231 23.1 23.0 234 240 247 241 238
Mean 271 27.6 26.6 26.8 264 264 26.5 27.1 28.1 287 284 2190

1988 Max 313 298 312 30.6 308 28.5 286 28.7 289 312 309 25.1
Min.  24.1 241 243 242 241 233 23.0 235 243 24.2 246 244

Mean 277 270 278 274 275 259 258 26.1 26.6 217 218 26.8

1989 Max 297 299 305 306 302 30.0 28.4 289 302 30.9 312 303
Min. 242 24.5 24.0 24.2 239 23.5 235 234 24.1 243 245 245

Mean 270 272 213. 274 27.1 26.8 26.0 26.2 212 27.6 219 274

1990  Max 30.5 30.5 39 313 305 300 29.6 30.0 314 3238 327 313
Min. 245 237 243 24.1 240 239 232 232 247 25.1 243 24.1

Mean 275 27.1 28.1 217 273 27.0 26.4 26.6 280 290 28.5 2717

1991 Max, 316 313 318 311 296 29.8 29.6 303 31.8 330 33t 324
Min. 239 239 237 237 24.1 23.9 233 239 236 247 245 244

Mean 278 27.6 278. 274 269 26,9 26.5 27.1 217 289 288 283

1952  Max 2 320 323 319 310 302 298 30.8 316 31.9 326 319
Min 24.6 242 248 25.0 243 24.0 231 225 240 243 24.1 24.5

Mean 279 28.1 28.6 285 77 " 2711 268 - 267 218 28.1 284 282

1993 Max 319 325 29.6 30.6 304 29.9 28.9 30.6 320 33.4 314 314
Min. 245 24.1 233 234 243 24.1 23.2 229 242 243 244 242

Mean 282 283 26.5 210 274 27.0 26.1 26.8 28.1 289 279 27.8

Max. 314 30.8 316 312 305 29.6 29.2 30.0 313 324 325 315

Average Min. 240 239 238 236 238 234 228 226 232 23.6 240 236
Mean 277 218 217 274 272 26.5 260 26.3 213 28.0 282 215
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Table A.2.3

Mean Monthly Relative Humidity at Sengkang

(Unit; %)

Year ~ Jan. Feb. Mar. Apr.- May Jun. Jul. - Aug. Sept. Oct Nov. Dec.
1976 7 6 6 10 B 6 15 & 6 63 69 65
1977 61 6 62 6 6 _80. 3 m 8t 4. B 88
1978 80 87 85 87 87 87 - %4 85 86 '34. 9.
1979 o1 87 93 8 & 8 71 8 6 71 89
1980 86 90 85 89 88 85 86 84 76 85 91 89
188 72 8 s & 8 8 8 8 94 8 73 89
1982 %5 88 92 93 %2 9 1 16 8 72 73 81
1983 g4 82 80 84 - 88 89 8 8 78 85 85 84,
1984 79 83 8 - 87 85 84 84 77 B0 72 77 79
1985 79 82 8 81 84 85 8 79 15 11 81 79
1986 2 78 8 78 82 83 8 8 74 8 82 sl
1987 19 M 81 82 8 81 m 6 6 1 8
1988 81 81 81 83 . 84 87 84 84 8 80 80 8l
1989 g1 77 80 81 85 g 8 8 78 80 75 8
1990 79 8 76 80 83 84 20 79 74 78 81 79
1_991 7% 80 80 8l $2 s 79 16 T 7 7 M
1992 79 79 79 79 84 83 g2 19 19 M M B
1993 7 13 8 g4 88 84 8 79 79 72 MM 19

Average 9 s 8 8 84 84 8 8 T 76 19 8
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Table A24 Mean Monthly Sunshine Duration at Sengkang

(Unit; hrs/day)

Year Jan. ~ Feb. Mar. Apr. May Jun, Jul. Aug. Sept. Oct. Nov. Dec.
1976 6.3 | 1.3 6.1 70 61 54 6.5 8.4 87 69 18 5.5
1977 47 42 62 62 6.5 4.8 6.6 74 9.3 9.9 11 56
1978 5.0 52 5.2 56 6.8 59 6.4 6.3 6.1 82 6.5 52
1979 5.0 54 47 6.1 74 48 70 8.8 7.7 79 6.3 5.0
1980 40 46 5.5 50 © 57 54 - 70 6.6 8.9 10 59 44
1981 5.0 5.0 63 59 59 6.8 5.0 8.2 6.3 8.7 6.2 47
1982 5.1 4..3 46 5.1 70 56 7.8 76 69 68 5.4 52
1983 - 43 5S4 46 56 50 45 40 78 81 72 59 44
1984 54 48 54 5.1 44 - 42 6.0 16 6.2 8.2 66 4.0
1985 6.3 59 65 62 4.1 55 52 69 8.6 7.8 6.0 56
1986 52 63 6.7 6.1 7.5 6.1 58 8.5 8.3 6.0 6.4 6.1
1987 - 5.4 65 57 15 6.5 7.8 8.0 79 9.7 9.5 6.1 4.5.
1988 5.6 53 6.3 6.6 6.5 5.0 56 6.3 17 1.1 62 5.3
1989 59 67 5.7 6.8 6.8 6.9 5.0 53 2.0 7.5 72 5.8
1990 54 60 69 6.9 6.1 6.6 6.6 7.3 8.7 8.3 86 5.2
1991 5.1 55 6.1 6.8 6.0 74 6.3 64 8.2 9.1 5.6 6.0
1992 55 6.2 5.6 6.8 6.7 59 58 8.4 7.8 8.0 73 5.5
1993 59 56 5.8 52 60 6.0 5.8 2.6 9.7 8.6 6.5 54

Average T 53 5.6 5.8 61 62 5.8 6.1 75 g1 80 6.6 5.2
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Table A.2.5  Mean Monthly Wind Velocity at Sengkang

(Unit: m/sec)

Year Jan. - Feb. =~ Mar, Apr. - May - lm Jul, Aug. - Sept. Oct. Nov. Dec.
1976 13 - 15 15 .11 - .13 13 .15 1§ 16 13 09 15
1977 15 20 13 11 . 10 14 18 20 20 20 14 12
1978 12 12 10 11 L1 10 11 14 13 13 10 13
1979 12 12 11 10 10 13 17 18 18 13 12 13
1980 15 13 13 08 17 13 . 14 15 17 . 15 14 13
1981 1§ .13 16 . 10 11 09 L1 - 13 02 13 13 16
982 - 15 i3 12 L7 13 . .12 16 11 17 19 16 19
1983 13 13 10 09 Ll 22 26 ; 17 14 13 10
98¢ . 13 15 12 05 09 .10 12 12 10 10 03 LI
1985 2 07 09 08 08 08 09 12 09 01 - 07 1l
1986 i1 09 07 08 10 08 .07 11 12 08 06 05
1987 09 10 08 08 L0 12 12 17 17 15 89 09
1988 06 08 08 07 07 08 10 .13 12 03 08 10
1989 1 12 09 08 06 07 0% 12 13 09 07 08
1990 o 7 09 03 07 09 11 09 09 08 08 01
1991 11 09 08 06 L1 09 098 11 LI Ll 07 06
1992 - 07 07 06 - 06 05 06 07 07 06 07 05 09
1993 09 11 07 06 07 08 . 08 0% 11 _ 23 08  LL

Average 1.4 13 1.2 1.0 1.1 12 .1.5 .16 14 1.3 . 1.1 1.2
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Table A.2.6 Mean Monthly Evaporation at Sengkang

(Class A Pan)
(Unit: mm/day)

Year Jan, Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec.
1976 6.0 6.3 6.0. 53 4.7 38 46 58 6.9 64 53 54
1977 - 54 6.3 6.1 44 5.2 37 4.3 5.6 8.0 9.8 1.6 5.8
1978 57 6.3 56 5.6 4.5 _4.4 4.0 52 5.# 5.1 45 4.6
1979 53 6.3 5_.4. 4.5 42 40 53 6.7 6.2 6.8 6.2 54
1980 6.1 5.6 57 47 43 3.7 4.7 ‘ 53 75 1.2 53 55
1981 6.1 4.8 6.9 4.5 39 45 35 6.8 72 74 6.4 5.5
1982 6.3 56 55 4.1 50 43 60 7.5 83 8.9 7.6 59
1983 54 4.8 50 . 48 43 46 . 43 6.§ 7.9 6.77 6.2 53
1984 54 58 79 11 3.2 42 39 48 53 6.5 5.7 47
1985 58 | 50 60 5.7 44 4.6 36 5.1 6.9 5.3 5.0 6.1
1986 56 6.1 | 6.1 52 5.9 4.6 47 6.1 73 55 | 5.6 53
1987 5.8 6.4 52 52 5.2 53 51 73 8.4 8.8 71 5.0
1938 60 50 55 5.3 52 4.1 49 43 55 6.0 52 5.1
1989 4.8 6.3 6.1 6.4 5.0 46 . 37 43 6.1 59 58 5.2
1990 58 5.0 6.6 5.6 45 45 4.7 56 7.4 73 73 58
1991 6.4 54 | 6.1 5.8 5.1 6.0 6.1 6.6 77 79 6.5 56
1992 5.5 5.8 5.5 57 5.2 43 47 50 6.3 6.7 59 6.1
1993 58 73 538 59 48 69 6.1 6.7 8.2 9.1 6.1 54

Average 57 5.8 59 54 47 4.6 4.7 59 7.0 7.1 6.1 54
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Table A.2.7 Regression Formula of 'Monthly Discharge

Regression Formula

Month Bila (Upstream) v.s. Gilirang  Bila (Downstream) v.s. Gilirang
January Y =0.166 X -0.790 © Y=0203X-0.105
February Y=0638X-5547  Y=0360X-0444
March  Y=0031X+1017 Y =0.042 X + 1.080
April Y =0.079X +8.920 Y =-0.643 X +27.916
May Y =0293X +6.711 Y =0.244 X + 11.868
June Y =0727X-4879 Y =0.589 X + 2.467
July Y =0.805 X - 2.395  Y=1034X-7569
August Y =1.681 X -14.433 . Y=0.858X-0952
September Y =0.527 X - 2.993 Y =0.367 X - 0.049
October Y =0.198 X +0.336 Y = 1208 X - 2.190
November Y =0.171 X +0.232 Y =0.468 X - 0.400
December Y =-0008 X +1.017 Y =-0.020X +0.939
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Figure A.2.3 (1/2) . . Annual Rainfall Pattern in and around the Project Area
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Figure A.2.8 Mean Monthly Evaporation at Sengkang
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Figure A.2.13  Hourly Rainfall Distribution of Design Storm
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Figure A.2.16 Probable Floods at Proposed Dam Site
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(Before dam construction)

A2-43




(W) [oneT oM

. .,voo_"_ wnwixew o_n_wno#_ jsujeBe JoAlesay Jo 1983 ebesols 812"V enbid

(sinoy) sumg

Gl o0 - .S

Y - P [
Y . /
A : . 2
> \ . ~¢ \
hY ) -’ 1

TTTteel__ (diNd) POOId WINWIXER SigeqOld 4O moyno” // \
T _ g
) — T » \s \_
0'2s . uy \
. - - . ’ ~s ﬁ )
. \ -
> o 7
- s
JIOAISSOH Ul [9AST JOIBM i N \ \
_ \ .
0Es - _ \L, \
(JINd)} poo|winixeyy 81Qeqoid Jo MOLU] / /

oS

- 00G

000°L

005+

000¢

(oas/u) eﬁjéqosgq

A2-44




(pouiad uinlay JeaA 00L) auS Jlom pesodoud je abieyosiq poold s|qeqoid 612V 24nbidy

(sunoy) esuwlly

0e Se 0¢ Gl

RS A 1 L] 1
N v —— ——

uonONIISUOY) WE(] Jeye
~ pooid ejqeqo.d

P
\ i
-~
-
-

uoRONASUCH Weq 8lojeq poold sjqeqoid”  \ 7

00G

© 000°1

00S't

(oaspw) ebieyosiq

AZ-45




ISSMBINS YINOoS§ Ul pooj4 ubisa( jo abieyosig oipioadsg  0Z'Z'v a4nbig

(Zwy) ealy Hcoecoﬁo

00000} 000°0} _ 000t : 00! Ol
S _ L 1o
'l
e
<
3 a,m o b
! ~» ~ ﬁ\o - L .
l...ia .QQQ .m../
~ ol in -
‘l L Qh-m 5....!.... : awaybue ul whA_m>> ;
Nn..l [ N -~ - “
9 m.Mu\W o -~ - fM ™ |- W
. swh.um.. ~ |ﬁr —
- poojdtesfooL: V S ] _
. £ .cm.w.s - I - O fo BEL®) e
pool4 JesA 00z: M =1 -
N S - ok
pooid /eah 000'L © O -y
dNd: @ A | T8
J9m Bilg YRR
(UoRONIISUOY LeQ Bi0jog) JOM LEID ——— .
L ; - luseq Bloey -
weqg uelg
= 00t

A2-46

(guni/oasu) ebieyosiqg ogjgoads




000t

uopels Buibner Bueay e Jaaly Buesio 10} aain) Buney Juswipag
(Aep/uoy) abireyosiq uswipss popuadsng

oGt ot : b

122V 94nbid

L0
L0

ol

001

(0as/qu) abreyosig 191EM

A2-47.



1oy BuRIID SU3 U Ayuljes jo uonBURA  ZZ'ZY SanBld

(uny) ynow 1oAY woly eosuesi(

o€ 474 0z Gt 0l S

ov 11
ameeqedde) je abplLig
,Nmu_..m aepjedwnie] (suog
inoy
| Wiy
uonelg Buibnesy ' Buen)o -
L J
(661 ‘61 10O U0 panseapy ) /
088/ U £°0 INOQE S| UCKES BuiBnen 7" Buenne e abieyosip Jaay -
) ’ . o ) : AJON /

000G

000°0L
000'G1
000°02
000°'GZ

000°0E

{wdd) Apuyeg

A2-48



galy 8oeuNg Jo Ajoedes) abelolg pue A9 J9JeM [BLUION USaMIaq suoleldd €272V ainbig

(Ju,01 X} Auoeded ebelols

0se 00c 05t 001 0S 0
(WDW Z1) SWNIOA JusWIPeS .
(oW ze L) Alede) abeiolg Ss0ID :
Ji
©oly 80BUNG @ - {(WOW 511) Anoedeq abeiolg aAROR)T Kl
Auoeder) slonesey | ——
_ wWosve TMT o LA
1= & -
il ——
=]
.
jeorertet™
=1 Lt
e SRR Wogs0s TMN
e . .’ .
Ge - 02 Gl _ ] 8 g

( 24 0oL X ) eIy 90BUNG

ot
0z
0g
ot

0S

09

ON

(W) "TM'N Jo uoleas|3

" A2-49




(1 enpewIa)|y) weq Bualopesed oyl ul Apnis aouejeg Ja3jep, Jo )NSdH TV CY T

G861 | 861 | EB6L 2861t 1861 0861 | 6.6}

0664 0
____ M gxz .m, .an_k_\J__._.__._. .._.\m__ ‘ E.__ *
= | 1 os
00}

I8 N Vi v rval Y WA AR

Z-(- .................. / ..... 1 r \-4 ....... 47 \.sz.m..m.nm,ﬁ_.ﬁoﬂmw.uw.maﬁ.w:azﬁ._wmﬁ-.,'N:...(:.:C-:-
T T

001

(YIUOW HEH/WOW)
SWINOA MOINO B MOUY

A2-50

(Wow)
awnjop ebeiolg

(Lo JIBH/WOW)
SWINOA Jnods




(11 sAnewIayY) weq Buaiojjesed syl ul Apnig @duejeq JaBM jo }NSAY  SZTY ainbi4

£66L | 2661 I66L | 0661

T,

€861 861 1861 0861 | 6461 o

¥ b w _t:\.:c ......- .:n.:o.. E "MJ m b

Sy T
o .m . |,

[ ol

o
w

MOJJIND ¢ cavennna
MOJJu} - .

_ _ 004

..... ‘ ‘/ 7 TWOW L xﬂ%mmmemm Ew_ea.z:j \,ﬁ/s >, .om
L \ ,

. 0ot
e AR TA VR WEIVAN VS|V R S WALV

| __ L L L s
A | | < vV . { — T . 0.

00t

(YuoW IRH/NOW)
WINOA MOJINED B MO

A2-51

(Wow)
awnjop abeiolg

(YIuoW JeH/WON)
auwin|oA nolids




A____ eAleUIaYY) weq Busiojased ayl ul Apnig aduejed 191BM Jo UNseH 92TV a.nbiy -

[c661 | 2661 | 1661 | 0661

€861 |. 2861 1861 0861 | 6i61

_g f__“. .mt ! ”.

__. -.:r..- { ¢r_.\.. ____ k_

o
Vo]

 MOYING * --eeen- .
Moy :

I __ _ _ _ _ 004
T ).----- ...... SR B ............... WSA 21T Kidede) abeioig WnliaiN~— | -\L! ................. : ...................
1 A 7 | / _ - R | / 1 /l

CUANT A VAT ninik
...... Q(C,, rft .. &CfJF\/LC oot

WoOW 2eL - foeden sbeiolg wnwixew
] | | [ oSt

—

fpmm—ar
|m——
b

05

00t

(oW JEHMIOW)
BLUNOA MOIIND '3 MOHU|

A2-52

(Wow)
awnop abeiolg

{LIuOW JBH/INDW)
BWN(OA noj|Ids




i o>_~u50=<v UORIPUOY) 193l0id INOYUM PUB YUM S JI9M pasodold je ebieyosig jo uonepep 2TV ainbi4

oL

oY

0s

09

{oas/u) ebieyosiq

4

0s

€661 266t L6611 066l 6861 886! 861 0
| Vi ] ‘JJ SR
" i J *m V m
Y ; \ _ m X
I 1§ : “
josloid nounm . :
, . : \
loaloid UM : ——— :
986l c86| 142118 €861 286l 0861 6.64
. .. | v .-. [y ...-. i_ "..“-ﬁl H .. - 1 ... W r. .“u
! iy P P Ve | E AT Py
: L L A e
\p A L i i
1K _." ". H m... H “u )
Pe ; ! U R
1001014 NOYNM © . m
waloid yum: ——

09

o€ .

(oas;euj) abieyosiq




uoRipuo Paloid So_._:i pue yyMm Jaajy Buenin jo yinop teary e abieyo

(1 eAneusaliy)
i jO uonelBA 9822’V ainbig

861

6861

£661 2661 L1661 )
" gﬂ}&) x4 . .ﬁ ( .‘s. . &2

1 m N -.-‘,l‘u-. ““ m . . ﬁ“w

mm “g" ._ : .“

m. | .m

ﬁm.ﬂoi NoYEM _ M . *

. : 100l0dd yum :
9861 G861 $861 1861 0861 661

4 ...... e s P
RN \ N qﬂ I A (|}
yoalosg 505"____5 Dol m .
polosg ym: —— [ i :

0

ot

02

0o

ov

0s

09

Ot

0c

0€

ot

0S

09

{oes/gu) aﬁ:eqos‘!'(j

(0as/4u) sbieyosig




ANNEX 3
DAM AND WEIR






. ANNEX 3 DAM AND WEIR

Page
DESIGN OF DAM  ...ooooovoiiiiieeiieeieises et eve et v A3
1.1  Basic Consideration to the Design ..., A3-1
1.1.1 Design Standards or Criteriaon Dam .......................... A3-1
1.1.2. Topography and Geology ...................... N A3-1
1.1.3 Optimum Scaleof Dam ...............cocoiiiininin, A3-2
1.1.4 Construction Materials.................oecerveverreseererereannann. A32
. 1.1.5 Seismic Coeficient ........coovvviiiiiiiiiiiii e A3-2
1.2 Selection of Dam Axis and Dam TYPE . .....ovvevvrnnienerneerinnennans A3-3
1.2.1 Alternative Plan for Dam Axis and Dam Type ................ A3-3
1.2.2 Result of Comparison ..................eennie. [P A3-5
1.3 DesignofDam ... e, A3-7
1.3.1 Dimension of Dam ............. PP A3-7
1.3.2 Layout of Typical Cross Section ..........ccoociiiiiniieinnes A3-8
1.3.3 Stability Analysisof Dam ..........ococoviiiiiiii. A3-9
1.4  Diversion Tunnel and Coffer Dam ... A3-10
' 1.4.1 Design of Diversion Tunnel ...........c.ocooviviiiniiiiiiinennn A3-10°
1.4.2 Design Discharge for Coffer Dam orereeer e iae et ans A3-10
1.5 Saddle Dam and Cut-off TRRACH ......coveeieeieeienrieeineeieens A3-11
1.5.1 General .............covvnviininnne e A3
1.5.2 Typical Cross Section ..............cooviviiiiiiiiniiiinenee. A3-11
1.6 Foundation Tréatment........ I TIU TP e iaa e - A3-12
1.7  Designof Spillway ........cooiiiiii PO A3-12 -
1.7.1 Location of SPIlWAY .......oevevevnisivneennrenininriinennnns A3-12
1.7.2" Layout of Spillway .......... s e, A3-12
1.8 Design of Intake SUUCIIIE ......oiveervererereerireernoiiiieiiiannneas A3-13
1.8.1 Selection of Location and Type ................... DU A3-13
1.8.2 Capacity of Intake Structure ............ccoveeiiiniininiineannn. A3-13
1.8.3 Layout of Intake Structure .................... ST A3-14
DESIGN OF WEIR .............. ST ST USRI OPPION A3-15
2.1  Basic Consideration for the Design ......... e S A3-15
2.2 SelectionoflntakeSystem ..... ...... FR— A3-15 |
2.3 Selection of WEIE SHE .........ooeivevererereereeieiaeioiniiniienenns A3-16
2.3.1 Possible Site for Intake Weir ......... e A3-16



2.4

Table A.3.1

Figure A3l

Figure A.3.2
Figure A.3.3
Figure A.3.4

Figure A 3.5
Figure A.3.6
Figure A.3.7
Figure A.3.8
Figure A.3.9
Figure A.3.10
Figure A.3.11
Figure A.3.12
Figure A.3.13
Figure A.3.14

Figure A.3.15

Figure A.3.16
Figure A.3.17
Figure A.3.18
Figure A.3.19
Figure A.3.20
Figure A.3.21
Figure A 3.22
Figure A.3.23
Figure A.3.24

2.3.2  Selection of Weir Site -
2.3.3 Result of Comparison

Design of Weir ...
2.4.1 FUNCHON ...ooviiiiiiiiiinieercrenirsreseennechree i enes
2.4.2 Design Condition
2.4.3 Design of Weir

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

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

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

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

Elevation of Non-overflow Section
i Fi

Location of Narrow Ridges and
Alternative Plans for Dam Axis

Relation between Crest E;evation and Construction Cost
Earthquake Zone in Indonesia (Central}

Relations between Water Level and
Storage Capacity or Surface Area ..........coieiiiiinn.

General Plan of Alternative 1 (Upstream AXis) .........cccooenenns
General Plan of Alternative 2 (Downstream Axis)
Reservoir Area of Paselloreng Dam
Wave Run-up Height by the S.M.B Method and Saville Method ..
Neccessary Strength of Foundation and Dam Height

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

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

R R R N N R I

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

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

Typical Cross Section of Paselloreng Dam..........covvininninens 7

Cross Section of Dam AXIS  ....c.ooeeeriiiiiiiiiiiiinaens
Width of Dam Crest and Dam Height ....oooeeveninii.
Discharge and Flow Velocity of Diversion Tunnel
Foundation Treatment Plan of Paselloreng Dam
Discharge Coefficient of Weir

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

Spillway of Paselloreng Dam...........coooviniiiiiniin .
Diversion and Intake Structure of Pasclloreng Dam..
Intake System of Alternative 1
Intake System of Alternative 2
Possible Sites for Intake Weir ...l
General Plan of Alternative 1 Weir Site
General Plan of Alternative 2 Weir Site
Plan Of WEIT  ..oiitiiniiiiiiieei et r ittt beneraarararens

Typical Cross Section of Weir (1/3) -

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

TR R R R R R I e R RN ]

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

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

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

-ii-

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

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

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



Figure A.3.2S Typical Cross Section of Weir (2/3)
Figure A.3.26 Typical Cross Section of Weir (3/3)

- il -

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

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






ANNEX 3 DAM AND WEIR

1. DESIGN OF DAM

1.1 Basic Consideration for the Design

Design of the dam is made based on the resuits of investigations, studies and analysis on
topography, geology and soil mechanics in and around the proposed dam site and hydrology of
the Gilirang river basin, which are described in respective Annex. Basic considerations to the
design are mentioned hereinafter. _ '

1.1.1 Design Standards or Criteria on Dam

Design standards or criteria on dam is not enacted in Indonesia except for seismic coefficient
and design flood discharge of closure dike and diversion channel. The seismic coefficient is
enacted in "Structural Parameters” of DGWRD Design Standards and the design flood
discharge is enacted in "Headworks" of DGWRD Design Standards. Therefore, design of dam
is based on Japanese Criteria except for the seismic coefficient and the design flood discharge.

1.1.2 Topography and Geblogy
(1) General

The proposed dam site is located about 10 km upstream from Gilirang village, and forming
narrow gorge. The ratio between dam crest length and dam height roughly ranges from 6 to 7.
River bed slope is rather gentle as 1/1,600. Selection of dam type would not be affected by the
topographic condition thereabouts. : S

Foundation rock in and around the proposed dam site is configured by conglomerate and sand
stone originating Tertiary Pliocene sedimentary rock. Compressive strength of basement rock
is inferred 100 kgf/cm? to 300 kgf/cm, and river bed deposits and overburdens thereabouts are
rather thin. .

According to drilling log, lugion values of basement rock would be rather small or less than
about 5 Lu at Jayer deeper than 15 m and ranges from 10 to 30 Lu at surface layer shallower
than 15 m. Judging from the lugion value at the dam site, the foundation can be easily
improved by proper treatment. Meanwhile, bearing capacity and shearing strength at the
foundation would be rather enough for construction of both concrete gravity and fill type dams
of about 40 m high. The ground water level of left ridge is higher than normal water level at
down stream dam axis. At both ridge of upstream dam axis and right ridge of down stream
dam axis (refer to alternative study of dam axis hereinafter), the ground water level is rather
deeper than normal water level, and so proper treatment shall be performed.

2) | Topographic limitation for design of dam

Topographic condition at proposed dam site was carefully examined based on 1/500
topographic map which was prepared in the phase (D) field survey and further detailed
topographic survey in the phase (1I) field survey. As the result of the examination, following
limitations for design of dam dimension were detected. B

1) The lowest elevation of narrow ridge on the right bank beside proposed dam site is EL.
55.0 m. Accordingly, a saddle dam is indispensable if the dam crest elevation is more
than EL. 55.0 m. Furthermore, the lowest elevation of another narrow ridges at Desa
Arajang is EL. 56.7 m. Therefore, in case that the dam crest elevation become higher
than EL. 56.5 m, the saddle dam section and numbers suddenly increase (Refer to Figure
A3.1).
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2) If the elevation of non-overflow crest is higher than that of the narrow ridge, the
possibility of erosion of embankment increases due to wave action in case of flood, and
- so the safety of the dam would deteriorate at maintenance. '

1.1.3  Optimum Scale of Dam -

Considering the topographic limitation of dam site, economical investigation.for dam scale are
carried out as shown in Figure A.3.2, with assumption that the dam type is rockfill type. The
incline of the curve of construction cost becomes more steep as the crest elevation increases and
an inflection point is between EL. 56.0 m to 57.0 m. Furthermore, unit cost (Total cost/Gross
storage capacity) is lowest at about EL. 56.5 m. In due consideration of the-above
investigation, it is recommended that the maximum crest elevation would be EL. 56.5 m.

1.1.4 Construction Materials

Laboratory rock test clarifies that the basement rock would be available for rock materials for
rock fill type dam. But, this rock is unsuitable for concrete aggregate due to lack of hardness
which is medium to soft. S : - - . :

Weathered mudstone crops .out sporadically around the dam site. The laboratory test also
clarifies that this materials would be available for impervious materials for fill type dam.
According to the results of field investigation, this mudstone is rather widely distributed, and -
seems to be enough for required volume of the fill type dam. '

Following the results of the laboratory tests and field investigation, availability of construction
materials for respective type of the dam are as follows: . : o :

Dam Type Material ' ' Availability )
Fill Type Dam Rock materials Available at site and enough in duantity and quahty
Impervious materials -ditto - e _

Concrete Gravity Concrete aggregate. _Uhavéilable at site

1.1.5 Seismic Coefficient

Seismic coefficient is calculated by the following formulas authorised by DPMA:

ad =N (ac'z) m
k =ad/g

where, ad: shock acceleration in cry/s?- ' o
n, m: coefficient for soil type (n =2.76, m=0.71)
basic shock acceleration in cm/s? (ac = 160 cm/s2)
earthquake coefficient ' :
acceleration of gravity in cm/s? (g = 980)
factor depending on geographic position (z = 1.56)
(Refer to Figure A.33)

™ W‘g

ad= 2.76 x (160 x 1.56)071=139 m/s?
k = 139/980=0.14

Furthermore, making reference to k = 0.15 for clesigri of the Kalola dam, the seismic coefficient
of 0.15 is applied for design of the proposed dam. : - L :

A3-2



1,2 Selection of Dam Axis and Dam Type

Comparative study is made on both dam axis and dam type in order to establish the optimum
dam plan. '

1.2.1 Altemative Plan for Dam Axis and Dam Type

Two alternatives for dam axis are picked out and compared from technical and economical
viewpoints. Alternative 1 (or upstream axis) was initially picked out in the Master Plan Study
and geological investigation was made by DPMA. Meanwhile, Alternative 2 (or downstream
axis) is newly picked out by the Study Team. Locations of the alternatives are shown in Figure
A.3.1. Furthermore, two types of dam consisting of fill dam and concrete gravity dam are
combined with the above two alternatives. Comparative study is carried out on condition that
the maximum storage capacity is fixed. As the maximum crest elevation is EL. 56.5 m, the
normal water level for this comparative study is fixed at EL. 50.5 m considering the freeboard
of fill dam is 6.0 m including the overflow depth at spillway and wave height. The maximum
storage capacity in this condition is fixed at 132 MCM for both alternatives based on H-V curve
of the reservoir (See Figure A.3.4). :

The general plans of fill type dam for Alternative 1 (Uljstream axis) and Alternative 2
(Downstream axis) are shown in Figure A.3.5 and A 3.6 respectively, Dimensions of the dam
~ and reservoir for alternative study are summarized below:

(1) Maximum storage capacity : 132 MCM
© (2) Effective storagc capacity ;115 MCM
(3) Highwaterlevel . EL.538m
(4) Normal water level : EL.50.5m
(5) Low water level © EL.340m
(6) Design flood discharge | ‘
- Dam, Spillway : 1,300 m3/sec
- Energy dissipater © 1,000 m3/sec
- Diversion tunnel : 680 m¥sec
(7) Catchment area - 169 km?
(8) Sediment volume : 17MCM

Following conditions are given to the respective type of dam in consideration of the site
conditions. '

(1) Fill type dam
1) Typical cross section

Dam type would be determined to be central impervious rockfill dam, as rock material
is obtained in large quantities at the proposed dam site.

As a result of laboratory test, internal friction angle of rock materials are 43 degree to
45 degree. Design shear strength would be determined at 40 degree, in consideration
of fluctuate of quality in construction work. _
Slope of embankment would be determined at 1 to 3.0 for upstream 1 to 2.1 for
downstream. '
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2)

3)

Excavation line

As a result of seismic prospecting, the excavation line would be determmed as
follows ;

a) Impervious portion ‘ layer of third velocity - |
{(=1.3t0 1.5 kim/sec : CM class)

b) PerviOus portion "t layer of second velocity

(=080 0.9 km/sec CL cla.és)

Foundatlon treatment

' Foundanon treatment measures would be groutmg method, Dcpth of m_]ect:lon hole

would be calculated using the followmg formula proposed by Slmonds

4)

5)

d= (h/3) +C

where h reservoir storage depth
¢ :constant, génerally S to 25 m (mean 15 m)
d 42!3 + 15 =30 m (river bed pomon)

This range of treatment is satisfied at more than 5 Lu. Injectlon holes of curtain
grouting are arranged in two lines with 2.0 m intervais. Injectlon holes of blanket
grouting arc arranged in 4 line with intervals of 3.0 m.

Treatment range of right ridge is as far as spot of dnllmg hole GB-1. Treatment
range of left ridge is as follows ;

a) Downstream dam axis :
Treatment range would be determined as far as the pomt of i mtersectmn of normal
water level and ground water level. :

b) Upstream dam axis :
Treatment range would be determined to satisfy creep ratio (=18) for s1lt or fine
sand proposed by Bligh.(as far as 230 m from abutment) '

¢) Injection holes are arranged in one line with interval of 1.5 m as lugion values of
left ridge are from 3 Lu to 6 Lu.

d) Depth of injection hole is as far as layer of fourth velocuy (=EL.25.0 m)
Diversion tunnel N

Diversion tunnel for design discharge is as follows :

a) Upstream dam axis :

diameter : 6,000 mm x length : 350 m x 1 line
diameter : 6,000 mm x length : 370 m x 1 line

b) Downstréam dam axis :

diameter : 6,000 min x length : 250 m x 1 line
diameter : 6,000 mm x length : 300 m x 1 line

Spillway

Design discharge is 1,300m%/sec, and so overflow depth and length of weir would be
determined as follows

Overflow depth=3.3m
Length of weir = 101 m
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6) Crest elevation of fill type dam

_ Crest elevation would be determined at EL. 56.50 m in consideration of overflow
depth and wave height and dam crest protection.

(2) Concrete gravity dam
1) Typical cross section

Slope angle would be determined at 1 to O for upstream and 1 to 0.8 for downstream.
Slope angle of fillet would be determined at 1 to 1.0 for upstream.

2) Excavation line

Excavation line would be determined at iayer of fdurth veloéity (2.5t 27 km/sec)
3) Foundation treatment '

Foundation treatment is determined as same as method of fill type dam.
4) Crest elcvatipn - |

Crest eieva_tion would be determined at EL. 55.0 m taking into account wave height,
5) Diversion tunnel

Design flood would be determined at half of fill type dam, because the concrete
gravity type can bear to overflow during construction.

a) Upstream dam axis '

diameter : 6,000 mun x length : 350 m x 1 line
b) Downstream dam axis - |

diameter ; 6,000 mm x length : 250 m x 1 line

1.2.2 Result of Corhparison

The fill type dam and the concrete gravity dam are compared at both alterative sites based on
 the estimated costs for construction as shown below:

Alternative 1 (Upstream dam axis )
1) Fili type dam
Crest elevation : EL. 5_6.50 m, NWL : EL. 50.5 m

Works © Quantity Amount (1,000 Rp.)
Embankment 384,000 m? - 6,528,000
Foundation treatment 14,400 m ' 1,310,400
Diversion tunnel 26,000 m3 7,566,000
Spillway - : 30,000 m?3 9,690,000
Plug works ' 2 set 764,000
Intake structure . 1 set 7,000,000

“Total cost ' 32,858,400
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2) Concrete gravity dam

. Crest elevation : EL. 5.1 m, NWL : EL. 50.5

Quantity

Works | Amount (1,000 Rp.) .
Concrete works 38,000 m3 41,400,000
Foundation treatment 14,400 m 1,310,400 -
Diversion tunnel 12,700 m3 3,695,700
Plug works 1 set 382,000
" Intake structure 1set - 4,700,000
Total cost o 151,488,100
Alternative 2 ( Downstream dam axis ) -
1) Fill type dam R
" Crest elevation : EL. 56.50 m, NWL, : EL. 50.5 m
Works " Quantity - Amount (1,000 Rp.)
Embankment 538,000 m3 9,146,000 -
Foundation treatment 9,900 m 900,900
Diversion tunnel 20,000 m3 5,820,000 -
Spillway 30,000 m? 9,690,000
Plug works 2 set 764,000
Intake structure 1 set 7,000,000
Total cost 33,3'20,900'
2) Concrete gravity dam
Crest elevation : EL. 55.1 m, NWL : EL. 50.5 m
Works Quantity Amount (1,000 Rp.)
Concrete works 212,000 m? 63,600,000
Foundation treatment 9,900 m 900,900
Diversion tunnel 9,000 m? 2,619,000
Plug works 1 set - 382,000
Intake structure 1set’ 4,700,000
Total cost 72,201,900

The tables show that the fill type dam is in lower cost at both alternative sites, and upstream
dam axis is in lower cost in both dam types. -

Construction of concrete gravity dam would be technically feasible taking _foundation condition

at the proposed dam site into account.

recommendable, because the basement rock at dam site originates from
Thus, the fill type dam at upstream site is proposed to be selected.

However, fill type dam is more safe and
the Tertiary formation.
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1.3 Design of Dam

1.3.1 Dimensions of Dam

(1) Storage capacity (Refc; to Figure A.3.4)

1

2

3)

Maximum storage capaf;ity

As a result of water balance study, the maximum storage capacity is fixed at 132
MCM. ' o :

Dead storage capacity

Dead étdrégé capacity would be determined to be 17 MCM based on the estimate of

. sediment volume for 100 years.

Effective storage capacity

Effective storage capacity is 115 MCM as the difference of the maximum storage
capacity and the dead storage capacity.

2 Watér level

1y

2)

3

Normal water level

- Based on H-V curve shown in Figure A.3.4, normal water level which produces

rhaximum storage capacity is EL. 50.5 m. Submerged area with this normal water
level is 11.0 km? as shown in Figure A3.7.

Low water level
Low water level is fixed at EL. 34.0 m from the dead storage capacity.

High water level

~ Overflow depth of 3.3 m is assumed in consideration of magnitudé of flooding.

~ Thus, high water level is set out EL. 53.80 m by adding the overflow depth to the
normal water level.

€)) Elevaﬁon of nbn-overﬂow crest

Elevation of non-overflow section is determined considering nofmal water level, high water
level, height of wave by wind, and wave movement by earthquake.

1)

By applying the S.M.B method, wave run-up height (R), fetch (F), wind. velocity
(V), wave height (Hw) and wave length (L) are determined. (Refer to Figure A.3.8)

~ Slope roughness is determined by applying Saville method:

Fetch :6 km

Wind velocity :30mfisec - :
Slope of dam .1 to 3.0 vertical to horizontal
Slope protection : Rip rap :

~ Thus, the wave height by wind (_Hw) is estimated at 1.4m.

In order to estimate wave height from reservoir surface caused by earthquake, Sato

: _fonnula'én_uthbrised in Japan is applied as follows : -
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He = 1/2 x k-t/n-VgHo

where, He : Wave height from reservoir surface by earthquake (m)
K :Design seismic coefficient, K=0.15 S
t : Seismic period, t=1.0 second :
Ho : Depth of reservoir at normal water level (m), Ho = 30.0 m,
g :acceleration of gravity, g = 9.8m/sec?

Thus, He = 1/2 x (0.15 x 1.0) /n x V9.8 x 30.0 = 041 m

3) No surcharge water level would be considered, because the proposed dam does not
. function regulation, but water use. The elevation of non-overflow section would be
determined to be EL. 56.20 m by adding the wave height by wind, wave height
caused by earthquake, and some allowance to the high water level (HWL). (Refer to
Table A.3.1) _ '

(4) Elevation of dam crest

Furthermore, the dam crest would be paved against erosion with a thickness of 0.3 m ; the
elevation of dam crest, thus, is determined to be EL. 56.5 m by adding the thickness of
pavement to the elevation of non-overflow section. - '

(5) Height of dam

Dain foundation would be necessarily excavated up to EL. 12.0 m in order to obtain layer of the
third velocity rock (CM class rock) for the impervious zoné at the basement ; the height of dam
from the excavation line of the foundation would be 44.5m. (Refer to Figure A.3.9)

1.3.2 Layout of Typical Cross Section |
(1) Type of rock fill dam '

Fill dam is classified into two typical type in cross section, i.e. homogeneous type and zone
type. Generally, to get the same value of safety factor on stability analysis, cross section of
zone type is smaller than that of homogeneous type, since residual pore water pressure in the -
zone type is usually lower than that in the homogeneous type in case of rapid draw-down.

As previously mentioned, though proper and sufficient rock materials are obtainable in the
vicinity of the proposed dam site; proper impervious materials are rather limited and insufficient
for the requirement for homogenous type. In order to effectively use the available proper
materials in the vicinity of the dam construction site, the zone typed rockfill dam is economically
and technically the optimal, and would be selected for the dam plan in this project.

(2) Zoning -

Impervious zone of rockfill dam is divided into three types ;

a) Central impervious zone type,

b) Inclined impervious zone type, and

c) Surface impervious zone type.
Among them, the inclined and the surface impervious zone types have a more gentle upstream
slope than the central impervious zone type, because the critical sliding line may intersect the
impervious zone in case of the inclined and surface impervious zone types. Thus, the central

impervious zone type can give the smallest embankment volume among three types mentioned
above. ' ' = LT
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In case that workable days for embankment would be limited due to weather condition, the
inclined and surface impervious zone types are sometimes prior to the central impervious zone
type, because the embankment work of the downstream rock zone would be made in advance of
the embankment work of upstream impervious zone. The workable days at the proposed dam
site, however, is relatively sufficient, making reference to the construction date obtained at the
Kalola dam and the Bila intake weir. In view of the workable days, the inclined and surface
impervious zone types are not superior to the central impervious zone type.

Foundation treatment for the inclined and surface impervious zone types is usually wider than
that for the central impervious zone type. In this view, the central impervious zone type is
superior to the other two types. Following the discussion above, the central impervious zone
type would be selected for the proposed dam. The following are the embankment materials for
respective zones ; . o :

a) Impervious zone:  Soil materials (Weathered mud stone)
b) Pervious zone : Conglomerate and sand stone
¢) Filter zone ; - Materials to be purchased and transported from Bila river

(3) Typical cross section

Figures'A.3.10 and A.3.11 illustrate the typical cross section of the proposed dam and the cross
section of dam axis. Dimensions of typical cross section are summarized below:

1) Crest width of dam : - 10.00 m for workability (Refer to Figure A.3.12)

2) Thickness of impervious zone :  Greater than 50 % of water depth at excavation line,
. and 4.0 mat crest ; slope of 1 t0 0.2

3) Thickness of filter zone : - 2.0 m for workability

4) Slope protection for upstream:  Riprapping by hard and durable rock which is
transported from outside the dam site.

5) Slope of embankment : 1 to 3.0 for upstream and 1 to 2.1 for downstream.

1.3.3 Stability Analysis of Dam
(1) Stability analysis by surface sliding method
1) Surface sliding for downstream
Fs = ((1 - m-K)/(m + K))tan@'
'2) Surface sliding for upstream
Fs = {((1 - m~K(rsaJr'))-tan¢'}/(m + (rsat/r')-K)

where, Fs: Safety factor
@':  Internal friction angle

a: Angleof slope

m: slope=tana

K: Seismic intensity .

. Saturated unit weight of rock materials or sand and grovels

r':  Submerged unit weight of rock materials or sand and grovels
% Unit weight of water. . C
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(2) Desngn values of rock matermls .

_ Desngn umt welght is dctcrmmcd at compactlon energy = 100 %

- a) Dryumt weight - @ 1. 70 tf/m3
b} . Specific gravity - : 2.7
¢) Void ratio e = Ggrwlrd 1-059
d) Saturated vnit weight : rsat=(Gg + e)/(1 + e)rw = 2.07 tf/m3

¢} Submerged unit weight : rsub=raut - rw = 1,07 th/m?
~f) Intemal friction angle @ =40°-000 =

According to laboratory test, internal friction angle of rock matenals are 43 degree to 45 degree
However design shear strength would be determmed at 40 degree, take into fluctuate of quality
at conservation work, : : o

(3) Safety _factor

The a.llojwabléfsafety factor should be greater than 1.20 in order to get a stability of embankment
slope. As given below, both the proposed downstream and upstream slopes are fully stable.

For the proposed downstream slope of 1 to 2,1 :  Safety factor.of 1,244 under seismic
- intensity of 0.15 - 2

For the proposed upstream slope of 1t03.0 : Safety factor of 1.216 under seismic
' intensity of 0.15

" 1) Incase of downstream : seismic intensity = 0.15

| slope angle ' Safety factor

1/1.80 _ 1.090
1/1.90 1.143
1200 - 0 1.194
1/2.10 1.244
172.20 o 1.293
1/2.30 ' 1.341
1/2.40 1.388

2) In case of upstream : seismic intensity = 0.15

slope angle Safety factor
17270 1.134
1/2.80 1.162
172.90 1.189
1/3.00 1.216
173.10 1.241
1/3.20 1.260
1/3.30 1.290

1.4 Diversion Tunnel and Coffer Dam

1.4.1 Design of Diversion Tunnel

In due consideration of magnitude of flood disch.arge' and scale of the proposed dam, river
diversion would be made by diversion tunnel. Two barrelled tunnel with a diameter of 6.0 m

would be proposed so as to smoothly divert such a intensive flood discharge. (Refer to Figure
A3.13)
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1.42 Désign Discharge for Coffer Dam

Diversion discharge is enacted as a flood discharge with a return period of 25 years unless risk
considerations make another appropriate return period by Design Criteria of Headworks in
Indonesia. However, design discharge would be determined a return period of 10 years taking
into account that the discharge of 25 years recurrence is too large from economical viewpoint,
and design discharge of Kalola Dam was determined 10 years recurrence, too. In this
consideration, coffer dam would be designed on the basis of the flood discharge of 10 years

recurrence which is estimated to be 680 m3/sec by the Hydrological study in Annex 2.

Outlet invert of d1vers10n tunncI would be set out to be El. 19.00 m which is 1.0 m higher than
the ordinary water level of the river. Water level at the inlet side of the diversion tunnel,
therefore, would be estimated to be El. 30.00 m on the basis of the flood discharge of 10 years
recurrence and Iength and diameter of the diversion tunnel. Thus, crest elevation of the coffer
dam would be set out to be El 31.00 m adding 1.00 m of allowance.

For the sake of reduction of embankment volume for main dam and shortening of diversion
tunnel, coffer dam would be involved into the main dam. Materials for coffer dam, therefore,
would be as similar rock zone as the main dam The coffer dam would be desrgncd with a
surface impervious zone type.

1.5 Saddle Dam and Cut- of f Trench
1.5.1 General

Saddle dam or cut-off trench would be constructed at the narrow ridge on the right bank side,
because the elevation of the right ridge is less than the crest elevation of main dam (EL. 56.5 m)
in some places and surface layer of the narrow ridge is consist by high permeability materials.

Range of the saddle dam would be determined as for as 200 m from the spillway. Cut-off
trench would be set at narrow ridge in Desa Arajang. Range of the cut-off trench would be
determined at elevation of the ridge less than EL. 60 m, because thickness of permeability layer
is evaluated about 5 m from drilling log. Length of cut-off trench is estimated about 650 m.

1.5.2 Typical Cross Section
(1) Saddle dam

1) Type of saddle dam
.- Type of saddle dam would be determined homogeneous dam, as the cross section can
be rather small. _

2) Excavationline =
Depth of excavation fine would be determined at 5 m, takmg into account the thickness
of the pem1eab1hty layer _ _

3) Slope of embankment

Slope of embankment would be determined at 1 to 2.8 for upstream and 1 to 2 2 for
downstream.

Typical cross section of the saddle dam is shown in Figure A.3.10.
(2). Cut-off trench

Depth of excavation lme would be determmed at 5 m taking into account the thickness of
‘ permeablc layer Wldth of cut-off trench would be determmcd at 5 m for workability.
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"~ 1.6 Foundation Treatment
(1) Excavation linc |
o As aresult of seismic prospecting, the exca#atibn line would be determined as follows :

.a) '-Impe'rvioﬁs portion - layér of third velocity -
S o (= 1.3 to 1.5 km/sec : CM class)

b) Pervious pdrtioh o léyer of second velocity .
: (= 0.8 to 0.9 km/sec : CL class)

(2) Grouting

Foundation treatment measures would be grouting method. Depth-of injection hole would
~be calculated using the following formula proposed by Simonds. I A

d=(h3) +c

where . -h: reservoir stdrége depth T :
¢ : constant, generally 5 to 25 m (mean 15 m)
d = 42/3 + 15 = 30 m (river bed portion)

This range of treatment is satisfied at more than 5 Lu. Injection holes of curtain grouting
are arranged in two lines with 2.0 m intervals. Injection holes of blanket grouting are
arranged in 4 line with intervals of 3.0 m.

" Treatment of both narrow ridges is as follows:

a) Treatment range would be determined to satisfy creep ratio (= 18) for silt or fine sand
proposed by Bligh, as shown in Figure A3.10& A3.14. -

b) Injection holes are arranged in one line with interval of 1.5 m as lugion values of left
ridge are from 3 Lu to 6 Lu. Depth of injection hole is as far as layer of fourth velocity
(= EL. 25.0 m). ' '

1.7 Design of Spillway

1.7.1 Location of Spillway

Two alternative sites for spillway would be considered from topographic and hydraulic
conditions, i.e. left bank side and right bank side close to the proposed dam axis. In case that
spillway would be located at left bank side, stilling basin must be located across confluence of a
small tributary from left river bank, resulting in technical troublesome and increase of additional
cost. In the meantime, in case of the right bank location, all the spillway facilities can be
smoothly laid out owing to topographic condition, and can be safely operated and better
maintained owing to easy access from the main road. Thus, the right bank site would be
selected for the location of spillway. ‘ ' I

1.7.2 Layout of Spillway

(1) Design discharge

Design flood discharge of closure dikes is enacted as a flood discharge with a retnrh penod of
1,000 years by Design Criteria of Headworks in Indonesia. . _ o
Therefore, recurrence flood of 1,000 years would be applied for design of inlet of the spiliway.

For maintaining the safety of dam, the re¢urrence flood would be estimated without any
consideration of retarding effect in the reservoir. Furthermore, the spillway capacity would be
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'checkcd'by the probable maximum flood (PMF) on assumption that the PMF would be
regulated in the proposed reservoir. _

Récumnc_e flood of 100-year would be applied for design of energy dissipater of the spillway.
(2) Layout of spillway

1) Inlet : Straight overflow type without crest gate
- 2) Guide Channel : . ' Side spillway type from topographic
3) Energy Dissipater : Forced hydrautic jump type

4) Length of overflow weir:  The following formula is applied for calculation of length
of weir, (Refer to Figure A.3.15)

Q = CLH3?

where  Q: Spilling out discharge(m3/sec), 1300m?/sec
C: Coefficient, 2.15
L : Effective length of weir
H : Overflow depth include. approach velocity head

The length of weir is determined at 101 m from topographic condition. Thus, overflow depth
would be determined at 3.3 m based on the formula.

Overflow depth (m) Effective length of the weir (m)

3.0 134
31 11
3.2 106
3.3 101
3.4

96

Structure of the spillway is shown in Figure A.3.16.

1.8 Design of Intake Structure
1.8.1 Selection of Location and Type

One of two temporary diversion tunnels would be converted into the intake structure because of
economical viewpoint.- Therefore, location of the intake structure would be determined at left
side bank side, and type of the intake structure would be determined as an intake tunnel.

1.8.2 Capacity of Intake Structure

~ Capacity of the intake structure is added the function of outlet discharge for reservoir draw
down. The intake capacity is determined depend on the discharge for reservoir draw down due
to which is larger than that required for intake.

If the time required for draw down is assumed to be about 7 days, the mean discharge is as 115
MCM/(7 x 86,400 sec) = 190 m3/sec. Mean velocity of discharge is determined 9 m/sec, and

- s0 diameter i1s decided as follows:
Ared of cross secﬁdn_ = 190 m3/sec/9mvsec = 21 m-’-_-----> Diameter = 5.2m

However, it is not practical to install the outlet valve of such large scale from an economic point
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of view. Theréfore, the diameter of outlet valve would be fixed at 2 /400 mm with condition
that the time for draw down is allowed up to 30 days The intake tunnel would be reinforced by
concrete hnmg of 0.4 m thickness.

1.83 Layout of Intake Structure

(1) Intake section type

An inclined roller gate is set out at intake section from technical and topographic view points.
Top portion of inclined gate would be set on embankment as the ground elevation of the point is
lower than high water level. .

(2) Energy dissipater -

The energy dissipater is set out outside the 1ntake tunnel The energy dissipater of submerged

- type is adopted. Profile of the mtake structure is shown in Figure A.3.17.

The general features of the Paselloreng Dam are summarized bélow:_ '

Dam and reservoir

(a) General
- Catchment area : 169km?
- Reservoir surface area at N.W.L. : 11.0 km?
- Storage capacity :
Maximum storage capacity 1 132 MCM
Effective storage capacity .+ 115 MCM
Dead storage capacity : 17TMCM
- Water level _
High water level : EL.53.8m
Normal water level : BL.50.5m
Low water level : EL.340m
(b) Dam
- Type : Rockfill dam having central
impervious earth core
~ Crest elevation : EL.56.5m
- Dam height 45 m
- Crest length : 2300 m
() Spillway o |
- Type : Non-gated side channel
overflow weir
- Design discharge : 1,300 m¥/sec
- Crest elevation . BL.50.5m
- Crest length > 101.0m
(d) Diversion tunnel
- Type _ : Pressured tunnel
- Design diversion discharge : 680 m3fsec
- Diameter 6.0 m
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(e¢) Intake
- Design discharge . 13.5 m3/sec

2, DESIGN OF WEIR

2.1 - Basic Consideration for the Design

Design of the weir is carried out in accordance with the results of investigations, study and
analysis on various items, which are described in respective Annex.

Design standard and criteria on headworks are enacted on December 1986 by DGWRD. In this
Annex, the plan for the weir is made mainly based on the DGRWD Standard and the
preliminary design'fpr the weir is carried out mainly based on the Japanese critena.

2.2 Seclection of Intake System

In the study area, two alternative plans with intake weir facility can be considered as the
possible intake systems which divert the irrigation water into main irrigation canals of the
Project. The first alternative is to divert the water in the reservoir into the upstream of the
tributary of the Gilirang river (Anaksali river) through intake tunnel and diversion canal, and the
diverted water is taken into the main canal at the intake weir in the lower reach of the mbutary
(Refer to Figure A.3.18). The second alternative is to release the water in the reservoir again
into the Gilirang river, and the released water is diverted into the main canals at the proposed
weir in the lower reach of the Gilirang river (Refer to Figure A.3.19).

The main irrigation facilities for these two alternatives except for dam and canal facilities are as
follows:

Alternative
1) Intake tunnel : : Diameter : 2.8 m x Length : 500 m
2) Diversion valve = : : 1 No.
3) Diversioncanal . : Reservoir side : 200m
Weir side : 1,500 m
4) Intake weir : Crest width : 65 m
: Scouring sluice gate : 2.0 m x 2.0 m x 4 Nos.
 Intake gate ~:13mx2.0mx 3 Nos.
: ' _ 22 mx2.0mx 2 Nos.
5) Intake canal - - 1,300 m
6) Siphon : _ : 200m
Aliemative 2
1), Intake weir : Crest width T 79m
S : Scouring sluice gate : 2.0 m x 2.0 m x 2 Nos.
o _ 30mx20mx 2 Nos.
: Intake gate :1.3mx2.0mx 2 Nos.

:22mx2.0mx 2 Nos.

Considering above facilities, it is obvious that the cost for Alternative 1 will be very high
comparing with that of Alternative 2, though the total area of gravity irrigation system increases
about 200 ha.. Therefore, the intake system, which to release the storage water again into the
Gllu-ang river and to divert the water into the main canals at the weir in the Iower reach is
adoptcd in this Project.
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which to take in the released water from the reservoir at the weir in the Glhrang river and dlvcrt
into the irrigation canals, is adopted in this Project. _

2.3 Selection of Weir Site

Possible site for the intake weir was examined through 1/5,000 topographic map from
technical, economical and environmental points of view. In order to avoid the serious effect of
back water to the dam, the design intake water level is fixed at EL. 18.0 m.- Furthermore, for
the effective use of runoff from residual catchment area between the dam and the weir, it is
recommended that the weir should be constructed in the lower reach of confluence where the
Anaksalo river joins the Gilirang river.

2.3.1 Possible Site for Intake Weir

In accordance with the consideration above, several weir sites came out. Figure A.3.20 shows
four alternatives as the possible weir sites. The features for each alternative are summarized
below :

§))] Altematxve 1

The land space for the Coupure method which is most common construction method for the

weir in Indonesia, is 1arge enough and the length of requlrcd embankmcnt is shortest in the four
alternatives. .

(2) Altemative 2

This is only the altematwe where the bed rock is appeared on the ground surface. So the weir
can be constructed on the bed rock and the stability of the weir wﬂl be hlghest

(3) Altemative 3

This alternative locates on straight portion of the Gilirang river, so the morphological condition
is in good shape. However, long embankments are required to prevent the flood in the upper
reach and this affects the houses near proposed weir site. The removal of more than ten houses
(about one third of houses in Kampung Alusalo) is indispensable for the execution of this
alternative and there is anxiety for environmental effect of construction to the residents,

(4) Altemative 4

This alternative has biggest amount of runoff water from the residual catchment area in the four
alternatives. However, land space for construction is rather small for Coupure method. In
addition, this alternative needs very long embankment to prevent the mundatlon of paddy fields
due to flood.

2.3.2 Selection of Weir Site

Considering the features of alternatives, Alternative 1 and 2 are preferable as the poss1ble weir
site from technical, economical and environmental points of view. Therefore, alternative study
for these two alternatives is executed to select the finat weir site in this paragraph. General
plans for both alternatives are shown in Figure A.3 21 and A 3 22 respectively.

The following conditions are given to the respective alternative in con31derat10n of the site
condition. .

1) Maximur design flood for the diversion structure is the f!ood discharge with a retum

period of 100 years. Probable peak flood dnscharge of 570 m3/sec which is recurrent
flood of 100 years after the dam construction is adopted for the desxgn accordmg to the
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- result of hydrologiéal: study in Annex 2.

| 2) 'The hcight of closure dike needs the flood height with a return period of 1,000 years.

Probable peak flood discharge of 1,152 m3/sec which is recurrent flood of 1,000 years
is adopted in accordance with the result of hydrological study.

3) The intake discharge for the left main canal is 3.66 m3/sec and that for the right main
canal is 7.75 m3/sec.

4) Elevation of base rock surface is EL. 9.0 m in Alternative 1 and EL. 12.0 m in
Alternative 2 in accordance with the result of the geological investigation. Therefore,
the weir of Alternative 1 is designed as floating type concrete weir and that of
Altemnative 2 is designed as fixed type concrete weir.

5) Construction mcthod of Coupure method is adopted for Alternative 1 and two stage
“wise diversion method is employed for Alternative 2. :

2.3.3 Results of Comparison
The estimated costs for the main works of the intake weir construction for both alternatives are

summarized below:
: (Unit : 1,000 Rp)

‘Works Alternative 1 ' Alternative 2

1. Intake Weir - 5,147,400 4,856,300

2. Foundation Treatment 1,056,000 0

2, Diversion Channel ' 816,600 1,020,800

3. Closure Embankment 535,300 - 704,400

4. Operation Bridge 91,100 91,100

5. Hydromechanical Works 1,866,000 1,866,000
6. Electrical System | 15,300 - 15,300
 'Sub-total 9,527,700 _ 8,554,400

7. Temporary Works * 352,000 434,000

| Total 9,879,700 8,988,400

¥ 2 % (Alternative 1) and 7 % (Altemnative 2) of sub-total are assumed to be the
costs for temporary works respectively, due to the difference of construction
~ methods. o

. The table shows that the Alternative 2 is in lower cost. This is because of high cost for
foundation treatment of Alternative 1 due to unstable foundation condition. The weir of
Alternative 2 can be constructed on the base rock and no remarkable foundation treatment is
required. 'Furthermore, the construction of Alternative 2 can be executed in dry condition, as
same as Coupure method, with the construction of diversion channel.

In accordance with the above consideration, the Alternative 2 would be favourable as the weir
site,

. 2.4 Design .of Weir
24.1 _'Fu'n'c_tion'

The main function of the proposed weir is to divert the required quantity of irrigation water,
~ most part of which is once stored in the reservoir and again released into the Gilirang
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river.(Refer Water Balance St'udy for Alternatives in. Annex 2) -In order to fulfil this function,
the weir consists of several components such as mtake weir, operatlon bndge, closure
embankment etc. . :

2.4.2 De51gn Condition
(1) Topography of the weir site

The proposed site of the Gilirang intake weir is located at about 11 km downstream of proposed
dam site. The river meanders through alluvial deposit with a shape of deep gorge which is
about 30 m wide. The longitudinal gradlent of the river bed is very gentle as 1 to about 1,500.

(2) Geology .

The base rock of the proposed weir site is mudstone of Tertiary Pliocene sedimentary rock. In
this site, the outcrop of the baserock is observed in the river course with EL. 12.0 m. This base
rock has enough capacity as the foundation for fixed type concrete grav1ty weir.

(3) Hydrology

After the dam construction, the probable floods which pass though the reservoir are regulated
because of storage effect of the reservoir. Therefore, the probable peak flood discharges after
the dam construction are adopted for the design of intake weir facilities. Probable peak flood
discharge with a return period of 100 years (570 m3/sec) is used for the design of the diversion
structure, and that of 1,000 years (1,152 m3/sec) is used for the design of closure dike.

Design diversion discharge is determined to be 11.41 m3/sec conSIStmg of 3.66 m3/sec for the

left main canal and 7,75 m3/sec for the right main canal. The left mam canal ¢overs 2,105 ha
and the right main canal covers 4,455 ha of irrigation area,

2.4.3 Design of Weir

As described in the "Design Condition”, the longitudinal gradient of the Gilirang river is very
gentle. In order to avoid the serious effect of back water to the dam, the design intake water
Ievel is limited at EL. 18.0 m. Therefore, the design intake water levels for both main canals
(left and right main canals) are fixed at EL. 18.0 m, : ,

(1) Design structure features
1) Intake weir

The intake weir is combined type of fixed weir and gaied weir.. The fixed welf is
constructed with concrete. The crest elevation of the weir is fixed at EL. 18 2m for-
both fixed and gated weirs. -

2) Scouring slulce

The scouring sluices are equipped at both sides of the weir. The type of sluice is under
sluice. Two numbers of sluiceway are constructed at both sides with the width of 2.0 m
for left side and 3.0 m for right side. The gates are steel gates with electr:c motor
operation. _

3) Intakes S
The intakes are provided at both barks. Bottom height of intake is set at EL. 16.70 m
for the left side intake and EL. 16.46 m for the right side intake. Two sets of intake gate

are installed for both side intakes respectively. The design velocities at the intake gate
are 0.78 m/sec for left intake and 0.93 m/sec for right intake. . '
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4) Operation bridge

The operation bridge is constructed on the intake weir with 6.0 m width and total length
of 93.6 m. The bridge is connected to the maintenance road for both main canals.

5) Closure embankment
The closure embankment is of homogeneous earth embankment with a crest width of
5.0 m and crest elevation of EL. 21.63 m. The crest of the closure embankment is
connected to the left embankment of intake weir and the bridge.

The structures of the Gilirang intake weir are shown in Figure A.3.23 to A.3.26 and
summarized below:

Diversion weir

(@) | Type of weir . Fixed type
(b) Material of weir . Concrete
(¢} Crest elevation ' « EL. 1820 m
(d) Intake water level : EL. 18.00m
(¢) Design flood discharge : 570 m3/sec
(f) Diversion discharge
Left main canal : 3.66 m>/sec
Right main canal . 7.75 m3/sec
(g) Crest length of fixed weir including piers : 786 m
(h) Width of scoring sluice
Left side : 2.0 m x 2 Nos.
_ Right side : 3.0 m x 2 Nos.
(i) Width of intake
Left side : 1.3 m x 2 Nos.
Right side 1 2.2 m x 2 Nos.
(j) Height of weir (from stilling basin) ¢ 6.20m
(k) Operation bridge
. Total width : 60m
Total length :936m
1 nkm '
(a) Type of embankment : Homogeneous
(b) Crest elevation : EL.21.63m
(¢) Crest width : 5.0m
(d) Max. height (from riverbed) : 963 m
(e) Crest length : 740 m
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Table A.3.1 Elevation of Non-overflow Section (Unit : m)

Hd>2.5m Hd<2.5m

Hf+hw+he+1.5 Hf+hw+he+1.5

(when hw+he<1.5,Hf+3) (when hw+he<1.5,Hf+3)
Dam with gated spillway Hs+hw+he/2+1.5 Hs+hw+he/2+1.5

{when hw+he/2<1.5,Hs+3)  (when hw+he/2<1.5,Hs+3)

Hh+hw+1.5 | Hh+hw+1.5

~ (when hw<0.5,Hh+2) (when hw<0.5,Hh+2)

Hf+hw+he+1 Hf+hw+he+1

(when hw+he<2 Hf+3) (when hw+he<1,Hf+2)
Dam with non-gate spillway  Hs+hw+he/2+1 Hs+hw+he/2+41

(when hw+he/2 Hs+3) {(when hw+he/1. Hs+3)

Hh+hw+1 Hh+hw+1 _

{(when hw<1,Hh+2) {when hw<1,Hh+2)

{Note)
Hf: Normal water level(m)
Hs : Surcharge water level(m)
Hh: Design flood level(m)
hw : Wind induced wave height from reservoir surface (m)
he . Earthquake induced wave height from reservoir surface by earthquake (m)
Hd : overflow depth when design flood discharge overflows spillway(m)
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