5, Hydraulic Analysis of Sediment Transportation Capability
5.1 General
The purposes of this analysis aré:

1) To set the allowable sediment volume to be used in the sediment

control plan.

2) To obtain fundamental data for a sediment transportation plan on
the Ciwulan river which makes use of the transportation capability

of river.

For purpose 1 above, it is necessary to calculate the sediment velume
taking into account the sediment runoff pattern such as by annual runcff and

by flood runoff.

The sediment runoff pattern of §. Cikunir is considered to correspond
to the former aand all the rivers other than 8. Cikunir (8. Ciloseh, S,

Cisaruni, S. Cimerah etc.) are considered to correspond to the latter.

Long term hydrographs are necessary when analysis is to cover a full
year. However, because data of water level from staff gauges is unreliable
and the observation period for automatic recorders ié 1 year and too short to
be used, it was decided to calculate the runoff volume from rainfall data of
Cibasuki station using the rational formula, The rainfall data goes back

longer than any other data, 9 years.

The hydrograph of sediment runoff volume calculation by flood was made
by extending the 50 year return period hydrograph calculated in chapter 4 in

accordance to the catchment area preoportion.

For purpose 2 above, topographical survey results are availablie from &
reference points (2 km apart, total of 12 km) out of the entire sgctioh (from
the river mouth to the Cikunir River confluence, approximately 100 km)
selected as representatives. The cross section and gradient for the remaining

sections were estimated from these results.
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Along with the calculation of sediment runoff velume in the annual
discharge and by flood discharge, the calculation of riverbed deformation
using 1/50 year probability hydrographs was carried out to grasp the tendency
of the longitudinal riverbed deformation (erosion, sedimentation) and sediment
runoff tendencies £from the upstream section to the downstream section of the

river.

The classification of main works of this chapter is shown in Fig. -~

5.1. The study flow of this chapter is shown Fig. -~ 5.2.
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§.2 Caleulation of the Runoff Sediment Volume

As described in the gemeral (5.1), this section deals with the

calculation of the annual runcff sediment volume and the flcod sediment volume,

5.2,1 Outline of Calculations

The outline of runoff sediment volume calculation is shown below.

(1) Calculation of the Annual Runoff Sediment |

As described above, there are no long term hydrographs available,
making it necessary te calculate hydrographs from rainfall data. The runoff
sediment volume is then calculated by combining these hydrograph with tﬁe-
runoff sediments formula., Below is the flow of calculations.

{refer to Fig. - 5.3) -
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(2) Calculation of Runoff Sediment Volume by Flood
When making per flood calculations, runoff sediment volume is
calculated by combining the hydrographs made from the results of hydrological
analysis and the runoff sediment formula. ‘

5.2.2 Basic Items for Calculation

The basic items for calculation of the runoff sediment volume are shown

helow.
(1) Formula for Calculation of Runoff Sediment Volume

The Mayer-Peter - Miiller formula was used as the sediment runcoff volume

formula., The fellowing is an outline of that formula.

(a) Mayer-Peter Miiller Formula {(Bed Ldad Formula)

Q %8(':*3"00047}1'5 R RN R (5-1)
Where:
@ = qB/ (0’/9 - 1) g . dm
2
T,e = Uge /(a/p - 1) g . ém
ny = roughness expressing grain roughness
n = Manning roughness for entire flow
3/4

u,e = (nb/n) . U,
4y = Unit width of sediment rvnoff volume
a = Density of gravel

= Density of water
dm = mean diameter of gravel

The friction velocity was calculated using the Manning formula by
making an approximation the cross section of river to cross sections of

rectangule.
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Where!

2/3 L1/2

0 = A/nn .+ R » 1
A - th and R é h MR R EEE N RN R I R R I (5-2)
0 = B/n . h5/2 . 11/2
h = (n . Qf’B . 1)0'6
) = Digcharge (mals) r Width (B)

. 2 P
A = Discharge area (m")

v

n = roughness 5 "1
R = Hydraulic radius Depth (h)
i = Gradient _j
B = width {m)
h = Depth {m)

Therefore, for friction velocity U_the following formula was used.

Ui = g - i . (n * Q/B i }O’GDQtUOSbIb.‘!l (543)

The unit width of the sediment runoff volume (qB) was calculated from

the these formulas. It was multiplied by the width (B) to calculate the

bedload, and the air porosity (X) was used to obtain the total load.

(2)

{a)

{9 = gy X B/(L = A) cnceensarsnvnns {(5.4)

5}
making of Hydrographs
For the Case of Annual Runoff

Hydrographs for annual runoff were made by the following procedure.

1) Rainfall intensity was calculated from the daily rainfall taking
into account the concentration time. The formula used is found

below.

2/3
rt = R24/24 (ZQItP A BB ES REEYESE (5.5)
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Where:

Rainfall intensity (mm)

21
[i]

R24 Rainfall for 24 hours {(# Rday} ()

t = Concentration time (hour)

b

2) The rainfall intensity from 1 above was used and peak discharge

was calculated using an rational formula.

1/3.6 o € o« £ o A vevsaanrssssnsas {5.6)

0 =
Where:
3
Q = TPeak discharge (m /s)
b = Runoff coefficient
r = Rainfall intensity {mm/hour)
A = Catchment area (sz)

From the study results shown in Tables 5.1 and 5.2, runoff coefficient

"' was considered to be 0.5,

3) The following triangular hydrograph was made based on the peak
discharge. This will be known as the daily hydrograph,

Rainfall

Peak Discharge

Hydrograph

lduration tﬂme

Fiq. - 5,4 Making of‘Hydroqréph
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The adjustient between the volume of the rainfall and the hydrograph

was made by lengthening or shortening the duration time.

‘The long term hydrograph for nine (9) year is show in Fig. - 5.5,
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*1  Sourge

(2) X 24.66 % 108

“PENGUKURAN DEBIT SUNGAI CIKUNTEN DAN

' SUNGAL CIWULAN

*2  Average Annual Rainfall (1942 -1985)= 3,-231 nm
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PUSLITBANG AIR®

Table - 5.1.{1) Average monthly l_zé_\ix'xfall. L
AU . o : A it @ mm
Station JaN | e | mar | aps | mav | aun | wul | ave | ser |locr | Nov " DEC |.TOTAL
SINGAPARNA a2 a2 | aso st | am 173 147: 129 160 274 as | 514 | 32m
TASIKMALAYA a0 | 364 | am0 25 | 269 | 162 w0 ] a2 ] wro | osze | s ] a6 | 3am
Meen aat | 38 | sso | sop |-es | aes | wse | ses o wes | oasm | s | w5 | aaes
NOTE : Dat.aof’i‘a.sikmalayn 1 1942-1985
Dataof Singaparna  : 1942-198%
Souee DatéObtaincdfrﬁmthelnﬁ!ituteofhieteoro!ogyand Goephisics,
Department of Communications, JAKARTA .
Table ~ 5.1 (2) ~ Runoff Rate at Cipawitra of S. Cikusir
-Discharge @ | - Rainfall Runoff |
Month - Volume . _ atSingaparna - Rate Remarks
: & m3 : ' .
(198e) | (0 1“" o) | 008wy [ %) ‘s
JAN 4.86 353 - 8.70 55.9
FEB 2.39 229 5.65 42.3
MAR 5.18 577 14.23 - 36.4
APR 4.57 374 9.22 49.6
- MAY - 297 732 -
JUN 5.36 287 7.08 75.7
JUL 415 387 9,54 43.5
AUG 3.20 267 - 6_.58 - 48.6
SEP 6.19 764 18.84 329
oCcT 5.98 3580 861 62.2
NOV 5.26 498 12.28 42.8
DEC. 13.60 165 407 L0 not adopted
_12 : Do
Total ‘Mean
Mean '
4,588 490
NOTE : (3) = (2)X (Catehment Area of Discharge Obaservation Site24.66 km2)
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{b) For the Case of Floud

Because a design hydrograph was alyeady made in Chapter 3, the flood

hydrograph was made by adjusting it in proportion to the catchment area.

.- Extended hydrograph

Design hydrograph

{$/cW) abicyasig

Time

Fig. - 5.6 Extension of Hydrograph

(3) Diameter of Gravel, Specific CGravity, Dry Demsity, Air Porosity

The diameter of gravel, specific gravity, dry density and air porosity

were set based on riverbed materials survey.
The diameter of the gravel is the most important parameter in the

caléﬁlation of runoff sediment volume. The results obtained for it are shown

in Table - 5.2.
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Table - 5.2 Mean Diameter of Gravel in Fach Péin;_of Rivérs

Nama of River | HNo. Hean Diameter Remarks
Cilaseh L 1.8 02 $.P Cimampang .
2 24.8 - 8.F Hegla
3 o Co
4 . 13.0
5 27.1
Cikunir 8 21.0 ow 5.p _Cipoh)'d._i-D
7 129 ditto
8 10.9 $.P Ciponyo I-L
9 20.0 ~ §.P Ciponyo 1T |°
10 8.8 o ditte
11 23.5 5.P Ciponyo 1-D
12 184 o gitte
13 13.3 $.P Ciponyo 1<L |
BY 14.4 ' 5.P Cipanyo 11
15 9.5 Cditte -
18 12.5
17 : 17.1
18 2009
Ciwulan 13 .18.0 on
20 | 233

,"\“ N Fig.“_‘ - 5'7

. ¥ sampling Point
of River Bed
Survey.

Saapling palnt of clver Ssd-mateplaly sarvey
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5.2.2 Calculation of Runoff Sediment Volume

A1)

reference Point and its Specifications

Table ~ 5.3 shows the reference point for the calculation of the

sediment runoff volume and other specifications concerning the point.

The location of the reference point is shown in Fig. - 5.8 and in Figq.

- 5.9 and 5.10 are shown longitudinal profiles of the major - rivers.,
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Table - 5.3 Specifications for Annual Runcff Calculation and
Annual Runoff Sediment Volume
River No. Ref Point Area(km?) | Concent. Time | Gradient | Width Remarks
Cibanjaran | _ 1|ciponyoldalem | ___6.77) 068 __ hr| 00340 | S0m )sg=270dd=163
""""" " "2 | ciponye I luar 7621 041 0.0340 | 40 |p=0.39dm=15mm
Chikunir | __ 3 Jeiponyoldalam | = 7114 06 | 0.0259_ | 30 _|sg=2.70,dd=166
e 4]ciponyoltuer | 790 ] o1 | 00259 | 40__|p=039dm=15mm
______________ 5leikunirbridge | 2¢66| 1o foows |85 ) ]
| 6 | conf. s. ciwulan 8442 | 1.7 0.0130 | 75
Ciloseh | __ 7)cimampang | 1 1466} 08 ___|_ 0.0180_} 25 _|sg=270dd=171
I Slmogla | s207| 11| 00125 | 40 _|p=037dm=1Tmm ___|
______________ 9)cllosehbridge | 816 | 17  foeows |s0 |
10 | conf. s. citanduy 63.64 | 2.3 0.0065 | 35 T
Cizaruni 11 | nagras 6.26 0.5 0.0211 30 p=0.38,dm=15mm
Cikupang { 12}|kondang 3.40 0.6 00206 | 25 |p=0.38,dm=15mm
Cimerah 13 { bojungpel 10.95 0.8 0.0203 20 p=0.38,dm=15mm
Ciwulan | | 14 |BDM16 = | ¢ CEL AT R S 0.0066_| 65 _|p=043,dm=20mm
Y 3 13 VR N I 6363 | 88 | ogoss [125 | ]
16 [BDM10 8274 | 119 0.0034 |10 | T
oo} 171BDMT LS 906.9 | 127 __|. 0.0028_ | 135 |p=0.43,dm=10mm
.......... J.18BoMs | 1053 | 189 |eeos us | T
19 | BDM 2 10440 | 141 o001 j160 | ]
Note)
5.8 Specific Gravity dd Dry Density
P Porosity dm Mean Diameter
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CA =381.9knf
v
5]
- S o S.Ciwulan 2\ o
e X ~, \ s619kmt
. ) ‘ﬁ'-_.—_;ﬁ—-\".‘_.._&‘. . *
- SO\ CATI53. 4 knt \\M
\\_\/*\297_5 km# 535.3 kit
| ~EOM 16 8OM 13

S CA=1920.2 kmz-\‘ _
g ‘\./’ A L Vet +

. CAZI0L9%m®
S of
.c_
V%Qa w
? 6 . B27.4 r1637.2) km?
_ __ BOM IO
CA=
(E).l’ik'm2
= 2
CA=118.6 km 7
206.9km?
BOM 7
_1025.3 km?
BOM 4
181® .
CAziB7 km
CA=9.7km, 19 -
- HO53:5 kmd, T BOM 2
'rig,'~=519 ~ Reference Point for Calculétlon _th““*=m\\f"

of Sediment Volume
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(2) Annual Runoff Sediment Volume

The results obtained from calculation of the annual runcff sediment

volume for S, Cikunir, §. Cibanjaran and 8. Ciwulan.

The transportation capabilities for each river in Tables ‘5.4 and 5.5

are summarized as follows:

a., The average annual runoff sediment volume for 8, Cikunir is
approximately 410 x10°m° {sediment concentration 1.7%) at the

sandpocket Ciponyo I Luar (water way), approximately 680 x103m3

(0.8%) at the Cikunir Bridge, and approximately 1,740 x103m3
(0.6%) at the confluence with §. Ciwulan. Though its
transportation capabilities increase as one moves downstream, the
concentration of sediment becomes smaller, and therefore, the
sediment transportation capabilities of the river decrease

relatively.

b. The following results were obtained for 8§. Ciwulan :
1,550 xlOSm3 at BDM 16 (Tonjong)} before the confluence with S.

Cikunir: 2,560-2,570 x103m3 at BDM 13 {Sukaraja) and BDM 10

{Karsagalih) in the upper reaches; and 3,400 x103m3 at BDM 7
{8ukarame) in the middle reaches. However, as one approaches the
lower reaches (mouth of the river), the transportation capability
becomes smaller. It is 2,160 x10°m> at BDM 4 (Cikijing) and
900 x103m3 at BDM 2 (Purungsela}) near the mouth of the river.

This makes it close to 1/3 that of the upper reaches.

¢. The transportation capahllltles of 8. Ciwulan are summarlzed by BDM
4 and approximately 2,200 xlo m excluded for BDM 16, which is
above the confluence with 8. Cikunir, or for BDM 2, which is near

the mouth of the river.
-d. The average annual sediment runoff volume for S. Clbangaran is

33
550 x10'm” at Ciponyo I Dalam and 610 x10 m3 at Clponyo i

Luar. The sediment concentration is around 2.3 - 2.4%.
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Pable -~ 5.5 Mean Annual Sediment Runoff Volume
Area Anriual Sediment *2) | Sediment *1)
River NO. Ref. Point (km2) Runoff Runoff Concentration

of water (X103m?) (%)
550

Cibanjaran 1 |Ciponyo 1 dalam 68.77 13,780 {3361 2.4
. 609

2 |Ciponyo I Luar 7.62 15,510 (371} 2.3
. 414

Cikunir 3 |Ciponyo I dalam 7.11 14,470 [(253] 1.7
449

4 [Ciponyo I Luar 7.90 16,080 [274] - 1.7
) ) . 879.

5 | Cikunir Bri 24.66 50,180 [414] 0.82
. 1,737

6 |Conf.S. Ciwulan 84.42 171,780 £1,060) 0.61
. 1,651

Ciwalan | 14 |BDM 16 297.5 605,310 [824] 0.15
. 2,679

15 |BDM 13 535.3 1,089,220 {1.479) 0.13

2,569 -_

16 |BDM 10 827.4 1,683,580 {1 .459] 0.09
e 3,391

17 {BDM 7 906.9 1,844,940 [1.933] 0.10
2,159

18 {BDM 4 1,025.3 2,086,270 {1,231} 0.06
897

19 |BDM 2 1,044.0 2,124,320 {511} 0.02

*1) Sediment Concentration (%)= Sediment Runoff/ (Annual Runoff + Sediment Runoff) X 100%
#2) Sediment Volume excluded Void
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A representative diameter of gravel was set for these results based on

studies of riverbed materials. The average annual transportation capabilities

were calculated for the main reference point changing the diameters of the

gravel and the results of those calculations are shown in Table - 5.6,

This leads to the following conclusions. (refer to Fig. - 5.12)

.

For §., Cikunir : 450-310 x10°m° (sediment concentration 1.9 -
1.3%) within the range dm = 16 - 30 mm at Ciponyo I Dalam ;
1,930ﬂ1,260 x103m3 {0.7 ~ 0.4%) within the same range at points
above the confluence with $. Ciwulan,

gn 5. Ciwunlan, in cphtrast to the 1,470 x103m3 with dm = 5 mm

at BDM 2, 90 x10°m° when dm = 30 mm. The difference in the
diameﬁer of the gravel causes a great difference in transportation
capabilities. At BDM 13 in the upper reaches the tranmsportation
capébility is 3,800-1,700 x103m3 {0.2 - 0.1%) within the range

dm = 10 - 30 mm.
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Table - 5.6 Mean Annual Sediment Runoff Volume for Each™ Diameter

River name

Reference

Point

'dm_

(mm)

 Runoff’

-T?oluma (X103m3)

N Sediment, -

Runoff (X103m3)

o Sééinfleht

Density (%)

S. Cikunir

Meétiﬁg' with

S. Cisaruni

(C. A=B84.42km?2)

10

171,780

T 1,026
- [1,175]

068

15

171,780

{1,060]

0.61

.20

171,780

1,563

- [9ssl

- 0.55

- 30

128
78T

944

Ciponyo i Luer
(C. A=7.9km?).

10

18080

502
[306]

087

20

-16,080

200
- - [244)

149

4

16080

86
- 183)

119

Ciponyo I Dalam

(C. A=T.11km?2)

10

14,470

o 4B4 -
[277]:

188

 1a410

" 376

e |

156

30

14,470

310
_[1s9)

1.29

§. Ciwulan

BDM,

(C. A=1,044km?2)

b

2124320 |

1,470
__[838)

0.04

10

2,124,320

897
[511}

J0.02

20

2,124,320

303

0,008

30

2,124,320

[172]
88

1501 . .

0,002

BDM;3

(C. A=434.3km?2)

10

1,089,220

3,781
[2,155]

- 0.20

20

1,089,220

3,579
[1,470]

0.14

- 80

1,089,220

1723
[982}

0.09
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(3) runoff Sediment Volume by Flood

The results of calculations to understand the runoff sediment volume by

flood in the rivers dealt with in the sediment control plan are shown in Table

- 5.7,
Table — 5.7 Runoff Volume and Sediment Runoff volume by Flood
Area | Runoff | Sediment | Sediment
River No. Ref. Point ( km2 )| Volume Runoff Density
(2 10°m?)} (x 103m3)
3 ' 55
7 | Cimampang 14,56 3,830 { 20) 0.52
18
8 | Negla . 32.07 8.440 {29) . 0.34
Ciloseh
84
9 {.cCiloseh Br.. 38.16 10,920 ( 31) 0.28
9
10 Conf. 8. Citan-
duy 63.64 18.210 (29) 0.16
Cisaruni } 35
11 | Nagras 6.26 2.000 (13 ) 0.65
. 17 1
Cikupang 415 ) xondang 3.40 | 1.090 | { 6) 0.55
. ‘ 59
Cimerah 13 | Bojongpel .10.95 3,500 ( 22} 0.62

According to Table - 5.7, the sedimeat concentration is 0.5% in the
upper reaches of 8. Ciloseh. it gradually decreases until it becomes :
approximately 1/2 that figure, 0.2%, before the confluence with §. Citanduy.
The sediment concentration is around 0.5 ~ 0.7% for S. Cisaruni, §. Cikupanyg

and S. Cimerah in the southern basin,
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5.3 Riverbed Deformation Calculation

Riverbed deformation calculations are made by inputting the hydrograph
and the sediment volume, calculating the sediment balance {scouring,
sedimentation, equilibrium riverbed etc.) and then calculating the deformation

volume of the riverbed at the time a flood has ended.

This study was executed in order to grasp the longitudinal deformation
tendencies (aggradation, degradation) of the riverbed, and the sedimentation

tendencies in the sandpocket.
5.3.1 Calculation Method

Riverbed deformation calculations are made by simultaneocusly solving

the following 3 formulas.

1) Stream motion equations (calculation of the tractive force)

2) ‘Sediment discharge formulas (calculation of the runoff sediment -
: volume) .

3) Sediment continuity equations {(calculation of the amount of

riverbed deformation)

Fig. -.5.13 shows the flow of calculations. The items shown below is a

detailed explanation of each calculation,
(1} Calculation of the Tractive Force
It is assumed that flow type of river with steep gradient in the
mountain area is regarded as quasi uniform flow, Hydraulic calculation is

made using the Manning formula.

The procedure for calculating the tractive force is as follows:
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1)

Calculation of the River Gradient of Cross Section 'j'

‘The viver gradient Sj for cross section "' is calculated using
the formula below, '
S. = .E.g - B . . / A v acan 5.7

3= By - By an %) eeee (5.7)

The suffix refers to the number of the cross section as counted
‘from the upper reach. In Formula 5.7, the gradient of downstream

"section from cross section *'j' is calculated., (See Fig. - 5.14)

Down Stream . - . ' Up stream
E, .
(3-1)

2)

|
i

y ’
B (3+1) } | ‘
o |
| -
» . {
' |
.:[; 4rxj , ‘{‘ ‘ij_l . ¢:
j+l Ty -1

Section Section Section

'fig. - 5,14 Ldngitudinal Model

Calculation of the Depth of Cross Section 'j’

. The deptﬁThi of cross section 'j* is calculated using the Maaning

' formula below.

BT RREEE S ‘ ce
ho = (""""‘""’"""—‘—‘_) srE s A sFIs s T el (5-8)
;9 "B. 3.1(2_
30T
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Where:

= depth of water (j : suffix)
= discharge

roughness

= river width

wmow B O
i¥

= gradient
3) Calculation of Tractive Force and Friction Velocity

Tractive force Tj and friction velocity u*j are calculated by

the following formulas.

1:. = o . . h.- S. YRR R E I I ] (5-9)

j= P9 5773
Tj _

u. = S .» h . 5 At ass s e (5-10)

*j P 5 93
Where:

T = tractive force

e} = density of wakter

g = acceleration of gravity

u, = friction velocity

(2) Caleulation of the Runoff Sediment
The type of tha sediment flow dealt with in this study is

1) ©Debris Flow
2) Bedload Flow

The mudflow is the intermediate flow betwsen the debris flow and the
bedload flow. It is difficult to determine the area section in which mudflow
when calculating riverbed deformation. Its range is also very short. For

these reasons it was not taken account of in calculations.
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The following is an explanation of the runoff sediment formula used in

the calculations.

Where!

‘1) - Calculation of the Debris Flow

The Takahashi formula was used for the debris flow,

c p . tanG
d - (o‘-—p) . (tane—tane) + 8 v asne (5.11)
‘ éd " = the bulk concentration of the debris flow as defined by
the following equation.
Cq =05/ (9 + Q) ;
QB’ QW = runoff sediment volume, flow for water only. {m /8)
o, p = density of gravel and water. (t/ms)
6 = Ipternal f£riction angle. (°)
tan © = riverbed gradient. The S, of Formula 5.7 is used in

3

this calculation model.

2) Calculation of the Bedload Flow

T*c

T
. *
g’ (c/p_1).g.d3 -12 . 7.0 % (1-0.85 . —;g ). (1-0.92 . T ) ...

Where:

The_Ashida{Takahashi/Mizuyama Formula below was used to calculate

the bedload.

* . . (5.12)

d = sediment volume per unit width/unit time

T = Non-dimensional tractive force expressed by the formula

below
t, = U, /30/p - 1) g ceeviiiiiiis (5.13)
Toe = Non-dimensional critical tractive force
Tae = 0.04 (for flat bed of uniform grain size).
4 = mean diameter of‘gravel (m)
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(3)

Calculation nf Riverbed Deformation

When the discharge of runoff sediment has been calculated for each

cross section for a specific time, the riverbed deformation for each cross

section is calculated using the following formula {5.14) which differentiates

the continuity formula and the continuity formula of the runoff sediment.

refers

a1 T |
at+B.(l—-)\) . az = T R R O I AR R I R O ] (5.14}
(Zn+1 = Zn)j 1 Qz(j—l) ~ QBj
X *'B, . (1N) ° i =0 reeees (5.15)
n+1 i j

In these formulas suffix 'j' refers to the cross section and suffix 'n'

to the time.

A = elevation {EL.m)

Qz = runcoff sediment discharge'(mals)

B = width {(m)

A = porosity

At = time (Sec)

AXLj = section represanted by cross section 'j' and set as follows.
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a. Normal Cross Section

LI
s . e —!\;t

it

DXL, . (Ax, +AX.
j 3 j-1

b. Dim ( in case of no deposited sediment )

3

dam

¢, Confluence point

i+l

River

axy

j
I
| o

j=1

-1

D XL,

]

AXLj=_de+i.AXj_1

Because the cross section of river is imagined to be rectangular

section it is assumed that sediment deforms unifommly in the xiver.

L4
5

(I

Do gedimpnr ¢




5.3.2 Setting of Calculation Conditions and Input Data

(1) Setting of Conditions for Calculation

The calculation conditions set for the riverbed deformation calpuwlation

for S. Cikunir and 8. Ciwulan are shown below.

a. Setting of Model

The calculation model for S. Cikunir and §. Ciwulan is shown in

Fig. - 5.15. Vv

S.CIKUNIR
4 ! X 5.CIBANJARAN
S.CISARUNI I
I’,
i '/7/ CIPONYO. I
o 10 K000
N/ SUPPLY SEDIMENT
-— 1K400
\\
‘\‘. - .
T —— QKOO0 ( CONFLUECE WITH S.CIWULAN)
1
|
|
S.CIXUNIR
S.CIKUNIR
S.CIWULAR
|>H—*‘*—*-*‘""-~*- (80 K 000)
TRIBA)
At e {75 K 000)
TRIB(2)
(67 K 000) S
TRIB.(3)
~—- (56 K00O0)
Figa - 5.15
S.CIWULAN

Calculation Model for S.Cikunir and S.Ciwulan
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b. .  Supply Pattern of Sediment

The supﬁly pattern of the sediment is similar to the flood
hydrograph with debris supplied from the top of upper stream.

e

”~ ’Hydrbgraph-ef water

rd g

o Sediment supply

2HIBYDSTP IUSWIPSS
xogeM 3O 2bIRUDISTA

time { t )

' Fig. - 5.16 Supply Pattern of Sediment
¢. Design Flood Hydrograph
' A hydfograph in which the rainfall for September 16, 1986 was
' extended by the probable rainfall (daily rainfall = 250 mm/day) was
used for the design flood hydrograph of calculation.
(2) ‘Input Data
a. Crossiséction Data
Based on the results of a topographic survey performed on 5.
ECikﬁnir, by'afJICA study team, the mean width of the channel and
the mean channel elevation were input at a 200m pitchf However,

because the cross section data for S. Ciwulan was not as precise as

“that for S. Cikunir, it was input at a 1 km pitch.
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Diameter of Gravel

The diameter was considered to be the same for all gravel and the

mean diameter (dm) was employed.
Other Input Data

Other input data for calculatibn is as follows:

bulk density of sediment = 0.65
density of gravel (sediment) = 2.70
density of water = 1.0
internal friction angle = tan @ = 0;6
specific gravity of gravel = 2,70
roughness = 0.04
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5.3.3 Caléulation Results

{1} Condition of Deposited Sediment £or Design Hydrograph in Sandpocket
Ciponyo I and Cipoaye II

‘The calculation results of deposited sediment for design hydrograph in
sandpocket Ciponyo I and Ciponyo II, and the runoff sediment volume are shown

‘in Table - 5.8,

Theﬁsediment'supply conditions for the calculation of runoff sediment

volume and deposited sediment volime are as follows.

1) = CASE 1 1,380 x 10° m> (Design inflow sediment volume)

2) CasE 2° . 1700
3) CASE3 500

4) CASE 4~ 300

Table - 5.8 Sedimeht Balance by Calculation of Sediment Deformation
' ' ' ' {unit: 103m3)

Item’ _ Lo Calculation Case
" No. - -Case 1 Case 2 (Case 3 Case 4
1 Cikunir (6B) 713 443 205 177
2 " ‘Cibanjaran (16 AD) -~ 666 307 205 123
3 Ciponyo I Dalam (Cikunir) - 94 94 94 94
4 Ciponyo I Dlm (Cibanjaran) 105 105 105 105
5 Ciponyo I Luar (Cikunir) .73 73 73 73
6 Ciponyo I Luar (Cibanjaran) 104 104 104 104
T Cikunir Bridge 142 142 142 142
8 Cisaruni . © . - . © 126 126 126 126
9 Msetirnig with Cisaruni 312 312 312 312
10 Cikunir - 1339 339 339 339
L+ 2y - (34 4) 1.180 551 301 103,
~Sediment (3 + 4) - (5 + 6) 22 22 22 22
‘Balance {5 + 6) - 7 _ 35 " 35 5 35
' (7 + 8) -9 _ - -44 - 44 -44 ~44

9 - 10 _ -27 27 -27 27

. R S - 3 '
- The calculation results for the 1,380 x10 m3 case in Table ~ 5.8

“are” found im Fig. - 5.17 as a Schematic diagram,
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Fig, - 5.17

Sediment Balance by Calculation of River Bed Deformation at S, Cikunir
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~ According to the calculation results, the sediment balance downstream
from the point of Ciponyo I Dalam is all the same amount because of the
sedimant transportation capability at all points is controlled by that of

ciponyo I Dalam.
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The sediment concentration at main base point are arrange@ as Follows

in Table - 5.9 on the basis of the calcoulation results of riverhed deformation.

Table -~ 5.9 Sediment Concentration of Flood Discharge
(50 years of Return Period)
: Ciponyo I Ciponyo I Cikunir
Ttem River Dalam Luar Bridge
S. Cikunir 60,800 47,500 92,300
Runoff :
Sediment S. Cibanjaran 68,300 67,600 -
Volume (m3)
& Total 120,100 115,100 92,300
§. Cikunir 3,180,000 3,570,000 14,500,000
Flood
Discharge S. Cibanjaran 3,260,000 3.920,000 -
Yolume {m3)
(2) Total 6,440,000 7,490,000 14,500,000
S. Cikunir 3,240,800 3,617,500 14,592,300
Total
Y°§?me S. Cibanjaran 3,328,300 3,987,600 -
m
(3)=(1)+(2) Total 6,569,100 7,605,100 14,592,300
Sediment §. Cikunir 1.9 1.2 0.6
Co?:?ntratlon 8. Cibanjaran 2.1 1.7 -
(4)=(1}73) Total 2.0 1.5 0.6

The sediment concentration is 2.0% at Ciponyo I Dalam, is 1.5% at

Ciponyo I Luar and is 0.6% at Cikunir Bridge.

£
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(2)

Changes of Longitudinal Profile

Qe

:1)_

2)

4, Cikunir

Fig. - 5.18 shows the conditions of the riverbed gradient before

- and after riverbed deformation calculations.

At the top of Fig. - 5.18 is shown the supply sediment volume, in
‘the middle the longitudinal profile of the riverbed before and

- after riﬁerbéd deformation calculation, and in the bottom the

sadiment balance.

' On S. Cikunir, downstream of Ciponyo II after flooding, the

deformation tendencies in the longitudinal profile of the riverbed,

‘and the_sedimentation tendencies are as follows:

The_sectioh 3 km from the confluence with Cibanjaran River, and the

5.0 km - 3.0 km are sections in which the riverbed tends to be

'scoured {degradation). Of the other hand, the section between
"$k200 and 5%k200 and the section between 2k800 and 2k200 are

" sections in which there tends_tb.be an aggradation of the riverbed,

The mean sediment concentration is around 1% near the confluence

‘with S. Cibanjaran {(10.4 km), 0.6% at the Cikunir Bridge - (8.7

Xxm), 0.4% near 5.0 km and 0.5% near 2.0 km.
8. Ciwulan

Because cross section and longitudinal drawings have only been

obtained for a total of & out of 90 km on S. Ciwulan, the

longitudinal profile was set as follows.
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- 5.18 _
jon Result of
River bed Deformation
(S.'Cikunir)
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1)

. 2)

The iongitudinal profiie (elevation of riverbed) was estimated from
the data between 2 reference points for which longitudinal drawings

were made.

The cross section (river width) was estimated from measurements on

a 1725,000_topogfaﬁhic.map}

The supply sediment volume was aesumed to be an amount

{720 xlosm } which would fit with the sediment transportation

capabzlltles of ‘the Ciwulan upper river channel.

The results obtained are shown in Table - 5.10 and_Fig. -~ 5.19.
Longitudinal'tendéncies such as riverbed aggradétion and riverbed

degradatlon show that the f0110w1ng sections tend toward

degradatlon-

89 - 85 km, 71 - 68 km, 48 - 32 km, 16 - 134 km, 9 - 6 kn.
Sections other than those tend toward aggradation, but particular
merition should be made of the following: 83 — 72 km, 55 - 54 km,
29 - 28 xm..

The sediment runoff volume is 500-800 x103m3 in the section

_'upstream of 30 km. It decraases 1n the area downstream, becomlng

" 200- 300 x103m3, or almost 1/2 (see Table - 5.10).

‘The sediment concemtration is 0.3 - 0.5% in the area upstream of 60

Jkm, 0.2% doﬁnstream to ‘55 km, on d.i% below that.
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rfable - 5.10 Depth of Fluctuation and Sediment Runoff Volume by Design Flood

(1/50)

D%staﬁce From Depth of Sediment Run . oo tion

River Month Fluctuation off Volume
90 km 0.50 m 696 103m3 0.5%
85 ~0,10 717 0.5

Tonjong

{BDM 18) 3.04 563 0.4
75 0.02 634 0.3
70 -0.26 600 0.2

Sukaraja

{BDM 13) -1.00 624 0.3
65 0.12 789 0.3
60 : 0.02 781 0.3
55 0.75 798 0.2

Karsagalih

(BDM 10) 1.538 694 0.2
5Q .05 542 0.1
45 -0.01 545 0.1
40 0.02 549 0,1
35 ~0.13 568 0.1

Sukarame

(BDM 7) 0.71 558 0.1
30 0.52 514 0.1
25 0.13 266 0.1
20 0,01 260 0.1
15 ~-Q.13 290 0.1

Cikijing

(BDM 4) ~0.03 291 0.1
10 c.01 274 0.1

Parung Sela

(BDM 2) -0.01 276 0.1
5 0.00 277
0 ~-0.02 280 0.1

Note} 1In Depth of Fluctuation, (-} means degradation,



The relations between bank height and water level in the section of 81
km where shows a high aggrafdation is shown in Fig. - 5.20.

81 kn 000 Bank Height EL 285 m

S S

R W.L 275.4 n

= ST

g= 3,750 m3/s

263.4 m
SR g9, ml il

48 a

Fig. - 5.20 Deposited Sediment Level
and Water Level in Section 81 km

after Aggradation by Calculation of

River Bed Deformation

In case of the discharge of 3,750 m3fs. the water level shows EL

275.4 m and the deposited sediment level shows EL 263.4 m that rises 3.5 m
from the original base line of river.
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6. Actval Condition for Effective Utilization of Accumulated Materials

in Sandpocket

The accumulated sediment capacity of the sandpockets constructed in the
g. Cikunir ~ S. Cibanjaran area as well as S. Ciloseh - §, Cimampang area was

almost in full condition at the period of August, 1987.

Sedimentation is considered to proceed further by the runoff sediment

from the upper stream basin in future in these sandpockets.

In particular, the runoff sediment volume in the S, Cikunir, S.

Cibanjaran area is larger then the one in the 8. Ciloseh - §. Cimampang area.

The accumulated sediment volume at Sandpocket Ciponye I and II in S.
Cikunir - 8. Cibanjaran will reach to 3,330 thousand m3 during the coming 5
years, and 4,740 thousand m3 during the coming 10 years according to the
results of the sediment analysis. Also, in the §. Ciloseh - §. Cimampang -
area, the sediment runoff volume of a return periqd of 50 years from

Sandpockets Cimampang & Negle is estimated to be 1,380 thousand m3.

An effective countermeasure is to excavate and carry out the
accumulated sediment in the sandpocket for the restoration and the continuous

maintenance of the sediment control function in it.

Furthermore, if it is possible to utilize accumulated sediment as the
aggregate for construction, it is possible to keep the spare capacity of the
sandpocket economically, and will be great help in the shortage of aggregate

prospected in the future in Jakarta and surrounding area.

- .+ The -excavation and the transportation of the accumulated sediment in
the sandpocket were planned and executed from the first at the beginning of
the construction of the sandpocket in 1982. At the same time, by the special
budget of the'President,‘the extension of railway for aggregate transportation

between Babakan Jawa Station and Pirusa station was constructed,
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Using this railway maintained by PJKA, about 1,000 mslday of sand
excavated from the sandpocket is being transported to Jakarta as the aggregate
for construction. However, this transportation capacity is extremely swall in
comparison with the sediment volume of about 40,000 thousand m3 accumulated
in the sandpocket or the sédiment inflow volume of about 1,000 thousand

mslyear from the upper reaches,

To grasp the actual condition for the effective utilization of the
aceumulated sediment in the sandpocket of Mt, Galunggung area, the following

surveys were executed.

1) excavation condition in the sandpocket area
2) transportation capacity from Pirusa station to Jakarta

3) market condition of aggregate to Jakarta:

The reconnaissance  survey concerning the actual condition of
accumulated materials utilization in the sandpocket was carried out during- the

first work in Indonesia. The survey items are shown as follows:

1) companies excavated in the sandpocket and their excavation area
2) application procedure for materials excavation

3) ewxcavation volume

4) transportation capacity-

5} market price of aggregate

6) demand of aggregate
6.1 Companies Excavated in the Sandpocket and thelr Excavation Area.

There are eleven companies which have the licence of excavation in the
sandpocket. The excavation area for each sandpocket is divided into from two

to four areas in proportion to the excavation area.

The excavation area and its company sxcavated in the sandpocket are

shown in Table - 6,1 and Fig. ~ 6.1,
Only three companies excavate in the sandpocket as of October 1987.

The other companies which have licence of excavation were watching the

fluctuations in demand and cost in Jakarta, do not excavate in the sandpocket.
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Table ~ 6.1

Excavation areas and the companies excavating

in the sandpockets
Nare of Nome of
Ko. Locdation Sandpockets Wame of Company Remarks
(Excavation Area)
1. Ho., 1 Negla PT. BITANG P.
MANGGALA
2, No. 1A ©Negla | PT, GRAHA LUHUR
' SEMPURNA
f3.‘ No, 2 Cimampang PT, BUMINDO * QOperating
4. - No. 2A Cimampang PT. SARANA KARYA * Operating
5, No. '3 Ciponyo 1. L PT. SARANA KARYA * Operating
6. No. 4 Ciponyo I. L PT. TORA AGUNG
7. No. 5 Ciponyo I. L PT. HAPOLTARKAN
MELATI JAYA
8. No, 6 Ciponyo I. L PT, HUMPUSS
9. No., 7 Ciponyo II PT, INDASATI Cikunir
MAKMUR Gede
10. No. 8 ‘Ciponyo II PT. PASIR GRAPHA # Cikunir
’ MAS side
Operating
11. No. 9 . Ciponyo II PT. LESTARI Cikunir
side
1z, ¥o. 10 Ciponyo II PT. TUNAS UTAMA  Cikunir
side

(D.P.U. Proyek Galunggung, Apr. 1987)

- 191 ~



AN

ITOONTIN' DNVEVID -

il

N
.

.I.‘.f o “ﬁﬁ“@r\wem \h.m X
-~ ——
——

1t i

ATt

%,
g
=

e NG ¥ k]

NVE 3y

9

¥ : . . ﬁ;/z;. -
i + 3029 nuS N .

d‘\rﬁdiv_umdh

.mmud ﬂOa#mbmon 243 FO woTILDO] oﬁu pue 39%00g pues wﬁu ug:

{eTa9IBN FO UOTIVARDET 3Y3I

: A\b&\vtn\. :

- y
- ../.ll..l..l
s . . .

5.

il

UNUVIYONIS]

L att
3

ndo
5’150_

SNNIONTTVO "N

..uou wuﬂnmmeov mqaummﬂu.ﬂnmm 30 35T1 19 -+bta

, VAN SYNAL Ad OUON iswan

| mLSTT L 670N iSO U

mgqxnmo..‘_.mﬁﬁ “d 5o ASUNCT "

HUWMUH LLVSYON] "Jd  2'ON ISVNOT "6

 SSNAWAH 1d  S°ON.ISYIOT 8

VAV LLYIIN NYIVLI0OVH A SON ISVAGT 2

ONROY VHOL'ld YON SVNUT 9

VAHYX YNVHUS Ld £°ONISYI $

VANV YNVHVS 1d VZ'ON

© ' OONIWNEILd ZTON
UNEOIWNIS YOHNT YHYES LY Wi ON
| VIVSONYW d ONVINIE Ld | 'ON

SN v
ISTHOT %

wsYRoT !

Cibunt

1STICT T

S~ 192

AV d!v:.m.-cc. :




6.2 Application Procedure for Materials Utilization

The application procedure of excavation for accunulated materials

utilization in the same pocket are divided into three ways due to the area of

excavation shown in the followings.

a)

‘less than 1 Ha

b) ‘more than 1 Ha up to 25 Ha

)

moxre than 25 Ha

Cases of more than 25 Ha of excavation area are shown as follows:

1)

2}

3)

4)

5}‘

6

the company make an application to the governor

governor requests technical advice concerning the excavation in the
sandpocket from the Mt., Galunggung project office and obtains its
approval, the governor regquests permission to excavate from ths

Department of Mining (DM} and obtain the permission

after permission from DM, the governor give official approval to

the company

the company request the transpartation of materials by train to

PJEA (The Indonesian State Railways) and makes a contract with PJCA

after contract with PJRA, the company reguest the location of

excavation in the sandpocket

Mt, Galunggung office assign to excavation area and supervise the

excavation work.

The appiication procedure including cases of more than 25 Ha is shown

in ¥ig. - 6.2,
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In case of excavation area more than 25 Ha

DEPARTMENT MINE
GENERAL BUREAU MINE

DEPARTMENT OF PUBLIC WORKS
PROYJK G. GALUNGGURNG

_ / 1

(4) (5)
' (2)

GovEngon ) B

(1) (fi) (9) (10)
+ = ~ : .

APPLICANT (7) w|  DEPARTMENT OF COMMUNICATION
(coMpaNY) = 3 . STATE RAIIWAY . (PJKA)

NOTE : (1) Request Licence
(2) Request for Technical
Advice
(3) ‘Given Technieal Advice
(4) Request Permission
(5) Permigsion Given

(6) - Given Ticence

(7) Request for Train

(8) Contract/Agreement

(9) Request location for digging
- (10) - Supervissio -

In case of excavation ares more than 1 Ha up to 25 Ha.

GOVERNOR (2) DEPARTMENT OF PUBLIC WORKS
6 PROJECT G.. GALUNGGUNG OFFICE
W £4) I
. I I . _
APPLTCANT (7) DEPARTMENT OF COMMUNTCATION
( COMPANY ) (% STATE RATIWAY

NOTE : (1) Applicant Request Licence (5) FKequest Location for

(2) Request for Technical .
Advice

(3) Technical Advice Given

{4) Civen Licence )
Fig. - 6.2 (1)
Application Procedure
Materials Utilities
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Escavation area
(6) Given Supervission
(7) Request for Train
(8) Contract/Agreement

for Excavation of



Tn case of the excavabion area less then 1 Ha

Department PU
Project.G, Galunggung

BUPATT.
(Hiead of Local Government (2)
Tasikmalaya) L (3)
4
-__(4)

(1)

‘Gompany (Applicant )

: (2).
(2}
)
(4)
(5)

NQTE

et

(5)

Given Iicence

_Supervission

.Ayplicant/Company request licence for Bupati
Request for Technical Adyice
Given Tech ical Advice

Application Procedure for Excavation of

Materials Utilities
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6.3 Excavation Volume

As montioned in the beginning of this chapter, the éxcavation have been
executed from 1982 in Mt. Galunggung area. The total excavation volume in the
. . sy s ) 3 ,
sandpocket of S5, Cikunir and 8. Cibasnjaran reached 960 thousand m ‘up to the

end of 1986.

The average volume of excavation in a day up to the end of 1986 is 430

n’ in 5. Ciloseh and 345 m3 in 8. Cibanjaran. The breakdown of excavation

volume is shown in Table -~ 6.2.

Table - 6.3 shows the construction machine for each company excavating

in the sandpocket,

Meanwhile, the excavation volume of the sand in Tangerang and Bekasi
were estimated approximately from 10,000 m3 to 12,000 m3 based on the

interview results to the dealers as of September 1987,
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Table —~ 6.2 {1} Excavation Volume in Ciloseh River Site

until End of December 1986

et ol ek Dot B
1. Bendung-Cigede 10 m3 691 days 6,910 m3
2. Simpang - Sindanggalih 30 m 1,261 days 25,220 m>
3. Babakanloa (Check Dam 70 m3 1,261 days 88,270 o~
" IT1 Ciloseh)
4, Sukalaksana I 10 rn3 1,261 days 12,610 m3
B, Sukalaksana II 15 m3 1,261 days 18,915 m3
6. Check Dam IV 8, Ciloseh 10 m3 1,261 days 12,619 m3
7. Jembaﬁtan Ciloseh 15 m3 1,261 days 18,815 m3
{Belakang SMA II)
8. Bojong {(Leuwidahu) I 20 m3 1,261 days 25,220 rn3
9. ‘Bojong- (Leuwidahu) II 10 m 1,261 days 12,910 m
10, Jembatan Ciloseh 20 m° 1,261 days 25,220 m>
11. " Pintu KA. Burujul 50 m3 1,261 days 63,050 m3
12, Cipedes (J1.RE, Marta- 80 m3 1261 days 100,880 m3
"ditata}
13. Simpang Lima (Sebelzah 30 m3 1261 days 37,830 m3
" kiri sungai)
i4,_ESimpang Lima {Sebelah 80 m3 1261 days 100,880 m3
.kanan sungai) .
Total 430 m3 549,140 m3

{pata; D.P.U. G. Galunggung Project Office)}
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Table - 6.2 (2)

Excavation Volume in Ciloseh River Site’

until End of hecember 1986

Location Excavation Total Work- $pta1 Exca-
Volume/day ing days vated Volunme
1. Warung Sabeulah 70 m3 1,261 days: 88,279 m3
2. Cipawitra - Gunung 10 m3 1,261 days - 12,610 m
Bango 1 ) g
3. Cipawitra - Gunung 80 m3 1,261 days 100}880"m3
Bango II .
4, Cipawitra - Gunung 60 m3 1,261 days 75,660'm3
Bango III
5. Jembatan 8. Cikunir
(J1. Raya Tasikmalaya -
Singaparna)
Tempat pengambilan. I ':50'm3 1,200 days 60,000'm3
Tempat pengambilan 30 m3 1,200 days = 36,000 m3
' Tempat pengambilan IIX 20 m3 1,261'day5' 25,220 m3
Tempat pengambilan IV " 10 m3 1,251 days - 12,610 m3
6. Rancapaku 15 m3 61 days 915 m3
Total 345 md 412,165 m3

(Data; D.P.U. G. Galunggung Project Office)
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6.4 Demand of Aggregate

The present and future demand of aggregates in Tasikmalaya, Bandung,

Jakarta and others is not clear because there is no statistie data.

According to the results of the interview of the pecple concerned, the
present demand of aggregates as of October 1987, in Jakarta, including
Jabotabek area, is estimated as described below. Moreover, an increase of

3,000 mafday of demand is expected.
Jakarta : @,000 - 10,000 m3/day
Jabotabek area 510,000 - 13,000 m>/day

Recently, in Jakarta and its surroundings, many large scaled public
works have been started such as the Urban Developmehf Projeét,'Metropblitan
Express Way Project, International Airport, etc., guided‘by‘MaSter Plan of

Jakarta in the year 2005,

Besides the public works, there are also plans for the. Highway
Construction Project in and arcund.Bandung and the Road Development Project in

and around Tasikmalaya.

Meanwhile, though sand from Tangerang and Bekasi area has been carried
out in order to meet the demand for aggregate ~ use in the Jakarta area,
environmental changes for the worse such as the destruction of land and the
decrease of ground water level is occurring in these areas., Tpereforé, the
government prohibited the excavation of sand and gravel in these areas, and

the excavation of sand will be completely discontinued till 1983.
In consideration of this condition, the demand for the accumulated

materials in the sandpocket of Mt, Galunggung southeastern area as the

aggregate use for construction is considered to indrease:sﬁillAmore.
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6.5 Market Pr;ca

The market.érice of aggregate in Jakarta was investigated to the dealer
by inter&iews by members of  JICA study team. .Table - 6.4 shows the market
prlce of aggregate ‘in Jakarta for each quarry site‘such as Tangerang, Bekasl

and Ta31kma1aya (Mt. Galunggung) as.of September 1987,

Table « 6.4 - ‘Market price of aggregate in Jakarta (September, 1987)

for sach quarry site

-classiflcatxon . site of quarry
of 3 8 T T _ :
of san Tangerang _ Bekasi Tasikmalaya
fine sand ° Rp 12,000/m3 Rp 8,000/m3 Rp 13,000/m3
(under ‘2 mm) S S

‘regular sand - . 8,000/m3 6,000/m3® no sales
(2 mm - 5 mm) ’ L

The prlce of f1ne sand unﬁer 2 mm varies from 8,000 Rp/m3 to
"13 000 Rp/m . Regular ‘sand’ from Ta31kmalaya has no sales in Jakarta. The

‘market price also shown in Table - 6.5.

Tabieﬂ;TG;SI “‘Market Price of Construction Materials

Market/Selling Price (Jakarta) {Rp)

‘No.  Kind of Mateérials -Unit

Low  Low Price High High Price
‘Price (Contract) Price (Contract)
1. SAND '
Sand Fill = = w3 14,000 ~ 10,000 14,500 11,000
Sand ‘Mortar m3 . 15,000 11,500 14,500 11,000
. For Concrete w3 - 16,000 12,500 17,000 13,000
2. GRAVEL '
 For Comcrete - m3 19,000 12,500 20,000 13,000
Regular m3 18,500 12,000 19,000 12,500
spric . . md 25,000 15,000 25,000 16,000
3. STOME
‘River Stome m3 18,000 13,000 18,000 13,000
{Pebble) '
Crushed Stone w3 18,500 13,000 119,000 13,500

-_Data: ‘Pusat Igformaéi Teknik Pembangunam PU. Cipta Karya
o {as of Septembr 1987)
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The following indicates the market price of construction materxials due

to type.

Sand {For Concrete) : 12,500 - 17,000 Rp/m3
Gravel (For Concrete) : 12,500 -~ 20,000 Rp/m3
Stone (Crushed Stone) : 13,000 - 19,000 Rp/m3

The breakdown of market price in Jakarta from ' Tasikmalaya is shown in

Table - 6.6,

Table - 6.6 Breakdown of Sand Price in Jakarta

{Rp/m3)

Item by train by truck
1) excavation 3;100 800
2) transportation

to stock yard 850 0
3} transportation 5,875

to Jakarta or 6,125 not clear
4) permission rate 225 50-
5) sales tax (PPN) 0 500
6) others or 2,700 not cleai
.Total price | 13,000 (13,000)
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6.6 - Rail Transportation Capacity

Rail transportation by PJKA starts at Pirusa station near the Negla
gsandpocket, goes through Bandung and Cikampek. and on to Jakarta's Cipinang
station, The distance between the two stations is 274 km and transportation,
according to schedules, takes 7-8 hour. Ralilway network of PJKA in West Java

is shown in Fig. - 6.3.
(1) Freight Cars .
At present (as of July 1987), there are two types of freight cars which
haul aggregate from the Galunggung region. The standard sizes of these

freight cars is shown in Fig. - 6.4 as well as Table - 6.7.

Table - 6.7 Description of Freight Cars

for Aggregate Transportation

Item YYwW W
Loading Weight 30 ton 15 ton
Empty Weight 31.1 ton 7.15 ton
Volume of Wagon 27 w3 12 w3
Loading Volume 20 m3 9 m3

{2) Train Composition

The composition of train which transport aggregate presently running to
Jakarta and loading volume in Table - 6.8. Fig. - 6.5 shows the diagram from
Pirusa station to Cipinang station in Jakarta. According to this

train-schedule, the required transport time is 7-8 hours.

Fig. - 6.6 shows the possible operation number of trains (including
freight cars) per day from Tasikmalaya to Jakarta via Bandung and actual

operation record of train.

According to Fig. ~ 6.6, actual operation record of train per day is 22
times (in case of Hari Raya 24 times) between Tasikmalaya and Bandung as well

as 36 times between Bandung and Jakarta.
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Comparing with the actual condition and the possible operation number
of trains, the possible operation number of trains is 24 to 49 times between
Tasikmalaya and Bandung as well as 45 to 78 times between Bandung and’
Jakarta. A section of Ciawi and Cipeundeuy ‘is almost full operation for

possible operation number of train.
{3} Actual Shipped Voluwmes

Calculated fxrom the number of freight cars that actually operated
during the one year period from July 1987 to June 1988, the real volume of

aggregate shipped to Jakarta is shown in Table - 6.9,

1) The cumulative shipped volume of aggregate over the cne year period

from July 1987 to June 1988 amounted to 428,000 m3.

2) *The greatest shippred volume for one month from within this one year

period was April 1988 at 42,900 m°.
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Table - 6.8 Train Composition and Loading Volume
(Pirusa Station October, 1987)
Car No. and  Name Loading
Type of of Volume/ Type of Car and Capacity
Locomotive Company time )
BC 4001 PT. BUMINDO 280 m3/time Capacity 20 m3/Car, YYW Type (%)

{CC 201/GE)

14 Cars carried by 2 units

" Locomotive

BC 4003 PT. SARANA 252 m3/time Capacity 9 m3/Cax, YW Type (*)

(CC 201/GE) KARYA 28 Cars carried by 1 unit
Locomotive

BC 4005 PT. BUMINDO. 280 m3/time Capacity 20 m3/Car, YYW Type
14 Cars carried by 2 units
Locomotive '

BC 4007 PT. BUMINDO 280 m3/time  Capacity 20 m3/Car, YYW Type
14 Cars carried by 2 units
Locomotive

ELK/234 PT. SARANA 140 m3/time  Capacity 20 m3/Car, YYW Type

KARYA 7 Cars carried by 1 unit
Locomotive
Source: Pirusa Station October, 1987

- 206 -



ejzeyep Ul uorje3g buewrdr) o3
eAeTRUNTSR] WT UOTIEIS BSITd WOIF Wird Fo wexberg

§°g - *Brg
Nz BT i 11 . T . —1 . o_~= 0 —
post—\ - £G60Y g geo0 (ke o3 [ otui oLzt ~€560 VSnaTd
. ' 4
\ ! (Y \
\ 1 LU \
. Lo
v vy b
y ! v\ 1
\ \ v i
OTa\ gcpot 6450, 9540400£0 SuSL-f.  SEi) mmmcm«:.
. X edgo . mmmo, /?..o V8520 a0y’ | 2291 Loty aL2 Cars RIVHIS
port NN NN
AN \ AN 3 _
: YA v\ \
65606490 . 00RO\  \GLED KONLO- | 064 1AY2L
’ X 2250 f:poq PERNGT A4 Q04LL052L DITOTHGS L
frbo . THOIVAVT
STy ) f.— :NO L
A
d : | f | , .,. oow.w_
Orgoy  0L40, OhLO, o:co gege / mmnp I
I¥DONRL TSKYEE = HAD ZoWl 3w} mmo.wmro,f e Y L oy .
vanvo Hm‘_éa = VY ..ﬂ&; Ve ,,_. 1 6oz 3
_ - T T YT MAGUVALD
4OGY 0F ¥y ~ €004 DF VX L .= Cyavs xgd ey DA
mor 7F ¥m " 4lop 29 v CcR SVERU R I
8008 00 ¥3 - £00% 08 YA ‘€ A S
goon:on vy - oo omvx 'z . 4 L A
2004 09 V3 - L00% DB VX "L X OONINNG | v
 DUDSON: KVHYIVPREG IVIVG. oo o mm e \ Ao e .
IST HYUYTVOURE WYV ® stho ', A _
: e . _ A voszp
S NVORVEIIEY \,.\. mrmo $ued) i , :
e 11 o__mm _uomm T OSLL T QHYUTJLD
S . 486t NAAUILIRS 5 .28:3 IVIOH A¥VTUIE . . _
UNIVEEDEY WYONRZ  MVIVABNINGY YDA ?_:E.E 52: amum... 89 Q.thu ~ VSOUI4  OMADOHOTYD WISYE VIANSUY.

207



) : Mmmsmx.nu o3 MMMHmEun.nmm.H. WexF urTeil Fo raqumy
= noﬂDMnmmo Mmsu04 ﬁnm hmm nmm mﬁuﬂuh uo H@AEﬁz NOHuMQmmo mﬂndmwom nru ~ emwma

s _
. V e
4D OoOoT.EOMNCZ o ax0|Zfrodwae..aoooe o 9ol
. : =l o
T i I B N T T N I T i T N O R
N owme oo m b o Nom - =
.,J..ZEO.VB.VOWOB%QIJQSOGW%H%musz&mw&Wbmﬂ
T T T T T T T T T T T T T T T T T T O
02
=0
08
00!

1021

uﬁmﬁmbonaﬁm szmﬂw
mo 2sed uT mnamna.mo. wisid
Ioquny gOﬁumummo dTqTSss04
surear IO wmnﬁﬁz Wowm
soﬂMMMumo sTqTSSOg JLL -1 081
ANEDTT 199¢
-joge
jove
1092

- 208 -

Number of Trains per Day



g
(Baaatnd

40%I0°

30xI0

20x%10

ep o

Sand Looding Velume by Train

|- e B mee] e X BN
9 jrofju trkli| | 4 |
1987 : 1988

ToT

Fig, - 6.7 Total Sand Loading Volume at Pirusa Station

- 208 -



Table - 6.9  Sand Loading Volume by PJKA at the Pirausa Station

‘Kind of wagon  Number of wagon . Total of sand

Month / Year . e
v Yy RB - in a month - in a month'(m3)
July 1987 1,151  §22 - 1,073 25,484.30
August 1987 - 698. - 1,049 = - 1,747 C o 26,779.67
September 1987 930 1,190 - ";2;120 . .31,578,13
October 1987 . 837 1,582 . = 2,359 '38,997.06
November 1987 415 1,858 - 1,973 - 39,223.40
December 1087 - 1,862 - _ . 1,862 . 37,390
Jasuary ‘1088 . - 1,052 = - 1,052 39,040
February 1988 = - .. 2,004 . - . 2,004 . . 39,980
March 1988 -z - czazd T 36,120,
April 1088 - j  2;1?5ff_ - 2,125 42,920
May 1988 - 1,731 - 1,931 - 34,620
Juge 1988 - 1,806 - 1,806 36,120
Total 4,031 19,792 - 23,773 1428,251.56
‘iAﬁeragég_ o '35;687;63

{4) Operation Diagram of Freight Cars

According to the failroad'operation'diagram. thare_are fiv¢j
Jakarta-bound trains per day. The operation diagram of,freighticars_is”shOWn.
in Table - 6.10. - |

Table ~ 6.10 Dperation Diagram of Train:

. (as of October, 1987)

station Pirusa (Tasikmalaya) ' f_Cipinang-(Jakérta)
train No, ~arrival time dept}.timai. o afriﬁal.time.
1) BC 4001 4:15 - 19:55 o 17114
2} BC 4003 6:38 11:10 18:43
3) BC 4005 . 7:33 12110 S 19:50
4} BC 4007 _ 9153 14:30 22107

5) ELK 234 13:08 . 16:30 243100
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6.7 Recommendations for Aggregate Use

The demand of sand in Jakarta and Jabotabek area is not clear because
of no statistic data reliable for the study. According to the results of
interviews of the dealer of aggregates, the demand of sand in Jabotabek area
is estimated from 13,000 m3 to 16,000 m3 including increasing of sand in

future.

~ Recently, in Jakarta and Jabotabek area, many large scaled project such
as Urban Development Project, Metropolitan Expressway Project, International
airport Project, etc. guided by Master Plan of Jakarta in 2005 year are
executéd. Besides, the public works also plan the highway construction

project.

The quality of sand from Mt. Galunggung is suitable for the

construction materials of the high-rise building and road.

Meantime, Tangerang and Bekasi areas have been suppling Jakarta area
with sand in order to meet the demand. The environment became worse because
of traffic jams, the destruction of roads and the decrease of ground water
level, The government prohibited the excavation of sand and gravel in some
parts of this area, and the excavation of this area will be discontinued till

the end of 1988..

The cumulative transportation volume of aggregate over the one year
period from July 1987 to June 1988 amounted to 428,000 m3 (average monthly

transportation volume; 35,700 mg).

. The demand of sand as well as gravel from Mt. Galunggung area in
Jabotabek area is considered to increase still more. In consideration of this
circumstance, Mt. Galunggung area has a possibility of becoming a

"Construction Materials Supply Center” of Java.
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There are some problems to be solved in order to become "Supply

Center™,

1)

2)

3)

These problems are summarized as follows:

Establishment of a systematic excavation system

To ensure the sediment regulation capacity of sandpocket as
disaster prevention facilities and to product not only sand but
graﬁel efficiently, systematic excavation system excavation,
hauling to the aggregate plant, production of aggregate, shipping,

transportation, sales in Jakarta should be established.
Introduction of high quality production plant

To produce the high quality aggregate in proportion to demand,
aggregate plant consisting of vibrating screen, classifier and

stock yard, etc. should be introduced.
Increasing of transportation capacity by PJKA

According to the sandpocket management pian described in the
Supporting Report II Chapter 3, annual excavation veolume in the
sandpocket area reaches about 600,000 m3. This volume means the
excavation volume in sandpocket Ciponyo I dalam only. The actual
excavation volume in the four sandpocket except Ciponyo I dalam
reaches about 430,000 m3. It means that the total excavation

volume in Mt. Galunggung area reaches about 1,030,000 m3.

It is required to increase the transportation capacity by PJKA so

as to correspond the increasing of aggregate excavation volume.
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7. Warhinénand Evacuation System
7.1 General

The Warning and Evacuation System will transmit to the correspondent on
warning infofﬁation cohcerhing the occurrence of a debris flow in regards to
the management of rainfall and water level data, and urge an evacuation of
residences. With the object of inducing the prevention of any human damage

before anything happens.

The government of Indonesia requested to the JICA in June 1986 to have
the government of Japan Eupply the egquipment for a Lahar monitoring system as
part of the disaster warning system for the Mt, Galunggung eruptions. The

Japaneséigovernment decided to honor this request by following the equipment.

1} RADAR RAIN GAUGE
2) OPERATION AND DISPLAY UNIT
3) SHELTING SHED

The eéﬁiﬁment'had been set up by January 1983 and was delivered to
Indonesia in February -of the same year. Following that, in addition to the
above equipment, a telemeter system to observe rainfall amounts and water
levels, and a viéﬁal information system using télevision cameras were added to

establish a comprehenéive warning: system according the debris flow (Lahar).

As the system was introduced, JIca dispatched experts several times to
give instruction on the opéraﬁibﬁ'of the system and its maintenance, technical
supervision of hydrological analysis using radar rain gauge and technical
supervision of methods of setting wérﬁing and evacuation criteria according to

the intensity of rainfall,

Though the voitage instability of the power source has caused the
system to stop monitoring 'on ‘several occasions, the éompilation-of data was
aecomplished; - Unfortunately, ‘the system was greatly damaged by lightning in
October 1985, ' Operatiors were discontinued following that, and recommenced in

August 19§7.
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The JICA study team judges an understanding of rainfall characteristics
in the basin of the southeast slope of Mt. Galuaggung to be of importance.
From December 1987 to March 1988, the observation of rainfall was executed

through the use of the radar rain gauge and the telemeter rain gauge system.

This chapter discusses the results of these observations and

recommendations for the current and future operations of the system.

7.2 The State of the Warning and Evacuation System

The Warning and Evacuation System was established from an jinformation
transmission system which contacts local residents with predictions of the
occurrence of debris flow. These predictions are based on uisservations
gathered from the observation system which accumulates and manages the

collective data concerning rainfall, water levels, etc.
(1) The Observation System

The Observation System is composed of the following subsystems.

Table - 7.1 Observation Subsystem and XKinds of Record

Name of Observation Instrument Einds of Record‘

1) Radar Raingauge a) Rainfall Intensity Display Hard Copy
b) Areal Rainfall and Cumulative Rainfall
Display Hard Copy

2) Telemetering Raingauge ¢} Hourly Rainfall
a) Ciakar b) Pasiripis ¢) Sinagar

3) Telemetering d} Hourly water level
Water Level Gauge

4} Lahar Monitoring e) Occurrence record

From looking at the conditions of the data collected, approximately 800
hours of rainfall records exist from {a) and (b) (from the period May 1984 to
February 1988). For (c) only rainfall records were able to be taken. Few
records were obtainable for water levels due to problems with the electric
power generating eguipment and for debris Flow due to damage and runoff
problems. At the current time (February 1988), all subsystems except the

water level meters were in operation.
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(2) The Information Transmission System

The Information Transmission System of the period of the eruption of
Mt Galunqﬁhng'(19323;983),-as shown in Fig, - 7.1 is basically still existent
at present (1288 at the time of writing). Running along this system,

information of the occurrence (prediction} of debris flow is transmitted.

The Galunggung Project Office procures information and reports
concerning the occurrence of'debris.flow, the hehavior of the debris flow,
;ainf311 (thé scope of the rainfall, movements in the area of the rainfall,

- strength of rainfall; eté.), and water levels, and upon analyzing this data.
relajs the.rebbriito the correspondent agency. (Refer to Fig. - 7.2) These
coiréspondent agenéies transmit this information in the order Kecamatan - Desa

- Kampung and advice residents on the necessity of evacuation.

In addition.-thrbugh amateur shortwave (Ham} radio this information
will be received at any time and will advise the local inhabitants on

evacuation.

The Information Transmission System from the time of the disaster in 1982
has fundamentally been maintained, and thus it is though to have no particular

problems.

However, at the time of the disaster, the number of instances where the
amateur (Ham) radio system that went into effect was dependent upon commercial
use eléctriéity was high. As a result, emergency electric power sources -

such as batteries - should be maintained in the future.
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A) Reporting System {(Information Flow in Administrative Organization)

{SAKARTA)

(BANDING)
Volcanological Survey Institute
(V.5.1)
; {BAKORNAS  FBA)
(JAKARTA)
.The Rescue Party
{SAR)
{CIKASASAH}
Disaster Information Center
{Posko Pemberi Informasi Bencana)
; 3
]
[}
]
-Informations from Radar
and another agquipments (TAST YA)

National Coordinating Body for Relief
of Natural Disaster

(BAHDUNG)

sProvincial Government Office:
Coordinating Body for Executing
of Mational Disaster Relief
(SATKORLAK PBA TK.1)

tDistrict Government Office:
Coordinating Bedy for Executing
of Natural Disaster Relief

i Inhabitantl

Reprasentativa: .
Governor of Prefecture 3 M. Gglu?ggung
Sabo Project
(Bupati} Dep. P, U
{Member of SATKORLAK
FBA TK,2} ’
B) Warning System (Information Flow to Inhabitants)
The Chief of Regions
{Camat)
The Chlef of Villages Ham Radio Hetwork
{Lurah)
The Chief of Hamlets
{Ramituwo) -
[Inhabitantl

i Inhabitant

Fig. - 7.1

Organization Flow of the

ilnhabitant]

l Inhabitané'

Disaster Information System
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7.3 Data Collection and Data Arrangement

Data collected through this study is Rainfall Data and Lahar Moﬁitoring

Data. Each type of data is described as follows.
(1) Rainfall Data

Total rainfall of radar rain gauge data and telemétering rain gauge
data for each month callected through this study is shown in Table - 7.2,

Table ~ 7.2 Total Rainfall of Radar R.G. Data for Each Month

()
Year 1987 o - 1988
Months Sep Oct ‘Nov Deé Jan Feb
Area 1 - * 89 w160 139 & 64 wwlza
Radar Area 2 - * 47 * 150 63 * 165 **155
Rain , l
Gauge Area 3 - * 27 * 140 135 & 74 *x130
" Area 4 - % 45 % 148 36  # 137 w152
Ciakar - * 95 % 64 # 37 & 9 *k128
Telemeter — i
Rain Pasiripis - * 141 * 511 * 529 * 778 - Rk Q
Gauge : . .
Sinagar - #2101 % 9 %319 % 506  ®k242

%: Including unobserved day
*%: Up to Feb, 20

The relation between "area" and observation stations is shown in
Fig. - 7.3.

(2) Lahar Observation Data
Lahar observation has been carried out by watchmen for the three (3)

rivers: Cikunir River, Cibanjaran River and Ciloseh River.

Lahar occurrence have not been reported yet during this ralny season,
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7.4 Rainfall Characteristics Analysis
7.4.1 Basic Process for Prediction of the Debris Flow

The following steps are involved in the basic process that leads up to

a prediction'of the -occcurrence of debris flow.

Step 1

The rainfall characteristics - particularly the occurrence of rain
zones and the status of their movements - are grasped for the specified area

(especially for Ciponyo I from the sandpocket to the top flow area).

The analysis is as follows. First, while monitoring the image recorded
in the hard drum of radar rain gauge and each of the rainfall unit measures on
the television monitor, the movement of the rain zones and variations in the
intensity of the rainfall is taken into account. At the sought for rate of
5-10 minutes, one image is selected, and the chosen image is recorded on the
floppy @isc or printed out. These selected images are then interpreted as a

time series.

Step 2

The rainfall patterns of the study area (Hydrograph) which are drawn
from the radar image will be compared and investigated as will the times of
the predicied referénce points‘downstream, the curve of the discharge
(hydrograph) and - the runoff sediment conditions (mud flow, sediment flow, bed

load flow, suspended flow, non-flowing mud flow).

"In undertaking the process for sections where there are occcurrences of
mud flow with rainfall and sections where there are not, it is extremely

important to accumulate the records of Hydrographs.

Step 3

Based on the accumulation of data up to Step 2, a "Warning and
Evacuation Standard" for debris flow as a standard based on rainfall intensity

will be established.
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Amount the above stepa, for the matter at hand, the analysis of
rainfall characteristics that occurs in step one is thought to be of great
significance. From December 1987 to March 1988, these observations were

carried out.

The subject observation area and the locations of the observation
instruments are shown in Fig. - 7.3. Observed items include 1) size of the
rain zone 2) the rate of movement of the rain zone 3) the direction of the -
movement of the rain zone, 4) a schedule of the cccurrence of rainfall and 5)

duration and depth of rainfall,
Using these data, the following analysis were carried out.

a} Rain Zone/Zone Movement
b} Rainfall Correlation
¢) Rainfall Duration

d) Rainfall Qccurrence
7.4.2 Rain Zone Movement Analysis

A summarization of 20 minute rainfall for main rainfall (where overall
rainfall were over 80 mm), the size of the rain zone (at its largest), and the

direction of movement of the rain zone are indiéated in Table - 7.3.

Table - 7.3 Rainfall Zone and its Movement

Maximum Rainfall in 20 minute (mm) Maximum Rainfall Zone

No. Date Rainfall Movement
Area 1 Arem 2 Area 3 .Area 4 Area km’ _ Direction

1 7 Dec, 1987 14.0 0.8 20.6 1.4 50 : .. NE

2 13 Dec, 1987 15.3 3.8 16.5 1.1 110 'NE or E

3 5 Jan, 1988 8.6 29,5 . 6.5 11,2 80 SE-or E

4 6 Jan, 1988 4.2 15,5 " 5.0 12.8 .80  NE or N

5 11 Jan, 1988 0.8 4.2 4.0 . 17.0 .40 W

6 15 Feb, 1988 0.3 4.5 0.2 18.8 60 E

7 17 Feb, 1983 19,5 14.8 0.0 3.8 60 SE or E.

8 19 Feb, 1988 11,5 24.8 35.8 22.5 90 E
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From Table - 7.3 it can be seen that within the obgervation period the
maximum 20 minute rainfall was 35.8 mm. Looking into the rainfall depths in
arga 1 through area 4, the only one that shows uniform rain fall iz anwnber 8
rainfall, It can be understood from the fact that other raihfélls showed
substantial variation in depth that the rain regionas wefg;sméll and large rain

volume differences existed,

The largest rain zone size was 40-110 km (sq). In terms of ths
direction of the rain zone movement, the movement to the Northeast and East

was most frequent,

Fig. - 7.4 shows the typical movement conditions of the rain zoane

during the February 19, 1988 flood that is indicated in Table - 7.3,

The rain zone which occurred on the west slope of Mti Galunggung at
18:00 moved toward the east, After it reached into tﬁe[suhjeét flow zone at

19:30, it continued to move in an eastward directiop.

The same trend is also borne forth from Fig.A—'7.5 {December 12,

1987). The rainfall of October 31, 1987 (Fig. - 7.6) indicates a slightly

different trend,
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7.4,3 Corrxelation Analysis of Rainfall

To obtain the relation hetween rainfall of Radar Rain Gauge‘Data and
rainfall of Telemetering Rain Gauge Data, correlation analysis waes done using
hourly rainfall data and 10-minute rainfall data. The results are shown in
Table -~ 7.4.

1) From the results of 10 minute rainfall correlation analysis, the
correlation coefficient (r) is low, in except the relation between

area 1 and Sinagar and area 2 and Sinagar.

2) The correlation coefficient of hourly rainfall is higher than that
of 10 minute rainfall. The correlation coefficient between area 2
and other stations and area 4 and other stations shows more than

r = 0.7. {(See Fig. - 7,7}
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Téble_h 7.4 Results of Raiﬂfall_torrelation Analyéis between Area Rainfall
' and Observation Station Rainfall

(1) 10 minute rainfall (more than 5 mm)

Ciakar Pasiripis Sinagar
 a = 0,010 a = 0.152 a =  1.400
S b = 9.708 b = 11.885 b = 1.300
Area 1
T o= 00015 : r = 0-260 r = 00763
n = 14 n = 11 n= 6
o a = 0.150 a= 0.409  a = 1.174
s b = 11.335 b = 7.404 b = 1.681
: ‘Area 2 -
2% r= o0.086 T = 0.330 r = 0.727
n = 25 n = 31 n = 24
‘a = 0,334 a= 0.124 a= 0,000
g ‘b= 11,376 b= 9,551 b = 7,000
Area 3. r'= 0,528 r = 0.243 r = 0.000
‘m=""8 n=12 n= 3
_ ‘a = 1i074 a = 0,612 a.= 0,249
. : b = 4.012 b = 5.641 b = 9.288
Area. 4 r = 0.593 r = 0.504 r = 0.162
n o= 23 n = 41 n = 28
'aNoté) Y =-ax +'b:(a, b cénstant)
o r: correlation coefficient
n: aumber of data
{2y Eoﬁriy:rainfail'(mure than 20 mm)
.'}Ciaké; Pasiripis ‘Sinagar
a= 0:193 a= 0,239 a = 0.381
‘area 1 b = 51.533 b = 27.474 b = 40.341
_ T e p = 04131 r = 0,546 r = 0,254
= 10 ‘ = T n=-6
s b= 2,021 b = 5.378 b = 10.737
Area 2 v . 0.748  r = 0.701 r = 0.661
n =16 . n =14 n.= 17
‘A= 0.597 a= 0.121 a = 0.911
Area 3 P =68.185 b = 43.517 b = 83.506
AIER S r o 0.409 r = 0.241 r = 0.955
. n = 7 - n = 5 . n = 4
| a= 1.736 a= 1,207 a = 1.423
Cyean . a . b= 8,169 b= 1.672 b = 5.452
Aread - . 0.888 . r = 0.809  r = 0.747
n-= 11 o= 19 n =16
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4.4.4 Duration Analysis-of Rainfall

To understan& duration of rainfall in the study area, an analysis was

done on Radar rain data. (of more than 20 mn/h or more than 80 mm in all).

The results of the durationfanalysisrfor each rainfall are summarized as

Table - 7.5.

rable 7.5 Rainfall Duration (more than 20 mm/h or more than 80 mm in total)

3 - rine.. —— Total Remark
30M 14 3H . GH 120 24H otal Remarks
© Rain (mm) 8.2  25.4 20.7 29.7 29.7  29.7  35.5 Aveal
7/Dec/BT T _ : : '
L % ' 23.,1%  71,5% 83.7% 83.7% B83.7% 83.7%
.- -Rain (mm) 20,1 . 21.9% 21.9  Area 1
13/Dec/87 S
' % . 91.8% 100.0%
..,,‘,:Réiﬁflmﬁlﬂ 18.6 1817 28.7 Area 2
9/Dec/B7 T T
: - 64:8% 100.0%
. " Rain (mm) 20.3 . 62.4 62.4 Area 2
5/Dec/87 '
) % . 32.5% 100.0%
Rain (mm) 1.5 1.7 - 32 5¢.1  59.9 59,9 Area 2
6/Dec/87 P a— ' _
% L 2.5% 2,8% 53.4% 98,7% 100.0%
© Rain {mm) 27.9  35.6 36.6 36.6 36.6 42.1  78.4 Area3
11/Dec/87 ' — - — :
o : % - 35.6% 45.4% 46.7% 46.7% 46.7% 53.7%
. Rain (mm) 20.8 40.3 42.6 42.6 42.6  43.3  43.3 Area 3
7/Déc/87 s - ' _
% - - .48.0% . 93.1% '98.4% 98.4% 98.4% 100.0%
© Rain {mm) 10 20,5 20.5 Area 3
13/Dec/87 —— _ -
| & 92,7% 100.0%
. Rain {mm) 24 © 24,3 24.3 Area 4
11/Dec/87 e _

Note) rain cumilative rainfall

(%)

n

percentage for total rainfall
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According to table ~ 7.5, thouygh little data was collected, the
following can bhe said;

The duration of rainfall is mostly within one day.

e

LT

The duration of rainfall is usually. to 3 hours.
7.4.5 Occurrence Time Analysis of Rainfall

In order to know the occurrence time of rainfall, analysis was done on
Radar rain data of more than 5 mm/h. The results are shown in Fig, - 7.8.

From the figure the following can be known.
(1) Most of the rainfall occurred in the afternoon from 1 p,m to 9 p.m.
(2) The high level of rainfall is-concentrated from 2 p.m t2 5 p.m.

(3) The occupation rate of the frequency in the four hours for the duration
of rainfall, from 2 p.m through 5 p.m, is about 50 percent shown as

follows;

- Area 1: 46.4%
- Area 2: 59.7%
- Area 3: 48.9%
Area 4: 55.3%
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7.5 Recommendations for Operation of Warning and Evacuation System
7.5.1 Present Condition and Results of Rainfall Characteristics Analysis

Since the Warning and Evacuation System was installed at the
Mt. Galunggung Project Office in 1983, the System has not recorded any
complete data because of unstable commercial power supply and equipment

trouble,

Therefore, the purpose of this system at present can be mainly said as

follows;

(1} To collect data for setting up the Rainfall Criteria for Lahax
Forecasting and Evacuation based on the basic process from Step 1 to Step 3

shown in 7.4.1.

{2) To give rainfall conditions to the authorities concerned to have the

inhabitants evacuated from endangered area.

After setting up the Rainfall Criteria for Warning and Evacuation, this
Criteria can be relied on to protect the inhabitants living in endanﬁered
areas. However, the data collection has just started anew and there is

insufficient data to set up the Rainfall Criteria for Warning and Evacuation.

The following was obtained from the study of Decembei,'1987 through
February, 1988 although the data is insufficient.

1) The correlation of hourly rainfall is rather higher than that of
10-minute rainfall using Radar Rain Gauge Data and Telemetering

Rain Gauge Data.

2) The relation between Radar Rain Gauge Data (Area 2 and Area 4) and

Telemetering Rain Gauge Data are strong for hourly rainfall.

3) Most of the rain zone area is less than 100 kmz, mainly,

concentrated in 40 - 70 kmz.
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4) Most of rain zone move at a speed of about 10 km/h, in the

direction of north or sast,

5) Most of the rain is concentrated in the afternoon, especially in

the three hours from 2 p.m. through 5 p.m.
7.5.2 Recommendation concexrning the Future Operation ¢f the System

Taking into account the status of the warning and evacuation system
mentioned in section 7.2 and based on the results of rainfall ohservations of
section 7.4, the following are recommendations for the future operation of the

system.
{1) - The Observation System

Radar rain gauges can be:considered.the optimal observation equipment
in areas such as the Galunggung basin where the rainfall area is small and

rainfall is distributed unevenly in the basin.

This metering equipment should continue to be utilized in the future
for the main rainfall ohservation in the basin. The radar rain gauges are
capable of real-time measurement of the range of rainfall areas, area
movement, and rainfall intensity. Through the recording of this data on
floppy discs, this becomes an effective method in grasping rainfail
characteristics and predicting rainfall. For such observations, 2 rain gauge

installed on the ground is used to calibrate the radar gauge.

Rainfall predictions become possible when the data from the radar
gauges is prepared and interpreted. However, in order to grasp the relation
between rainfall and the occurrence of debris flow, which is the ultimate
object of this project, it is necessary to watch and record debris flow by

human observation.
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Future observation and management of data will he conducted in

accordance with the following policies.

1) Hard copy from the data rain gauge shall be kept and accumulated so
as to serve as the basic data for the management of rainfall zone
range, zone movement, and direction of movement information and

also for rainfall prediction,

2) The relation of rainfall depth and runoff amounts (hydrograph) will
bhe determined, At that time, the analysis of cumul&ti?e'rainfall
data including antecedent rainfall before main rainfall shall be

considered.

3) Data on the occurrence of debris flow shall be accumulated.
Through an understanding of the relation between this and rainfall
intensity, a "Warning and Evacuation Standard" shall be established
ags & rainfall depth standard to allow the prédiction of debris flow
occurrence 30 minutes to one hour heforehand. - From among the
above, the accumulation of data in (1) is considered highly
significant, and it is hoped that this observation shall ha

continued in the future.
(2) Warning Transmission System

Because the organization of the Warning Transmission System which
existed at the time of the disaster in 1082 has basically been maintained,
there are no particular problems with it. For the residents who live within
the sandpocket in sediment or flood regions, the security of an evacuation
plateau is considered necessary in addition te the Warning and Transmission

Bystem in the future.

As mentioned before, the role that the amateur (Ham) radic network
plays in the transmission system is quite important. Asg a result, the
strengthening of an emergency energy system by such means as battery back~-up

is considered necessary for the future.
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8. Socio Economy
8.1 Administrative Area

- This study area is located in the north - central part of Kasbupaten
Tasikmalaya. The study area of southern - east slope of Mt. Galunggung
consists of 6 Kecamatan, such as Kecamatan Indihiang, Kecamatan, Leuwisari
Latter-three Kecamatan consist of the city of Tasikmalaya, (refer to

Fig. - 8.1 and Table 8.1).

StudyAarea of southern-west slope of Mt. Galunggung consists of 3
Kecamatan, such as Kecamatan Leuwisari, Kecamatan Singaparna and Kecamatan
Cigalontang. These area have 21 Desa (Village) and 6,845 ha approximately.
However this value of afaa includes 6 Desa which overlap the study area of the

southern-east slope of Mt. Galunggung. Those contents are alsoc in Table - 8.1.
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Table - 8,1 Administrative Area of Study Area

SIS

1) (Southern - East Slope)

) Area (ha)
Kecamatan Desa
Indihiang Sukamahi, Sukarindik, Sukajava, Sukamulya,
Sukalaksana, Bungursari, Tawangbanteng,
Sinagar, Panyingkiran, Sukaratu, Bantarsari,
Gunungsari, Sukagalih, Linggarjati,
Cibunigeulis
Leuwisari Mekarjaya®, Rancapaku*, Cisaruni%, Cilampung
Hilir#®
Singaparna Cikunir®*, Sukarame*
Cipedes Sukamanah, Nagarasari, Cipedes, Panglayungan
Cihideung ‘Yudanegara, Argasari
Tawang Tawang., Lengkongsari, Empangsari
2} (Southern - West Slope)
Area (ha)
Kecamatan Desa
Leuwisari ‘Mekarjaya*, Rancapaku®*, Cisaruni#, Cilampung
Hilir%, Arjasari, Ciawang, Sukamulih, 4,713
Linggawangi, Sukaharja, Jayaratu, Sariwangi, !
Linggasirna
Singaparna Cikuniz®, Sukarame%, Cigadog, Cipakat, 1,496
- Cikunten, Singaparna ’
Cigalontang Sukamanah ' 276
Notes: (1)  Rancapaku, Jekarjaya, Cisaruni, Cilampung Hilir,
Cikunir, and Sukarame are overlap above two
study areas, that are marked and which is 2,082 ha
-épéfoximately. '
(2) ‘Desa Jayaratu is"including Desa Jayaputra.

(3)

Desa Singaparna is including Desa Singasari.
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8.2 Population

The largest population .of the study area inlthese six years was
recorded in 1982 when Mt. Galunggung erupted. Every Kecamatan had their
population decrease after the eruption. One of the reasons why the population
decreased was because of the transmxgratxon from these areas to other areas

sugch as Sumatra, Kalimantan, Sulavwesi and other areas in Java,

From 1983 up to now, the population oflfhis stgéf area has been
gradually decreasing as shown in Table - 8.2. '

The rate of decrease for 1986/1982 is 0.9% in this study area.
Otherwise, the population of Kabupaten Tasikmalaya haS'inchased-l.éﬁ.

Table - 8.2 Population by Kecamatan

Kecamatan 1980 1981 1982 ' 1983
Singaparna 85,544 97,294 87,030 96,092
Leusari 71,471 75,818 73,664 73,404
Indibiang 79,488 85,365 80,155 79,818
Cipedes 50,756 50,092 52,495 51,709
Cihideung 50,535 58,281 52,653 55,537
Tawang 49,893 55,965 55,324 54,904
Sub-Total 387,687 422,815 411,321 411,464

Recamatan 1984 1985 1986 1986

82
Singaparna 96, 205 95, 852 95,766 0.987
Leusari 73,321 73,047 73,992 0.991
Indihiang 80,015 79,316 79,486 0.992
Cipedes - 49,842 . 49,885 49,610  .0.945
Cihideung 55,162 54,854 55,570 1.055
Tawang 54,680 54,2906 "54,235 0.980
Sub-Total 409,225 407,250 407,658  0.901
Kab, Tasikmalaya 1,587,606 1,589,466 1,609,386  1.014

Sourcet "Tasiimalaya Dalam Angka 1985 & 1986"
Kab. Tasikmalaya, Kantor Statistik
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The study area of southern-east slope of Mt, Galunggung has 187.1
thousand people in all Desa on September 1987. At the same time, about 133
thousand people live in the greatest possible disaster area. That is 70
percents of the all Desa in this study area. It should be mentioned that 100
thousand pecple live in the city of Tasikmalaya by Desa. This means tha
concentration to the urbanized area, especially the city of Tasikmalaya, is

53.6 percent in the all Desa. ({(Refer to Table - 8,3),

The other study area of the southern-west slope of Mt. Galunggung has
88.7 thousand people in all Desa. But, this number includes the overlapped
population of the southern-east slope area, that is 31.7 thousand people.

Therefore, the total population in both study areas is 244,200 persons

approximately.
Table - 8.3 Population of Study Area

(Southern - East Slope) Population Remarks
(A) Population of all Desa 187,106
{B} Population of the possible

greatest disaster Area 132,765 71.0% of (A)
(C}"P?pulatiOQ of Tasikmalaya 100, 272 53.6% of (A)

City by Desa

" -{Southera - West Slope) Fopulation Remark

(D) Population of all Desa 88,748

(E) Population of overlapped Desa 31,652

(Grand Total)
{(F} (&) + (D) - (E) by Desa 244,202
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8.3 Oross Regional Domestic Product

The gross regional domestic product (GRDP) of Tasikmalaya on 1986 is
607,876 million rupiah, which shows an annual growth of 17%, Compared with
1983, GRDP shows the growth in 1986/1985 of 1,552 on current price and the
growth of 1,325 on constant price of 1983. (Refer to Table - 8.4.)

According to the each Industrial sector, the primary industrial sector
shares 29.9%, the secondary industrial sector occupies 27.5% and the tertiary
industrial secter shares 42.6%. It can be further brokea down that the
agricultural sector is 29,7%, the manufacturing sector is 13.8%, the :

constructing sector is 12.9% and the commercial sector is 20.6%.

GRDP per capita is Rp 379.853 and its Growth rate (1986/1985) is
16.1%. Income per capita in 1986 is Rp 336,588, that means the total added

value of products which were produced in 1986 per capita in Tasikmalaya avea.

Table - 8.4 Gross Regional Domestic Product
© (Million Rupiah)

Current Price . Constant Price of 1083
Year Growth Growth
GRDP Index Rate (%) GRDP=': Index Rate (%)
1983 391,608.7 100.0 - 391,608.6 100.0 -
1984 478,743.5 122.3 22,25 -439,508,5 -112.2 12.23
1985 519,552.6 132.7 8.52 458,141.9 117.0 4,24
1986 607,875,.7 i55.2 17.00 5i8,882.4 132.5 13.26

© GRDP by Industrial Seétor
6

" {x 10" Rp)
et an e _Qurrent Pri . 1 nstant Price
Classification Yo8s N 1986 Py
1. Primary 181,768.4 29.9 166,393.5 32,1
2. Secondary 161;032-4 27.5 139:53101 26.9
3. Tertiary 259,074.9 42.6 212,957.8 '41;0
Total 607.875.7 100 518,882.4 100,0
GRDP per Capita
Item ———Current Price =
{Unit Bp) 1985 1986
GRDP per capita 327,082.3 379,853.7
Regional Income per capita 289,827.7 336,588.4
Regional Income per capita growth rate (%) B.4 16.1
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8.4 Agricultural Activities

Agriculture is the main industry of this area. Concerning the related
6 Kecamatan with the study area, total area of paddies is 16,380 ha and it
production  is 92,686 ton..

Agricultural land is mainly occupied by paddy fields., Rice paddiss are
about 70% of all the agricultural land. In this area, almost all farmers do
not use their land to produce secondarf crops. If some farmers grow secondary
crops, -such as ubi kayu (Cassava), it will be in small volume only for self
consumption, ‘or because of a certain accident, like a broken channel to supply
water, as in the case of damage due to the eruption of Mt. Galunggung.
Vegetables and fruits are transported from the neighboring area of Kabupaten

Tasikmalaya.

The production volume of rice paddies are shown in Table - 8.5. The
unit ?ield of rice witﬁ husk (Gabah Kering) is about 5.7 ton/ha. This
excéllent yield is considered to be the result of pleantiful water stored by
Mt. Galunggung, the rainy climate of this area and the good quality of the
soil. This is the main reason why the farmers have no intention to produce

secondary crops and they can have two or three crops of rice a year.

The rice paddies are almost all irrigéted using river water and spring
water, especially from the two representative irrigation channels located in
this study area, i.e. Saluran Cikunten I and Cikunten IX. Saluran Cikunten I
is directly concerned with this disaster prevention planning project area.
4,500 ha of land have been irrigated by Cikunten I. The other wide area has
been irrigated from each river, such as 200 ha of Muhara and 769 ha of Cigede

by River Ciloseh.
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Another noticeable characteristic of agriculture is this area is many
fish ponds. Fish which are raised in the £ish pond are very popular for
dishes such as Mas, Nilem, Mujair, Tambak, Tawes, and Gurame. There - are
especially many fish ponds in this study area in.the basin of 8: Ciloseh and
8. Cikunir compared with other area in Kabupaten Tasikmalaya. Usually seed
fish which aré grown-up about 40-days are put into the fish-pond and afier
aboﬁt three months they are brought to the market. In Kabupaten Tasikmalaya
the eight main fishes produce 21 thousand tons and 24,260 miilion. Rupiah.

Table - 8.5 Rice Paddies and Their Products

Production/ha

Kecamatan Paddies Field (ha) Producticn (ton}) (ton/ha) -
Singaparna 4,021 22,720 ' ~ 's56.5
Leuwisari 7,403 43,051 '56.2
Indihiang 3,073 16,643 ‘ 54.2
Cipedes 1,122 6,114 ' 54.5
Cihideung 360 ' 1,944 o 54.0
Tewang 401 ‘ §;21§"- ' '55;2
Total | 16,380 92,686 | 56.6

Source: “Tasikmalaya Dalam Angka 1986"
Kantor Btatistik Kabupaten Tasikmalaya
Note : Production measured by Gabah Kering

- 242 -~



8.5 Damage by Disaster

Mt. Galunggung erupted on April 5th, 1082, Past eruptions were in 189§
and 1922, therefere it erupted after being dormant for 60 years.

From April to October 1982, Mt. Galunggung erupted 57 times. From
November: 1982 to May 1983, Mt. Galunggung did not erupt, but disasters were
caused by lahar and banjir. On April 8th 1982 (the second eruption), the
number of évacuees recorded was 69,000 people. It was reported that the
ejected material was 19 million m3 and most of it was deposited in the
Cikunir and Cibanjaran River, that is, about 3.2 million m> still remain "
the upper basin of river Cikunir, Cibanjaran, Cisaruni, Ciloseh, Cimampang,

etc.,
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Table - 8.6 Total Amount of Damage

{(Unit: Rp)

a) Social Sector

- Elementary school buildings, 82 were destroyed,
123 bhadly damaged and 32 partly damaged.

- High school builidings, 3 were destroyed.
~ Mosques, 103 were destroyed/badly damaged.
- Islamic schools, 116 were badly damaged.
- Islamic colleges, 21 were badly damaged.

- Publi¢ health centers, 1 was destroyed,
9 were badly damaged.

- Public Utilities, 189 were destroyed.
- Houses, 7,740 damaged.

Rp. 3,359,679,000.-
Rp. 27,0060.000. -
Rp. - 141,000,000,

- Bp. 45,173,000, -
Rp. 13,000,000, ~
Rp. . 21,357,000.-
Rp. 12,029,000.-

Rp. 4,119,200,000.-

Sub-Total

Rp, 7.8 -

b} Economic Sector
- Agriculture

Plantation
~ Forestry

Fishery

[

~ Livestock

Commercial

Industry

Road, Bridge., Irrigation channsl

Rp. 18,141,396,500.-
Rp. 3,645,802,500.-
Rp. 11,761,650,000.-
Rp. 3,664,186,100.-
Rp. 1,713,812,750.-
Rp.  232,617,000.-
Bp.  195,210,000.-
Rp. 3,372,550,000.-

Sub-Total

4 37 -

c) General Sector

~ The loss of Govermment Income

Rp. 1,641,749,811.-

~ Government Rp. 110,450,000.-
Sub-Total R 7 i =
Grand Total Bp.. 52,.298,253.000,-

Source; “GALUNGGUNG Evaluasi Bencana & Usaha Rahabilitasi 1985

Kab. Tasikmalaya
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The above is based on "Laporan Bencana Alam Gunung Api Galunggung serta
Usaha Pevnanggulangannya sejak 5 April 1982 s/d September 1987" by Kepala
Cabang Dinas Sosial, "Evaluaso Bencana dan Usaha Rahabilitasi 1985" and some

reports about the damages of Mt, Galunggung by Kabupaten Tasikmalaya, DPU, etc.

Table - 8.7 Damages of Agriculture

Areal Width and Amount of Damage

Rice Paddies Dry Field Total

Kecamatan A Width Value - Width Value Width Value

' (ha) _(Rp x 103)  (ha) (®p = 103) (ha) _(Rp_x 103)
Indihiang 889 2,776,662 75 150,000 959 2,926,622
Cisayong 300 942,126 - - 300 942,126
Kawalu 1 3,140 - - 1 3,140
Leuwisari 650 2,041,000 35 70,000 685 2,111,000
Cigalontang 87 273,000 - -~ 87 273,000
Total 1,922 6,035,888 110 220,000 2,032 6,255,888
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