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Photogrammetric Mapping, Topographic and River Survey
Aerial Photography and Mapping
Aerial Photography

Aerial photography at a scale of I: 8,000 and covermg approx1mately 64 line
kilometer in total was started after obtammcr permission from the Central Survey and
Mapping ABRI (PUSSURTA ABRI).

The reSults.bf the aerial photography are as follows:

Total No. of Films -~ - - 1Roll -
‘Total Flight Runs - 12 Runs ‘
Total Exposures 156 Photos
Overlap and Side Lap 55% and 35%

The aerial photographs were taken by usmg Semarang Airport as a base and
processmg of film and printing of aerial photos were done in Jakarta. The aerial

pho_tos were developed for mapping after checking nav1gat1on routes. The extent of

‘the aerial photograph and navigation routes are shown in Fig.3.1.1.

Uncontrolled Mosaic

Using aerial photographs that are newly taken at a. scale 1:8,000 in 1997;

_ uncdnt_r_ql_icd_ mosaic _photd at a scale of 1:10,000 was-established for the area of 35

. km’in total, The uncontrolled 'mosaic are shox;vn in Fig.3.1.2,

o

Photo Control Point Sﬁrv_éy

Photo control pomt survcy was conducted by Global Posmomng System (GPS), and
spirit leveling started from the photo control pomts and bench marks (BMs) for the
above mentloned photogra,mmetry and the exlstmg nat:onal control pomts and Tanda

nggl Geodesl ('ITGs) (refer to Flg 3L l)
() _Contro_l Pomt S_urvey

The control point éurvey by GPS was executed to determine the X and Y
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(b)

©

(d)

coordinates of a minimum two (2) existing control points to be used for the

‘photogrammetric mapping, cross section survey, longitudinal profile and

topographic survey, Final results of all photo contrql points by GPS are shown
in Table 3.1.1. |

Datum Coordinates

The Indonesian Govemment ch.anged the surveying datum in 1997 from the

Tndonesian Datum 1974 (ID74) eihpsmd to the World Geodetic System in
1984 (WGS 84).

Two {2 existing GPS stations having the new Indonesian Datum, namely
N1.0259 and N.0004, which were established by Badan Koodinasi Survey Dan
Pemetaan National (Bakoéurt_anal) in 1994, were chosen _and applied as the X

and Y gedgraphiczﬂ coordinates d_aturn for this study by the JICA S_tudy Team.

- GPS Obsérvation

- At least four (4) satellites were sirnultanebus}y observed for one hour for all _
" the control pomts In general, the base lme lengths were planned between two
(2to five (5) kxlometers

Post-processing

The post-processing was done using GPS survey software to obtain the best

independent baseline solutinns for all the GPS sessions. With the existing two

stations (N1, 0259, N0004)'ﬁxcd as the planimc'tric control onzlthe' mddified L

WGS ellipsoid and the ‘same stations servmg as the vertical control for mean

sea level height, the whole GPS network was constramed and adjusted by the

. GPS surveymg software.

A;:cufaé’y of GPS Sur\?éy

Accuracy of trigonometric closures for coordinates and height were checked to

be less than 10 PPM (10/1,000,000) between the control points (refer to

- Figs. 3.1.3 and 3.1.4).
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Leveling

Minor order leveling was executed to obtain the heights of control points necessary

for the topographic survey, cross section survey and longitudinal profile survey,

Leveling survey was conducted by means of closed loops and double“runs and

temporary bench marks were established at every 2 km interval on the leveling

routes. Also temporary bench marks were established at 49 points in Semarang City.

Anda total distance of the leveling survey was approximately 105 km.

The leveling works are described below:

(a)

(b)

Déturri Height

- Government bench marks obtained from the Mean Sea Level of Indonesia as

established by Bakosurtanal are applied for the leveling survey.
Checking of Government Bench Marks

Before starting: Ieveling survey, heights of three government bench marks

namely TTG446, 'I;I‘G.449 and TTG449 were checked by the local contractor.

Leveling Loops . " : Distance - Misclosure

TTG449 to TTG447 4,601 km . 14 mm
TTG447 to TTG446 5.095 km 201 mm

" From. the above it was Judged by the JICA Study Team that TTG446 shall be

1gnored because T'I‘G446 had ground subsidence about 20 cm from 1983.

- The JICA Study Team decrded to use TTG447 as the bench mark for

- topographlc survey, river cross sectlon survey and longltudmal profile survey

(c)

m thiS pro_;ect

‘ A'cc_u_rar:y.of ;Lev'e'lingl _

L As show in Flgs 3 I S and 3.1.6, any rmsclosure of 1evelmg does not exceed

' 20\/8 between bench marks and/or control points (S a smgle drstance between

bench marks i in kliometer) And Standard d1v1sxon was 3.80 mm/km
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Field Verification

Using two (2) times enlarged aerial photographs, the keys for interpretation requited
for plotting and cartography was done by verifying them in the field. The work
quantity was 35 km’ for mapping with the scale of 1:2,000 and 1 krnz‘ for mapping

with the scalc of 1:1,000. The arca of field verification arc shown in Fig.3.1.7.

Aerial Triangulation

The implication and purpose of Aenal Tnangulatlon work are to obtam the
coordmates (X, Y, Z) of the aerial photo points necessary for the orxentatlon process
of each stereo modei on the plotting instrument for the purpose of topographic map

on the scale of 1:2,000 and 1:1 ,000 applying coordinates (X Y, Z) of ground cohtrol

: pomts resulting from field measurement (GPS and leveling) (refer to- Figs. 3. I 8 dnd

3i9)

(2 Aeral Triangulation and.Block’Adju.strﬁeht

“The sequence of works to be carried ou.t is as foﬂows: :
iy  Quantity

119 models of zicr_ial triéngﬁlatidn work was carried out, and the quantity

of models for each flight run was as follows:

-Run Number Number of Photo Number of Model

Run 1(Semarang Area) - 10 PCs .9 Models
- Run 2(Semarang Area) 14 PCs ' 13 Models
Run 3(Semarang Area) .13 PCs 12 -Models
Run 4(Semarang Area) - 13 PCs 12 Models
Run 5(Semarang Area) 13 PCs 12 Models

Run 6(Semarang Area) 11 PCs 10 Models
Run 7(Semarang Area) " i8 PCs : 17 Models
Run 8(Semarang Area) - 19 PCs 16-:Models
Run 9(Semarang Area) - 17 PCs 6 Models
Run 11{Semarang Area) 9 PCs 6 Models
Run 12(Semarang Area) 9 PCs 6 Models
Total 146 PCs - 119 Models

(ii) Data Conecti'on

All necessary data such as ﬂnght index, control pomt coordmate and

ca11brat10n of the aerial photographlc camera were collected



(iii)

(iv)
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Planning

Preparation of aerial triangulation was carried out as follows:
Selection of the Acrial P!

Total sheets of aerial photos for Ungaran Area : 12 models

Total sheets of the aerial photos for Semarang Area : 107 models.

To;'al control points were 22. c.onsisting'of 5 hodiontnl and 17 vertical

contml points for aerial triangulation proces‘sing at Ungaran area.

Total control points of 74, consmtmg of 21 homontal and 53 vertical

conirol pomts for aerial tnangulatlon processmg at Semarang area.

Preparation

- The preparation stages were carried out as follows:

Pass points and tie pomts were selected within the triple overlap area w1th

the circle notatlon on the index model

" Ex. Model number ; 80117

Where:

_ -8_011 . First two digits show thc number of flight run as shown |
and last two dlglts show the number of aero -
photographs
1 .' _ Tle peint number

" The honzontal and vemcal control points were annotated on the index '

models asa square and vertical control pomts were annotated as triangle.

”_.The pomt selecnon and numbenng were camcd out on the 1: 2 ,000 and 1:

1,000 scale of aerial photographs by usmg mirror stereosc0pe
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(v)  Point Transfer |

-The selected and control peints on the diapositive film were marked and
then transferred to adjacent diapositive film by using Wild PUG-4

instrument. This process was carried out until the last photo.

 (vi) Index Model
The index mode! on 1:50,000 scale, where all point numbers were plotted
showing the relationship between each point, was prbc_luced.
(vit) Measuré_ﬁent of Coordinates
| Photo coordinates were observe_d and measured by us'ing an analytical
stereoplotter Leica SD-2000. All points including fiducial marks were
measured. . '
(viii) Adjustment
The final step of the aerial triangulation is the block adjustment using
PATM-GPS software. . | |
(.ix). Result
Sigma Naught in the model sr_ystem‘ is as below.
Sigma naught for horizontal block = 21.064 micron
Sigma naught for vertical block = 14.773 micron
Weight roat mean squa’ré values and check .valué.. of residual of

Photogramimnetric observations.

RMS. (meter)_

RMS. {micron)

CHV VXY/Z

Model Points Terrain system Model system Model system
QOBS X/fY -0.090 - 11.216 47.586
OBS z - 0.063 7.888 . 23.664
Projection center RMS (m_eter)_ RMS. (micton) - CHVVXY/Z
Terrain system Model system Model system
OBS X/Y 0120 - 14,975 65.532
OBS z 0.094 ~ 11.750 73.658

© Sigma Naught in the model system, is as below. -

Sigma néught for horizontal block = i8.890 micron

+ 36
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Sigma naught for vertical block = 20.353 micron

Weight root mean square values and check value of residual of

Photogrammetric observations.

Mode! Points RMS. (meter) RMS. (micron) CHVY VXY/Z

S Terrain system Model system Model system
OBS X/Y - 0.094 ' 12118 51.411
OBSz 0080 | 10273 30.820

Projection RMS. (meter) ~ RMS. {micron) CHV VXY/7Z

. cenfer ~ | Terrain system Model system Model system
OBS X/Y ' 0.254 ' 32.718 138.809
OBS z : 0,130 13.292 39.875

(x) Equipmént

The equipment used in Aerial Triangulétion is as follows:

Stereoscope ¢ - 2 units
Point transfer Wild PUG-4 . lunit
Analytical Stereoplotter Leica SD-2000 "1 unit
Computer . : 1 unit
PATM-GPS Software - S L unit

(7)  Plotting and 'Edfting '

The unpllcatlon and purpose of stereo plotting and editing work are drawing details
and contour lmes usmg aerial photo dlapOSIEIVES which are placed on the plate

holders of the stereo plotter instrument (refer to Figs.3. I. 10 to 3.1. 13).
Thé’sequ’encés of the plotting and editihg works are as follows:
(a).  Datacollection
All the following necessary data’ were collected and prepared for stereo
plotting. |
. Modelii'ndex' of'aerial triangulation _
. Pnnt out of agrial tnangulatlon adjustment

) Vertlcal control points and doscnpuon on two (2) times enlarged aerial
' photographs '

s Field identification on two(2) times 'énlarg.ed‘ae'ri.ol pllotogfaphs
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(b Planning
Preparation of sterco plotting was carried out as follows:
(i) Control sheets

T otal_control she'ets'. of the stereo plotting topographic map are:

o 48 sheets for 12000 scale of Semarang topographic map

(mcludmg 4 sheets of soundmg survey result)
o 4 sheets for | 2 000 scale of Ungaran topographlc map; and
s 26 sheets for 1.1,000 scale of channel topographic map
(i) Models
Total models of stereo plottmg are:
e 52 models for 1:2 000 scale of Semarang topographlc map
'._- 4 models for 1:2,000 s_cale of Ungaran topogrz_iphlc map
* 12 models for 1:1,000 scale of channel topographic map
© Prep'aratio'n' of Control Sheets
Control sheets were produced by block adjustment result of aerial tnangulanon
on polyester base material.
@) Plotting
Plolting manuscript at the scale of 1:2,000 and 1:1,000 were prodooéd from
aerial photos at the scale of 1:8.,0‘00 by using second order precision plotter.
The sequences of the stereo plotting works ate as follows:
. Ihner Orientation;
. Rolativc Oﬁeﬁlation;
e Absolute Orientation;and =~
. Plotting of detail_s,'spot' height, vege_'tation.boundary anid contour lines.
Contour intervals for iotcnncdiate contour line are 1 m both maps with the
seale of 1:2,000, and 1:1',000. | |

: Edmng works was camed out on the plottmg manuscnpt by compllmg result

of field 1dent1ﬁcatlon, such ag symbol annotatlon etc.

3-8
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(¢) Result

The final manuscript was used for the fair drawing work and the number of

sheets plotting manuscript are as below.

* 48 sheets plotting manuscript at scale of 1:2,000 for Semarang area
(including 4 sheets of sounding survey result)
* 4 sheets plotting manuscript at scale of 1:2,000 for U garang area

s 26 sheets plotting manuscript at scale of 1:1,000 for channel area
(f)  Equipment

The equipment used for plotting and editing are: .

Computer 2 units
Roland Plotter ' 1 unit
Stereo Plotter, Wild A-8 . 2 units
Plotter Wild AG-1 - I unit
Stereo Plotter, Leica SD-2000 - 1 unit -
Drafting Table ' 3 units

(8)  Fair Drawing

The 1mpltcat10n and purpose of fair drawxng work are drang details using symbols
and contour lines with tracmg method from the plottmg manuscnpt a.nd other

- additional data and mforrnatxon
The sequence of t.he fair drawing \ﬁere éarﬁed out as .'follo.\.ys:
(2)  Data Collection
All neégssary data were collected and prep.ared for falr drawing such as:

. P}otting manuscript

. Vemcal control pomts and descnptlon on two (2) times enlarged aerlal
* photographs '

* Field 1dent1ﬁcat10n rcsults on twao (2) tlmes en!arged aerial photographs

®)  Planning
Prepafation for fair drawing :wer:e camed out as folic.)ws:.
Gy - _quw.ing.s'heéts'
| T(_:':tai sheets of .fai.r.. drawing are 78:..shée-ts, é_oﬁéiétihg of' 48 shee;s of

- 3-9
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Semarang map (including 4 sheets of sounding survey result) and 4 sheets
of Ungaran map at the scale of 1:2,000; 26 sheets of map at scale of
1:1,000,

(i) Lege.nd'and Symbol

Legend, symbols and annotation used for the map are as approved by the

JICA Study Team. Legend and symbol are as shown in Table 3.1.2.
(c) Preparation | |
The preporations were carried out as r'oi_lows:
(i) Drawing sheeto

Drawrng sheets were rnade using computcr PC on polyester base. The

- sheet’ s size is Al (60 cm ~ 85 cm) Numberlng system is as follows:

' Sh_eet'number 45-12

Where:
- 45 = Total sheets
" ]2 = Sheet number

(d)  Fair drawing

Fair drawmg was camed out wath tracmg method using draftmg pen and black

ink from plottmg manuscnpt at scale of 1:2 000 and 1:1,000.
Fair drawing'works are as follows:

. Drawing deta.ils o
. 'Spot heights and contour hnes

LI Symbols and annotatrons on the map symbols must be matched to
legend -

¢« Vegetation boundary

Contour interval for intermediate contour lies are 1 m for map at scale of -

L; 2000and 1 rnformapatscaleofl 1 OOO
(e) Results

' ’_I‘he final results of the _fzrir drawing are:

3-10°
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¢ 48 sheets of topographic map at scaie of 1:2,000 for Semarang area,
¢ 4 sheets of topographic map at scale of 1:2,000 for Ugarang area,

¢ 20 sheets of topograph:c map at scale of I:] OOO for Channe! area,

* 48 sheets dupllcate at scale of 1:2,000 for Semarang area,

L sheets dupllca_te at scale of 1:2,000 for Ugarang area, and

e 26 sheets duplicate at scale of 1:1,000 for channel area.

The equipment used for the fair drawing works are:

. Computer : 2 units
* Roland plotter : 1 unit
*  Drafting table : 9 units
. Drafting tools  : 9 units

312  Ground Slirvey_ B

" River Lohgitudina!"Proﬁle and Cross-Section Survey

Installation of Kilometer Post

Prior to the commencement of the r'iver'longitudinal profile survey, kilometer -
posts of wooden pegs were installed on the nght and left banks of West

Fioodway/Garang river. When the location of a kniometer post is very close to

- such structures as bndges water intake and water pipes, krlometer posts were
'sh1fted to the center line of these structures “The position of a kilometer post

~ was decided by traverse method in the field. All coordmates data are as shown

in Table 3,1.3.

Longitudinal Proﬁ'le Survey

_4The nver longltudmal proﬂle survey (the proﬁle survey) by drrect levelmg was

executed to obtaln heaghts of krlometer posts for the river cross section survey

and to prepare longrtudmai profile sectrons Ievelmg routes were formed by

closed loops and doublenruns A total distance of the levclmg survey covering

West Floodway, Garang, Semarang, Asm and Baru rivers was 41 km,

_ The datum height was applied for the loﬁgitudinal profile survey including

river cross section survey and auxiliary leveling. The heights of TTGs bench

3.1
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marks are applied to the kilometer posts by direct leveling.

All results of heights of kllometer posts by the proflle survey, the deepest
hetght of the river cross secuon survey, names of bridge and others were edited
by Auto CAD system.. The longitudmal proﬁle sections at a honzontal scale of
122, OOO 1:1,000 and vertical scale of 1:100 were prepared on the draft plotting

paper sheets using the longitudinal profile data. Final longitudinal profile data
as shown in Table 3.1.4.

River Cross Section Survey

Heights and distance of slope changing points, roads, channels, etc. along the
cross section lines were measured by using a Total Station System, levels and

Flectnc Dlstance Meter (EDM)

Water levels and depths of the rivers were measured using a survey rod, aﬁd
the distance of these measured sunultaneously The brldges 1mgat10n mtakes

and water pipes of all rivers were also measured. A total number of cross

sections surveyed are approx1mately 814.

Checkjng of Loﬁgitﬁdinal Profile

(i) The check results of dlfferences in he1ght closure between the kilometer

posts did not exceed 20\/8 (S: Iength of single run in kﬂometer) as_

specified in the Technical Spec1ﬁcat10ns.

(i)  Checking of River Cress Sections

At the same kilometer posts checked above, river cross SCCthIl lines were
_ measured. The check results of height of these cross section line pomts
did not exceed +50 i and dlstance errors between the cross SeCﬂOl’i lme

: .pomts are less than 1/300 as specnﬁed in the Technical Spemﬁcatxons

_Longltudmal proﬁle and cross-sectlon were surveyed along West

. Floodway/Garang river and two (2) tnbutary channels along Garang

River,

b’ 12
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West Floodway and Garang River

Work I Vol Drawing o
ork ftem Volume No. of Sheels Seale Remarks
Longitudinal : H=1/2,000 o
Profile 9.598 km 5 V=1/100 Sheet Size: Al
Cross-Section Yo H=1/200 o
Survey - | 204 sections 104 V=1/160 Sheet Size: Al

Cengkek River (tributafy of Garang River)

: Drawing
~ Work Item Volume Remarks
No. of Sheets Scale
Longitudinal H=1/1,000 : -
Profile _0.499 km 1 V=1/100 Sheet Size: Al
Cross-Section , H=1/200 o
Survey 15 sections 8 V=1/100 Sheet Size: Al

* Kalito River (tributary of Garang River)

Drawing : .
Work Item Volume Remarks
. : No. of Sheets Scale -
Longitudinal { = : H=1/1,000 .
Profile 0_.498 km 1 V=1/100 Sheet Size: Al
Cross-Section |- .. . . | : H=1/200 - i
Survey 12 sections ] ~1/100 Sheet Size: Al

3.13 Topogféphic Sufvey

Topographic survey was carried out for Jatibarang Dam site, Simdngaﬁ Weir, Asin
Pumping Station, West and East Bandarharjo Pumping Station, West and East
Bandarharjo Drainage area, a bridge across Semarang River and a water gate at Baru

River.
The work quantities carried out are as follows:

(a) . Scale 1:200

Simongan Weir 9.0 ha
Asin Pumping Station 9.0 ha
West Bandarharjo Pumping Station - . 6.0ha
East Bandarharjo Pumping Station - .. 3.0ha:
Bridge (Semarang River) ' - 0.5 ha
_Water gate (Baru River) ' 1.0 ha

3-13
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(b Scale 1:500

Jatibarang Dam Site 5.0 ha

West Bandarharjo Drrainage Area 2.8 ha
East Bandarharjo Drainage Area 3.2 ha

(¢} Scale 1:1,000

' [ Jatibarang Dam Site ' - 15.0ha J

S.ound.ing Survey

Location and Quantity

The location is shown in Fig.3.1.14. The work quantltles are 3 km’, c0n51stmg of 16

survey lmes and 1 km per line.
Setting of _B ase S.utvey Line

Base survey line was established aioog the 'ceastline for 3 km eastward from the

~ mouth of West Floodway by GPS,: traversmg and stt levelmg All conlrol

monuments were set at 200 m interval along the base survey line.

Misclosure of Ievelmg does not exceed 20VS between bench mark and controi pomts _

{8:a smgle dlstance in kilometer between control points).

Measuring Interval of Survey Line

From the control pomt water depth of each lxne " km offshore were measured at

30 minterval. Water surface was also measured
Equipment

Echo sounder and survey rod for water dep'th.measurement, GPS and Total Station

Surveying System for positioning were used. -

Chart Drawing

Charts were .interpolated in the 1:?,000 scale topogfaphic map. :

314
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3.1.5 Land Subsidence

Recently land subsidence is observed at the coastal and the central area of Semarang City.

Subsidence is caused mainly by excessive development of ground water,

In the urban and coastal areas of Semarang City, for many years, it has been pointed out that

local subsidence is a problem, yet there has been no careful examination to determine the

actual levels of this subsidence.

During this study period, leveling measurements were conducted between TTGs to more

accurately grasp the actual magnitude of subsidence.

As a result of these measurements, no subsidence was found in the western part of the study
area. However in the eastern port of the city and study area, consxderable subsidence was

found with a rnaxrrnum measure of 0. 972m observed

For future exanunatton 49 permanent bench marks were estabhshed in thig Study period. The
amount of annual subs:dence can more easily be checked by re- exarrunmg these points at

regular intervals. The survey result as shown in FIU 3.1.15.

: 3.2 Geologicat and _Soil Mechanical Investigation

The geologtcal and soxl mechamcal surveys conducted in the D/D Study stage consist of : (1)

core dnllmg and tesung in bore hole and (2) laboratory testmg

Bormgs were camed out at the locatlons along the river and at the major proposed struetures
to know the geological features and sml propemes of the typical sub base layers Laboratory

tests were conducted for the soil samples taken out from boring cores as well.
321 Boringand Tests
(1) Scope of Work and Mettiod

. Core'drilltngIWas-carried out to obtain the subsurface geology of ground along West
floodway/Garang Rlver i.e. soil type, thtckness sequence and physwai conditions.
'_Dunng ‘the dnllmg, the standard penetratton test (SPT) was executed to gatn soil’s

haardness!con51stency

Core drilling was performed according to the hydraullc deed rotary drilling _rnethod.

3.15
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Single tube core barrels and tungsten bits were used in order to gain good quality of

core sample. The core samples were sequentry arranged into core boxes from top to

* bottom, representing soil types and layer distribution.

The scope of works are as follows:

. {(a) .W.est Floodway/Garang River

Bore holes of 52 with a total depth of 870 m. SPT was performed in the bore
- hole by every 1.0 m depth with a total of 824 tests. A total length of 118 m

core samples were taken and arranged in core boxes.
(b) Simongan Weir Site

6 bore holes with a total depth of 120 m was performed. A total number of SPT
is 88. |

The locatxon of bonngs is shown in Flo 3 2 I and test data are presented in Table_

32.1.

'Geologic'al features along West Floodway/Garang River

.Fig. 322 Shdws the geolo'gi.c'al stratification .'proﬁle along West FloodﬁaylGarang
River, which wa‘s.made based on the boring test results'mentioned;ébove The'base
layer consists of Damar Formation formed in tertlary to early quaternary penod
Damar Formation forms a hllly land in the upstream area of Sxmongan Weir, and

dlstnbutes below the flood piam of West Floodway/Garan River.

Damar Formation along Garang River spreads 5 to 15 m below the riverbed in the
river stretch between Simongan Wei.r and .the .river section WF140 (7,300 m fr_oni
river mouth), and exposes to the riverbed in the.u'p'per reaches from WF140 bn th_e '
other hand, Damar Formation lowers drastically its position haﬁng the c_iépth of more

than 30 m from the gtdund surface in the lower reaches from Sirﬁdngan Weir. S'o,_ the

alluvium and diluvial deposit layers account for all of the ground of flood plain area.

Damar Formation geologically consists of sedimentary rock including conglomerate
sand rock and silty rock, and volcanic detritus, which covers a wide range of area in
Garang River basin. '

The diluvial layer in the flood plain splfeads with a thickness _of more than 10 m under

3.-16 ¢
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- the alluvium soft ground. This layer is a mix of considerably hard layers of clay, sand

and gravel, having a N-value of more than 30. This layer can be a bearing layer of

heavy structures such as bridge, weir, tall building and so on.

- The alluvium layer, widely deposited in the low-lying area, is characterized as high

compressrble soft ground, consisting of mainly clay, silt and organic soil. Sandy
layers are partrally exists in the thick clayey layer. The thickness of layer is 15 to 25
m in the downstream coastal area and 5 to 15 m in the middle reaches covering
Srmongan Werr N-value of clayey layer is mostly less than 8, while that of sandy

ayer ranges from 5 to 20
Geological Features of Slmongan Weir Area

Regarding the geological featu'res of Simongan Weir area, there is a big difference in

geologrcal composition and layer’s dtstnbutron between downstream and upstream

: sectrons Namely, Damar Formation forms a kind of mound and its top elevation is -

srtuated at the rlverbed in the downstream section, while Damar Formation forms a

valley shape and alluvium layers are piled up in the valley in the upstream section.

' These alluvium layers are river deposnts sandy Iayer with medium hardness soft

Iayer of sandy 31lt from the top posmon There exists a drluv1um hard sand layer with
the N-value of more than 50 below the alluvrum layer Frg 3.2.3 shows the

geological profile of rmmedrate upstream section of the existing weir.

Geologi-calCondit'ion and Sol_l Prope_rtiés

Laboratory Test

The laboratory ftest was conducted to determine the physrcal and mechanical

propemes of soil sample The test followed the standard method of ASTM. The test

5 1_tems and qu_antrty are shown in the table below. -

Item Standard Method Quantity

- Gradation Analysis - - ASTM D422 200
- Moisture Content . ASTM D4959 200
Specific Gravity | - ASTM D854 200
Liquid and Plastic Limits ASTM D431 200
' Density {USBR 5370 200
Unconﬁned Compression Test | ASTMD2435 | = 25
Triaxial Compression Test (UU) | - = ASTM D2850 59
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-Soil Types and Property of Sub-base Layers at Simongan Weir Site

Based on the boring and laboratory test results, the soil layer at the Simongan Weir

site can claséiﬁed into 1) riverbed deposit (Rd), 2) Embankment fill (B), 3) Fine
coarse sand (As), and 4) Very soft clay (Ac).

{a) Fbankment B conslsts of earthfifl and it ls found at the left and right wings

of Simongan Weir. The thickness o_l’ this Jayer is about 6 m.

(b} Riverbed deposit (Rd) consists of sand and gravel, dense to very dense, having
the N value of 20 to 50. This riverbed deposit is found at the borehole SB-2, SB-
4, SB-5 and SB-6. |

(¢} Fine grain sand (As) cons1sts of ﬁne medium gram sand and mtercalated with
._clay and silt, loose to very dense. This layer is found at the boreholes SB 1 SB-
2 and SB- 3 lymg beneath the embankment or riverbed deposit. The thrckness of

_ thrs layer varies from 8.5 m to 10 m.

| (d) Clay and sandy clay (Ac) is Iymg beneath As layer It is gray, consrstmg of clay

~ and sandy clay, soft to medium strff clay with the N value range of 11 to 20.
" This layer is found at the boreholes SB- l SB 2 and SB-3 at the elevatron of

' approxrmately 10 m. '_

(e) Intercalation of Volcanic and Sedrmentary rocks are consrdered as the base rock

“at this area. It is fractured, poor RQD and very weak rock
Soil Types and Soil Mechanical Properties_ of Sub-base Layer in West Floodway
(a) The lop layer is made of embankmen't.ﬁll (B) wirh ethickness of 2t0 3 m

&) Very soft clay layer (Ac) is exists beneath the embankment Thrs layer consrsts :

of clay and sandy clay contammg shells N—value ranges 1 to 5.

- (c) The lenses layer (As) consisfs of ﬁne'to nredium grain sand and it 'is' intercalated

with clay and silt. The layer is very loose wrth avcrage N-value of 6. The

. thlckness of this lenses is about ito3m.

(d) ‘Hard clay layer (Dc) w:th lenses of gravelly sand (Da) lies beneath Ac layer _

 The layer Dc is dark brown and the surface part s charactenzed by ox:datlon |
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containing coral limestone. The average N-valuc of this layer is 25.

(e) The sedunent'lry rock (Da) consists of altermnon 01 conglomemte sandstone,

mudstono havmg a N-value of more tlnn 50
Soil Types and Soil Mechanical Properties of Sub-base Layer in Garang River

The soil profile along this section consists of embankment fill (B), 'very soft clay

(Ac) and sedimentary rock (Da) from the surface to the bottom.

(a) The surface ground is covered by embankment fill with a thickness of 2 to 3 m

and average N-value of 15.
(b) Riverbed deposit (Rd) consists of sand and clay. The thickness is { to 2 m.

(c) Soft clay layer (Ac) is found beneath the embankment (B) or river deposit,
consisting of clay and sandy clay. Ac is medmm stiff with average N value of
12. The thrckness is2to4 m.

(d) The Ienses layer {(As) lies between -Ao and -sedimentary rock Da, It consists of
: 'ﬁne to medium grain sand, and mtercalated wrth clay and silt. The thickness is -

. very thm of around 1 m.

(e} The bottom part of boreholes is sedimentary rock consisting of alternation of

cong]omerate, sandstone and mudstone. SPT gives a N-value of 40 or more.

The results of the rnechamcal and physncal tests for the above layers are presemed in

_Table 3 2.2. In des:gmng structures, so:! test results shall be used. If there is no

avallable data regardlng physxcai test of 5011 the N- value will be used for the

~estimation of necessary soil parameters

Hy_dro_logic,a_i A'nalysis

'Da.ta Collection'énd Compilation '

The locanon of Garang RlVCI’ basm and hydrologlcal observatorles are shown in

Fig:2.1.1 and the conditions of data recordmg are presented in Table 3.3, L. These

: 'observatones are. operated by Provmcxal Public Works Serwces (DPUP), Center of _

Meteorology and Geophys;cs (BMG) or Institute of Hydrauhc Engmeermg (IHF)

3-19 -



Chapter 3 Investigation and Analysis

332

(0

(2)

Hourly rainfall data are available at two(2) automatic rainfall stations, namely BMG-
Semarang station in lowland and Kaligading station in highland. Manual rainfall

stations have only daily rainfall data. The stations shown in the table and figure were

selected in the Feasibility Study in 1993,

" Theré are three(3) antomatic Water level statioos in the Garang river system. One is

Panjangan station which is located at immediately downstream of the confluence of
Garang Rlver and Kreo River, Tt was set up in 1983, but the data before 1986 are not
available. The others are Patemon station in Garang River upstream and K_ahpancur

station in Kreo River. Those were both set up in 1992.°

Besides, intermittent water level data at Simongan Weir recorded manually at flood

time are available.

- The kinds and periods of the hydrological data added in t'hi's_ study stage are shown in
the right part of Table 3.3.1 as "Additional Data” ranging from 1991 to '1'9'96 “The -
hydrologrcal analyses, whrch are necessary for the flood control plan and water use

plan are supposed to be updated usmg the addrtlonal data.

_Prooable Rainfall

Annual Maximum Rainfall

Hourly rainfall data are available at BMG- Setnarang sta’tionhnd.Kaligadiug etation

Of the two, the latter has shorter record penod of 17 years and contams ‘many missing

' data. And it was found in the Feasrbmty Study that probable ramfall by the latter is

smaller than that by the former Therefore the former ‘which has longer record

penod and contains less nussmg data, is adequate to be adopted

Annual maximum rainfall for each duration {5, 10 15, 30, 45, 60, 120 minutes, 3,6,

12 hours and 1 day) at BMG-Semarang station in 28 yeaxs until 1996 are extracted
and tabulated in Table 3.3.2.

Probable Rainfall

:Gumbel Method was employed to calculate probable rainfalls. The results are shown
- in Table 3 3 3 and Figs.3.3.1 and 3.3.2. One(l) hour probable rainfall of 100-year

:'retum penod was ealculated at 144.6 mm, and one(l) day rainfall of 100~year at
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319.4 mm. These values are bigger than that of Feasibility Study by some 10 percent
(refer to the lower part of Table 3.3.3).

Rainfall Intensity Formula .

As to Ralnfall Intensity Formula,'the Horner Type equation is used_ as well as the
Feasibility Study. The results of calculation are shown in Tables 3.3.4 and 3.3.5 and
Flg 333, Twao types of rainfall intensity curves are presented in Fig, 3. 3 3 for short

duratlon less than two (2) hours which is used for planning urban drainage and long

duration more than one (1) hour which is used for planning dams.

Design Storm

The 1ehgih of One(1) day is appropriate to the duration of design storm to be used in
the flood control plan considering actual rainfall patterns, the size of nver basin and

the kind of floed control facﬂmes

Hourly dlsmbutlon pattern of the design storm should be made from hourly ramfall
data of actual storms Hourly rainfall data of annuat maximum rainfalls in the past
10 years at BMG- Semarang station are tabulated in Table 3. 3 6. The ratio of each
hourly ramfall to total are calculated, and shifted so that the peak ratio can locate in
center time Shown in Table 3. 3 7 are the results. The average ratio of 10 storms are

adopted to express the hourly d1str1bution ratio of the de31gn storm.

The desagn storm of each return period is calculated from probable one(l) day
ramfall multlphed by the hourly distribution” ratlo (refer to the lower part of Table
33. 7) One(l) hour ramfall at peak time accounts for 39 percent of one(l) day

ramfall Illustrated in Flo 33 4 is the desxgn storm of 100- year retum perlod

Probable Peak Discharge

Annual Maximum P_‘lood Discharge

* Inthe case wh1ch has less flood dxscharge data, probable flood d1scharge is calculated

bya flood run- -off model W1th mput deSIgn storm However in the case of Garang

River, probable flood dtscharge can be calculated dlrectly from the peak dlscharge

" data at flood tlme

 Annual maximum water levels at Simongan Weir have been recorded manually from
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1961 to 1996 at present. Annual maximum discharges are able to be converted from

these water level data with the discharge formula for overflow as a rating curve.

Simongan Weir consists of flood discharge section at center portion with fixed weir
and side pomons with flushing gates on both sides. The gates are closed even at
flood t1me, and thc river water overflows above the gates with the same overﬂow

depth as that of center pomon

Different discharge coefﬁcients 'wer_e applied to the center portion and side portions
of the weir. Shown in Table 3.3.8 are onhual maximum discharges at Simongan Weir

in the paét 36 years calculated by the averflow discharge formula.
Probable Peak Discharge

Gumbe! Method was employed to calculate probable flood discharges, with annual
maximum discharges shown in Table 3.3.8. The results of calculation are shown in
Table 3.3.9 and Fig.3.3_._5.

Ac.cording to this, lf}anear probable discharge .is 1,010 mt'/s, and 25-year probable
discharge is 790 m’/s (rouﬁded up from 'r.aw value of 785 m’/s). 'Cor'npared with -
those of the Feamb;hty Study, 100-year probable dxscharge mcreased by 30 m¥s, and
25- year d1scharge by 20 m’/s. -

Fiood Run-off Model

_ Outline of Storage Function Method

Proba‘ole peak dlscharges have been esttmated as descnbed in Secnon 3. 3 3. In

addition to the peak dlscharge dlscharge hydrograph is necessary to establish a flood

control plan w1th dams. Accordmgly, a flood run—off model whxch can converts

- input hyetogTaph into discharge hydrograph is needed

The Storage Function Method is recommended to be employed as a'f'lood runéoff

model. This method receives wide recogmnon as the de-facto standard method in

: plannmg flood control with dams

The S't'o_:rage' Function .Method ‘has been developed to .e){press non-linear -
cha_rdcteristics of run-off phenomena. This method can give the process of

transformation. from rainfall to run-off on the' assumption that there is a one-to-one
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functional relation between the volume of storage and run-off, Calculations of the
run-off from rainfall are made through the use of the volume of storage as medium

function. The relationship between the volurme of storage of a basin and the

discharge is expressed as follows:

S=K*q"

where, S:  Depth of storage (mm)
q :  Depth of run-off (rnm/hr)
KP: Constants

This relation formula is used as a substrtutton for the solution of equation of motion.
That is, this formula establishes that the run-off 1s proportional to the exponent of the
vo[ume of storage. This is equrvalent to the thinking in which the phenomena of

rainfalt and run-off are considered to be sumlar to the Fun- off from a notch in a

contdmer filled up wzth walter.

Run off calculatrons are performed by the eombmatlon of this equatton of motion

with the followmg equation of contmtuty

dS/dt =F* Ra(t) q(t+T[ )
_ where F Inflow coefﬁc1ent :
Ra(t) L Average ramfall ina watershed (mm/hr)
: Q(t+'_I‘L) : Depth of run-off w1th lag time (mm/hr)
- TL: : lLag time (hr)

t: Ttme

When makmg the run- off calculattons for a basin, it is necessary to make calculat1ons
of effecttve ratnfall Wrth the Storage Functton Method it is thought that coefficient
- (FYis not related to rainfall (Ra) but to the catchment area (A), Namely, it is thought
that F=F1 in the early stages of rainfall (termed the pnmary run-off rate) and that
only the area F1*A (called the run-off zone) causes the run- -off, When cumuldtrve '
ratnfall exceeds Rsa (saturated ramfall) then F—I (thts is termed the saturated run-off
rate), and the run- off may occur even from the remammg part (I-Fl)*A (mflltrat:on

zone) due to the ramfall exceedmg Rsa

_ However both the run—off zone and mﬁltratron zone should be calculated separately

- for the me-off until the end of the ﬂood “The volume ‘of run-off from the basm

should be the sum of run-off from both zones' plus base run- off Run- off (m’ /s) from
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the basin (inciuding the base run-off} is given by the following formula:

(XQ:FHA&MQBﬁ+UJHVAmﬁW16+Qb

where, Q(t) : Run-off .(mjf’s)
Fl :  Primary run-off rate -
A : Catchment area (kﬁf) '
qt{) :  Run-off by total rainfall (ms/hr) _
gs(t) :  Run-off by rainfall after saturation (mmfhr)
Qb Base flow (m’fs)

- Hourly Data of Rainfall and Discharge at Flood Time

* Hourly 'di'scharges are able to be calculated fro_m' the water level data recorded

mahually at Simongan Weir at flood time intermittently, with the same rating curve
as calculation of annual maximum discharge mentioned before.  Discharge

hydrograph of major floods are available to be used as check data for the calibration

- of flood run-off model.

Five(S) annu'al maximum floods since 1987 were selected as the 'calibration data of

flood run-off model cons:denng the response ‘between ramfall and dlscharge “The
basin average daily rainfalls durmg those ﬂoods are calculated with Thxessen

Polygon (refer to Flg 3.3.6) and shown i in Table 3 3 10

It is appropriate that houriy rainfall data of Kaligading station in highland are used

after its total daily rainfalls have being adjusted to the basin averége daily rainfalls

already shown in Table 3.3.10.

. The following data in five(5) floods are contained in '_I‘aible 33,11, _ N

) _hourly water Ieveis _
by hourly d1scharges by a)
{c) hourly ramfails at Kahgadmg statxon

(d) basm average hourly rainfails propomonai to c)

Calibration of Flood Run-off Model

If the whole Ga:ang'rive_r basin is ‘expres.sed by sole basin fnodel_of Storage Function
‘Method, the parameters in the model (namely K, P, TL, F) can be couh_ted backward

analytically using the data mentioned above. The results' of backward analysis are |
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shown in Table 3.3.12 and Fig.3.3.7.
Flood Run-off Model for Garang River Basin

The flood run-off model should be divided so that it can express the effects of flood
control by dams and the confluence of tributaries. Sub- basin division for the Garang

river basin is shown in Fig.3.3.8, Shown in Fig.3.3.9 is the model dtagram for flood

. run-off caIculahon whlch consists of basin units and channel units

The parameters in the flood run-off model by Storage Function Method are tabulated
in Table 3.3.13. Here, the main parameters for basin units are determined by the
average values from backward analysis shown in Table 3._3.12. For c_hannel units,
only the time lag of flow down is taken into account, because the storage effect in the

river channel seems little, considering from the size of the river channels.

Area Reduction Factor

The hydrograph of probable flood are obtamed from the flood run-off mode! with
de31gn storm as mput However the peak dtscharge in hydrograph becomes blgger
than the probable discharge esttmated dlrectly from annual rnax1mum discharges in

Sectton '% 3.3.

The difference betWeen the peak dlscharge in hydrograph and the probdble dlscharge
is adjusted by the area reduction factor which means the ratio of basin average
rainfall to point rainfall. The area reduction factors, which depend on the catchment
area and the magmtude of storm, were esttmated at Simongan Weir site as shown in
the table below And the dlstnbutton curves of the area reduction factor for
catchment area are shown in FlgS 3.10. Here the area reduction factor is 1.0 at
catchment area of zero, and 0. 75 at catchment area of 204 km’ m the case of 100-year

return penod

ReturnPeriod - .| S-year 10~yeai 25-year 50-year 100-year
“Area Reduction Factor 0.667 0.697 - 0.723 - 0738 0.750

( at Stmongan Welr A-204 km )

- Flcod Control Plan .

Design Flood Discharge for River Improvement
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The design storm multiplied by area reduction factor was inputted into the flood run-
off model by Storage Function Method a'nd then the flood routing calculation by
Jattb’trang Dam was carried out. The results are shown i 1n Tables 3.3.14 to 3.3. 16 and

Fig.3.3.11, and the summary is shown in the table helow.

Return Peak Discharge at Dam Peak Discharge at _

Period | Inflow Qutflow |  Out-max. without Dam | with Dam
(year) (m'/s) | {(0¥/s) (m*/s) ~(n'/s) (m'/s)
5 150 20 - 60 - . 520 400
10 130 . | 30 70 640 | - 500
25 . 220 30 - 90 750 620
50 260 - 40 100 900 700
100 290 40 . - 120 C1,0100 790 -
© Note: - Discharge figures were rounded op to the nearest 10 m’/s

The d‘esi.'gn scale of Garang River{\’»fest Floodway is 100-year return period and the
100 -year probable discharge is 1 010 m3/s The des:gn discharge of river channel at

the downstream of confluence was calculated at 790 m’/s w1th the flood control by -

] atibarang Dam Thls desngn dlscharge is equwalent to 25-year probable d:sehftrge

w1thout the dam

~ The distribution diagram of the design flood dlscharges in the Garang river system is

shown in th 3 3.12.

Flood C_ontrol Capacity of Jatibarang Dam

Smce the catchment area of J at1barang Dam is as srnall as 53 0 km?, it is difficult to

- operate ﬂood gates properly under the fast flood run- off from basin. So, the no-gate-

dxsehargmg system is employed as the ﬂood control system of'J atlbarang Dam

' 'The ﬂood control outlet shapes open’ splllway whose crest elevation equals the

~ normal water level of the reservoir. The Wldlh of over flow sectlon 1s deterrmned at

15 m so that the peak dlscharge of 100- -year return period at Slmongan Weir sue '
should be 790 msls w1th the ﬂood control by the dam. The outflow and storage

condmons used in the flood routmg calculatxon are shown in Tdble 3. 3 lS

T he net value for the flood control capac1ty requxred of Iattbarang Dam is esttmated
at 2, 505,000 m as shown in Table 3.3.14. Therefore, the ﬂood control capacnty of -
Jatlbarang Dam is determined at 3, IOOOOO m’ mcludmg 20 percent allowance in

accordance with "Manual for River Works in Iapan
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Low Flow Analysis
Daily Rainfall

Low flow analysis aims to convert a series of daily rainfalls into a series of daily
discharges. The dally rainfall data at Sumurjurang station (No. 650) WhICh is located
in the middle reaches of the Garang river basin, are used as a representattve daily
rainfall pattern. 'Ihe rainfall data at Sumurjurang station in the past 30 years (from
1967 to 1996) are tabulated mo_nthly in Table 3.3.17 (after supplementation of

missing data).

The basin average daily rainfalls are calculated by multtplymg daily ramfalls at
Sumurjurang and the modification coefficient together (refer to Table 3.3.20) based

on the Thiessen polygon shown in Fig.3.3.6.

Water Balance and Annual Loss

The data at three(3) automatlc water level stat1ons (namely, Panjangan Patemon and

Kalipancur statlons) in the Garang rwer basm are available as dally average

discharge. Those dlscharge data are comptled monthiy in Table 3.3. ]8 Fig.3.3.13

shows daily dtscharge fluctuatlon at Panjangan statlon in the past 10 years (from

1987 to 1996)

Flow regime and water balance by observed discharge are tabulated in Table 3.3.109,
Accordmg to th:s Annual loss (= annual rainfalil - annual runoff depth) at Panjangan
station amounts 1,181 mm in average. Th1s amount of loss corresponds to 73 percent
of pan evaporat:on and it seems pertment amount from a hydrologlcal view,
Compared with thxs annual loss at Kaltpancur station makes extremely small amount

at 408 mm. It seems to be caused by the rating curve bemg used

Selection of C'al'ibrat'ion Data

: The daxly dlscharge data at I attbarang Darn and Stmongan Welr sites are necessary in

water use sunulatton mentloned later Slmongan Welr snte 1s located very near
Panjangan statxon Theretore the discharges at Slmongan Weir should be calculated

from the dtscharges at Panjangan multtplymg by the catchment atea ratio
(=204.0/ 192.6km? ).

: On the other hand, aith'eugh .Kalipancur station is located near Jatibarang Dam in
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Kreo River, the data at Kalipancur has a problem about accuracy as mentioned above.

Therefore, it is appropriate that the discharges at Jatibarang Dam also should be

| alculated from the discharges at Panjangan mu!tlplymg by the catchment ratio

(=53. 01192 6km?).

Accordmgly, the available da1ly discharge data abserved at Panjangan statmn in the

past 10 years are used in low flow analysis as cahbratron data for a run-off model

Outline of Tank Model Method

'The Tank Model Method is applled to low water run-off calculations. This method

mcorporates calculations of direct run-off durmg rainfall as well as other elements

such as the separatron of mf“ ltrated ramwater evapotransprrauon and oozing-out of

groundwater

Serial storage type model which 1s called the Tank Model is used for run-off

calculations in Whlch the catchment is replaced w1th containers havmg several run-
’ 'j' off holés on their 31des and bottomns (refer to Frg 3. 3 14). Ramwater is placed in the
't0p container of the model, Contamers below the top one receive water frorn the hole _

_in the bottom of a hsgher container. Part of water in each contamer runs off to the

out31de through the holes on the 31de whlle the remaining waler T moves to a lower

container. The sum _of run-off from the holes on the sides of contamers_ of all stages

becomes the discharge of a river.
Tank Model Simulation

Daily rainfalls at Sumurjurang multiplied by modification coefficient’ 0.99 are

_inputted into Tank Model. Evaporatron amount, which is subtracted-daily from

Tanks is 1,181 mm by-annual total, and monthly pattern of evaporatron is assumed to

- be propomoned to pan evaporatron pattem (refer to Table ’l 3.21).

The parameters of ’I‘ank Model whrch include mn—off ho]es seepage holes and initial

storage depths, were deterrmned by tnal srmulatron so that the calculation drscharges N

“can s1mulate the observed ones well. The parameters are f“ nally determmed as
shown in Fig.3.3.14, _ '

The flow regrme of caloulated dlscharges and observed -discharges m ‘the past 10 '

years are compared in Table 3.3.22, and the srmulatron plottmgs of drscharges in the
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past 30 years are shown in Fig.3.3.15, where the calculated discharges and observed
discharges in the latest 10 years are plotted by comparison. It is obvious that the

Tank Modei simulation resulted in success.

As to the discharge data which should be used in water use simulation described
later, the observed discharges in the latest 10 years, and the calculated discharges by
Tank Model in the previous 20 years, are adopted. The flow regime and water
balance at Simongan Wei.r site in the past 30 years are shown in Table 3.3.23. The

average annual loss in 30 years bécame exactly 1,200.mm finally.
(6)  5-days Dischafge for 30 years

The water use simulation described later are carried out with 5-days intervals, The

data of 5-days discharges in the past 30 years are contained in Table 3.3.24.
337 Design Tidal Level at River Mouth

The design tidal levels at the river mouth were determined based on the tidal data observed
at Semarang Harbour. Since the tidal data observed in the past has been affected by land
subsidence in the low lying area, the most recent data of April 1997 to August 1997, which

is considered less affected, is used for the tidal analysis.

The méan ﬁigh water level at river mbuth_ is defined as the average monthiy rﬁaximum tide
level. Similarly, the mean low water level is defined as the average monthly minimum tide
level. Abplying fhese definitions fo the said monthly data, the mean high and low water levels
are givén as pfesente_d. in Table 3.3.25. Then, by relating the chart d_aturﬁ of the water level
gauge ta the M.S L of J_akér_ta Harboﬁr, the basic tidal levels sﬁch as mean high level, mean .

' low water level and mean sea level of Semarang Port were determined as follow:

" Kind of Water Level Elevation (TTG) - -

Highest High Water Level (HHWL) - EL.40450m -
Mean High Water Level (MHWL) - EL. +0.250 m
Mean Sea Level (MSL) = EL.-0.230 m
Mean Low Water Level (MLWL) ~ EL.-0.700 m
Lowest Low Water Level (LLWL) EL. -0..900 m

" For the non-uniform flow calculation in the event of flooding, the mean high water level of

*BL. +0.250 m is used as the starting water level at the river mouth.
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Table 3.1.2 (1/3) MAP SYMBOLS

Triangulation Point Market
GPS Point Transformer hous_e
Bench Mark TTG . Bank

Minor Order.leveling

(Fas station

Spot elevation |

Telephone office

A
@ .
-]
.: '
7 : Mino; .orde_rr BM | Government ofﬁce
r‘_—J ' HOuse/E..Suildingl. | Hotel
® Faétofy ' Main ;oad"
@) | publicna | Road >2m
| public station - | Road 12m
| S | Mosque ===227 | Road under construction
; o Churgh ;—_*4-4-- Ff;:ofpat}l
i | Temple —E_ Median su"ips-
@ Hospital # Road and'sti_ips
@ Fire szitjon _ = : Cutting and emba_r_lkr_n_ent o
® P_osf Ofﬁce :;: ..Ir:on ﬁnd conérefe:bﬁ&ge '.
_ ; ~ | School :%: Woodén bridge .




Table 3.1.2 (2/3) MAP SYMBOLS

. g;::b}();;dbgr? dge  |TTTTo Cultivation land boundary
% Culvert 11| Ricefield

—+-—- | Railway vV Farrr}/cultifated

- — Raiiway bn'dgg {f _ Sugéf cane.

—é{-—}— Stétion X Palm plantation

—}—|7L|-_ Infersecting railway | % | Rﬁbber p}anta'tion.
:ia;e’f_’:z: Water/Oil Pipe | 5 3| Teak plaﬁtatio.n_l

Wt Wafer/OiI_ Tank | .

Coffee plantation

Automatic waterlevel gauge

Cacao plantation .

Electricity power =

©
bt 1 b |Orchard -
,r_x_* | wall hédge/fenbe a ? Other plantation
N ) Monument ‘i@:’ Bush
O, Moslem graﬁes | \l/ | Grass ﬁéld
‘l‘ Chriétian cé_metery' : Q Trees/Forest .
— Chines._é. graves ,- 'r*\ Dead trees
A Buddha gréves A | Bore land
L \./eg'etgtion_ boundary 7/ ll Bam.iaoo_copse




Table3.1.2 (3/3) MAP SYMBOLS

R e e e
AN — Channel

Water fall

SrnalI/Iarge revetment

SmalUlargé weir

Small/large Watefgate

Sand(a), shore line(b) .

Saltarn

Fishporid/Pond, Lake

—— e, g ¢

Swamp |

Depression

Rocks

Precipice, Land slide

Cliff

Contour

Storages

Kabupaten boundary
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58 12037.86| 5205 223| 2873 252! 322| 1.2| -2.00[-048| 95.54] o.g6| 3.52] 289 238 a3.45]167.02 97/08/07 8:20
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Table 3.0:1(3/5}  LONGITUDINAL PROFILE

WEST FLOODWAY/GAGANG RIVER
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