





REPUBLIC OF INDONESIA -
MINISTRY OF PUBLIC WORKS AND ELECTRIC POWER K
DIRECTORATE GENERAL OF WATER RESOURCES
DEVELOPMENT |

FEASIBILITY REPORT
ON THE WONOGIRI IRRIGATION

AND UPPER SALA RIVER
IMPROVEMENT PROJECT

APPENDIX II RIVER IMPROVEMENT

A F el |

ﬁg\ 84 9 ‘)fj __LQ_;&_... e
167 |
’ﬁ‘ﬁ‘“ﬁ‘—z--“‘i” o] Ll

/ggQ’ﬂ"é

JAPAN INTERNATIONAL COOPERATION AGENCY

TOKYO 1976 o |
JEN LiBrARY

N G







TABLE OF CONTERT

OUTLINE OF THE BASIN _ - : _Page
1.1 THE SURJECT-%ONE AND OBJECT OF THE INVESTIGATTIONS .... 1

1 The Subject-Zone TR Cieve i ra e
2 Object of the Investigations .......ovvisevuenanans .

TOPOGRAPHY AND LAND-USE OF THE BASIN .......cvivvenna

1.1
1.1.
1.2
1.2.1 TopograpPhyY «uvisstasststssisessasnssossnsosacrsnssssens
1.2.2 1aAnd UsSe .u:uvssrroessssssacrassasisssronnesnasnsnoss
1.3
1.3,
1.3.

DIVISION OF THE BASIN . vuvireneennnnas et

-

1 Tributary BaSin .i.iisesertcessvsciiarsssonnasnnas Ve
2 Features of the Basins (.uesieressearntsasnsnrnnsans

R R T N

HYDROLOGY
METEOROLOGICAL DATA v vourveenonresrrrsnnns e eieerae.. 10

Wind tevrrnrceneronsanronssssnsoscsnsnvnes cevasanneas 10
SUNShINE vuevivesrionnssnorassnassssassssorsesirrsass L1
Temperature ....ovconrerrareossasas Pheressaan A & |

RAINFAL] ttvsuvernsonnossnrnssennosssncasaansassnsss 12

1
2
3
4 Bumidity seeeierrenivcnan Ceaaasan O b |
5
6 Evaporation and Evapotranspiration ...... B 5

RAINFALL +ovvvrvnennns e e 13

1 Rain-gauge Station ......... O
2 Point Rainfall .......... creseraereet i raas a2 23
.3 Areal Rainfall ............ et arasisaeasar e 24
4 - Probable Rainfall ...ceeirineensienronsasssvsssesnss 20

DISCHARGE ........ e e e 25

.3.1  Water—gauge StAtion .u.eesuieesernssrersnossonooses .. 25

2 Rating CUTve ...vsevoecanosnn Ceeanans Crreeeaareeiees 25
.3.3  Daily Mean Discharge ....v.veeeaeenss P ¥
.3.4 Charactor of Discharge ....cc0.vun B X

SEDIMENT 4 v evvennee e ennnnnesnneneinassnnneesennaenns 38

1 River Bed Materials .ueeveevesereseseoseoeneanssansns 38
.2 Buspended Load ........ P < 37
3 Bed load ciiinenessinn O 1

FLOOD vveunevneenesns P £

1 Noted FL100AS tvvinvnceesosstassasasssnnsnssnsssrsnss 14
.2 Flood Roubing «vvevevsnsnncnnensnassresnsssassnsnees (3



RIVER

..
T e W N b

W W W W W W W W W W W W W W W
S i b i .
PRI B RIS N BN R DN b b e bt
. e ..
WO

.

2.4
L2.5
6
i
L2.8
.9
]
3.3
3.3.1
3,3.2
3.3.3
3.3.4
3,3.5
3.4
3.4.1
3.4,2
3.,4,3
3.4.4
3.5
3.5.1
3.5.2
3.5.3
3.5.4
3.5.5
3.5.6
3.5.7

- ii -

BASIC DATA FOR RIVER TMPROVEMENT PLANNING ....vveuens

Probable Discharge in Existing Condition ..........
Probable Discharge in Several Construction cases .,
Discharge Distribution in the 1966 Flood ..........
Discharge Distribution of 15-year,-2-yecar

a

.

and 1.2-year Floods «..iviiianonvrernsrsreasssasenes

Estimated Dlschalge of the Tributary efter
Impxovement R R R R PR R R

IMPROVEMENT WORK

EXISTING RIVER CONDITION ... .eivenienisensassasanssaons

Profile, Width and Discharge Capacity of the River..

River Water Use ......... e

Existing Rlparlan SEIUCHULES v vvunnvnnnns i i ee e
Sediment e h e rhrave s atusr e as sttt

Flood Damage «vvevensntnnsnnssncsnss saaaees chremess

RIVER IMPROVEMENT WORK PLANNING .....vvvvavronnssanns

General Conceptions of Planning ....... Cesnerasasean

Design Flood civvieiniivrenerorriornererarsrnansss R

Design High Water Level .. vuivveuvieinnns cer st

Alignment of River ............ cassaaeaeas e resaara
Longitudinal Profile ... oveuvaren.n G rre e .
Cross Sechion wvesvvinerersnrenonsns veraaea e

Flood Control Fecility +eoecsrvrrnncaranans N o
SEributary . ee e ei e et raas e e
Riparian SErUCtUYeS vit i ranennans Sereaseeaae PN

O A Study on the Construction of a Levee at the

Down Stream of Jurug Bridge ...vivivrvrnsrnrs v e
FLOOD DAMAGE .....000404, A R L R

General coseesrvererservrssnsnssan Geersssevas st
Inundaticn Azxea ......... Ceasese Ceearrtatana b
House Damage ......... P
CCTOP DamMaZe +ivveneesierosonearssssasassssasossans
Total Damage ....... O P

ANNUAL BENEFIT .. il i alansanuerussssrorsrenonnsos

Probable Discharge ...c.iiereneeresrsanssssassanres

Annual Bamage ... .. e ottt e saae i aaca e
Anmual Benefit .......... e e Crerrrae e

Cross Section ...v0uv. cer e eseaar s s Per e aaen oo
Study of the Stability of the LEVEE .vuvisveenvseens
Bank Protection ......... G e irera et asatiasiae e
Landside Water Dlalnage Facilities cvuivssarevennsns

Groundsill Tt e sasas eaeaes P e e r e sesanas resresen

Others +iieeivvnsesres e rr e e R s et ere o aee .

Measurement and Quantities of the Major Works cere e

76

76
76
82

83

84

99
99
99
100
101
101

109

109
111
112
112
114
114
117
120
121

125
158
158 -
159
159
161
162
164

164
164
182
183

196

196
197
201
203
204
204
205



o
-3

B

[

o
™

B

- A .
[, TR NN, N S % R WG R U I UC SR U U R G O
n =

.
-

VoA e b

-
-

. .
fha =

:.a'l
£

OV B S
oW N e

. oiid -

RIVER IMPROVEMENT WORK +avuueevuuvnrenensneeennanens 205

Survey of Present Circumstances ....veeeeessvaeenss 205
Construction Work ... .ivvivnvndneirniorssascosannaanaas 217
Examination of the Heavy Kquipments and the

Material uesiiiereresvenrornissrsnrsesnnsonarsnene 227

LANDS AND HOUSES 10 BE ACQUIRED . .vivineunernsersnnes 229
CONSTRUCTION COST ESTIMATE ..\uvsvvervnrnnnnn.. e, 230

CIT (RECONNAISSANCE OF THE KALT DENGKENG) - 2 § |
GENERAL vivevevnenans et er e s - 5 §
SCOPE OF SURVEY v vvveevsnnorenssnrnsneosanseeansss 242

Purpose 0F SUrvey .uuuuetcrvecrenecnrrnnnnnsenrsesss 242
Territory of SUTVEY vivvrivesseesrnnsss fireeereanes 242

EXTSTING CONDITIONS +vsvvvrensnrnns e, L. 242

Hydrology +veeecesnncanrannvnnivessrinsassrsosessss 242
C8and Debris .. iiii it saes 244
Characteristics of the Existing River Channel ..... 244

River Structure and River Ubilization .u.veeeeesess 246
Cause of Damage ....... L vee 240

COUNTERMEASURE FOR FLOOD DAMAGE . .\uvevvuneneneanasa. 246

Oveyall River Improvements .......... Tereaees cese., 248
Tentative River Improvements ...vvievrarenesoeens vea 249

RECOMMENDATTON & i\vy'uvvuvrrsonsonensnssinssennsasesras 251
IT1 (FUNDAMENTAL CONSEPTION OF RIVER CHANNEL

DESIGN) v.vivenenvnnn. =LY
GENERAL +uveervvrnnnnennnnn SN ien. 267
FUNDAMENTALS OF RTVER IMPROVEMENTS .. vvvverensennnss. 267
PROPOSED. HIGH WATER LEVEL v\ vvsvrrnvruenensensronanes 268
CROSS SECTIONS ...... e e, 269



=2
=]

Flg.

Fig.

[ T R R R VL LTI L
. . o .

D) PO D) R

R A N I S R R N

= W

.

N
N
Wk

o, .

[\J[\)_I\J!\J
PN DO
O e~ o

.
-

-
-

IS S A SR S T A X

.

LSRR U R R UL S S U S UL B WU R U % S R B O

O~ VU B NN RS R D P e

(a)

(b)
()

{e)

(1)

General Map of River Basin ..
Upper Sala Basin .....c.000-
River System in Wonogiri-Jurug. Area

- 1V -

LIST OF PIGURE

Title

e % v

LI A B BRI

LR IR Y

Regimen of Tributary in Wonogirquurung Reach ,

Wind Data
Average Monthly Sun-Shine Ratlo o

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

Average Monthly Temperature {At 9 o'clock)
Average Monthly Relative Humidity

Average Monthly Evaporation ....
Time-zone Distribution Which
Occur Over 10 mm in an Hour

Correlation of Hourly Rainfall

(based on 1975 record)

Mass Curve of Rainfall
{Point Rainfall) .......
Mean Distribution of Hyetograph

Having Six-Hour Rainfall Duration ..

-------

L A . LY

TR I R R N N ]

Probable of Daily Rainfall (Point Rdlnfall) ..
BEstimated Mass Curve of Rainfall

and Hyetograph for T-Year Rainfall
Annual Tendency of Rainfall svuiuiseieierrnrens

Locality of Rainfall ,.......
Correlation of Rainfall
Probable Rainfall in Upper-Wonogiri

Basin and in Wonogiri-Jurug Basin .....
Location of Water—level Station .....
at Juranggempal-Gauge .
Ngutur Bridge Site ..

Rating
Rating
Rating
Rating
Rating
Rating
Annual

Daily Mean Discharge (Jurug) .
Daily Mean Discharge {Jarum) .

Culve
Curve
Curve
Curve

Curve

Curve

at
at
at
in
at

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

. n

* 2 E B K e b e beoe 0

LR B R I Y

Jarum Site in K, Dengkeng .

Bacem Bridge Site ...
K. Samin ...

Jurug Gauge

ooooooo

Tendency of the Lowest Water Stage seaes
Daily Mecan Discharge (Juranggempal) et i e

Comparison of New and 0id Dlscharge Data ,.....

Probability Distribution of Daily Mean

Discharge at Juranggempal

R N N

Probability Distribution of Daily Mean
Discharge at Jurug .........
Monthly Mean Discharge at Juranggempal
and at Jurug

Correlation of Baily Mean Discharge
in Flood Time Jurug .vs. Juranggempal .........

Anneral Rainfall

LR R NN )

A

s 8 ks e s

» V8. Annual Rainfall Loss .....

27
28

29
30

31
32
33
34

35
39
40
41
42
43
44
45
16-
47
53
57
58

59

60

61

62
63



SRR SRS O SRR

NN
o DD

-
~
-

-
-,
Y

-

»
-

W DO =T

-

.
[oa S IR, SRV, IRV, IR |
. :.';

Ll |

(a)
(b)

Sampling Sites of River Bed Material ..........
Profile of Grain Size in Upper Jurug Reach ....
Suspended Load DischaTge .u.vseeeeriaroesnrsons
Suspended Load Density e s e
Bed Load Discharge {Calculated) .........o.v0n.

Isohyetal Map in 1966 Flood .....vvvuvenens. ..

Isohyetal Map in 1968 Flood .viveruvaevenesss
Discharge Hydrograph under Existing Condition
Inundation Area in Large Flood ..............

Flood Routing Model ... iviuievsosnsssnossnnosas

Probable Peak Discharge at Juranggempal
(Bxisting Condition) ..ivsvisressvnnannsnns
Probable Peak Discharge at Jurug '
(Existing Condition) ........... e K
Peak-Discharge Probability in Various
Construction Stage at Jurug
(Construction €ase) ...vieseenseencarenens

Discharge Hydrograph at Jurug {Case-3) .......

Specific Discharge_.vs. Area in Indonesia ...
Estimated Maximum Discharge in the 1966 Flood
Dischagge_Distribution in Case of

1600 m” /5 at JUTUZ evverresnrarrnernseansnes
Discharge Distribution for 2-Year Flood
at Jurug Site .,.......... : sherrar e

Low Water.DischaEge Distribution
in Case of 600 m” /s at JUFUE +oevrineennronen
General Map of the Project Reach .......... -
Profile of Existing River Course .......c0unv.

Existing Condition of River ........civuuievnnn.

Location of Existing Riparian Structure .....
Location of Existing Riparian Structure .....
Design DiscBarge Distrubution

/

. Estimated Discharge of Tributary ..............

(2,000 m" /s = Case) ivvivrrnrnrnsserncennen

Design Disc&grge Distribution
(1,600 m” /s — Case) ..;..,...........;s.“
Short Cut Course Around K. Jlantah ..........

Relationship Bebween Low Warer Channel

Width and DiScharge vuuueeesesevesrneseeaeenens

Relationship Between High Water Channel

Width and Discharge .....vicisrervecarnsrvensanss

Proposed Standard CEOSS Section of

Sala River (2,000 m”/s - Case) ,.uvveriinounnnn

Proposed Standard Cros§ Section of

Bengawan Sala (1,600 m”/s - Gase) ..vvuivnvnnnn
Location of Flood Control Facility sevevennsens

.

Short Cut Course Around K. Brambang ........ .

Short Cut Course Around K, Saminl ..svevevaneess
“Alighment of Proposed River COUTSE .uverersons

Alignment of Proposed River Course ......... e

Profile of Proposed River Course ........ creen

Page
68
.69
TO
71
72
77 .
78
79
80
81

85

86

87
88
89
90
91

92
93

94
102
103
104
105
106

126

127
128
129
130
131
132
133

134
135
136

140
141



-yl -

Papge-

Pig, 3.2.13 Effects of Retarding Basin and Open-Levee .,... 142
Fig., 3.2,14 Probable Discharge in Proposéd Channel ........ 143
Fig, 3.2.15 Standard Cross. Sections of Tributaries

_ BUBUT e it i i i e it e s, 144
Fig, 3.2.16 Longitudinal Section of K. Wingko v..ovvvveunn.s 145
Fig., 3.2.17 Longitudinal Section of K. Samini v..uvuvunnrs.. 146
Fig.-3.2.18 Longitudinal Section of K. Kenbangan .......... 147
Fig. 3.2.19. Longitudinal Section of K. Brambang ........... 148
Fig. 3.2.20 Longitudinal Section of K. Buntungan .......... 149
Fig. 3.2,21 Longitudinal Section of K. Pusur .............. 150
Fig., 3.2.22 Longitudinal Section of K. Dengkeng ........... 151
Fig. 3.2,23 Longitudinal Section of K. Gawe ,,.... . 152
Fig. 3.2.24 Longitudinal Scction of K. Jlantah trriraeeaaas 153
Fig., 3.2.25 Specific Flow-Area for Drainage Channel ..... . 154
Fig., 3.2.26 Location of Proposed Bridge and Groundsill .... 155
Fig., 3.3.1 Total Damage in Surakarta Area ....,........... 165
Fig., 3.3.2 Total Damage in STagen ATea suiivevvevrieeeenas 166
Fig. 3.3.3 Total Landside Water Damage in Surakarta Area . 167
Fig. 3.4.1 Probable Discharge at Surakarta ....... Cererraa 185
Fig. 3.5.1 Relationship Fs and ¢ with Parameter C ........ 206
Fig. 3.5.2 Safety Factor of Banl immediately

: After the Bank Construction ............. ceases 207
Fig. 3.5.3 Safety Factor of Bank in Case of the '

: H.W.L Stage Condition .......,...... cererea teen 208

Fig. 3.5.4 -Safety Factor of Bank in Case of
: Sudden Stage Down from H.W.L to L.W.L ........ . 209
Fig. 3.5.5 Construction Cost--Discharge Capacity
: of & Stuiceway L.oiieniinin.... Sy cear. 210
Fig. 3.6.1 Work Section P cereen 231
Fig, 3.6.2 Proposed Construction Schedule ".,... beerreriaaa C232
Fig., 4.3.1 General Map of the Dengkeng River Bas1n eaaeas 253
Fig., 4,3.2 Annual Rainfall ............. Veetaerauns crmr 2954
Fig., 4.3.3 Mean Monthly Rainfall in the
- : Dengkeng River Basin vuui'ivviinnnnrnnrenornens, 255
Tig. 4.3.4 Daily Mean Discharge ..........vveevnecn... feeaa 256
Fig. 4.3.5 () Daily Mean Stage ............. et i, v.. 257
Pig. 4.3.5 (b) Daily Mean Stage ...veeuuiiersnreiinennnneinesn. 258
"Fig. 4.3.6 Rating Curve at Jarum Site in K. Dpngkeng R 259
Fig. 4.3.7 Cross Section ..,....... G et sat et iaeie. . - 260
Pig, 4.3.8"° Location of River Bed Measurement Site ........ 261
Fig, 4.3.9 (a) Annual Variation of River Bed

: (K. Kongklangan) st s e ta et e et 262
Fig., 4.3.9 (b) Annual Variation of Rlver Bed
: (K. Lusah) . Ceseaiee et e e e, 263

Fig. 4.3.9 (¢) Annual Vdrlatlon of Rlver Bed
_ (Kali Ujung) ...................;.......... 264
Fig, 4.3.9 (4) Annual Variation of RIVPI Bed : ‘

(Kali Dengkeng) ...i..v...... tereesdeianan. 265
Fig. 4.3.9 (e) Anmual Variation of Rlver Bed wuuernninennnnnss 265
Fig., 4.3,10 Inundation Area Caused By 1975 Flood .......... 266



No, -
Table 1,3.1
Table 2.1.1
Table 2.1.1
Tahle 2.1.1
Table 2.1.2
Table 2.2.1
-Table 2.3.1

" Table 2.4.1
Table 2.6.1
Table 2.6.2
Table 2.6.3
Table 2.6.4
Table 3,1.1
Table 3.2.1
Table 3.2,2
Table 3.3.1
Table 3.3.1
Table. 3.3.2
Table 3.3.3
Table 3.3.4
Table 3,3.4
Table 3.3.5
Table 3.3.6
Table 3.3.7
Table 3.3.8
Table 3.3.9
Table 3.3.10
Table 3.3.11
Table 3.3.12
Table 3,3.13
Table 3.3.14
Table 3.,3.15
‘Table 3.3.16
Tahle 3,3.16
Table 3.3.17
Table 3,3.18

(a)
(b)

© LIST OF TABLE

Title

. Characteristics of Main Ttibufdly Ceeaea e
- Monthly Rajnfall in Uppel Wonogiri

Basin ...oviiiveenn Paeaas R TN
Monthly Rainfall in Uppel Jurug Basin ........

_Monthly Rainfall in Upper Sala Basin voeeeveas

Seasonal Reinfall v ieireroreroneneneanaonsan
Maximum Annual Rainfall «...oeieiiivineinennen

Monthly Mean Discharge .....essesvesvransnasss

Results of Suspended-Load Observation ........
Annual Maximum Discharge .....iveeiieineseasoens
Maximum Discharge at Julug Slte in the Several
"Construction Cases ...viiurseinnerinenrcncees
Probable Peak Discharge ........... e e e
Discharge in Tributary .......ccecavanenesaans
Existing Riparian - Structures ......vvereerrnns
Discharge Capacity at the Proposed Cross
Section of Bridge Site ..ociiiinierararnnnraas
Comparison of Construction Cost of the New
Bridge Near Nguter ........... st
Inundation Area Under Various Flood Scale ...
Inundation Area Under Various Flood Scale ....
Value of Building and Household Effects ..,....
Ccéupancy Ratio .......,}...............,.....
Average Value of Bu11d1ng and Household
Effects ,....00...n be s iareeaaene e e
Average Value of Bul]dlng and Household

B 0 A B Y

Flood Damage Rate of Building and Household
Effects (An Instance in Surabaya Area) .....

‘Tlood Damage Rate of Building and Household

Effects (Used in this Study) .esveveeeenssses
Amount of IHouse Damage per Household .........
Value of Crop per Hectere ... v.vivnieners Cenee
Sharing Ratio of Each Field ......0visnivassnris
Condition in Sragen Area after the

Completion of Project .....iv.vieiinineenians
Average Value of Crops per Ha ... vvvinnneenn.
Flood Damage Rate of Paddy in Surabaya

River Basin suievirrrivasnnnersnntnnaroesinnns
Flood Damage Rate of Paddy in this Study e
Flood Damage Rate of Polowijo .....veiveenacn.
Amount of Crop Damage per Ha cvviiviieiveeasan.
Potential House Damage in Surakarta Ares .....
Potential House Damage in Sragen Area ........
Amount of Crop Damage for Every Floed Scale ..
Total FLood DAMAZE vuuurevuoeoronnsesonnsssass

Page

19
20
21
22
36
64
LT3
G5

96
97
98
107

156

157
168
169
170
170

171

171

172

172
173
174
174

174

175

75
176
176
177
178
179
180

181



~ viii -

No. Title ' | Page

Table 3.4.1 Average Annual Pamage under Existing
Condition ..vsuieiiitneessosnarasssascnnsiaae 186
Table 3.4.2 Average Annual Damage under Stage 1 ......... 187
Table 3.4.3 Average Auvnual Damage under Stage 2 ,,....... 188
Table 3.4.4 Average Anmial Damage under Stage 3 .....00.. 189
Table 3.4.5 : Average Annual Damage of Landside Water
: N seseanarararaarrasesanes 190
Table 3.4.6 Average Annual Damage under Existing
~Condition (Sragen Left Bank Side Area) ..... 191
Table 3.4.7 Average Annual Pamage under Existing
Condition (Sragen Right Bank Side Area) .... 192
Table 3.4.8 Average Annual Damage after Completion
© 0F BHE PToJect vieiririrenventtoinertananenas 103
Table 3.4.9 Average Annual Damage under Existing
' Condition (Sragen (Left + Right) Bank Avea), 194
Table 3,4.10 Average Ammual Damage after the Completion
of the Proposed River (Sragen (Left + Right
_ Bank Area) t.eiiiiiieraasierracrasaireavanas 195
Table 3.5.1 Relationship Fs and ¢ in Parameter C ......,, 200
Table 3.5.2 Amount of Bank Protection ...eiieiviinienaen. 211
Table 3.5.3 Discharge of SIULCEWAY tuvnvesosnnrreavesnea. 214
Table 3.5.4° - Construction Cost of Each Sluiceway ......... 215
‘Table 3.6.1 Machineries and Equipment in Possession ..... 205
Table 3.6.2 Construction Machineries and Equipment ....., 233
Table 3.6.3 Work Seceblion cuvieivisurnnsrereoressicosennes 234
Table 3.6.4 Work Section (Construction Quantity) ........ 235
Table 3.8.1 Economic Construction Cost ..i.vuivv.iinwennn. . 236
Table 3.8.2 Disbursement Schedule of the Keonomic
ConStruction CoSt vuerrurasnaisreresoneersann . 237
Table 3 Fund Requirement, (Contract Base} ..vivianas., 238

Fund Requirement {Force Account Base) ....... 239
Estimate of Operation and Maintenance Cost .. 240

Table
Table

-
A

UV
0 B 0
-



- 1X -

LIST OF DRAWING

No. Title Page
DWG.NO.RW18 Cross Section of Bengawan Sala -1 .......... 272
A 1 " “2 i 273
" 20 " =3 hirenacan. 274
" 21 " “d e 275
w22 " L T~ &
n 23 " -6 ... . 277
n 24 " =7 . cies 278
" 25 b =8 el 279
" 26 1 ) 280
" 27 " e 1 281
" 28 . -11 e 282
t 29 1 =12 ..oun .. 283
" 30 Cross Section of K, Wingkeo ....... Ceaaaeaes 284
" 31 " K, Samin .....iivinvrvannns 285
" 32 " K. Kembangan ........ . 286
" 33 " K, Brambang .....couvesaesn 287
" 34 u K. Buntungan ......... . 288
" 35 ” K., Pusul ...cevvecnsrassess 289
" 30 u K. Dengkeng ~1 ....neunas .. 290
S ¥ " _ w2 i eiraaeees 291
R § " K. Gawe ..... s saeraanaen 292
" 39 " K. Jlantah ....... cereese 293
" 40 Location of Sluicegay and Drainage Channel 294
u 4] - Sluiceway (0=8.0 m 43 TR 296
" a2 " (0=12.0 17/S L wnoseeeereenennns 297
" 43 " . 2 Vs chaeseanans 298
" 444 " {0=16.0 m3fs)~l s e e . 299
" 45 " . . ~2 i rae e 300
" 46 L (0220.0 17/8)=1 viermrennnnnnn 301
" 47 " o 2 i rheaaraaaaae 302
" 48 H - (p=28.0 m3/s)—l B T TP 303
" 44 ¢ : " =2 i e 304
n 3
50 " (0=40.0 m /s)-1 .. v iiveinnns ceess 305
" 51 " = e 306
" 52 Groin (H=6.00 m) cvinrivnnnrnvoanss - 307
" 53 " (H=5.50 m)} .cvueviiiunoronsnssansns 308
" 54 " (H=4.50 m) ....... ceascuns s 161
n 55 Stone Piching Revetment and Groundsill ...,. 310
" 56 Wire Basket Reveltment ......ciivvvvunss N 311
" 59 Tl,ocation of Existing Road ......... ..., wess 312
" 60 Cross Section of Existing Road -1 .......... 313
. 61 " 2






1, OUTLINE OF THE BASIN

In this chapter, descriptions are made on. bhe Juruguwcnoglrl

basin of the Sala river, the topography, and condilions of rivers
‘in its surrounding areas.

THE SUBJECT-ZONE AND OBJECT OF THE INVESTIGATIONS

The Subject-Zone

The Sala river basin is located along the eastern and
central districts of Java covering an area of 16,100 Tam
The overall area of the Sala river is shown in Fig., L.1l.1.
The Bengawan Sala is largely dlvlded into 3.areas of which
the Upper—Sala basin is subdivided into 3, namely, the Ngawi-
Jurug, Jurug-Wonogiri and Upper Wonogiri basins.

The subject-area of the presont 1nvest1gat10ns is the
Jurug-Wonogiri section (1,870 km2) of the Upper-Sala basin.
By the way, Ngawi is the name of a town situated at the
confluence of the Madiun river and the Sala river, Jurug
is the name of a road bridge, right below Surakarta {(Sala)
city with a population of 400,000 situated on the left bank
of the Sala river. Wonogiri is also the name of another town,
some 30 lum south of Surakarta city.

Object of the Investigafions

The Sala river invesbtigation was initiated by the
0.T.C.A. survey team of Japan in 1972 and the results were
condensed into the Master Plan Report in 1974. 'The said
Report suggested that in order to carry oub the integrated
develbpment of the Sala river, the top priority was to be
given to the work of constructing a dam at the Wonogiri Site
for the suppl3 of irrigation water and electricity, etc. to the
lower-stream districts, along with the improvements of the Sala
river between Jurug and Nguter for prevention of flood disasters.

Thereafter in 1975, the pre-studies 1o assess the feasi-
bility of the abovementioned works were conducted by a J.I.C.A.
survey team, This team was not able to obtain satisfactory
results because the topographical maps made available were not
correct,
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For the renevwed feasibility study, and to carry out
more accurate investigations, topographical maps of a scale
of 1/5,000 published lately were used.

The present supporting report consists of the results of
pro-feasibility investigations carried out for the sectors of
hydrology and river improvement., The outline is as follows,

The hydrological investigation undertaken this time
was based on newly obtained data in addition 1o the master
plan and the_results of the pre-feasibility study. Thus,
sufficient information for the river improvement planning was
made avallable.

- The river improvement investigation was carried out to
facilitate the planning, based on the findings of the said
hydrological investigation, of the improvement works of the
Sala river and its tributaries between Ngawi and Jurug from
the view-points of walter control and economic development
of the area. The data obtained by this investigation have
been used to calculate the volume and the cost of the proposed

works, and the final execution plan will be formulated on the
basis of the results of such calculation,

TOPOGRAPHY AND LAND-USE OF THE BASIN

Topography

The Jurug-¥enogiri basin (1,870 km2) is shown in: Fig, 1.,2.
The Jurug-Wonogiri basin is bordered by Mt. Lawu (3,265 m)
on the east, by Mt, Merapi (2,911 m) and Mt. Merbabu on the
west and by their lower ranges and hills on south and north.
The basin is almost a rectangle, about 75 km longltudlna113 and
25 km latitudinally.

. The Sala river . collects the st01m water of the Upper

" Wonogiri bagin (1,350 km? ) and, after traversing between the low
‘mountain ranges and hills around Wonogiri, flows down into the

Jurug-¥onogiri basin where it turns its course northward to pass
through the hilly areas near Surakarta citfy; thence, it meanders
on around the skirt of Mt. Lawu and flows down through the:

Jurug-Ngawi plain before it empties itself into the Java Sea.



1,3.1

Although the Jurug-Wonogiri basin is bordered by mountain.
ranges and hills on all side as stated above, its central part
is wade up of a flat land, with the gradient pitch of about
1/2,000 latitudinally and about 1/1,500 longitudinally.

This flat area is the flood plane of the Sala river
and of K. Dengkeng, the largest of the tributaries in the :
Jurug-Wonogiri basins, At _the time of the large flood of 1966,
a vast avea of some 200 km? was inundated.

Land use

. The flat land in the basin is mostly nsed for
falmlng, about 80% of the cultivated land is occupied by paddy
and 20% by Polowijo., fThe planted area spreads up to an
elevation of about 800 m above the sea level, and the foresiry
Jand within the basin is extremely limited.

DIVISION OF THE BASIN

Tributary Basin

Division of the:Jurug~Wonogiri basin by its tributaries
is shown in Fig. .1, with the river syslem modeiling in
Fig.l.3.1. The Outllnes of the tributary basins are 1nd1cated
in Table 1, 3 1,

: There are nine major tributaries with a total area of
1,563.1 km2 which corresponds to about 85% of the entire
Jurug-¥onogiri basin (1,870 lm?), as follows:

No. Name Area : Cgﬁfiﬁence
1 K. Walikan 56.6:km2 right’ bank
2 K. Jlantah 75.0 kﬁz right.bank
3 K. Dengkeng 833.0 km® left bank
4 K. Pusur 42.5 M "

5 K. Buntunga* 20.0 " "

6 K. Brambang 125.4 " "

T K. Kembangan 38.4 " "

'8 K. Samin 304.7 " right bank
9 K. Wingko 67,5 " left "

‘Total area 1,563.1 km2
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Features of the Basins

. The feature of the tributary is described by the index
A/L?, ns shown in Fig. 1,3.2.

A stands for an area of the tiibutary and L, the length
of the main tributary. Thus the A/L2 represents the strip of
the basin and the mean A/l -~ ratio is about 10. The iributary
basin can accordingly be classified as the so-called braided
basin. '
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Fig. 1.2.1 - UPPER_SALA BASIN
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2. HYDROLOGY

In the sector of hydrology, investigations were made on
the metecrelogical factors,  rainfall run-off, sand
discharge and flood., The flood preobability and the discharge
distribution have been identified through the examination of
the data collected at the hydrological investigations.

METEOROLOG ICAL DATA

The meteorological investigations covered wind, sunshine,
humidity, temperature, rainfall and evaporation. Relevant data
have been made available by the meteorological observatories
in the Jurug-Wonogiri basin, as well as Panasan airport and
P.B.S. office {(Pabelan). With regord to the weather conditions
and others, data obtained from the observatories along the Madiun
river and in the Lower Sala basin have been used for estimation,

Wind

Generally speaking, the Sala river area; two seasons prevail
in the one is dry and the other is rainy. The dry scason lasts
from May to October and the rainy season starts in November and
ends in April of the following year., The wind directions in
Southeast Asia are as shown in Fig, 2.1.1. During the rainy season,
the general direction of the wind is from the mid-Pacific toward
the equator, and vice-versa in the dry season, in the Bengawan
Sala river area. For this reason, in the viecinity of the Java_
Island, the westerly wind is predominant during the rainy season
and it turns easterly during the dry season; and yet, subject to
the landform the blowing dlrect;ons change locally

Fig, 2.1.1 shows a compallson of the wind dlstrlbutlon
between Panasan and Iswahydi (Madiun) basins. In the Upper
Sala basin the easterly wind is prédominant during the rainy
season and the southernly wind in the dry season, whereas in
the Madiun basin the southerly wind is predominant throughout
the year. The average wind velocity in the Upper Sala basin
is 1.5 m/s during the rainy season and 2.3 m/s in the dry season;
although the latter shows larger velocity than the former, it
seldom develeps inte a gale,
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Sunshine

As to sunshine, there are the records for about 10 years
at Panasan and only for 1 year at Pabelan, The sunshine
observatory records arve given in Fig, 2,1.2,

According to Fig. 2-2, the values recorded at Pabelan.
are gquite similar to those in other basins but those at Panasan
are abnormally lower than those in-cother areas., But eonsidering
from the fact that the meteorological factors, temperature,
humidity and rainfzil depth related to sunshine in the Upper Sala
basin are gquite idenbical with those of other areas, the Panasan
values do not seem to represent those of the Upper Sala basin.

Accordingly, the l-year record of ‘Pabelan was adopted for
the present investigations as the sunshine ratio for the Upper
Sala basin, The sunshine ratio at Pabelan is 78% in the rainy
season and 88% in the dry season. :

Temperature

The temperature was measured both at Pabelan and Panasan,
and the results are as shown in Fig, 2.1.3. The temperature
remains -almost even all the year round, marking 31. 4°C for the
highest and 23. 9°C for the lowest, with the normal seasonal
variations of less than 2°C., The local variations are extremely
small,

Humidity

Fig, 2.1.4 carries the observatory results of humidity at
Panasan., As is evident from the figure, along with seasonal
variations there are local variations also. Nevertheless, the
relative humidity reaches the highest in February and March during
the rainy season and the lowest in September or October during
the dry season.

In the Upper Sala ba31n, the mean records of humidity in
the rainy and dry seasons are 74,2% and 61.,6%, respectively,
As compared with other basins, the humidity in the Upper Sala basin

"is higher than in Madiun by about 2% but lower than in the hower
" Sala basin by 1%,
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Rainfall

A dotallod explanation on the rainfall
given later in Chapter 2-2 in which are taker up the features
of the annual precipitation in the Sala river basin as compared
with other areas,

Gonerqlly speaking, not only in the Sala river
basin, the rainfall in the tropics assumes the form of the
so-called shower which mostly takes place from noon through the

‘evening, and its rainfall . "intensity is remarkably high; the

duration of continuous falling is-extremely short, mostly less
than 6 hours. Furthermore, as a feature of the tropical shower
the rainfall area is very much limited; the rainfall expanse
in Indonesia is sald to be several to several tens of km~,
although the scale of the hyetal region in the Sala river basin
is till unknown. The number of the observatories in the Sala
river basin where the referential data being orderly arranged

and their distribution density are as follows

The number of observatories in the entire basin whose data
have been utilized for the analysis counts 402 and the area
under one observatory is approximately 400 km”™ which ‘is much
larger than the size of the hyetal region. As to the areal
rainfall, there is a good possibility that the actual rainfall
differs considerably from the values observed.

Given in Table 2,1.1 is the mean monthly rainfall in' the
Upper Sala basin for a“ period from 1952 through 1973 which is
based on the ordinary rainfall data from the 40 observatories,
In FPig, 2.2.6 are shown the secular changes of the yearly total
of rainfall; the rainfalls during the rainy and dry seasons are
quoted in Table 2.1.2.

According to the result of calculations,. the mean anpua b
total of rainfalls during the past 22 years. is about 2,100
mm/year throughout all basins as a whole. From the secular
changes of mean annual total of rainfalls, it has become clear
that the 6 years centerlng around 1955 and the latest 3 years
(1972 ~ 74) were the wet years, and the drought years continued
from 1960 to 1967. The wet years registered the rainfall
of 3,000 mm;year whereas the drought years only 1,600 mm year
showing a big variation in the rainfall.



13-

Evaporation and evapoiranspiration

“The evaporation in the Sala river basin was observed at
8 points, but only at a single place in Pabelan in the Upper
Sala area. Moreover, the observation at Pabelan was started

“only in 1972 and besides, the data after 1974 are of poor

reliability,

The mean monthly evaporation recorded at of the 8
observatories inclusive of Pabelan is indicated in Fig, 2.1.5.
According. o this figure, the annual evaporation at Pabelan
is 876 mm/vear which is equivalent .to only 50% (1,752 mm/year)
of the Madiun basln and 80% (1,095 mm/year) of the Lower Sala
basin,

As to the evapotranspiration, no observation has been con-~
ducted within the Sala river basin, Normally, evapotranspiration
is less than the volume measure with an evaporimeter. As trees
and pl&nts in the basin are appavently malntalnlng almost the
same condition throughout the year, it may be taken for granted
that the evapotranspiration corresponds to the mean monthly
evaporation measured at a fixed value. In the master plan
report, 0,8 was adopted for the fixed wvalue,

RAINFALL

_ The explanation given under 2.1.5 was only about the annual
volume of rainfall. Thereafter more detailed limited %o the
explanations are given on the rainfall characteristic,

limiting the areas to the Upper Sala basin and the Jurug-Wonogiri
basin,

Rain—-gauge station

There are 208 ordihary' rain_ggugé gtations and 10
automatic rain-gauge stations in the Upper Sala basin.

The number of the -stations -~  where the data have so far
been put in order 'is 17 for the ordinary rain-gauge station and 10
for the automatic rain-gauge station, totalling to 27, As to the date in
order, the oldest available are those for 1952, and accordingly,
the data analysed covered only a comparatively short period.
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Fig 2.1.2Average  Monthly Sun-Shine Ratio
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Average Monthly Sun- Shine Ratio

Unit * %

Location

Station-.

Jon.

Feb.

Mar.

Apr.

May,

June.

July,

Aug.

Sep.

Oct.'-

Nov.

1Dec.

Mean

Basin -

LUpperSalaPanasan

Fabelar

30.0
77.0

3.1
75.0

36.6
76.0

45.86
870

511
88.0

633
84.0

70.0
87.0

72.5
87.0

75.0
88.0

325
82.0

48.8
800

33.8
700

49.7
820

Madium Baslswahyudi

73.7

737

80.1i

86.2

89.4

92.4

95.4

969

95,3

96.6

93.3

825

88.0

Basin

Lower SddKening

592

Perak

771

38.9

74.0

73.4

78.7

Bl.6

80.4

82.0

90.6

86.6

954

835
98.1

26.6

98.6

954
98.2

20.8
g2.1

889
78.1

679
76.6

81.4
865
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Figo.1.3 Average Monthly Temperature (At 9 Oclock)

Tempratire
{°G)
30 - posre > 7] = ey .
- I e e T
o pesigiies =gt SRS SR SN L N
20 l
- |- —|Upper Sala |Basin
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Madipm  [Bdsin
= - fLower] Sala Basin
0
| 2 3 4 5 6 7 8 .9 {0 N 12 Monih
Average Monthly Temproture (At 9 O'clock) . Unit -
: : , : nit :°C.

Locatior{ Station|Jan. {Feb. |Mar |Apr. May.JuneJuly .jAug [Sep. |Oct. |Nov. [Dec. Mean
UpperSaldPanasan|27.3'| 27.4 27.8 |28.3 |285 [280|27.5 |28.0|29.1 |29.6|28.8 |28.1 [28.2
Basin®  [Pabelar j27.3 |279i28.2{29 4|286 (286|281 |27.8]| 274|285 2861281 |282
MadumBasilswahyudi[27. 2 | 27.2{27.4 | 280|28.4128.2|278 |26.2| 293{298,285(27.7(282
LowerSaldKening |26.4 | 26.6{26.6 | 27.3|126.7 | 26.5|26.5 | 27.4 | 26.9] 28.6{27.9|27.1 | 270
Basin  |Perak |26.8[265{27.0|26.9]267}26.9|26.2|/265|273|28.3|286|26.9|27.0

Average Maximum. Monthly Temperature Um'f e
Loéaii_on Station | Jan.| Feb. [Mar [Apr iMay. June.[duly. |Aug. iSep. |Oct. |[Nov. [Dec. [Mean
UpperSald Panasan| _ : i o T

Basin |Pabelar |30.4 |31.2 131.4 [32.8(32.2 {324 | 31.6 [326 {319 | 323[30.9|30.5|317
Madium _{lswahyudil30.3 |29.6 131.11]31.6 |31.9|32.0| 31.8(32.8|33.8/34.3|33.0|31.2 |32.0
LowerSaldKening 131.2 [29.7|30.9]29.1129.3|385 | 28.4129.8| 30.5|31.7|31.2|29.9{300
Basin _|Perak- [30.6 {30.4(31.3{30.5| 29.730.2( 30.1|31.1| 30.9|32.5| 31.8| 30.6]30.7

_ Averdage ~ Minimum Monthly- Temperature Unit %c
Location|Station |Jan. |Feb. |Mar. |Apr. [May. Mune.[July. |Aug.|Sep. [0ct. [Nov.|Dec. Mean
UpperSaldPunasan 1 o b - N
Basin |Pabelar|23.5 |23.7 |23.7124.3|24.7 [ 235|236 {23.2 |22.8|235 |239 230 |236
Madium - - {lswahyudi| 23.0 [ 23.1 229 (23.0]23.0|22.0|22.0| 220 |23.1 [23.9 (242 |23.2|230
LowerSalalKening [23.0|23.8[256(23.8{23.9| 223|235 |250|25.0{23.6 2372371237
Basin |Perak [24.2|2291239|243|233[232(220|220[{23.1|23.0{245(25.8} 235
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Fig 2.1.4 - Average Monthly Relative Humidity

Humidity
{%)

100

fm e — e

_..—-—%L

50"

Upper Sala Basin

Mddium Basin

Lower Sala Bagsin

‘Average Monthly Relative Humidity ot
} : . : ) nit . %

L ocation

Station

Jan.

Feb.

Mar.

Apr.

May.

June,

J_UIy-

Aug.

Sep.

Oct:

Nov.

Dec.

Mea n

Basin

UpperSakj Panasan

Pabeiun

75.8

76.9
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Fig 2.1.5 Average  Monthly Evaporation
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Location |Station dan.. Feb. |Mar. | Apr. |MaylJune.{July. |Aug. Sept. |Oct. |Nov.|Dec. |Mean

UpperSala
Basin

Pobelan| 1.5 [ 1.4 | 1.5 1.7 | 1.5].23(3.2/3.4] 43|29 |24]{20]2.4

Medium | 4.1 |42 |4.5/4.6/4.9{5.0/4.7|56|67/66]|48 4.8150
Madium [Dowhan | 5.8 | 5.6 6.2 4.0|5.0(5.6]6.2|7.1 | 76|80} 72|52]|6.]
Dungbendd 3.1 | 2.7 | 3.3 | 3.4 143|30/3.7]|4.3|58|44|47|56]4.0

" |Saradan {4.6 | 4.5 4.4 43 [45(46|52]62 |69|7.4[4715.3]53
Basin |notopuro| 4.2 | 4.3 | 4.2 4.7 |4.4|6.2|/5.8(7.1 |76|6.9|49]| 46|53

Ngebel |2.6 13.3| 30|28 |26]/32[3.1|/40]43|39/28|24]|32

R iver

L.ower Sdd

Basin Kening 12.1}2.4| 20| 25}2436|45)| 52| 52|26[25| 2230
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Point rainfall

As regards the point rainfall in the Sala river basin,
its charvacteristies are known only qualitatively, but not
guantitatively., On that account, with the automatic stations
located in and around the Jurug-Wonogiii basin as the base
stations, rainfall characteristics weie cxamined on the
basis of the relévant records of 1975,

The locations of the base stations are shown in Fig, 2.2.1,
A brief mention of the results is as follows:

1)  The pe.iod of time, in which occurs rainfall of over
10 mm an hour, lasts from noon to 6.00 p.m and the rain-
fall during these 6 hows consists of about 7T0% of the
daily total; heavy  rainfall takes place in the
afteinoon. {See Fig. 2,2.1), '

2) The correlation of the hourly rainfall: among the
stations was notably wealk when the distance between the
2 stations was short — the shoirtest of which was aboul 15
km — meaning that the hyetal region may be very much limited.
(See Tig. 2.2.1).

3) The corrélation between the rainfall and its dur-
ation was very weak, especially in the plane, The
mass curve shows that the rainfall stops in less than
6 hours. (See Fig. 2.2.2 and 2,2.3).

4)  Therefore, ihe daily rainfall of the N-years retun period
might correspond to the total rainfall in the 6-hour -
duration, but the daily rainfall of the N-years at
each station did not show much difference. As estimat-
“ed, 187 mm/day for 100-year and 104 mm/day Tor 2-year were
the respective mean values for the 4 stations. (See Fig, 2.2.4).

5) The point rainfall vas estimated from the hyetograph
according to the mass curve and probability of precipita-
tion, (See Fig. 2.2.5).

The hyetograph exhibited a more rainfall in the-first

one Hour which sharved about 60% of the total rainfall
The character of hyetograph for point - rainfall how-
_ever, shows that the specific discharge in a small basin
might be veiy large: to quote for reference, a basin with
a I-hour concentiation must have 15.0 of the specific
discharge for the 100-year rainfall in_rational for-

mula if the coefficient of runoff is taken as 0.5.

But this big discharge might not be transferred to the
main rive- in its present condition because of the reasons
connected with the regimen.
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As fhe'density of the network of stations for measuring
the hourly rainfall is very low, it is difficult to make
a through study on areal hourly rainfall.

Areal rainfall

With regard.to the areal rainfall in the Upper Sala basin,

.the monthly, seasonal and annual rainfall studied by use of the

records at 27 rainfall station mentioned earlier. As to the
daily rainfall the study was made with reference to the flood
which has the maximum discharge every year.

1)

2)

Rainfall - monthly, seasonal and annual.

The results of calculations on the’ monthly, seasonal and
annual rainfall are shown in Tables 2.3 and 2.4;

The rainfall characteristics being as follows.

a)

Periodic variations have been observed with the annual
rainfall during the 4/6 of the said period: a number

of years centering.around 1955 and 1960 were the wet
years and, from 1960 through 1968, the rainfalls during
the dry seasons were particularly less and, thus, drought
years continued. (See Fig. 2.2.6).

Judging from the rainfall ratio in the 3 areas of

Upper Sala on the yearly and monthly basis, the rainfall
in the said 3 areas remained almost identical and was
seldom maldistributed. (See Fig. 2.2.7).

When the rainfall variations are observed on the monthly
basis during the rainy season extending from November
through April, it occupies about 65% of the annual
rainfall on an average, and 35% during the dry season.
But in the dry season of a drought year, it happend that
rainlessdays continued for 2 or 3 months, in 1967
completely rainless days continued for 3 months in bhe
Upper Sala basin. (See Fig. 2.2.8).

ally'lalnfall
The results of the studv on the maximum ddlly ralnxall

in a year are indicated in Table 2.2.1. This rainfall

is mostly observed in the rainy season of March.

In the basin of the Upper Jurug, the heaviest of" the rain-
falls was registered at the time of the 1966 flood, the
"largest on the record, when it rained 172 mm/B—days and
62 mm/day. At the time of the same flood, the rainfall
in the Upper Wonogiri basdin was even heavier, marking 215
mn in 3 days and 158 mm a day. Of other floods, the
particularly large one was that of 1968.



2e244

2.3,

2.3,

1

2

Probable rainfall

The study about the probability of rainfall was made on the
3-day and one-day rainfall.

The results of the calculations are given in Fig. 2.2.9.

“Aegording to the figures, the 3-day rainfall in the
1966- flood corresponds tothe 50-year return period in the Upper-
Wonogiri basin and to the 40-year return period in Upper Jurug,
but in the Jurug-Wonogiri it lturned to be the 15-year return
period only. '

DISCHARGE
Dealt.with herein are the characﬁcristics of +the monthly

and anmual discharges in the Jurug-Wonogiri basin. As to
the flood, expanations will be presented later under Item 2.5.

Water-gauge station

Along the Sala river in +the Jurug-Wonogiri basin, the auto-
matic water-gauges are established at Jurug and Juranggempal, and
at Jurum along K. Dengkeng. In the proximities of the Nguter.
and Bacem Bridges and of Mojo, the staff gauges are set up but it
ig only at Mojo where the stage records are kept. Also the diss

-charge observation was conducted a number of times at the Terum
site on K. Samin without the staff gauge.

The location of the water-—gauge stations and their relevant
informations are given in Fig. 2.3.1.

Rating curve

The rating Qﬁrres for Juranggempal; Nguter, Bacem, Jurug,
Jarum and the Terum  Sile are shown in Fig. 2.3.2.

:Thé stage-records over a long period are kept at the
stations at Juranggempal (11 years) and Jurug (8 years});.
the reasonability of the stage records was examined in relation to

the lowest water stage initiated in the dry season. (See Fig. 2.3.3.)

The éonclusion arrived at after such cxamination was that, at
the Juranggempal site, the water level during
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" Fig.2oib)gorrelation of llourly - Rainfall

mm/hr ( based on 197% record )
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Fig,222 Mass curve of Rainfall (_paint reinfall )
Rn/Rtotal S R R :
(%)
100 s
M
T
&0
Rtotal : Total |Rainfall
En ~ ¢ Rainfijll in Ne~hqur
AO|—-—Hfff A=~ O—Padetam
@ Tawangmangu
O Klaten
B Kd|Ulin
20 _ &
O 1 2 3 4 5 @)
' ' _ hour
Fig. Distribution of rainfall duration
Pabelan Tabangnangu
40 40
30 30
20 .?O
.10 10
©o0 2 4 6 8 10 OO 6 T8 10 12 14 16
. ' ' hour _ hour
504 50%
Klaten Kd Uling
40 40 '
30 30 7
20 20 —
10 10 ol
o c 0 R T AL : Lo
4] 2 8 10 0 2 4 6 10 12 14 16
hour ’ hour



ot

40
30

20

10

50%
40
30.
20

10

Fig.z

~29..

.23 Mean distribution of lystogravh lHave

ing . _

six—hour rainfall duration

50%

Pabelan : "T¥Wanghéng$
- 40 :
_______ 30 .
--------- e —— 200 1 — ‘ -
A 1 O SOV S — -]
. —— 0 N
0 1 pg 3 4 5 6 0 1 2 '3 4 5 6
hour hour
} T S .
Klaten| Kd 4ling
o i 40 T
30 -
SRS SR SRR 20 b b e
i
10 s s
L e o DY S S & S N . = -
o 1 2 3 4 5 6 o 1 2 3 4 5 6
' hour : : : hour
50% B
40 == wmuiMean of four
. “station
0 b -==r+ Mean of three
" station except
20 Tawangmangu
C oo
10 g
0




~30-

(Point Ritinfall)

g, 224 Probable Daily Rainfall
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100 198 155 195 501 187
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5 125 12] 128 128 126

2 100 104 103 104
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Fig.2:25 Estimeted mass curve of Rainfall and
HLyetograph for T-year rainfall '
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Fig, 226 Annual tendency of Rainfall
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Fig.228 (Correlation of Rainfall
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Fig. 229  Probable Rainfall in Upper-konogiri Basin and
__in YWonogiris=durug Basin - - '
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Table 2.2.1 Maximum Annual Rainfall

(1) Successive three days.

Upper Wonogiri Wonogiri- Upper Jurug

No. Year basin Jurug basin basin
1 1956 55.0 72.2 65,0
2 1958 139.0 89.1 110.0
3 1960 84.0 84.0 84,0
4 1961 . 89.0 118.3 106.0
5 1962 88.0 70.8 78.0
6 1963 53.0 49.6 51.0
7 1966 - 215.0 140.6 172.0
8 1967 101.0 70.0 83.0
9 1968 90.0 150.3 125.0

10 1970 64.0 53,7 58.0

11 1971 64.0 93.3 81.0

12 1972 64.0 65.7 65.0

13 1973 69.0 53.5 60.0

(2) One day _

Upper Wonogiri Wonogiri- ~  Upper Jurug

No. Year basin Jurug basin basin
1 1966 158.0 83.0 62.0
2 1967 43.0 39.4 41.0
3 1968 68.0 81.0 75.5
4 1971 35.6 37.4 35.0
5 1972 29.1 34.6 28.2
6 1973 33.3 33.2 32.4
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~of Januarv 1965 bhlough July, 1968 was measured from a polnb
0,5 m:above the gauge. zero and. after Septembe1 of 1972, 1.0 m -
above the zero. As to Ju1ug, it was assumed that the water level
for the duration of January to. Julv 1969 was measurcd from a
point 0.5 m below the gauge ZeT0,; :

At Jarum on K. Dpngkong, the stage equipment is set in “such
a way as ito make it unserviceable when the water depth falls to
the level 1 m above the gauge zero and, therefore. the Jarum records
are not reliable save for the rainy season.

2.3.3 ‘ Daily mean discharge

The ddily mcan discharges calculated from the rating
curve are exhibited in Figs, 2.3.4 to 2.3.6,

- The discharge, in the master plan and prefeasibility study
reports, is assumed on the monthly unit basis at the Karangnomgko
further down steam from the confluence of the Madium river and
the Sala river, '

The comparison of the newl\ assumed dlechargD w1th the
_ previous one is indicated in Fig. 2.3.7 and, judging from the
said figure, -both of them are in conformity with each other
in comparatlxely'good accuracy. Accordingly, the previous re-
sults may well be usable as the monthly mean discharge prior to
the commencement of the observation.

2.3.4 Character of discharge

Based on the daily mean discharge, the characteristics of
discharge were examined with the findings as follows:

1) The daily dlscharge is to accord with th@J—Ldlstrlbutlon
(See Fig. 2.3.8 and Fig. 2.3.9).

2)  The monthly mean diScharge'is larger in the rainy season
and smaller in the dry season., In the wet year the discharge
is considerably large even in the dry season but it becomes
practically mnil in -the drought year, presenting a rather
notable fluctuation inbetween. (See I'ig. 2.3.10).
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3) - A comparison of the monthly mean discharge between Ju-
ranggempal and Jurug indicates that the discharge is
increased at about- the same ratio of the areal increase.
This is ‘gquite convincing even from the investigation
result that the amnual rainfall shows not much areal
difference as already mentioned before. {(See Fig.2,3.11)

4) However, when the daily mean discharges at these two
points are compared il seems that: 3.

- When the discharge is smaller than 250 m™ /s at: the
Juranggempal site, the ratios of discharges at the two
points are almost equal to the areal ratios. When the
discharge is larger, the discharge at Juranggempal is
considerably larger than at Jurug point. This suggests
that a flood may occur at the viver reach between Jurug
and Juranggempal. (See Fig. 2.3.11).

'5) The annual rainfall loss showed about the identical value
at both Jurug and Juraggempal, the mean value being
approximately 1,600 mm/year. (See Fig. 2.3.12).

SEDIMENT

The reddish laterite extensively distributed over its
basin, flows along with the storm sewage into the Sala river
and, thevefore, the river water is constantly in a reddish

color. For Lhis reason, it has hitherto been. considered that
the river bed of the Sala river was formed of the silt of

extremely fine grain size.

In the present ]nvestlgat1ons, “the "bed materlals have been
collected from the main channel and tributaries for the field
surveys conducted with regard to the sediment.

'Rivér bed materials

The positions of the 15 sampllng points wherefrom the
bed ‘materials have been collected to data are shown in Fig.
2.4.)1 with the sample of the graln size distribution in Table
2.4.1 and the profile of the mean grain size in Fig. 2. 4.2,

It is indicated in figures that the grain size of the main
river bed is ‘in good conformlty w1th that of the trlbutary.

In the Ju]ug—Colo reach, the mean grain size (d50) is
generally uniform at 0.5 m, but the material of the Wonogiri
vicinity is quite coarse under the influence of the coarse
sediment entering into the main stream. On its upper stfeam,
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Fig. £33 Anpual tendancy of the lowent water stage
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Fig 2037 Gompani&oﬁ of New and 0id Dlscharge Data
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Fig. 2:59 Probability dlstrlbutmn of daily mean dlschPrge
at’ Jurug
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) Fig 2340 Monthly measn discharge at. Juranggﬂmﬁpal and é}_t Jiirug
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Fig. 2311 Correlation of dailly mean discharge in flood time
Jurug .vaquuranggempal
e raw dath (non-inungated}
A raw dath (inundated)
1000 g —vorrectpd—
A e, |
Fay 8 /
]
500  — Pa—
Aats n AR o ®
5 %a A ¢S, o a
P\
A 4L ® ,/!L’////// ratio of| ares

o ole® plelia Bes¥e o o

_ A gL_ » By . - 1 L

.A S S Py

1°% Wteill 00, ?

ove t6 .0
° sagdafe o 3
s o8 * . ° :l ®
® 1
0% 500 1000 1500

Discharge at Jurug ( n/s )



63~

maav TIBJUTBI TEnUuE

S 000f

0002

0001

Teduweddunany

| &) -
ﬁ e
“
|
| ,
ﬁ i
e ——— T “ — b e e \\

“EL L spo7-TTEJUTEY TPOWUY sA [[BjuTey tenuwy CiEE *37d

0001

o0
AH&.%r.wme .

CTTEBIUTEI
Ten



e

769

9°0¢ °%¢ g8 0% T°L9 LAY - m.wﬁ. 1°9¢ 0°€9 D R9 6°tL 7 W2IR
(8°6£) 8 0% i1 - - - - $°6 €Y 6°¢E6 - T°¢9 - SL6T
(6°06) £°0¢ T°0t 8 0% T7L9 A - £°9T  67LT 0°T% 0799 2748 Ty i6T
TESH *22( *AON EER ~dag dny “Inr ‘unp Loy *idy - aBy CEE: ‘uep BEET
2118 umiep  (2)
8 10T 8°02T &S 0L 708 1°0¢ 9 01 7791 S7et nﬁnm 77891 97967 8'91¢  ¢°€9T wWedR
9°6s1 2°89T  ('98 S 6 B7E9 89 AR Y€1 976ET 97967 TI°L6E © H'¥8T  0°H0T GL6T
6°111 9°€0T 6°GET 6799 87y VAR A E'0T  T°L6 6°%LT 9°G%T 96T  ¥'SEL wL6T
FAETA! L°QIT 9704 8T 9709 €9 LrQe 2°9L  E£I7LT 6°EYT 6°C6T €79yT  L'6LT €161
(97992 172L ISR £°0 - 71 9°1 e T°6y ¥°€E8  TTYIT B'9TT 6°8LT ZL61
€796 0 €2l 0°16 0°6% £t L°e €8 708 ¥°G¢ 5708 07067 €7l €°67T  Tl6l
7' 6L €76z L7L8 &L L8 1 6°1 "6z 0'6%T T°%8 Q°8LI T°I¥T  &g°88 0461
(6°88} L2y 6°6 - - A 8¢ 9'TT 6701 ¢'IST  9791C [ChAYA - 6961
(£°06) - - 6701 A L70% [ANAA B'C6 ®'90T L'TL 07892 £79TT 8°80T 8961
TEIR *oa( *ACN *330 +dag 8ny TIne ‘unp AR *acy  ‘IEY *qag . CuEl IBRL
2318 Snanp  (q)
8¢S £y 1742 (AN [ B4 9 B'ET £0°8T 7'y 17201 €°9L 8768 wesy
{8729 - - - £y 9°s 8°9 9°¢y 2708 . $790¢ E'E6 £°29 SL6T
€76y 076t 6767 L7891 6" 11 ¥TIT . 9'9 0s 0°¢7 0°Sy eyl €TIHT LU6¥ ®L6T
(g 9%) - [AA) £ 5L L'y [N ARAY €0y 9Ly 9SS 67901 . 6°€S 9°6% EL6T
€727 &1L 9 ¢ ¢ 0 L1 9°0 60 0°¢ 1°%2 '8t  8°/8 6°¢t (ALY clel
7°8¢ £°¢6y 7 0% 68T £°Z 6°C 8¢ - T°9T  L7Lz g% L°ETT - -£°20T  170% TL61
6°6E g 0L g6t 276l 6°L &1 CTUE £ €769 CANS SRR YA z°0t 0l61
181 g 0T "9 6°1 z°0 0 70 2 19 (AR 2R A 0-98 792 6961
IR £ §°6ET gL 9°TE L4 1T 06 98T 179 09 T°L¢ 8¢ LoE7 8961
87¢e L7LT 0°61 [ 8T 9z 18 6%l - 9°¢t $769 . L°E9 §°L9 87ECY  L96T
976t 9°%e 6751 827 0°1 60 "¢ 0'ZT T°61- '970% €°11Z 6°6L 8¢S 9961
(1°07) AR - - 8°C 6% €9 86 TUET 6702 . T°€L - = G961
Weag IETe s AON "3120 -deg s gny ATDL sunp ABY sady *IBR GER uepr  Ieajx

ﬁm\ma $37TUR)

231BUDSTY SUBIY ATU3IUCK

177 2198

- 93178 Tedme33uein (®B)



=65

the grain.size is fine again and yet more or less coarser  than

that of the Jurug-Colo reach.

In the site investigations, it has been found that sand
collection is going -6n by manual excavation in the vicinities
of the Jurug Railway Bridge, Bacem Bridge and Vguter Bridge
over the main river; it was also noted that along the tributar is,
the K. Brambang in particular, quite a volume of sand.is being -
dug out manually. The sands f.om the Nguter Bridge and K, Brambang
are of less silt conteut and is said to be selling at a high
price as counstruction material.

Suspended load

The suspended load was checked at 8 points once o1 thiice
respectively. The examination sites are as shown in ¥Fig., 2.4.1
with the results of the examination in Table 2.4.1.

The relation between discharge and suspended load discharge
is as shown in Fig. 2.4.1, but when judged as a whole, the

‘suspended load dischaige is in preportion to the aquare of the
-digcharge, This relation is obtainable from the following

formula.
0s = 0.0198 9>
0 : discharge (mB/S)
Os: Suspeﬁded discharge ( kp/s).

When the annual total of the suspended load. dlschalge
calculated by this xeiatlon is multiplied by-tge daily dlschargE"
distribution in Fig. 2. j it gives 2.61 x 100 m for the 3
drought year, 5.48 x 10 for the noimal, and 7.60 x 10 m”
for the wet year. When each of these is convelted into the_annual
land loss height, it corresponds to 810, .1 , 700 and 2,360 m3/year
km® respectively.

It is supposed that the influence of the ‘suspended load
on the river—bed formation is very small, Namely, the ro—
lation between the discharge and suspended load density eguals
to the primary proportion as indicated in Fig. 2.4.4. - Further-
more, the discharge and area are again in a relation equal to
the primary piopartion, Consequently, the suspended load from
the tributa:y into the main river is carried away to the lower
stream, and never scours the river bed or is depos1ted on it,
For this reason, it may well be considered that the suspended
discharge is of the same character as the wash load.
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Bed-load

From the results of the field survey and suspended load
observation, it can be judged that the bed load plays an important
role in the formation of river bed of the Sala river,

The measuring of the bed load was not feasible because of
the faulty conditions of ithe required instruments. After
conducting the trial measuring several times, the sand, which
was confiimed to have formed the bed-load, was obtained,

Therefore, the bed-load discharge was studied by using the
value calculated from the bed-load discharge formula. For bed-
load discharge calculations, there are a number of different
formulas such as Du Boys formula, EBinstein formula, Sato-Kikkawa-
Asida formula, etc. The Sato-Kikkawa-Asida's handy fermula was
used this time, '

QB:qB-B

0.5 1.5 (1.5

= Wg It 1

(lB

where
QB: Bed-Jload discharge (kg/s)
: Unit bed-load discharge (kg/m.s)
B: River width (m)
' UniL weiéht of water (kgme)
g: 9.8 (m/’ssz)
It: Hyarauiic mean d;pth“(my
i: Energy slope or.riVEr.ged slope.

1t can be thained from the Sato-~Kilkkawa<Asida Formula
of gy = . (5/6-;ﬂ - To-U, £(Tc/Td), To = WRI/U,= [gRL and
with the natural river as ¥ {(6/6-F ) = 1 f(Te/Ta) % 1.

As to the bed-load discharge (Q_), a comparatively large
discharge has been observed lately, ~The caleulations were
made f0r the Nguter bri. site and Bacem bri. site of. the main
Sala river,. the results of which are shown in Fig., 2.4,5.

From the results we find that Q_ at the two sites is ap- .
proximately the same, and the bed-load discharge has a linear
relation with discharge. Accoiding to,the calcu%ations, the an-
annual load discharge obtained is 21 m” /year/ km® which, as
copparcd with the suspended load discharge (1,700 m /year,

km” )}, stands for a conspicuously small value,
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Quotod above is the vesult of the calculatlons, but accord-
ing to the past examples theve are many occasions in which the
difference between the calculated value and thé actual value is
as-large as several-ten times,. As to the bed-load, thevefore,
the measuring will have to be progressed contlnuousl) heleaftm.
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Fig. 245 Bed load discharge. (calculated)
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Noted floods

In the upper Sala basin, big floods occur late in the rainy
season of March, but in other seasons, too, middle class floods
take place quite often.

Particularly, large flodds took place during the latter
periods in 1966, 1968 and 1975 about which the records are
available. By the scales of precipitation and discharge, the
1966 flood was bthe largest experienced when the peak discharge at
the Jurug site recorded 2,160 m /s and Ehe inundated area in the
Jurug-Wonogiri area marked about 200 km .

The flood in 1968 marked the peak discharge of 1,540 m3/s
at the Jurug site which suggests-that the inundation in the
Madiun river basin was of a larger gcale than in the upper Sala

basin.

The 1975-flood caused a big inundation tc the K. Dengkeng
basin of the Jurug«Wonggiri basin, but the peak discharge at the
Jurug site was 1,020 m /s which was rather small as compared to
the aforementioned 2 cases of the 1966 aund 1968 floods.

Explanations on the'flobds will be given mainly on the
inundations of 1966 and 1968,

1) Isohyetal map _ : . :
The isohyetal map of the 1966 and 1968 floods in the Upper
Jurug basin is. shown in Figs, 2.5.1 and 2.5.2,

2) Discharge hydrograph. : . : _
The discharge hydiograph of the 1966, 1968 and 1975 floods
at Jurug and Juranggempal, along with the hyetograph for
the Upper Jurug basir, is shown in Fig. 2.5.3.

1) Rainfall _
The rainfall in the noted floods, and in other maxi-
mum annual floods for reference, are shown in Table 2.2.1,

4) ‘Ihundaﬁion éyea . )
The inundated areas of the noted floods in the Jurug-Wo-
nogiri area are indicated in Fig. 2.5.4,
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Flood Peal Dischgrge Inundatﬁd area

at Jurug (m~/s) (™)
1958 - 93.1
1966 | 2,160 198.0
1968 1,540 -
1975 1,020 ' 86.3
2,5.2 Plood routing

The flood routing has been conducted for the 1966 and 1968
floods according to the storage~function method.

In the storage-~function method, the Upper Jurug basin is
rvepresented by the 2 basins of Upper Wonogiri and Jurug-Wonogiri
and by the Jurug-Wonogiri chanrel. '

The caleculation formula of the storage-function method
wag as follows: '

1 .(1—1L),A

Basin: Q= Q:'dischdrge.(mB/s)

3.6
P .
5 = K.q r: Input rainfall
ds ' ' .
Fr q: Output rainfall

TL: Time lag

.A: Area
K. & P: Constants

QI: Output.discharge

Channel: S = ng ~ 10

ds ) . e
2 = % Y I, ¢ Time lag.

As the result of the analysis, the censtants (K and P)
contained in the calculation formula were given as indicated
in Fig. 2.5.5. The result of the calculations for the 1966

flood was very accurate as shown in the table below,
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2.6,1

2.6.2
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Peaic Discharge_(mS/s)

ILtem _ Tulanggem gal Jurug ‘ Ngawi
- {1,350 um (3,220 wm™) (6,072 knm")

Observed 3,800-4,000 2,300 1,850

Calculated 3,950 2,160 1,890

BASIC DATA TOR RIVER IMPROVEMENT PLANNING

In this chapter, explanations will be given on.the basic data
foi river improvement planning: the probable discharge, the dis-
charge distribution in the maximum experienced flood, and the
flood control effect of the Wonogiri dam,

Probable discharge in the existing condition

Probable discharges under the existing conditions at Jurang-
gempal and Jurug were obtained from the observed annual maximum

discharge data in Table 2.6.1.

These data were plotted by the Thomas method into the
1og—normal distribution paper of Fig. 2.6.1 and of Fig. 2.6.2.

The Iesult of the probable dlscharge calculatlons is shown
in Table 2.6.3 , As is kknown from the table that of the maximum

experienced floods the 1966-flood at Jurug corresponds to the

40-year flood and the 1968-floed to the l0-year flood.

Probable discharge in several construction cases

1) Construction cases

In the construction plan of the Wonogiri dam, the coffer
dam of the Wonogiri Dam is to be -completed in 1978, and

~the Wonogiri Dam as a whole in 1980, As to the river

" improvement vorks, the first stage of the plan is

" to be started in 1978 and completed in 1983 i.e., 3 years
after the dam constructlon.

"To cope with this’ program, the probable dlscharge in
Jurug at each construction stage is examined:

Case - 0 ....Existing condition.
Case 1 ... Main coffer damming + existing river.
Case 2 ,,, Wonogiri dam + existing river, (400 m3/s

constant outflow)}.
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Figess Flood F\"buiﬂn'g Model

‘sub-basin-1
v (Upper Wonogiri bdsin)
) Wondgiri‘dam

Sub-basin-2
(Wonogtri-Jurug basin)

Channel-A

A Jurug
Sub-basin-3
q (Jurug-Ngawi basin)
ChonneIQB
. i Ngawi

fable I-71  Constants of Storage Function,
(2) Constants for wrterched, '

W- tershed Area {1 K P | - TL f . Qb Rsa
Sub-basiml| 1350 km] 27.0 { 0.6 | 6éhr. 1.0 |8 mi/s | 0.0
2} 1870 49.3 1 0.6 7 1,0 120 0.0
3} 2852 73.7 1 0.6 {9 1,0 | 188 0.0
(b) Constants for channel in Existing condition _ _
-Channel ) 'Leggﬁhm;m“ﬁ;¥”K o I3 - TL Range of §Q
Chennel-A 64 ™ {0,075 i.772 | 2 hre Q < 540 n°/s
B 82.0 | 0.65 2 > 540
-B 143 K™ 1.6 1.467 3 Q = 500 m/s
340,0 | 0.60 | 3 . > 500

(¢) After completion of river improvement facilities

Chanmel | Length ! K P %L | Renmge of 4Q
Channe 1-A 64km } 8 -} o6 -2 1. Q 20 m:S/s
=E_ ) 143 1 340} 0,60 3 z' 0
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Case 3 ... Wonegiri dam + improved river. {400 mafs

consf&nt outflow ).
Case 4 ,,, Improved river without flood control by

Wonogiri dam.

2} _Estlmate of Peak Discharge at Jurug Site
The peak discharge for each stage was determined as follows:
a) Under the existing conditions, the 1966~ and 1968-floods
at the Jurug site correspond to the 40-year and lO-year
flood, respectively,
b} The hydrograph, in which the inflow discharge hydro-
graph of each flood was multiplied by 1.5 and 0.5,
was given to the fiocod routing model to calculate the
discharge, In this case, as compared to the discharge
probability under the existing condition, the 1966~flood
type corresponded to the 500-ycar flood (1.5 times as large)
and S-~year flood (0.5 times-aS'large), and the 1968-flood
type to the 50—y911'(1.5 times as large) and 2-year flood
(0.5 times as large).
¢) By using the storage- function model constants to corres—
pond to ecach construction-case , the flood routing was
performed to work out the discharge at the Jurug site.
The result of the ealculations thereof is given in Table
2,6.2.
d) The peak discharge obtained in (c¢) above corresponded
to the return perioed determined for each case by (b)
above, TFrom the 6 plotting pesitions, i.e., three 1966-flood
type and three 1968-flood types, the probablllty line
and probable discharge for each construction case can
be surmiscd on the log-normal probability paper. o
The probable discharge at each construction case sur-
mized as shown in Fig, 2.6.3 and Table 2.6.3.

Discharge distribution in the 1966-flood

' On the assumption that the Wonogiri dam functions to control
the flood with 400 msfs of the constant outflow and there is no =
idundation in the Wonogiri-Jurug reach, i.e., Case 3, the
discharge hydrograph of the 1966, 1968 and 1975 floods at the Jurug
site is given in Fig. 2.6.4.

Even after functioning of the flood cohtfol .the peak discharge

at the Jurug site in the 1966 flood could have been approximately

2,000 m3 s, the largest as compared with the other. two floods. -

. For thls reason; the surmising in advance of the confluent
discharge from the tributary of the Jurug-¥onogiri reach as of the.
1966-flood is deemed to offer the useful data for determinings later
on the design discharge distribution in the river—improvement plan—
ing. The surmise has been carried out as follows:
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1) The outflow from the Wonogiri dam is 400 m’/s with the
' peak discharge of 2,000 m?/s at the Jrug site, and the
‘maximum confluent discharge from the Jurug-Wonogiri
basin (1,870 km?) is 1, 600 m 3/s.

2) In addition to the smallness_of:tne discharge capacity
of the tributary, it has a.vast inundation area in its.
upstream, and therefore, the dlscharged flow is pooled,
On that account, the trlbutqu dlsch&rge hydrograph becomes
gentle which evontu¢lly makes the time lag between the
main river peak discharge and tributary peak -discharge
negligible. Tuorthermore, it could surmised that the peak
dischdrge'falls unger the control of the minimum discharge
capacity of the tributary. However, as the K, Walikan
(198 %kme) whlch joins the main river immediately on the
upsbream of the Colo weir has no lnundatlon area and, its
discharge flows directly into the main river. B651des,
discharge - from the K. Wingko is ponded in the vast
inundation area around Sala city and does not direetly
inerease the discharge of the main stream.

3) The minimum discharge capacity of the tributary was
judged from its cross section immediate upsteam of the
main river inundation area by the uniform flow formula
or the ratbing -~ curve in relation to the bank-full
stage., And for the K. Walikan the peak discharge was
calculated from the flood-mark of the 1966 flood and the
uniform-flow formula.

The result thereof is given in Table 2,6.4 and Flg. 2.6.5.

4) Exeluding the discharge from the K. Wingko, the total
confluent discharge of the tributary is estimated at
1,490 mo/s which leaves a difference of 110 m3/s from
the estimated confluence discharge of 1,600 m3,s. _
Accordingly, this difference of 110 m3/s was distributed
to the tributaries, other. than the K, Walikan and K. Wingko,
for adjustment of the tetal confluence discharge thereof to
1,600 m3/s. The result is shown in Table 2.6.4.
The discharge distribution thus estimated for the 1966-flood
is given in Fig, 2.6.6,

Disﬁharge distributions of the 15-year, 2-yvear and 1,2-
vear floods

The 1966-f1ood corresponds to the 40-year fiood, and the
surmised discharge distributions, corresponding to the 15-year,
2-year and 1,2-~year floods, are shown in Figs. 2.6.,7, 2.6.8 and

©2,6,9.

The peak discharges correspondlng to these probable floods
at the Jurug site are 1,600, 900 and 600 m3/s, respectively.
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Estimated discharge of the tributary after improvement

The tributary discharge under the existing condition is dealt
with in Ttem 2,6.3, This corresponds to the l-year return period
according to the Jurum statlion records,

Upon completion of the improvement works of the tributary,
the area-discharge line under the present corndition, as shown
in Fig. 2.6.5, is estimated to move in parallel with and pass
the plotting position of the K,Walikan which is under the non-
inundation condition even at present.

The estimated discharge is given in Table 2,6.4, And to
judge from the area-specific discharge relation now being
examined in Indonesia, it is likely that this discharge approxi-
mately corresponds teo the 100-year floeod,
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Fij. 2.6.3 PeaknDischarge F‘robabilitv in Various Conqtruction stage at Jurug
{Consiruction cdse )
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case 0 =~ (@) Existing condition.
case 1 () Coffer dam construction

case 2 ~—~ (@ Wonogiri. dam . construction
case 3 - @ Improved river without tefartding_ basin,

case 4 -— @ - Non Wonogiri dam confrol,
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Fig 2.64  Discharge hydrogragh at Jurug (case )
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Fig2.67 7 Lsiimated maximum discharge

in the 1966 flood, '
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Fig. 269 Discharge distribution
for ?~year flood at
Jurng site.

K.Walikan \ / Honogiri dam

and ma_(T(;
others
_1e
198, 0km

\m“mu] Colo weir

: : '.unit: m3/s
K.Jlanteh | 419
S 45

75 « Okni*

515 | __KeDengkeng
100

833.0km?

K Pusur. ___
40

e
. 5.7k

655 45.7km .

K.Benfungan

585
| K.Bragbang_

B

a5 17%.4km?®

K.Kembangan

.35
i 38.4km 2
| 780

_ K.Samin: .

e BO

304 Tkm 860

( 1.Kicco) K.Wingko

S ¢ S
I 57e3km?
§

900i
j Jurug




-G 4.

K.¥Walikesn

and
others

-8

K.Jlantah

18

K.Samin

32

Fig, 2640  Jlow water discharge dis-
tribution in case of 600 mfs av
Jurvg

/‘anogiri dem
400
uMﬁ:xﬁs
/ Colo weir
428
446 KeDepckeng
40
486
K.Pusur
16 .
500 K.Bentung&n
i?
512 :
K. Brambang
536 |
. K.Kembangan
14
550
584 |
(X.xleco YK.Wingko,
16
600
Jurug




~95—

Table 2.6.1 Annual Maximum Discharge

(a) Juranggempal Site

No; Year Daily Mean _Peak Estimated
: (m3/5) (m3/9) Peak (m3/S)
1 1965 406 - 700%
2 1966 3,876 3,950 3,950
3 1969 1,019 - 1,650%
4 1968 796 1,280 1,280
5 1969 419 - 700
6 1970 528 - 900%
7 1971 468 - 800*
8 1972 482 820 820
9 1973 651 1,140 1,140
10 1974 669 - 1,120%
il 1975 1,098 - 1,710%
(b) Jﬁrug Site
No. Y‘?ér ' D?i%?sr;iean (23715{) Pgiiﬁgig)
1 1966 - 2,160 2,160
2 1968 938 1,540 1,540
3 1969 597 ' - 620%
b 1970 544 ~ 580%
5 1971 720 . 760%
6 1972 803 660 660%
7 1973 929 1,020 1,020
'8 1974 822 950 950
9

1975 899 1,020 1,020

Note: * Values are estimated by the relationship between daily mean
and peak discharge.
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Table 2.6.3 Probable Peak Discharge

(a) Juranggempal Site

Peak Discharge

N-Year (m3/8) Note
100 4,300
50 4,000
20 | 3,050
10 2,450
5 1,870
2 1,030
(b} Jurug Site
.Peak Discharge (m3/5)
N-Year Exis?i?g Case 1 Case 2 Case 3 Case 4
Condition - _
200 2,500 2,400 2,000 2,750 6,600
100 2,300 2,200 1,800 = 2,400 5,500
50 2,030 2,150 4,700
40 2,000 1,800 1,550 2,050 4,600
20 1,750 1,360 1,350 1,750 3,600
10 1,500 '1,170 1?170 1;500 2,900
‘5 "1,250 1,000 1,000 1,250 2,200
' 900 800 800 900 1,300
Néte: Case 1 = Main Coffer Dam 4 Bxisting river
Case 2 = VWonogiri Dam + " Existing river
Case 3 = Wonogiri Dam A4 Improved river _
_ (without retarding basin)
Case 4 = Non-Wonogiri Pam + Improved river

(without retarding basin)
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Table 2.6.4 Discharge in Tfibutafy

(a) Minimum Discharge Capacity in Tributary

Tributary %ieg Estimated M?nimum3
_ cm<) Discharge Capacity (m>/S)
K. Walikan 198 500
K. Jlantah 75 100
K. Dengkeng 833 270
K. Pusur 43 ' 1040
K. Benfungan 20 80
K. Brambang ' 125 150
K. Kembangan : 38 90
K. Samin o305 : 200
(K. Wingko) . (57) (120)
Total 1,637 1,490

{b) Proposed Distharge and Estimated Discharge in Future

Proposed Disch- Estimated Disch-

Tributary %i;g) arge of Tributary arge in TFubure
(m3/s) _ (m3/s)

K. Walikan 198 500 500
K. Jlantah 75 | 130 350
K. Pengkeng 1833 | 285 | 830
K. Pusur 43 . 110 | 290
K. Bentungan - 20 : 90 220
K. Brambang 125 165 410
K. Kembangan 38 100 280
K. Samin 305 220 580
K. Wingko (57) 120 320

Total 1,637 1,600 3,655

Note: The cross sections of the tributaries are designed according to the
proposed. discharge considering the estimated discharge in future.
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3., RIVER TMPROVEMENT WORK

EXISTING RIVER CONDITION

Profile, width, and discharge capacity of the river

The profile of the existing main river is 1/2,000 in the downstream
of the objective rcach and 1/1,450 in the upstream reach as shown in
Fig, 3-1-2, :

The river width and the discﬁarge capacity are shown in Fig., 3-1-3;
it shows that its mean width is 100 m and a mean discharge capacity
is 500 m>/s in the proposed reach.

The existing river meanders severely especially at the confluences
with K.Jlantah, K,Dengkeng and K,Samin. Due to such meandering, the
river length along the existing river in the proposed reach

is about 55 km, while the existing axis line of meander has a length
of only 33 lkm, '

River water use

The use of the river and its water has been confined to the
conveniences of the people living along the river, mainly in:

_ megnn  mean mean discharge
=.reach width slope capacit§
(m) . (m”/s)

Lower Jutug - 1/2,800 -
Jurug - K;Samin _ 100 1/3,300 . TO0
K.Samin - K.Dengkeng 90 1/2,600 500
K.Denghkeng - K.,Jlantah 80 1/2,600 300
K.Jlantah - Nguter 110 1/2,600 450
Upper Nguter ' - 1/1,200 -

Note: Discharge capacity is calculated for the
" bank-~full stage
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1) Trrigatiom: Some water is used for pumping irrigation;
21 small pomp stations, with the capacities ranging from
0,2 m3/s to 0,5 m3/s, are installed along the river.

2) UTishing: Some people catch fish in the river, But due to
the fluctuation of its discharge and the water with much
suspended-load; bthe kinds and the gquantities of the living
fish are very limited.

3} Sand collection: Though the river-wvater contains much
suspended-load, the river bed is formed by sand, Therefore,
‘good qualified sand is being collected at some places
along the river, particularly at around Nguter bridge,
Bacen bridge, Jurug railway bridge and K.Brambang, for
sale &s construction,

3.1.3 Exigting riparian structures

Existing riparian structures along the reach for the proposed
river improvement work are shown in Table 3.1.l and their locations
are shown in DRG., No.RBW 57 and in Fig. 3.1.4, '

All of.%he_road Bridges and railway bridges'in'the reach are
old. The discharge capacity at each bridge site is shown in Table
below; it is rather small especially at the upstream reach bridge.

Location A(mz) I n B{m) V(m/s) Q(m3/s)
Jurug Road Bridge 1,230 1/3,300 0,035 175.0 1.82 2,200
Jurug Rail Road Bridge 1,350 -~ " " 180.0 1.90 2,500
‘Mojo Rail Road Bridge 1,220 u L 150,0 1.79 2,180
Bacem Road Bridge 580 172,600 " 120.0 1.60 900
Nguter Road Bridge 500 " " 110.0 1,54 750
Nguter Rail Road Bridge 530 1/1,200 " 110.0  2.33 1,235
Note: A: aréa of cross—sedtion'
I: .slope of river bed
'a: Manning's n

B: Bridge length

V: velocity of flow

Q: -discharge
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There are 21 small pump stations for pumping up irrigatign vater
from the Sala river. The pump capacily is ranging from 0,2 m /s to
0.5 m” /s, : -

Among other riparian structures, there are ferries, groines and
improved levees along the reach but their scale is small.

Along the tributaries of K.Denghkeng and K.Jlantah, improved con-

tinuous levees, sluiceways, intake weirs, and boat stations do exist,

3.1.4 Sediment
' . : 3 2 :
The sediment load is estimated at 1,700 m /year/km” in terms of
the suspended load and at 21 m3fyearfkmé in terms of the bed load.

The suspeunded load is funcfidning as wash load and it has very
little influence on the river bed formation.

Therefore, attention should be paid to the bed load rather than
to the suspended load.

©3.,1.5 Flood damage

The annual mean flood damages in the Surakarta area which forms
a part of the project area, and in the Sragen drea located on its
downstream are as given below (see Item 3.3, and 3.4);:
{(Flood damage)
Surakarta area  ........... 6.50 % US$106/year

Sragen area sevearsenss 3.506 x U83106fyear
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Fig =3.1.1 General Map of the project reach ™)
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Fig.31.3 Exsisting condition of River
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‘Table 3.1.1 (a) Existing Riparian Structure -

niame of klﬁd of plaée note
river gtucture
bridge-1 Nguter railroad bridge 1=120.0m
bridge~2 Ngutzr road bridge. ' 1=110.0m
bridge-3 Bacem road bridge 1=120.0m
bridge—4 Mojo rail road bridge 1=150.0m
bridge-5 Jurug rail road bridge 1=180.0m
_ bridge-6 Jutug road bridge 1=170.0m
Sala _

groin - 2 Made of coconut tree
levee 1 L = 7,000m (Surakarta circle levee)

: 3 3

q - 0.2m /s - 0.5m /s

Cpump station 2L 4itn: strared by each village
boat station 26 Made of bamboo or cutting of
_ . river bank
natural OQutcrop of soft rock
revetment near Surakarta city
- : 1 = 4.0km
levee _ Continuous levee h = 1m - m
K.Jlantah - .
bridge 2 Made of bamboo
. 1 = 8.0km
levee Continuocus levee h = ?m - 3m
gate 1 (h) 2.5Cm x (b) 2.25m x 4
bridge 2 Made of bamboo
groin 1 Made of coconut tree
K. Kﬁpang intake weir 1 b = 40m
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Table 3.1.1 (b):_EXiSfing Riparian Structures

K. Gawe Intake weir 1. _ b = 20"
K. Pusur intake welr 1 b = 1™
K.Kenbangan intake weir 1 b= &
K.Samin boat station 2 made of bamboo on the
' cutting of river
hank
K.Wingko ‘gate 1 (h) 4.0™ x (b) 2.0" x 2
_ gate 1 (h) 3.0" x (b) 2.0™ x 10
K.Pepe S : C
pump station 1 "for drairnage, under

construetion
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3.2 RIVER IMPROVEMENT WORK PLANNING -

The river improvément project proposed for the:33-kn Nguter-Jurng
reach is planned for the 1966-flood, the worst-cver flopd in +he Upper
Juriig areay, with an estimated pealk discharge of 2,000 m”/s or the 40-
year flood discharge under the Wonogiri dam flood control..

Pirst of 3115'2'ca3es as detailed bélow'were investigated.

1} River channel having a discharge capagity of 2,000 m3/s at
Surakarta (hersinafter éalled 2,000 m /s-casge} -

2) River channel having a discharge qapaﬁityof l,600m?/s at
Surakarta (hereinafter called 1,600 m”/s-case). The low water
discharge was determined upon consideration of the progressive
contruction. ' '

As the résult of such studies, the 2,000‘m3/s—case has been
adopted for the proposed viver improvement plan, since the project
area should be protected from the ever-worst flood and the const-
tuchkion cost does niot differ much. '

Tn the proposed plan, ‘2 retarding basins are suggésted so that
the improved channel will not exert bad influences on the down-.
stream reach, also,3 cmergency %nundgtion areas will be provided
against the floods over 2,000 m™/s.

3.2.1  General Concéptions of Planning

The river improvement work has been planned in full considera-
tion of the lechnical, social and economic aspecls as mentioned
‘below: ' C

1) Technieal aspect

a. As the existing river is meandering disorderly and heavily
in many parts of its stream; it is impossible to work out
the river improvement plan while keeping the river flowing
down along the existing channel. Short—cutting should be
planned at the parts vhere the river meanders too heavily.

b. On the other hand, it is diffiecult for a -straight river
‘channel to maintain and preserve its banks from erosion.
The ‘Teason is that il is quite difficult to find out flow
attacking points and construct protective revetment in
straight chamnels. The proposed channel, therefore, should
be aligned so that the river water would flow with a gentle
mandering. -

¢. Taking the slope of compensation into consideration, the
longitudinal profile.of the proposed river channel has been
planned as low as possible to lkeep the water-level low. As
a result of this, the landside water will be easily drained

out to the main-stream thus reducing the sctual damage due to
landside water as well as the'poten%ial damage due to the

flowing water'confined in the levees.
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d. As the seasonel fluctuation of the river flow are extremely
big, a composite cross section has been proposed to stabilize.
The low-waber channel in wedium and small flood taking .
fréquency of occurrence of flood into consideration. .. -

e. At the time of flood, a large scale bank erosion may take
place, scale of which reaches,sometimes, to several +4ens
meters., Therefore, the river width should be made as large
as possible within the economically justifiable limits.

f. The proposed river channel should be designed so that its
semiment load can be maintained dynamically.

“g. In the river improvement planning, careful atbtention should
be paid to avoid the negative influences, due especially to
medium and small floods, on the Sragen area in the down-
stream of Surakarta.

h. After construction of the proposed river channel, a system
for its efficient maintenance and smooth administration
will be required. From this view-point, an appropriate
road system will be required for the maintenance and admini--
stration of the river chamnel, and such road system will
also be useful for flood prevention activities in case of
emergency. ' '

2) Bocio~-economic aspect

a. There are many towns and villages along the course.of the
existing river although fhey are subject to Flood damages
caused by the Tlooding of the Sala river every year,
Naturally the river improvement work will protect them
from such disasters; but for such purpose the people Liv<

ing in the district will have to be moved. Therefore, the
resettlement of the population must be minimized in the
alignment planning of the river.

b. The livelihood of the people living along the river depends
nuch on the river, for example,'they use the water for bath-
ing, washing, fishing, and for agricultural.purposes. The
river, after completion of the river improvement work may
fail to provide them with the same advantages as before,'
it is, however, necessary to avoid giving and direct dls—
advantages to them.
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¢. The river improvement plan studied this time includes ‘a
considerable short-cut, In this c¢asc, even in areas where
- the total move of the people is not vequired, the villages,
adminigtrative districts, and farm lands may be separated
by the new channel. Therefore, special care must be taken
to avoid social disorder due to the river improvement.

Design Flood

The design flood-for.the river improvement plaﬁ has been fixed
at 2,000 m3/s-case based on the 1966-flood, and that of the alter-
native plan has been scaled down to 1,600 m3/s-case.

The discharge distribution of the 1966 flood is shown in Fig.
2.6.7. For the design discharge distributbtion used in the river
improvement plan of the 2,000 m3/s—case, the modified figures shown
in Fig. 3~2-1 have been used. The modified discharge distribution
is larger in value than that of the actual flood of 1966.

This is because the possibility of larger discharge than the
design scale from the mountain river like K. Walilkan has been taken
into consideration. For the purpose of river bed stabilization,

a Tlow discharge of high frequency is used, generally probable
frequency of once or twice a year, in the proposed design low~water
discharge.

The discharge of the low waler channel for the 2,000 m3/s—case
has been decided at 900 m3/s  which corresponds to Z2-year flood
at Jurug site. The discharge distribution for low water channel is
shown in Fig. 3-2-1.

900 m3/s discharge may secem rather large for the design dis—
charge of 2,000 m3/s, but in considration of the fact that the
major bed is planned to be used as the farmland and that the
average ponding frequency of the farmland and the major bed is made
once in two years, the low water channel. of 900 m3/s discharge is
rather small.

The discharge of low water channel for the 1,600 m3/s-case has
been at employed 600 m3/s. 600 m3/s corresponds to 1.2-ycar flood
at Jurug site. The discharge distribution in that case is shown
in Fig. 3=2-2. Design discharge of the tributaries is also shown
in Fig. 3-2-2. The design discharge of lhe tributaries is based
on specific discharge of rivers in Indonesia as practically no
hydraulic and hydrological data are available,
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Design High Water Level

While it is advisable that the design high water level of +the
river channel is planned as low as possible to redudé'potential
damages, the river improvement work would require much excavation
which is rather costly, if the design high water level should be

~set at relatively low elevation. Although the design high water

3.2.4

level is generally set at the highest flood level recorded in the
past, it would be too high (4.5m above the landside height, on an
average) since it hampers the drainage of landside water and
endangers the safety of the levees.

Therefore, the design high water level propesed in the plan
may better be set at lower elevation, from the economic view-point
also.

For the safely of the levees, the design high-waler level has
been set at less than 2 meters above the landside height at all
sections along the river chammel except in the reaches coming under
the influence of the backwater which is caused by the downstream
natrow channel sections and the existing bridges, such as the
Jurug Road and Railvay Bridges and the Mojo Bridge which are being
left untouched owing to the tremendous re-construction costs of the
existing bridges. :

Alignment of River

The existing river meanders heavily at several locations. To

secure the stability of the proposed river channel, it is sirongly

recommended that the low water channel meanders as gentle as practi-

_cally possible in the proposed design river channel alignment.

For the subject channel section, thxee alternative plans were

 f0rmu1ated, considering channel alignment, amount of excavation,

convenience of construction and removal of houses, the alignment
of the river as shown in Fig. 3-2-6 was selected as most suitable

for ‘the proposed river channel, based on technical, economical and

social viewpoints.

The pitch of the ekiéting meandering ranges from 500 to 1,000
méters., The most suitable river channel alignment usually can be
obtained empirically.

Anderson gave a formula which has a relatlonshlp between the
pitch of meandering and Froude number as follows.
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where:

L: meandering pitch of river (h)
Ar Cross sectional area of river (m2)

Fr: Froude number

The suitable pitch of meandering for the subject river will
be 500 te 1,000 melers according to the formula mentioned above.

“Although it was originally intended to work out the river
1mprovement plan in accordance with the existing river elements, 1t
was found out that short- cuttlng intended to moderate the excessive
meandering of the river was indispendable at many locations. The
total short-cutting length is 13km out of the entire river course
of 33km. As this area is densely populated, short-cutting at the
heavily meandering sections would cause the removal of the ~
inhabitants or 5plitting of the existing villages.

For reference, glven helow are “the comparatlvo test results at
the confluence of the K. Jlantah, K. Brambang and X. Samin where
meandering is most prominent.

Three alterhative'alignment plans are considered in each reach
as shown in Figs. 3-2-3, 3-2-4 and 3-2-5.

Naturally,'thé earth works occupy the main part of comnstruc-
tion works and much part of the construction cost of this improvement
work, taking alignment of river channel, convenience of construction
and removal of houses into comnsideration,

_ Therefore, a plan which needs the minimum amount of excavation
in the thiee'p]ans is'adopted in the proposed plan in each reach
considering also the suitable alignment of the river course. Con-
sequently, the Plan-A is ddopted for the three recaches,
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