





JAPAN INTERNATIONAL COOPERATION AGENCY (JICA)

MINISTRY OF PUBLIC WORKS
THE GOVERNMENT OF THE REPUBLIC OF INDONESIA

THE DEVELOPMENT STUDY
| ON
WASTEWATER DISPOSAL FOR DENPASAR

SUPPORTING REPORT 11
FEASIBILITY STUDY

_HKP\LJBRARY

T

1102663{01

. iybef

JANUARY 1993

~ PACIFIC CONSULTANTS INTERNATIONAL






TABLE OF CONTENTS

Page
Table 0f CONENLS ...ooiiiiiiiiice e N i
List of Tables .......... S U O SO UUPUUU SR UT SPPOOPURRUPPPOY: S v
LSt OF FIBUIES itiriiiiiiiiiin i crier i ese et s s e se et st e cae e oo seraesasan s n e n e e asa s bb s b sana s X
APPENDIX A SEWER NETWORK PLAN
1. ‘Sewer Networks of Denpasar Area ... JEST A-1
.1 OVERAIl PLAR oot ee e e eeennaens A-1
1.2 Urgent Plan e S A- 13
2. Sewer Network ol Sanur Area ... A-20
2.1 Overall PN .ot s A-20
2.2 Urgent Plan oo e et A -2
APPENDIX B SEWAGE TREATMENT PLAN
1. Treaiment Plant SHe v, B-1
1.1 Location ...l [T P B-1
1.2 Condition of Land Use ... RO B-1
1.3 Land Elevation ... e, B-1
1.4 Soil Type .o U OO EOTO NP USRS B-2
2. Design Wastewater Quality and Qua_nliiy ............................. B-3
21 GENETAl e USRI B-3
2.2 Wastewater Quality ..., P e B-3
2.3 Wastewater QLianlily ettt et e s B-3
3. Aerated Lagoon Trealment Sysiem e B-5
3.1 General e O e B-35
3.2 Aerated Lagoon ... erneanies s e s, B-6
3.3 Facultative Acrated Lagoon .......ccoiiccmnineioeen Ceverees B-12
3.4 Effective Depth of LAZOON .vivveiiesivieenncvreresrernessonssresnssnnenes B-13
3.5 Polishing Pond ..o B-14
2.6 Treatment Flow SUCARL .ocoioivioeeie oo eevevessscasevesevevenns B-14



4. Desigii o Structures ............ SUTT U C U PP PPN
4.1 Inflow Pump Station ..., B-15
4.2 Lagoon Treatmenl SyslCm e, B-16

APPENDIX C COST ESTIMATE AND IMPLEMENTATION PROGRAMME

1. Construction Plan ..., e C-1
1.1  Geology and GroundWAaler ........cceevevvceriviiionsiisioiinmrarensans Cc-1
1.2 Construction Method ........ etereerr e s e e e bebeaaea Cc-3
1.3  Required Major Construction Equipment ... C-6
1.4 Workable Time .....oocoivooveervveriennn, e cereentereaees C-7

2. Cost ESUMAIC .oovveriiiineeciciienrreeeens ettt b st an ety C-8
2.1 Basis of Cost ESUMME .coovivvvieiniiene e G = 8
2.2 Basic Unit Cost ....cccceeeee. N PSPPSR PO C-8
2.3 Unit Construction Cost ol Sewer Pipe Cissersisssse s es eeeevrns C-8
2.4  Unit Construction Cost of Manhole ......cciiiiinnn, eveee cC-9
2.5 Estimated Project COst .oovovvincvieinnicne, rrereaer e C-9
2.6 Estimated O & M Cost ...... S SOOI C-1i0

3. Implementation Programme ... OUTUTOTTORIOPIR s c-11
3.1 Implementaiion Schedule ..ot C-11
3.2 Disburscment Schedule i S c-11

APPENDIX D ECONOMIC, SOCIAL, AND ENVIRONMENTAL EVALUATION

1. River and Sca Waler Cuality lmprovcment ........................ D-1
1.1 River Water Qualily Improvement .......ccoeveiiviienivrernnnnrenenn, D-1
1.2 Sea Water Quality Improvement ..... TR S D-2

2. No. of Bencliciarics ... vrsve e veinereeens e b-3
2.1 Classification of BenefiCiaries oirororcoesiereiseseecseies D-3
2.2 Estimation of No. of Beneficiaries e eeeerrreees D-4

3 Reduction 0f Watcrbome DISCASES  wvemmvrrovvrovrorsssssoossssnes D-9

- ij -



APPENDIX

4.1
4.2

5.1
5.2
5.3

6.1
6.2

E

11
1.2

2.1
2.2

3.1
3.2
33

4.1
4.2
4.3
4.4

5.1
5.2

53

Increase of Tourism INCOMC i D- 10

Results of Subscquent QueSHONNAINE ..o D-12
Estimation of Tourism Benelil .oviivioieniereninsrere e sseennns D-14
Economic Analysis ... D-17
PreCORUILIONS oo e eeri it sessttvreraer e ae b saseseseanesanatoesrarns D-17
Calculation of Decision Cri1eria e ssresresieneeans D-18
Sensitivity Analysis ..o D- 18
Environmental  Evaluation.....o. D-20
Baseline Environmecnt of Benoa COast ...evvevviveeiininveeennne. D-20
Initin]l Environmental Examipation (PIL) ..., D-22

FINANCIAL EVALUATION

People's Willingness 10 Pay ... eteresarireverer e reas s ranrrnas E-1
Estimation Mclhodo.iogy ......................................................... E-1°
WIHRENESS 10 PUY e e reee s srar s e s e s E-2
Sewerage Charges of Other Cities in Indonesia ................. E-4
General ... RO . E-4
Sewcrage Charges in JAKALLD  oovcoereeeeereeeesss oo evees s eeseesennens E-5

Affordability and Contribution of Tourism Industry ..... E-7

Basic CORCEPL tvvvvviveere oot eae s srresrs s i s s s ians s E-T7
Affordability of Tourism Induslry ..o E-9
Countribution of Tourism Indusiry .oviirecrernreronees E-11
Proposed Sewerage Charges ..o, E-12
Basic Concept ..o OGO N T E-12
Sewerage Service Charge ... JESUSRROR E-13
‘Capital Works CRATEC ....o.cooovoiiiveiieeeesee e eseeesarnans E- 18
‘Tourism Tax et et reer et e e e ey E-18
Financial Analysis . E-19
Preconditions for Proposed PIan ...ooovovrveecvveievssvirnesesennns E-20
Establishment 0f AHCINALIVES  .ooveceeoieicrciene o, E - 21
Results of Financial Analysis ... e E-22

- iii -



APPENDIX F

APPENDIX

1.1
1.2

2.1
2.2

3.1
3.2
33

G

:th—A

INSTITUTIONAL  ASPECT

Required Activities for Sewerage Orgapization ... F-1
Basic Ideas for a New Sewerage Organization .............. F-1
Basic Functions of Sewcrage Operation ... F-1
Existing Organization of PDAM ... F-3
Staffing of PDAM ...t F-3
Financial Sitvation of PDAM ..o F-4
Alternatives for Sewerage Organization ... e E-5
Independent Organization ................... e eeaee et eenrarens F-5
Integration into PDAM ..o STUPURRN F-1
Comparative Evaluation ... rereerreneeeees F-.9
Training ..o RO OT PSP OT (R RRUORUES -SHl § I

SUPPLEMENTARY STUDY

General ..o FEUTTROC U G-1
Sewerage Service ArIEa ..., e . G-1
Sewer Networks ....ccicceevecormceons eeeeees e seeseesrenen S G-2
Contribution of Badung River Water Quality

Improvement ... T YR P G-2
Conclusion ......cocoiviiininn., e e G-3

- iy -



APPENDIX A

Table
Table
Table
Table
Table
Table
.Tab_le
Table
Table
Table
Table
Table
'Tabl_e
Table

Table

Table

ALl
A2
A3

Al4

A1S

A.l6

A17

A.18

A.1.9

A.1.10

A21

A2.2

A23

Al4

A25

A26

LIST OF TABLES

Page
SEWER NETWORK PLAN

Scwcragc Service Arca & Served Population
IN DENPASAT vt e et eb et s et e et e e ee e A-29
Length of Sewer Pipe by Diameter and by
Earth Covering Depth of Denpasar (Alternative A) ..o, A-30
Length of Sewer Pipe by Diameter and by
Earth Covering Depth of Denpasar (Alternative B) ... A - 31

Length of Sewer Pipe by Diameter and by
Earth Covering Depth of Denpasar (Alternative C) coovveveee. A - 32

Lengih of Sewer Pipe by Diameter and by

. Earth Covering Depth ‘of Denpasar (Alternative D) ... A-33
Served Population and Population Density of _
Sub-Catchment ATCA ..o e eeenan e A-34
Specific Wastewater Generation of Sub-Catchment '
ATCH it e et et e ae e e v e e aa e e A-35
Service Arca ‘and Served Popu]ation by Collection
System.......... RS TRRT A-36
~Wastewater Discharge. of Denpasar Urgent - Sewcrage
Development Area in 2000 ... A 237
Length of Sewer Line by Diameéter and by
Earth Covering Depth - in Urgent Works of Denpasar ... A - 38
Length of Sewer Pipc by Diamefer and by
Earth Covering Depth of Sanur (Alternative A) .cviviveevieinnn. A -39
Length of Sewer Pipe by Diameter and by _
Earth Covering Depth ol Sanur (Alternative B) .....cccooeiniiinee A -39
Served Area and Scrved Population of Sub-Catchment
ATEA IN SADUT (i . A-40
Specific ‘Wastewaler Gencralmn by Area and
by Source in Sanur e vt e aaes ferereeaneceeeaeas A - 41

Wasiewater Gcnemhon of Sanur Urgent Sewerage

C8ervice: Area i 2000 oo et A- 42

Length of Sewer Line by Diameter and by
Earth Covering Depth in Urgent Works of Sanur ... A-43



APPENDIX C

Table C2.1
Table C2.2
Table C23
Table C2.4

Table C2.5
Table C.2.6

Table C.2.7
Table C.2.8

Table C2.9

Table C.2.10
Table C.2.11
Table C.3.1

APPENDIX D

Table D21
Table D.2.2
Table D.2.3
Table D.2.4
Table D.2.5
Table D.2.6
Table D.2.7
Table D.2.8
~TFable D.2.9
Table D.2.10

Table D.2.11

COST ESTIMATE AND IMPLEMENTATION PROGRAMME

LADOUT WREES 1oiiiies et eeeee et seeetee e ee et estene e seeesranaesseresbessabons
Fuel and Materials Cosl e, PN
Remtal Cost of Equipment ... seeeiinsisin

Unit Censtruction Cost of Pipe by Diameter and

by Earth Covering Deplll i eer s seseseenense
Breakdown of Colléction Sewer Unit Cost ...iviviiciiniininnen.

Unit Construction Cost of Manhole by D:ameter and
by Manhole HEIZhl ..ot essrisseseesressssenans

Construction Cost 0f CONCCLON SEWET vourrmremenrerseerssesseseens

Constraction Cost by Diameter and by Earth Covering
Depth for Dcnpabdr m Urgenl WOrks ..ocoeveeeeeciviiininernesssnsnn.

Construction Cost by Diameter and by Earth Covermg
Depth for Sanur in Urgent Works ......ioeooesieiresieereseeosssenens

Construciion Cost of Treatnient Plant ..ooveveevevverennne, R,
Broakdown of O&M COSE it e ste e eresaeas st enranessmns
Disbursement Schedule of Urgent Project COSt .oocvvivcnrneeeens

ECONOMICAL, SOCIAL AND ENVIRONMENTAL
EVALUATION

Definition  of Sub-Divisions of Households, Reslauranls.

‘Shops and Factories ... P SO

Estimation of No. of Houscholds in Overall Sewerage
Service Arca ..o, rveerens creeeree et rernrr e et aeeran s

. Estimation of No. of Hotel Rooms in Overall Sewerage
SCIVICE ATCH oo ve e s e b ee s e s e brran

Estimation of No. of Restaurant Seats in Overall
Sewerage Service ArCd ..o s

Estimation of No. of Shops -in Overall Sewcrage
SEIVICE ATCH .orviviriiiiiiiiiiiiiiieicirrieeiere s seressessasssresiseaesrarrenestesssranas

Estimation of No. of Facloriecs in Overall Sewerage
SEIVICE ATCA oot e e

Estimation of No. of Offices in Overall Sewerage
SEIVICE ATCE oottt et e et e e

Estimation of No. of Educational Institutions in Overall
Sewerage Servict ATCH ..o

Estimation of No. of Médic_ai Institutions in Overall
Sewerage Service ATICa . e

Estimation of No. of Recligious Institutions in Overall
Sewerage Service ATea ... e e

Estimation of No. of Houscholds in Urgent Conventional
Sewerage SCrvice ATCA .. e

-yl -



Table

Table
Table
Tablie
Table
Table
Table

Table

Table

Table-

’_i‘ablc
Table
Table
’f‘able
Table
Table
Table

Table
Table

Table

Table

Table

Table

Table

D.2.12

D.2.13
D.2.14
D.2.15
D.2.16
D.2.17
D.2.18
D.2.19
D.2.20
D.2.21
D.2.22
D.2.23
D.2.24
D.2.25

D.2.26

D.2.27

D.2.28

D.4.1
D.4.2

D43

D.4.4

D45

D46

D4.7

Estimation of No. of Hotel Rooms in Urgent Conventional
Sewerage Service ATCH ...t e

Estimation of No. of Restaurant Seats in Urgent
Conventional Sewcrage Service Area .o

Estimation of No. of Shops in Urgem Conventional
Sewerage Service Arca ... ettt et s brcn b et eres e e s e e e e ans T

Estimation of No. of Factories in Urgent Conventional
Sewerage SErviCe ArCl .o e

Estimation of No. of Offices in Urgent Conventional
SEWerage SErviCe ATCA ..ooovviviiiiiiiiiiieirieirer s ieeeeerreseessseasseresssees

Estimation of No. of Educational Institutions in Urgent
Conventional Sewcrage Service ATBA  .oovoiiivesiiessiicineniins

Estimation of No. of Medical Institutions in Urgent

- Conventional Sewerage SCrvice ATEA  ...imivveeeveroeeeeseisreivnenres

Estimation of MNo. of Recligious Institutions in Urgent
Conventional Sewcrage Scrvice Area ... isssnneens

Estimation of No. of Houscholds in Urgent Interceptor

SeWerage SCIVICE ATCA .ovivviiiiiiieiecsiceie e ciseaiee e e cessesrenre e e neeas

Estimation of No. of Hotel Rooms in Urgem Intcrceptor

Sewerage SErvice "AYCH ..occiiiiieiiviiieiricesieessiene e e saressaresaeaeres :

Estimation of No. of Restaurant Seats in Urgent
Interceptor Sewcrage Scrvice Area

Estimation of No. of Shops in Urgent Interceptor

Sewerage SCIVICC ATCA .oiivivieiiiiciiiiiiniie e eeesieee e seaseressssseeesneens

Estimation of No. of Factories in Urgent Imerccptor
SEWEFage SCIVICE ATCH ..ot er i

Estimation of No. ol Offices in Urgem Interceptor
SEWETAZC SCIVICE ATCH .ivviirieiiiiiiicrcee e et s e s s et sessnbens

Estimation of No. of Educational Institutions in Urgent
Interceptor Sewerage "Sorvice Area .o,

Estimation of No. of Mcdical Institutions in Urgent
Interceptor Sewerage Scrvice Area ..o,

Estimation ‘o No. of Religious Institutions in Urgent

Interceplor Sewecrage SCrvice A€ .ovvivvricioenenesnnenn
Ratio of Tourists Who Would Not Revisit .....c...coooeevenineriernanns

Projection of No. of Tourists to Stay in the FIS Area
by Class of Accomnmd.mous ........................................................

Projection of No. of Rooms to be Occupied by Tourisis
in the F/S Area by Class of Accommodations ........ccoceervveneennn.

Projection of Room Nights to be Realized by Tourists in
the F/S Areca by Class of Accommodations .......ccceeeevviinvecenne

Projection of_Bcd Nights to be Realized by Tourists in
the F/S Arca by Class of Accommodations ...........ceoieeveniinennns

Projection - of - Tourists' 'Expcn'dilures&n the F/S Area
by Class of Accommodations .........ccceveeeneenn, e e

Estimation of Tourism Benefits ... e et er et e e nres

- vii -



Table
Table
Table
Table
Table

D51

D.5.2
D.6.1
D.6.2
D.6.3

APPENDIX E

Table
Table
Table
Table
Table

Table
Table

Table
Table
Table
Table
Table
Table

Table
Table
Table
Table
Table
Table
Table

E.1.1
E.1.2
E.1.3
E.1.4
E.2.1

E.2.2
E2.3

E4.1
E.4.2
E4.3
ES5.1
E.5.2
E.5.3

E.5.4
E.5.5
E.5.6
E.5.7
E.5.8
E.5.9

E5.10

Estimation of SCF ... i peneretrae s b e et e rere s SUPTN :
Cost Benefit Streams - Economic Analysis - .iiioseiees.
Common Fishes Living Around Mangrove Ecosystem ...
Common Fishes lemg Around the Benoa Bay ....... e

Species of Birds over Mangrover Forest at East Suwung

FINANCIAL EVALUAT]O_N_

Monihly Willingness 10 Pay per Unit in 1991 oovevoorroreereoeee
Total Annual Willingness {0 Pay ..o S

Basic Information on Beneficiaries ... reiereneieheerereesereerasanrninen

Monthly Willingness to Pay per m? and m3 in 1990 .........

Tariff of Sewerage Dl%harge Scrwces based on Floor
Area in BPAL i e s enese s R

Proposed Scwerage Tariffs for PDAL, Jakarta .....ccoooieeereenenn,

Sewerage Charges per Unitary  Discharge of Wastewater
for PDAL, Jakara ...

Proposed Scwcmge SC!VILC Clnrge .......................................
Proposed Capital Works Charge e sesnnrara ok e e e
Proposed Tourism Tax ..coeccennnn, everrraraeereretere et reeneanas SRR
Preconditions for Financial Analysis - Proposed Plan -........

Comparison of Preconditions Among'_Aqurnativcs ................

Cost Benéfit Streams - Financial Analysis.
(Proposed PIan) oo

Financial Statement - Proposed Plan ... errarerene
Cost Benefil Streams . Financial Analysis. (Alternative I).....
Cost Benefit Streams - Financial Anaiysxs (Alternative - ID...
Cost Benefit Streams - Financial Ana_ly'sis (Alternative -'III)...

Financial Statement - Altemative 1 ..., ettt e
Financial Statement - Alternative 11 ... N '
Financial Statement - Alternative I ..ocoviverrcennnnn, R

- viii -



APPENDIX F

Table F.1.1
Table EF2.1
Table F.2.2
Table F.2.3
Table F.3.1
Table F4.1

APPENDIX G

Table G

Table G.2

INSTITUTIONAL  ASPECT

Functions for Sewerage Orgamization ......ceccveniieieneinn F-12
Qualification of PDAM Staff (EXISHNE) .oreveererrvrvssrossoesresssseoess F-13
Water Tariff of PDAM ..o F - 14
Watre Consumption by the Category .....ocevviiininnn. F- 16
Proposed SCWCFAEC SYSICH .oovivieeceeiiieceesseseeersseesssesesensensennans F-17
Recommended Training COUSES .ooiivvcnreiciscne s is s F-18

SUPPLEMENTARY STUDY

Sewerage . Service Arca and Served Population
of Badung West Project .....ciiiiiiiiiiiiiiniiioninnerisenenvsreesanieens G-4

Construction Cost of Main Sewer (Route - B) SOV G-5

- ix -






LIST OF FIGURES

Page
APPENDIX A SEWER NETWORK PLAN
Fig. A.1.1 Sewerage Development Arca of Denpasar ... eciererensine A- 44
Fig. A.1.2 Topographic Condition ... A - 45
Fig. A.13 LOnGIUAINal Profile ....ooooeoeroeeieierseee s seeseemesreseeessess e esesesssnes A - 46
Fig. A.1.4 Aernative A L. e st s A-50
‘Fig. A.1.5 Alternative B .......... AR LY s s e b s b e s arheseesarrresssesanaesinr e eenareeens A-51
Fig. A.1.6 Alterantive C o et e A-52
CFigs ALT AUEMAtVE D oo oo sere e A-53
. Fig. A.1.8 Division of Sewerage Service Aread ...occeennn. reeerstae e eaaannras A - 54
Fig. A.1.9 Proposed Longitudinal Profile ................ e veerieaarersrians A -55
Fig. A.1.10 Distribution of Existing Served Population Density 1990 ...... A - 63
Fig. A.1.11 Classification of Catchment Zone by Construction Cost - o
per Served Populalion ... A - 05
_Fig. A 1.12 Proposed Urgent Sewecrage Service Area ... N A - 66
Fig. A.1.13  Delincation of Conventional and Interceptor :
Collection - System ....... U SO O SO A - 67
Fig. A.1.14  Proposcd Urgent Main and CONVEYAnce SEWETS .......c.oown A - 68
Fig. A.I.ISI Proposed Inveried Siphon ... et PSR A - 69
Fig. A2.1 Sewerage Development Area of Sanur ..., A-T70
Fig. A.22  Alternative A ......... OO PSRRI UR RO SOPIOTIUTO Y. W
Fig. A.23 ANEMAUVE B oo st A-72
Fig. A24 Division of Sewerage Service Area ... A-T3
‘Fig. A.25 Proposed Longitudinal Profile ..........ivvoieviorieeeiereeeseeseseeeseeeens ‘A -74
Fig. A.2.6 Proposed Urgeni Sewerage Service Area of Sanur ... A-176
Fig. A.2.7 ' Proposed Urgent Sewcrage Networks in Sanur .......oecccoevvveneen. AT
APPENDIX B  SEWAGE TREATMENT PLAN
Fig. B.1.1 Layout of Treatment PIANL ..o......ccooooooioosoosososseoeseeessoseserosscernen B -20
Flg B4.1  Inflow Pump Facility of Treatment PIant ......cooomrorimomsssons B -21
'Fig.'B.4.2 ~Design' Dimension of Lagoor Treatment System rrerreserinararirane B-24
'Fig. B.4.3 Typical Section” of Lagoon Embankment .........c.occoereerseesnes B-25



APPENDIX C

Fig. C.1.1
Fig. C3.1

APPENDIX D

‘Fig. D.1.1
“Fig. D.1.2

Fig. D4.1
Fig. D.6.1
‘Fig. D.6.2

APPENDIX F

Fig. F.2.1
Fig. F3.1

Fig. F.3.2

- APPENDIX G

Fig. G.1
Fig. G.2

COST ESTIMATE - AND IMPLEMENTATION PROGRAMME
Profile of Boring COTeS .oviiviiiiciivir e s s et ss s eesseesann C-35
Implementation Schedule of Urgent Project e C-37

ECONOMIC, SOCIAL AND  ENVIRONMENTAL EVALUATION
Simulated River Water Quality in 2000 (Dry Scason) ...... S D -59
COD Distribution in 2000 (Dry Season)
- Without Urgent Project .ocoieerviiiimnieminn s D - 61
Tourism Income in With and Without €ases ........coow I D- 65
Environmental Survey Area ... D - 66
Existing Land Use Along Benoa Coast .....ccinvviemrvinmicninsinnen D - 67
INSTITUTIONAL = ASPECT
Organization Structuré_ of PDAM (Existing) .i.ccccoeivmaiomiinnane F-23
Organizational “Structure of PDAL
{Independent Alternative, Proposed) ... F-24
Organizational Structure of PDAM
(Integration Alternative, . Proposed) ..., F-25
SUPPLEMENTARY STUDY

- Badung West Sewerage Development ATa ........cooccccceeeenns reraen G-6

G-7

Simulated River Water Quality in 2000 terererresinseieeeresatsenennnnesrana .

- xi -









1.1

1.1.1

APPENDIX A SEWER NETWORK PLAN

Sewer . Networks of Denpasar  Area
Overall Plan
Sewerag_e Service Arca

The Project Area for the overall sewerage development targeting the year
2010 covers an area of 2,683 ha located in central Denpasar as shown in
Fig. A.1.1,

The Project Area covers the following 10 Kelurahan and 16 Desa with a

total administrative area of 5,402 ha.
- FPollowing are completely covered Kelurahan and Desa.

Kel. Dauh Puri, Desa Dauh Puri Kangm Desa Dauh Puari Kelod Kel.
Pémccuian, Desa Tegal Kerta, Desa Tc_gai Har_um, Kel. Dangm Pun Desa
Dangin Puri Kauh, Desa._ Dangin Puri Kaja, Desa Dangin Puri Kangin,
Desa Dangin Puri Kelod, Kel. Sumerta, Desa Sumerta Kauh, Desa Sumerta

Kaja and Desa Sumerta Kclod.
- Following are parually covered Kelurahan and Desa.

Desa Dauh Puri Kaja, Desa Dauh Puri Kauh, Desa Pemccutan Kaja, Desa
~ Pemecutan Kf:lod, Kel. Ubung, Kel. Kesiman, Desa Kesiman Petilan, Kel.

Tonja, Kel. Panmjer, Kel. Sesetan and Kel. Pedungan.

Howcver, the following areas are’ excluded from the sewcrage service area.

- Badung River of 8 ha, Puputan Park of 4 ha, Niti Praja Park of 2 ha and
Ngurah Rai Stadium of 6 ha

Henbe, the_'seweragc service area covers 2,663 ha with a total population of
194,209 in 1990 and 284,100 in 2010.

_'."The sewerage service area and served population of each Kelurahan and

Desa are shown in Table A.L.1.



The e¢xisting population densily of  the sewerage: service area in 1990
ranges from 14.5 person/ha of Kel. Pedungan to 269.7 person/ha of Desa
Tegal Kerta with an average of 72.9 person/ha.  The future population
density in 2010 is in the range of 20.6 personfha in Kel. Pedungan and
279.2 personfha in Desa Tegal Kerta, averaging 106.7 pcrson/ha.

Population density of the sewerage service area in cach Kelurahan and .

Desa is shown in Table A.1.1.

The land of the scwerage service area descends toward south. The land
gradient in north-south direction is steep, ranging from 5% to 10%o in the
northern part of Qongan River. Howecver, it is rather gentle, varying

from 1% to 4%0 in the southem part of Conga River

On the other hand, the land gradient in ecast-west dircction is rather gentle

but undulated across the sewerage service area.

The topographic map and lohgitudinal' profiles  in both north-south and

east-west directions across the sewerage service area are shown in Fig.

'A.1.2 and Fig. A.1.3,

Alternative Study of Sewer Networks
(1) Establishment of Alternative Scwer Networks
Alternative sewer network systems of this Project were established

based on the following design policies.

- Main sewers shall be laid in north-south direction as far as:

possible to minimize the earth covering depth of pipe

- Number of river crossing shall be minimize to avoid difficulties in

O&M of the sewcrage sysicm
- Number of lift/booster pump station shall be minimized to save

O&M cost of the sewcrage system

Two (2) sewer network systems arc considered as ‘typical
alternatives. One is centralized collection system.  Another is

multiple collection system.

A-2



(2)

The centralized collection system consists of seven (7) main sewers.
They joint at “three (3) locations along the central line of the
sewerage service arca.  Wastewater collected by the main sewers is
covered by a conveyance sewer from the southern edge of the
sewerage service area to the treatment plant located at Suwung
Swamp Area (Fig. A.1.4).

The multiple coliection system consisis of six (6) main sewers laid in
north-south direction in parallel.  All wastewater is collected at
one (1) location in the southemn cdgé of the sewerage service area.
It is further transported to the treatment plant by a conveyance

sewer (see, Fig. A.1.5).

Furthermore, two (2) collection systems are considered for each of
the above alternatives. One is collection system by gravity only.

Another - is ‘collection system ~ with - lift/booster pump siation.

Finally, the following four (4) altcrnative collection systems are
compatred in this Section.

- Alternative A : centralized collection system by gravity only

- Alternative ' B : multiple collection systerﬁ by gravity only

- Alternative C : centralized collection system  with  lift/booster

pump station

- Alternative D : multiple collection system with lift/booster

pump  s{ation
Alternative A

Seven (7) main sewers are proposed along the following roads (see
Fig. A.l1.4),

. Main- Sewer A : Kenyiri Rd., Kecubung Rd., Jaya Giri Rd., Kapten

Japa Rd., Cok Agung Tresna Rd., Raya Puputan
Rd. and Diponegere Rd. to counnect the

conveyance sewer.

- Main Sewer B _Cokréaminoio Rd., Sectiabudi Rd., G. Merapi Rd,,
Imam Bonjol Rd., Teuku Umar Rd., and Saelus Rd.
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- Main Sewer B Cokroaminoto Rd., Sctiabudi Rd., G. Merapi Rd.,
Jmam Bonjol Rd., Teuku Umar Rd., and Saclus Rd.
10 connect main sewer A at the junction of Raya

Sesetan Rd.

. Main Sewer C : Jend. A Yani Rd., Kartini Rd., ‘Sulawesi Rd. and
Diponegoro Rd. o connect main sewer A at the

junction of Dewi Sartika Rd.

- Main Sewer D : Nangka Rd. and Udayana Rd. to connect main

sewer E al the junction of Hasanudin Rd.

- ‘Main Sewer E : Suli Rd., Patimura Rd., Keépundung Rd., Surapati
' Rd., Hasanudin Rd. and Diponcgoro Rd. to connect

main sewer A at the junction of Dewi Sartika Rd.

- Main Sewer F : Turi Rd., WR. Supratman Rd., Katrangan Rd. and
Hayam Wuruk Rd. to connect main sewer A at the

junction of Kecubung Rd.

- Main Sewer G :  Hayam Wuruk Rd. Yeh Aya Rd. and Wat
Renggong ‘Rd. and Tukad Irawadi Rd. to connect
the conveyance. sewer at the junction of Raya

Scsetan Rd,

The proposed main sewers have a lotal length of 50,050m with a
diameter ranging from @350 mm to 1,500 mm. The earth covering
depth varies from 1.0m to 10.0 m, causing the maximum depth in

the lowermest section of the main sewer A.

A conveyance sewer with a total length of 4,390m is installed
between the southern cdge of the scwerage service area and the
treatment plant to convey the wastewater collected by the main
sewers, How'ever, it “further receives the wastewater of the Sanur
sewerage arca at its middle distance, crossing point of Rayan Sesetan
Rd. and Bypass Ngurah. Rai ‘Rd. The length and diameter of the

proposed conveyance sewer ‘arc as follows.
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Section Length. (m) Diameter (mm)
Upper Scction 3,040 81,500
Lower Secction 1,350 $1,800

The carth covering depth of the conveyance sewer is 10.0m to
11.0 m.

:Secondary and tertiary sewers with a total length of 418,400 m arc

ingtalled to collect the wastewater 1o the above main sewers.

Diameter of the sewers is @150 mm' - ;6300 mm.

Sewer length by diameter and by earth covering depth is shown in
Table A.1.2.

The total direct construction cost of -Alternative A is estimated to be

Rp.170.9 billion at 1992'pricc. The break-down is shown below.

(Unit:  billion Rp.)

Works " Construction Cost
Secondary & Tertiary Sewers 56.5
Main Sewer 4.2
Conveyance Sewer - - 40.2

Total - 170.9

In this cost e¢stimation, shield tunneling method was applied for
installation of the sewer pipes with a earth covering depth of deeper
than 8.0 m, while open (rench method is adopied for the sewer

'sections deeper ‘than 7.0 m. Micro-tﬁnneling method is employed

" for river crossing.

Alternative B

Six (6) main sewers are proposed alohg' the following roads (see Fig.
A.1.5).
- Main Sewer A : Nangka Rd., Patimura Rd., Kepundung Rd.,

Hayam Wuruk Rd., Kapten Japa Rd., Cok Agung
Tresna Rd., Raya Puputan Rd., Tk. Banyusari Rd.



and  Diponegoro Rd. to connect the conveyance

SewWer.

- Main Sewer B : Cokroaminoto Rd., Setiabudi Rd., G. Merapi Rd.,
Imam Bonjol Rd., Teuku Umar Rd., and Saelus Rd.
to connect main scwer A at the junction of Raya

Sesetan Rd.

- Main Sewer C : Jend. A Yani Rd., Sulawesi Rd. and Diponegoro Rd.
1o connect main sewer A at the junction of Tk.

Banyusari Rd.

- Main Sewer D : Suli Rd., Patimura Rd. and Melati Rd. to connect

main sewer ‘A al the junction. of Surapati Rd.

- Main Sewer E : Kenyiri Rd.,, Kccubung Rd., Jaya Giri Rd. and Cok
Agung Tresna’ Rd. (o connect main sewer A at the

juncgimi of Kapten Japa Rd.

- Main Sewer F : Turi Rd., WR. Supratman Rd,, Katrangan Rd,,
Hayam Wuruk Rd., -Yeh Aya Rd. and Watu
‘Renggong Rd. to connect the main sewer A at the

junction of Raya Sesetan Rd

Total length of the proposed main sewers is 50,640 m and their
diameter is #350 mm - ¢1,500 mm. The earth covering depth is in
the range of 1.0m and 10.0 m. The maximum earih covering depth

is caused in the lowermost scction of the main sewer A,

The alignment, Iength and diamctcr'df the conveyance sewer of
Alternative B is the same as those of "Alternative A. Only the -earth
covering depth is different’ from Alternative A. It ranges from
100m to 120m. ) |

The secondary and lerligry sewer networks are assumed to be the

same as Alternative A.

Sewer length by diameter and by earth covering depth is shown in
Table A.1.3. | -
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Construction cost of Alternative B was estimated based on the same
construction methods - as  Alternative A. The estimated total direct
construction cost is Rp.164.7 bitlion at 1992 price. The break-down is

shown below.

(Unit; billion Rp.)

Works Construction Cost
Secondary & Tertiary Sewers 56.5
Main Scwer 67.7
‘Conveyance Sewer - .40.5

- Total 164.7

Alternative C

This is a modificaiion of the centralized colleciioﬁ system by gravity
only. In Alternative A, sewer pipes must be deeply laid under the
roads to collect and convey waslewater by gravity only. Length of
the main and conveyance sewers deeper than 8.0'm reaches to
8,560 m. '

Hence in Alternative C, lift/booster pump stations are provided to

minimize the length of deep sewer.

" A lift pump station with a capacity of 31.44 m3/min. x 95 m is

instalied at the eastern ‘bank of Badung River in the main sewer B:7
(see, Fig, A.1.6).

A booster pump stalion with a capacity of 19.63 m3/min. x 23.0 m is

constructed at the junction of Watu Reggong Rd. and Pakerisan Rd.

~in - the main sewer G-4, A force main of @350 mm x 2 units is

constructed to transporl wastewater from the booster pump station to
the main séewer G-6. The lengith of the force main is 1,070 m (see, Fig.
A.1.6).

The alignment, lengih - and - diameter of the main and conveyance
sewers are the same as Alicmative A except the section of the force

main.-
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As a result, the length of the main and conveyance sewers deeper
than 8.0 m decreases to 490 m from 8,560 m of Alternative A,

The secondary and tertiary sewcr networks < are the @ same as

Alternative A.

Sewer length by diameter and by ecarth covering depth is shown in
Table A.1.4.

The total -direct construction cost of Alternative C is estimated to be
Rp.116.4 billion at 1992 price. The break-down is shown below.

(Unit: _'bi]lion Rp.)

. Works Construction Cost
Secondary & Tertiary Sewers 56.5
Main Scwer ' 477
_ _Con-veyancc' Sewer _ 78
Lift & Booster Pump’s —_— 4.4
Total 116.4

Alternative D

This a modification of the multiple collection system by gravity only,
Cne (1) lift pump ‘station and one (1) booster. pump . station are

proposed at the same locations as Alternative C (see Fig. A.1.7).

The capacity of the lift and boosier pump stations are 31.44 m3/min,
x 9.5m and 22.56 m3/min. x 25.0 m respectively. A -force main of
@350 mm x 2 units. with a length of 1,070 m is constructed to convey
wastewater from the booster pump. station to_ the main sewer A-10
(see, Fig. A.1.7).

The alignment, length and diameter of the main and’' conveyance
sewers are the  same as Alternative B exceptioh the section of the

force main.

The length of the main and conveyance scwers deeper than 8.0 m

decreases to 90 m from 9,090 m of Alternative B.
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The secondary and tertiary sewer networks are the same as

Alternative A,

Scewer length by diameter and by earth covering depth is shown in
Table A.1.5.

The total direct construction cost of Alternative D is estimated 10 be

Rp.113.9 billion at 1992 price. The break-down is shown below.

(Unit:  billion Rp.)

, - Works o Construction Cost
Secondary & Tertiary Scwers - 56.5
Main Sewecr 41.2
~ Conveyance Scwer 11.6
- Lift & Booster Pump Stations 4.6
Total ', o 113.9

‘Comparative - Evaluation -

“The - direct construction  costs- of Aliernative A, B, C and P arc

compared as follows..

(Unit:  billion Rp.)

. Alternatives _

A B C D
‘Secondary & Terfiary Sewers 56.5 56.5 56.5 56.5
Main Scwer S 742 617 417 412
Conveyance Sewer 40.2 40.5 7.8 11.6
Lift & Booster Pump Stations -~ - - 4.4 4.6

" Total ' 1709 1647 1164 113.9

It is obvious that Alternative D is the most economical although it
requires a cerlain amount of O&M cost for the lift/booster pump
stations every year. Moreover, Aliernative D of multiple collection

System has- much -advantage on stagewise construction.

“Hence, Alternative D is reccommended.
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“1.1.3  Proposed Scwer Network

(1)

(2)

Division of Sewerage Service Arca

The sewerage scrvice area of 2,663.0 ha is ‘divided into six (6)

catchment zones based on the topographic conditions.  The - proposed

six (6) main sewers cover the respective catchment zones as shown

in Fig. A.1.8.

Each catchment zone is further divided into several sub-catchment
areas based on Kelurahan/Desa boundary.  Existing and  future
served population and population density of each sub-catchment

area are shown in Table A.1.6.

Design Wastewater Discharge of Collection and Conveyance Sewers
1} Specific Wastewater Generation

Specific  wasiewater generation (wastewater gencration‘ " per
hectare per day) including domestic, commercial and
institutional, tourism and industrial wastes varies depending on
household income level and land use patiern of -the objective

arca.

Wastewater generation of the sewérage service area in 1990 and
2010 b.y Kelurahan/Desa were estimated in Appendix C, Masier
Plan Report.  Wastewater generation in 2000 by Kelurahan/Desa
is obtained by interpolating those in 1990 and 2010.

Then, specific wastewater generation in 8ix . (6) caichment zones
arc obtained by dividing ‘the corresponding wastewater
generation of each caichment zone by its sewerage service

arca. The results arc shown below.
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Specific Wastewater Generation

Catchment (m3/ha/day)
Zone 1990 2000 2010
A 20.0 26.5 32.8
B 16.2 21.4 26.4
C 22.4 31.6 40.4
D 30.5 38.7 46.8
E 16.1 22.0 27.9
F 10.6 14.3 17.7

Specific  wastewater generation of cach sub-catchmeni area in
1990, 2000 and 2010 arc shown in Table A.1.7.

Design wastewater  Discharge

Size of collection and conveyance sewers is designed to meet the
possible maximum wastewater discharge in the future since

flow -capacity of collection and conveyance sewers cannoi be

-enlarged " in stages. Design wastewater discharge of collection

~and conveyance sewers, and lift/booster pump station is

determined to be hourly maximum wastewater discharge in 2010
plus - groundwater infiliration, which is assumed as 10% of daily

averagé wastewaler discharge.

Design wastewater discharge of collection and conveyance

sewers by -catchment zon¢ are shown below,

Design  Wastewater Discharge

Catchment _ “(m3/min.)
Zone Wastlewater Groundwater Total
A 29.36 1.12 30.48
B 36.00 1.43 37.43
C 28.15 1.07 29.22
D 9.52 0.30 9.82
E 15.09 0.51 15.60
‘F 22.30 0.81 23,11

“Total 140.42 524 145.66
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Longitudinal Profile of Main and Conveyance Sewers

Longitudinal “profilc of the proposed main and conveyance Scwers

are shown in Fig. A.1.9.

Earth covering depth of the ‘main sewers in the northern area of
Oongan River is shallow in general. Because the land gradient of
this arca is stecp with an avcrage gradicnt of 5.3% from north to

south,

While the land gradient becomes gentle in ‘the southern part of
Oongan River. The land gradient ranges from 2.1% of the main

sewer A to 2.7% of the main sewer F.

Hence, earth covering dcplh'. of the main sewers A, B. and F become

deeper in the down strcam portion.

“Salient Features  of ‘Overall’ Scwer Networks

The proposcd overall sewer networks have a total length of

472,610 m with the following break-down.

Secondary & Tertiary (150 - 300 mm) : 418,400 m
Main oo 48,750 m

Normal Main (9350 - 1,500 mm) : 48,400 m

Siphon (p150 - 450 mm) 350 m
Conveyance Sewer = (1,500 - #1,800) o 4390 m
Force Main (8350 mm) 1,070 m
Total ' 472610 m

The earth covering depth™ of the sewers mostly ranges -from 1.0m to

T m.

Sewer length by diameter and by carth- covering depth is shown in
Table A.15. | |

The capacity of the proposed lilt/booster pump stations arc  as

follows.
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1.2.1

- Lift Pump Station ;3144 m3/min, x 9.5 m, onc (1) place

- Booster Pump Station : 22.56 m3min. x 25.0 m, one (1) place
Urgent Plan

The urgent plan targets the ycar of 2000. However, the scwer networks of

the urgent plah shall be designed to meet the design wastewater discharge

in 2010 because it is difficull to expand the size of scwer pipes in stages.

"Selection of Sewerage Service Area

The urgeni sewerage service arca is ‘selected taking into consideration the
existing (1990) and future (2000) population density, and economical

efficiency of “the project.

(1) Served Population and Population Density
Exist_ing (1990) and future (2000) served population and population
density of each sub-caichment area are shown in Table A.1.6.
Regional distribution of the existing and fulure population density

are shown in Fig. A.1.10.

Densely populated sub-catchment areas mainly concentrate in

catchment zones A, C and E.

Existing and future served population. and population density in each

catchment zone are summarized as follows.
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Scrved  Population

Service Served Population
Catchment Area (Person) Density - (Person/ha)
Zone (ha) 1990 2000 1990 2000

A 492.5 40,120 49,609 81.5 100.7

B 777.0 60,793 73,037 78.2 94.0

C 380.0 32,093 41,861 84.5 110.2

D 91.0 10,733 12,623 117.9 138.7

E 264.1 19,937 25,089 75.5 95.0

F 658.4 30,533 37,081 46.4 56.3

Total 2,663.0 194,209 . 239,300 72.9 89.9

Construction Cost of Sewer Network per Served Population

Construction costs of the overall scwer networks of each catchment

zone covering main, sccondary and lerliary sewers, and lift/booster

pump stations are shown below.

Caichment

Construction Cost (Million Rp.)

Secondary

Lift/Booster

Zone Sh:\ilélr & Tertiary Pump Total
A 10,289 10,457 - 20,746
B 16,223 16,498 2,553 135,274
C 4,484 2,069 - 12,553
D 611 1,932 . 2,543
E 1,604 5,608 - 7,212
F 7,965 13,981 2,047 23,993

Total 41,176 56,545 4,600 102,321

Construction cost for the conveyance sewer of Rp,11,558 million is

not

considered

in

this

comparalive

evaluation,

conveyance sewer is common o all catchment zones.

Because the

Construction cost per served population in 2000 for cach catchment

zone are as follows.
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Catchment Construction Cost per Served Pollution
Zone (Rp./Served Population)

A 418,000
483,000
300.000
201,000
287,000
647,000

Mmoo w

Main sewer A collects the wastewater of the catchment zones of D
and E as well. "Hence, the integrated catchment zones of A, D and E
should be considered as one unil in this comparative evaluation.
Construction cost of the integrated catchment zones of A, D and E is

estintated at Rp.30,501 million then, construction cost per served

- population becomes Rp.349,0600/served population.

“Six (6) catchment zones are classified into three (3) groups : low cost,

middlc cost and high cost groups in terms of conmstruction cost per

served population as shown in Fig. A.1.11.

Selected Urgent Sewecrage Scrvice Arca

The wurgent sewérage service area covers the sub-catchment areas
meeting the foilowing conditions.

- Population - density in 2000 is more than 100 person/ha.

- Located in the caichment zones of A, C, D and E with a high

economical efficiency.

The catchment zones of A, C, D and E cover 27 sib-catchment areas in
total. among them, eight (8) sub-catchment arecas will have a

population density of less than 100 person/ha even in 2000 as shown

“below. |
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, . o Scrved  Population
Sub-Catchment Arca (ha)

A-6 | 98:3 8585 . 8§73
A-10 51.9 3,292 63.4
A-11 307 1,065 34.7
A-12 | 52.2 1,813 34.7
E-1 . 322 1,819 565
E-2 41.1 3,304 80.4
E-3 40.6 3,317 81.7
BE-5 49.0 4,442 94.5

However, the suh—caiéhmcnl arcas of A-10, C-6 and _E-S are included
in the ‘urgent secwerage service arca though their future population
density is less than 100 person/ha because the main sewers are

planned to rum :lhrough. them.

Finally, the wurgent sewerage scrvice area covers an are‘a of
1,030.8 ha with a scrved population of 117,864 in 2000 (see, Fig.
A.1.12).

Conventional and Inlerceptor Areas

The proposed urgent sewerage scrvice ar¢a of 1,030.8 ha is covered by
two (2) sewage - collection systems: _ conventional sewage collection system

and inlerceptor sewage collection system.

Conventional collection system collects both toilet waste and gray water
separately from storm water through a complete sewer pipe networks
consisting of house conncction, main, secondary and tertiary sewers with

lift/booster pumps, manholes and - other .appurlenances._

Conventional system is the most applicable sewage collection system to

improve community environmenis and water qualily of rivers and sca.

However, for an arca where such “storm water “drainage syStcm of open
type as road-side ditches and channels are alrcady . developed, interceptor
collection system is applicd to minimize the construction cost of sewer

networks and to facilitate implementation of the project.
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Interceptor  collection sysiem  colicets the gray water only through
existing road-side ditches and intercepts it to the main sewer in dry
weather.  However in wet weather, gray waler is diluted by storm waier in

the road-side ditches and directly discharged to the rivers.
Interceptor system " is applied for the following areas in the wurgem
sewerage service area in principle.

(i) Existing road-sidc ditch has a sufficient slope to aveid sedimentation

in ih_c bed in dry weather (more than 5%e).
(ii) Existing road-side ditch is not used as irrigation.

(iii) Bottom of existing road-side ditch is paved by concrete or ccment

mortar.
(iv) No inundations occur,
{v) Gray water flow is obscrved in the cxisting road-side ditch.
(vi) ‘Toilet- waste is -trealed by on-silc sanitation system.
Based on the above considerations, interceptor collection system is applied

for the sub-catchment areas of A-1, A-2, C-1, C-2 and E-4. Service area and

served population by interceptor collection system are as follows.

Service Arca and Served Population by Interceptor Collection ' System

S_ub-CAart:Ealme.m Arca (ha) Servec:iin Ez’ggglation
A-1 o212 2,835
A-2 123.4 | 13,099
C-1 310 3,782
c-2 - 47.3 | 5,121
E-4 . . 873 . 10,528

Total - 3162 35,365

" The proposed convenlional.qollcclion system covers an area: of 714.6 ha or
- 69% of the tofal urgent sewerage service area of 1,030.8 ha. The served
- population in 2000 “by "this system is cstimated 1o be 82,499,



1.2.3

Service arca and served population in 2000 by sub-catchment area and by

collection system are shown in ‘Table A.1.8.  Both the conventional and

-interceptor areas are delineated as shown in Fig. A.1.13;

Proposed Urgemt Sewer Networks

(1

Design. Wastewater Di'schargc

In the area covered by interceptor collection system, toilet waste is
treated by on-site sanitation syslcin and is not discharged to the
interceptor sewer. Hence, the toilet waste - discharge’ ‘should be
deducted {rom the design wastewater generation  of the interceptor

arca.

Toilet waste of each sub-catchment area covered by the - inierceptor
sysiem is estimated by mulliplying the unif toilet waste discharge by
scrved population,  The toilet waste dischargc of “the interceptor area
is estimated at 649 m3/d in 2000, The brcak_-down of the toilet wasie

discharge by sub-caichment arca is summarized below.

Sub-Catchment Area Waslewater Toilet Waste Gray ‘Water Discahage

in Interceptor Area Generation Generation to Interceptor
(m?/d) (m3/d) (m37d)
A-l 861 51 810
A-2 3.106 243 2,863
C-1 1,209 69 . 1,140
c-2 1,347 96 1,251
E-4 2,356 190 - - 2,166

Total 8,879 649 8,230

Gray water discharged from the intercepior area is estimated at
8,230 m3/day in 2000.

Design wastewater discharge of the urgent sewerage service area of

1,030.8 ha covering Dboth conventional and interceplor areas is
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estimated to be 31,428 m*/day in 2000. The break-down of
wastewater discharge by sub-catchment arca is shown in Table A.1.9.

Proposed Urgent Sewer Nelworks

The proposed urgent sewer networks consist of tertiary and
secondary scwer, main sewer including siphon, and conveyance
sewer.  Lift/booster pump station and force main are excluded from

the urgent project.

The urgent sewer networks has a total length of 145,550 m with the

following break-down.

Secondary & Tertiary (8150 - 300 mm) : 126,020 m

Main : 15,140 m

Normal Main (1350 - 1,500 mm) : 15,060 m
_ Siphon (6150 - 450 mm} : 80 m
'Convéyancc Sewer (91,500 - 1,800 mm) 4,390 m

Total ' : 145,550 m

Alignments of -the urgent main and conveyance sewers are shown in
Fig. A.1.14.

For longitudinal profile of the urgent main and conveyance sewers,
refer to Fig. A.1.9.

The main sewer crosses the Qongan River at three (3) locations of
the main sewer sections of A-6, C-4 and E-4. For river crossing of the
main sewer of A-6 and C-4, siphon is constructed. However for the
main sewer of E-4, normal sewer pipe is applied. Structures of the

siphons are shown in Fig. A.1.15.
Earth-covci'ing depth of the sc.wers ranges from 1.0m to 7.0 m.

Sewer length by diameter and by earth covering depth is shown in

‘Table A.1.10.
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2. Sewer Network of  Sanur  Area
2.1 Overall Plan
2.1.1  Sewerage Service Area

The Project Area for the overall scwerage development targeting the year
2010 covers Kel, Sanur, Desa Sanur Kaja and Desa Sanur Kauh with a total

administrative area of 740 ha,

The proposed sewerage service -arca also covers the same  Kelurahan and
Desa areas but excludes Bali Beach Golf Coursc of 14 ha -in Desa Sanur Kaja:
Hence, the sewerage service area of Sanur covers 726 ha with a total
population of 27,800 . in 2010. Break-down by Kelurahan/Desa is shown

below.
Kelurahan & Desa - Scwgfc%:: _(I‘iﬁl:)rvicc S§r_veciln gg%lmioﬁ
Sanur 402 19,000
Sanur Kaja 125 5,160
Sanur Kauh | 199 3,700
Total 726 27,800

- The sewerage service area of Sanur is shown in Fig. A2.1.
©2.1.2  Alcrnative Study of Scwer Networks
(1) Establishment of Aliernative Sewer -Networks .
Alte-rnativc sewer network systems of this Préjcct were established

based on the following design policies. and -conditions.

- It is difficult to convey the wasicwater of this Project Area to the
treatment plant by gravity only, A booster pump ‘station with a

force main shall be constructed at an appropriate location,

- Earth covering depth of scwer pipe shall :be.- less than 8.0m to

minimize construction cost.
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- Number of lift/boostcr pump station shall ‘be minimized (o save
O&M cost.

Two (2) sewer network systems are considered as typical alternatives

for this Project. One is ‘independent collection sysiem.  Another is

integrated collection system.

The independent collection system consists of four (4) main scwers
laid in parallel with the coast line. Wastewater of this Project area is
independentily collecled 10 the booster pump siation by. the four {4)
main sewers.  The collection wastewater  is: covercd to the treatment
plant located at "Suwung Swamp Area by the booster pump and force
main (see, Fig. A.2.2).

The integrated collcction system consists of six (6) main sewers.

Among then,. four (4) main sewers are iniegrated into one (1) big

- main - sewer  beforc reaching the booster pump station. This

. integrated sewer covers a large portion of the Project Area. The

remaining two " (2) main -sewers independently collect ' wastewater io
the booster pump station. The collecied wastewaler is conveyed to
the treatment plam by the booster pump and force main (see, Fig.
A.2.3).

The above two (2) altematives are compared as follows.

~Alternative A

This is independent collection system.  Tourism wastewater mainly

discharged from ‘the hotel arcas located along Sanur Beach is

collected by the main sewer C and D. Domestic wastewater discharged

from the residemial areas between Bypass: Sanur Rd. and D.

Tamblingan Rd. is also coilected by the main sewers C and D. The

~main sewers A -and B arc installed -along Batur Sari Rd. to cover the

-remaining - residential arcas.

-Thc.'proposed main ‘sewer nctworks has a total Icnéih of 10,940 m

with a diameter ranging [rom ¢350 mm o @800 mm. The earth

_covering depth s in the. range - of 1.0m and 7.0 m.



(3)

One’ (1) booster pump- station with ‘a capacity of 317 m3/min. x 37m
and a force main of two (2) units with a diameter of 500 mm each
installed to convey the wastewater to the connecting manhole of the
conveyance sewer of Denpasar scwerage system. It is located at the
junction of Bypass Ngurah Rai Rd. and Raya Sesetan Rd, Length of

the force main is 5,160 m.

Sccondary and tertiary sewers with a diameter of @150 mm -

300 mm has a total length of 97,220 m.

Sewer length by diameter and :by carth covering depth is shown in

Table A.2.1.

Alternative B

“This is integrated colleciion system. The integrated sewer networks

consisting of the main sewers: A, B, C and D, covers a large portion
of the Project Area ‘including the resort areas along Sanur Beach and
residential areas- in the west side of Bypass Sanur Rd. All wastewater
of this covered arca is Tfinally collecied by the main scwer A to the

booster pump station.

The main sewers of E and F independently collect the wastewater of
the respective arcas to the booster pump- station. The main sewer E
covers the residential area in the west side of Bypass Sanur Rd. The
main sewer F covers the resort and residential - arcas -along Sanur

Beach,

The proposed main networks has a total length of 10,370 m with a.
diameter of $350 mm - ¢800 mm. ~The earth covering depth of sewer
is 1.5m - 9.0m.

The collected wastewater - is conveyed to -the - treatment plant by the
booster pump station and force main. - The capacity of the booster
pump is the same as Alternative A. Length and size of the force main

is also the samc as Altermative A.

The sccondary and tertiary sewers are the same as Alternative A,



2.1.3

(4)

Sewer length by diameter and by carth covering depth is shown in
Table A.2.2.

Comparative Evaluation
The direct construction costs covering those of main sewer, force
main, secondary and tertiary sewers, and booster pump station for

Alternative A and Alternative B are compared as foliows.

(Unit; - billion Rp. 192 price)

Alternative A Alternative B

‘Secondary & Tertiary ‘Sewers 13.2 13.2

Main Sewer 9.4 10.1
Force Main 4.0 : 4.0
Booster Pump Station 2.3 2.3
Total 28.9 29.6
Alternative A is more  economical th.an Altcrnatiﬁe B. Moreover,

Alternative A is more advantageous in stage implementation than

Alternative B. Hence, Alternative A is recommended.

Proposed Scwer Networtks

(1) Division -of Sewerage Secrvice Area

The sewerage service area " of 7260 ha is divided into four (4)
catchment zones based on the topographic conditions and route of

the proposed main sewers as shown in Fig. A.24.

Each Catbhmént zone is further divided into sub-catchment areas
based on Kelurahan/Desa boundary. Existing and future served
population and pop'ulation. density of each sub-catchment area is
shown in Table A23.



(2)

Design Wastewater Discharge  of Collection Sewer

1)

Specific Waste Generation

Land use of Sanur sewecrage service area is classified into
two (2) categories: onc is tourism use and another is residential
use. - The area along sea shore is developed for touristn use and

inland area for residentiial usc.

Specific wastcwater generation of ‘tourism. arca is estimated

based on the wastewater generated from hotel and restaurant

‘only. On 1he- other hand, specific wastewater generation of

residential area is cstimated based on the total wastewater
generated from domestiic, commercial and institutional, and

industrial sources.

‘Specific wastewater generation of tourism area and residential

area for the four (4) catchment zones -are estimated in ‘the same

manner as that of Denpasar Area.

Specific wastewater generation of the ‘four (4) catchment zones

by source in 2010 arc shown below,

Specific Wastewater Gencration

Catchment -~ (m3/ha/day)
Zone ) . .
Tourism Area Residential Area
A — C 10,43
B o 14,90
C 81.20 S 114,07
D

41.64 6.17

Specific wastewater gc'ncra'tion of each 'su'b‘catchhdem area  in
1990, 2000 and 2010 by sourcc is shown in Table A.2.4.

Wastewater generation of cach sub-catchment area in 1990,
2000 and 2010 is also shown in Table A2.4.



2)

3)

4

Design  Wastewater Discharge

Design  wastewater discharge of the sewer network system for
Sanur Area is also estimated in the same manncr as that of
Denpasar Area.

Design  wastewater discharge of the sewer neiwork in 2010 by

catchment zone arc shown below,

. Design Wastcwater Discharge. (m3/min.)

Catchment Wasicwaler _
7 \ ) ) Ground-
onc Tourism  Residential water Total
Area Area
A 0 431 0.17 4.48
B 0 2.36 0.09 2.45
C 15.54 4.39 0.77 20.70
D 2.79 1.06 -0.15 - 4.00

Total 18.33 12.12 1.18 31.63

lLongitudinal Profile of Main Sewer

Longitudinal profile of -the: proposed main sewer is shown in
Fig. A.2.5.

The land gradient of the route of four (4) main sewers are

gentle with an average slope of 2.4%..

Hence, three (3) manhole pumps are constructed at the main

sewers of A-4, C-1 and C:4 to avoid earth covering depth more

__'trhan 8.0m. Location of the manhole pumps are shown in Fig.
A.2.4.

Earth covering depth of the main sewers ranges from 1.0m to
7.0'm,

Salient’ Features of Overall Sewer Networks

The proposed overail ‘sewer networks have a total length of

113,320 m with the following break-down,

A-25
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