The average unit wastewaicr and pollution load genecration across the

whole Study Arca are cstimated as follows.

Existing Future
Unit Wastewater Generation (lcd) 172 196
Unit Pollution Load Generation (BOD ged) 29.8 : 32.6

(2)  Commercial and Institutional

The existing and future wastewater quality of commerce and
institution are determined 1o be 216 mg/l as BOD, based on the

sampling survey.
(3) Tourism
The  existing and future unit poliution load gencration of hotel

covering - both toilet waste and gray ~water, and restaurant are

determined - as follows, based on the sampling survey.

High class hotel - 98.3 gfroom/day (BOD)
Middle and low class hotel : 80.2 g/room/day (BOD)

Restaurant : 5.6 gfseat/day (BOD)
(4) Industrial
The existing and future unit pollution load generation by industrial
classification are assumed 10 be the same as those in Jakarta based on
“the check survey in the Study Area. They are in the range of 0.38
g/day/million Rp./yr. and 18.00 g/day/million Rp./yr.

3.3  Poliution Load Generation

The total existing and future wastewater and pollution load generation by

waste origin of the Study Area are estimated as follows.



Wastewater (10 m%/d).  Pollution Load (i1/d)

Existing Fulure Existing Future
(1990) (2010) (1990) (2010)
Domestic 82.2 139.3 142 23.2
Commercial & 16.9 28.0 3.66 6.04
Institutional '
Tourism 16.8 54.8 _ 0.91 2.84
Industrial 0.8 5.1 L 0.92 5.99
Total . 116.8 227.2 197 38.0

The average daily wastewater and pollution load generation of ‘unit "arca in

the Study Area are given below.

. Existing (1990) Future_(2010)

Specific Wastewater (m’/d/ha) : 4,94 9.61
Specific Pollution: Load (BOD kg/d/ha) 0.83 ' 1.61

Regional distribution of the existing and future specific wastewater and
poliution load generation by Kelurahan/Desa are shown in- Fig. 3.2

through Fig. 3.5,
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4.1

CHAPTER 4 EXISTING SANITATION AND SEWERAGE

PROJECTS AND FACILITIES

Existing On-sitc Sanitation Facililics

(1)

(2)

(3)

Domestic

The existing domestic on-siic systems in the Study Arca are utilized 1o
treat toilet waste only, while the gray water originating from wash,
bath, cooking and laundry is either disposed/discharged to
lawns/drains -+ with no  treaument  or infiltrated into  underground

using separate soak pit or soakaway.

The existing ratio - of population having toilet with _tréatmcnt_ by
leaching pit/septic tank  is .estimated based on the sampling

questionnaire survey as. follows,

Denpasar Barat S 95.6%
_Dchpasar Timur : 978%
Denpasar  Sclatan T 95.8%
Kuta . 88.3%
Study Arca : 95.1%

Commercial & Institutional and” Industrial

Leaching pitfseptic tank s the sole (reatment system almost

universally used.  Whilc some hotels, factdries and offices utilize

‘¢laborate treatment facility likc extended aeration system.

Desludging and . Treatment

Both the Public Cleansing Department of Walikota Denpasar and four

(4) privale companics provide “destudging and its  subsequent

transportation and.. disposal of lcaching pit/septic  tank sludge

‘utilizing  vacuum - trucks. However, there is no organized sludge

ireatmenl system.



the IUIDP survey of 1988 concerning the

and maintenance of  domestic on-site sanitation

Based on sampling

operation systems ol
septic tank and leaching pit, it became evident that about 60% of the

systems were never desludged.  However, the remaining 40% of the
systems had an average deshudging frequency of - once in three (3)

years.

The existing desludging activitics in the Study Area are summarized

below.
Vacuum Truck Household .Des]udging Financial Aspect
L . Served Quantity Typical | Gross Income
Organization { No. | Capacity| Cycle/ (No.f - C(m¥y Tariff (M. Rp.J
(m3) Day Annum) Annum} (Rp./Tl‘ip) Annum)_ﬁ
Public Sector | 1 G 1.5 400C 2,400 13,000 7.0
Private Scctor| 6 4 2.0 1,800 10,100 - 35,000 ©123.6
Tosal 7 - - 2,200 12,500 - 136.6

4.2 Existing Sewerage System

(1) Nusa Dua

The existing Nusa Dua sewerage system of BTDC covers nine (9) high-

class ‘hotels,
1992.

‘The sewerage system consists of

- Sewer pipe

- Oxidation pond treatment system

- - Design wastewater

treatment

- Existing “wastcwaler (Featment

The operation startéd in 1979,

5.1 km
16 ha

7,200 m>/d
2,500 m>/d of which 50% is
recycled for :'gar'dczning, “etc.

Location of the sewerage system is shown in Fig. 4.1

Further, two (2) hotels afe scheduled to 'be connected in



(2)

Airport

The sewerage syslem serves the Ngurah Rai Airport only, covering

‘approximatety 300 ha. The sewegrage syslem consisis of
- Sewer pipe : 1.8 km
- Acrated-facultative lagoon with maturation pond

- Design wastewater trcatment 2,300 n13/day

The sysiem became operafional only recently in fall of 1991.

4.3 “On-going Sanitation and Sewerage Project

(1)

(2)

Human Waste Disposal of Kabupaten Badung and Kotamadya Denpasar
The project consists of

- On-site sanitation facilities

- " Desludging truck

- Sludge treaiment plant (1.1 ha)

Design sludge volume : 110 m3/day.

Kuta Sewerage Project

The sewcrage system covers an area of 355 ha in Kel. Kuta with the

foilowing connections.

- 492 houscholds
- 224 hotel, home stay and losmen

- 125 restaurants
The . design wastewater discharge is 4,200 m*/day.  The collected
wastewater is conveycd 1o the sewage ‘treatment plant, where human

wastes of Kotamadya Denpasar and Kabupaten Badung are also treated.

Total séwer pipe length is 11.4 km. The required land area for the

© sewage {rcatment plant is 2.9 ha.
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(3)

Location of the Kuta Sewerage Project is shown in Fig. 4.2,
Estuary Rescrvoir

Development of the cstuary ‘reservoir is planned at ithe eswuary of ihe
Badung River for domestic water supply. The ‘water resources of the
Mati River are exploited by this project along with that of the Badung
River.  The arca and effective storage capacity of the reservoir are

140 ha and 1.4 million m’ respectively,

Location of the estuary reservoir is shown' in Fig. 4.3,
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‘5.1

5.1.1

CHAPTER § WASTEWATER DISPOSAL DEVELOPMENT

Simulation of River and Sca Waler Quality
Simulation of River Water Quality

The -objective area consists of Tour (4) river basins of Maii-Teba, Badung,
Ych Ayung and Sama. These river basins cover a total area of 14,494 ha or
61.3% of the Study Area at the lower-most out-put stations of simulation,
The four {4) river basins arc further divided into 16 sub-basins (see Fig.
5.1). The model of river systems are established for simulation as shown in
Fig. 5.2.

The simulation model was -calibrated by comparing the observed and
simulated river water quality st 21 out-put stations, The simulated river

water quality is well in agrecememt with the obscrved one as shown below.

(Unit : BOD mgfl)

Dry Secason Rainy Season
Average observed water quality 179 18.4
Average simulated water quality 16.8 17.3

For details, see Appendix E, Table E.1.4.

The river water quality of the Study Area- in 2010 will worsen to two (2)
times of the existing one in terms of stream BOD. The average existing and
future river water quality “of the  central and ‘southern ‘Denpasar areas are

compared  as follows.

1990 201
Dry Sedson (BOD, mg/l) 27.8 53.9
Rainy ‘Scason (BOD, mg/l) _ 26.6 56.1
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The future pollution load- to the seca from the Study Area will double in BOD

as shown below,

{Unit : BOD kg/d)

Dry Scason Rainy -Season
Existing (1990) 8,294 13,238
Future (2010) : 16,992 26,833

Simulation of Sea Water Quality

The pollution loads discharged into the sca are spread by diffusion” and are
convected duc to currents caused by tides, waves and winds. However in
the -seca of the ~Study Arvea, the tidal currents are ~ dominant, “and the

currenis by waves and winds arc considered negligibly small, -

Hence, the sca water quality of the Study Arca is simulated by using the

diffusion and tidal current. modcis. For the constructed models, see

“Appendix E.1.2]1. The objective arca of the simulation is shown in Fig. 5.3.

~ The sea water quality as COD was simulated for the four (4) conditions; dry

and rainy seasons in the years of 1990 and 2010, Diff.f_:renc:es of the

simulation results between dry and rainy scasons are quile small. The

existing and future simulated sca water quality in dry scason are shown in

Fig. 5.4 and Fig. 5.5 respeciively.

The simulated sea waler quality -is in good agrcement . with the ‘observed

.one (compare with Fig. 2.8). The cxisling-pélluled argas with  COD of more

~than 5 mg/l in the year 1990 is estimatcd to be 28.3 km?, It is projected to

expand (o 36.5 km2 in the year 2010, if no wastewater disposal project is

implemented.



5.2

5.2.1

Zoning of Wastewater Disposal System

" Target of Wastewater Disposal Development

The principal objectives of wastewater disposal development for the Study

Area are (1) river water pollution control, (2) sea water pollution control,

(3) sanitary improvement of communitics and (4) groundwater pollution

control.

The targels to achieve the above ‘objectives arc proposed as follows.

(1)

(2)

River water pollution control

The target river water quality of the -Study Area is determined based
on the existing river water ‘quality, existing river water "use, and

environmental river waler quality standards.

River “water quality shall be maintained, as a proposal, below 20 mg/l
as strcam BOD -in‘ the river sections where -there are irrigation off-
takes and -preferably below 10 mg/i as BOD 'in the river sections

where pcopie use water lor washing and bathing.

For the existing- river water quality and river water use, see Fig. 2.3,
Fig. 2.4 and Fig. 2.6. ' ' '

Sea water poilution control

“The cxisting sea water -quality of Sanur, Kuta and Nusa Dua beaches is

5 mgfl in terms of COD,, on an average, while it exceeds 8 mg/l in

‘'some drcas ‘(sce Fig. 2.7 and Fig. 2.8). This water quality -is considered

“to be in a critical level Tor swimming and “other watér recreations in

comparison with international standards.  For example, the Japanese

Standards stipulates a coastal sca water quality of 2 mg/t as CODy,

{roughly equivalent ito 4 mg/l as COD) for swimming and

‘conservation of udtural life.

Furtlier "progréss -of ‘thé “sca water pollution will* causc vital - damage on

“the tourism  industry “of Bali.



(3)

(4)

The sca water guality of the resort beaches in the Swady Arca shall be
mainiained below 5 mgh in COD or at lcast, below the existing level.

Hence, the future pellution load run-off to the sca shall be controlled

not to exceed the existing level at leasl.
Sanitary improvement of communitics

More than 90% of the toilet waste in the Study Area is disposed into
underground ' by leaching éyslcm. A large portion of gray water are
directly discharged to the road side drains or rivers/canals, resulting
in creation of unsanitary environments in the communitics. Such

unsanitary enviromments concentrate in the densely populated areas

-of the central Denpasar (see Fig. 5.6).

To protect the sanitary cnvironments - of communities, waslewater

shall be :

- entirely cut or discharged into road  side ~drains/canals after a
high level treatment of 20 mg/l as BOD for the areas with a high

population density and thc resort areas.

- discharged into road side druins/riversfcanals after a moderate
level treatment of 60 mg/l as BOD f{or the areas with a medium

population density.
Groundwater pollution  control

Wastewater disposal is considered 10 be the cause of the exisiing
groundwater  pollution. ‘Heavy groundwater conlaminations are
recognized in the central and- soutliern Denpasar  areas. Even
groundwater quality in thc resort beach areas is im a cCritical level

(see Fig. 2.10).

- Hence, wastewater disposal into underground shall- be managed

carefully 1o control 'gmundwmcr contamination, 1aki'ng into
consideration the facts that many pcople are using -groundwater for
their alternative or supplemcentary water supply and -as a rcs.ult_,. the
cxisting population scrvice ratio ol piped water of the. Study  Area is

only 33% in averagc.
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General Zoning Principle of Wastewater Disposal System

The Study Area is divided into the following three (3) waslewater disposal

areas from the aspects of river walter pollution control, sca waicr pollution

control, sanitary improvement of commuanitiecs and groundwater -pollution

canirol.

()

(2)

(3)

Central -and southern  Denpasar

The river and sea water pollution ol the Study Area arc mainly due to
the wastewater discharged from the central and southern Denpasar.
Hence, the wastewaler disposul of these areas shall be dealt with

integrally in order to protect the river and coastal sea water quality,
Resort  arca

The environments and  sanitation of the areas shall meet not only
‘local requirements but also - international ones, for ensuring their
continued tourism polential. Hence, the wastewater disposal system
of these areas arc deaht  with separaicly from the central and

southern Denpasar, and. other arcas.
Qiher areas

The “population densily of the oiher areas in the Study Arca is not
high. The river und”groundwulcr gualily arc comparalively good.
The requircd wastewaler disposal system ol -the areas will be

determined independently, bascd on: their local sityations.

Wastewater Disposal System for Central and Southern Denpasar

(1)

General

To achieve the largets of river and coastal sea water quality, the

following - two -(2}. alternative systems are considered praéticai.

i) Scwcrage' system  only (conventional type capable of treating

both toilét wasie and gray -water up o 20 mgfl as BOD)
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(2)

(3)

(4)

(ii) Combination ol scwecrage and on-sitc “systems (sepiic fank with
up-flow  filler capable ol treating both loilet waste and gray
waler up to 60 mg/l as BOD) '

The two (2) allernalive systems are compared as follows,

Sewerage sysiem only

This system covers 23 Keluraban/Desa in the central Denpasar with a

future population dénsity ol more than 50 person/ha.  The covered

total arca and population’ in 2010 are 3,759 ha and 368,600 respectively

(see Fig. 5.7).
Combination of scwerage and on-gitc sanitalion  system

Sewerage system covers 16 Kcelurahan/Desa with a future population
density - of more than 100 person/ha.. . The covered total area and

population in 2010 arc 1,560 ha and 232,400 respectively.

On-site sanitation system is applied for six (6) Kelurahan/Desa with a
future population density of -50-100 - person/ha in the central
Deapasar and [lor seven (7)) Kclurahan/Desa in _lhe southern
Denpasar with a futurc population density of 20-60- personfha. - The
on-site system covers a total arca of 5,687 ha and a total population of
223,800 in 2010: | |

‘The covered arca by the above combination system of sewerage  and

on-site ‘sanitation is shown in Fig. 5.8,
Comparison and conclusion

The simuiated pollution load 10. the sea and river water “quality in dry
and rainy scasons for the above (wo (2) sysiems are  shown in Fig.
5.9(1)-5.9(2) and Fig. 5.10(13-5:10(2). * Both -alicrnatives can attain the
targets of river-and “sea walter poliution control. - Théir: control - effects

of river and sea water pollution arc almost equivalent,
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(5)

The combination system of sewerage and on-sile sanitation is more

cconomical 1han the system of scwerage only as shown below,

Construction Cost O&M Cost
(hillion Rp.) {(million ‘Rp./yr.)

Scwerage Only 227.1 3,131

Combination of ' Scwerage 178.7 2,361
and On-site

The system of sewerage only cxcludes six (6) Kelurahan/Desa of
Kecamatan Denpasar  Sclatan {rom the covercd arca - of the
combination” system of scwerage and on-site’ sanitation.” The excluded

arca and population in 2010 are respectively 3,488 ha and 87,600.

The excluded areas arc alfected by a severe -~ groundwater

‘contamination.  The groundwater table is shallow and the land is

covered by soils with a low permeability. ~ Wastewater disposal into

underground is considered inappropriate for -these arcas. Hence,

septic tank with ‘up-flow lilier is most appropriate.

As cvident from the above discussions, the combination of sewerage

and on-site system is morc recommendable.
Simulated future sca water quality with project

The sea watcr :qua]i{y as COD with the above probbsed project in the

year 2010 is simulaled as shown in Fig. 5.1L

The polIulcd sea arcas with COD of more ﬂ}}]lt 5 mg/t-are shown below,

comparcd with those under “the cxisting and future conditions

without project.

Polluted Area (kmz)

Existing - 28.3

Future. without Project 36.5
. Future with Project 28.6
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The proposed project will be able to attain the target of future sea

water quality.

Wastewater Disposal System of Resorl Area

(1) Existing wastewater disposal conditions.

(2)

In the resort areas of Sanur, Kuta and Nusa Dua (excluding BTDC
areaj, a major portion of the wastewater are disposed ‘into
underground through septic tank/leaching pit with no special

lreatr_neﬁl. It is due to the high infiltration capacity of the soils.

However, some wastewater is dircctly diSCharged to the road side
drains here and there. The 'dis'charged wastewater are infiltraied into
ﬁndcrground from the diain beds to some cxient while it flows down.
The remaining wastewater of limiied quamity is finally discharged to
the neighbouring rivers and seas. Such wastewater discharge to the
road side drains are striking along the main strects of Kuté where

shops and restauranis are denscly located.
Groundwater contamination problems

Groundwater coniamination of *the areas is very' significant and
considercd 10 be. in a critical level at present. = The existing average
groundwater quality of the areas is 6.5 mg/l of COD., 0.1 mgfi of
NH,-N and 72 N/10Oml of Fecal Coliform. ‘Th.is'water-quality is

inappropriate for domestic use withoul treatment.

The existing (1990) and future (2010) waﬁ:tewater‘and pollution load

generalion per unit arca of cach resort area are cstimated as Shown

below.



(3

‘Arealha)  Wasiowater {m3/d/ha) Pollution Load(Kg/d/ha)

1490 2010 1699 2010
‘Sanur 671 < 9.50 23.87 1.25 2.94
Kuta 1,293 9.54 17.03 1.01 1.88
Nusa Dua 140 < 8.15  23.49 0.97 2.07
Central Denpasar 1,560 < 24.47 41.42 4.45 7,00
Study Area 23,653 4.94 9.61 0.83 1.61
Note
< . covers Kel. Sanur Kaja and Kel. Sanur _
2 : covers Benoa peninsuia area only and excludes BTDC area
<43 1 covers 1.6 Kel./Desa wherc sewerage system is proposed in

Section 5.2.3

The wastewater and pollution' load  generation per unit area in 2010
will increase to more than "two (2) times of the cxisting ones. This
future increase ol polintion load will further progress groundwater
contamination and as a result, may causc scrious public hazards if no
control measurcs of wastewater disposal are ‘taken.  This is because

many p:eople, even large hotels, arc still using the groundwater for

~drinking, cooking, bathing, washing, etc,

Comrmunal sanitalion problems

The wastewater infiltration  efficiency of the existing septic tanks

and leaching pits generally is decrcasing with the clapse of time due

‘to clogging of the leaching system. Especially, septic tanks/leaching

pits of restaurants and hotel restaurants require frequent desludging
of sludge duc to clogging by oily materials. - Frequency of the
desludging increases as time goes by, and finally, -replacement

become necessary.

The desludging by vacuum truck is not always éésy because of lack of

access roads to inner places,



(4)

Hence, people are inclined to directly discharge wastcwater into the
road side drains or small ditches/open spaces in the neighbourhood,

resulting in creation of unsanitary - environments of communitics.

The above sanitary problems of communitics will become further

scrious in future with the inciease of wastewater gencration,
Alternative wasiewater disposal systems

A wastewater disposal system of high treatment level shall be applied
for these arcas to maintain the groundwater quality and communal
sanitation of the areas in a satisfactory level as international resorts.

The folloiving two (2) alternatives are proposable.
- Sewerage system (sewcrage System of conventional type)

- .On-site $ystem with a treatment level of ‘20~30 In"g/l as BOD

(household package trcatment plant with acration sysiem)

(i} Seweragc systcm

(Sanur Sewerage Dcvéloprﬁen.t)

The sewcrage sysiem of Sanur cbve_rs threé_ (3) Kelurahan/Desa
of Sanur Kaja, Sanur and Sanur Kauh, Tllé c"overe.d. area and
population in 2010 arc 780 ha and 28,000 respectivély.  The
collccted wastewater is conveyed to the trcatmemrp']ant located at

the on-shore land in the soathern edge of Sanur area.

(Kula Sewerage Development)

Thc. sewerage system  of ‘Kut‘a éjovers q'riI)-/ the lbea'ch arca to be
developed by 2010 with an area of"65_70 ha. ~ The remaining
'un'dcveloped area of Ke_lurahén Kula‘édye'r'ing :643 ha will be
'prbvidcd '_writh on'-sile"'s'ystém., The é_ovf:rc_d !popuiai_ioq in 2010 by
scw'é'fage system s 22;000. ‘The collected wastewater is convc’ycd'
to ‘the treatment plant located at the '0n~'shor'e Jand along the

Benoa Bay.
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(Tanjung Benoa Scwerage Development)

The sewerage sysiem of Tawnjung Benoa covers only the Benoa
peninsula arca.  The covered arca and population in 2010 are 140
ha and 2,000 respectively. The collected wastewaler is conveyed

to the existing (reatmeni plant of BTDC.
(ii) On-site system

Houschold package treatment plam is considered as the on-site
system to treal thc wastewater to the same [evel as the sewerage
system. This system is composcd of sedimentation, contact
aeration ‘and disinfection syslems to treal a mixture of toilet waste

and gray water under both anacrobic and aercbic conditions.
(5) Cost comparison and conclusion

Cost of the above iwo (2) alternatives arc compared for "three (3)

resort areas of Sanur, Kuta and Tanjung Benoa,

The construction and O&M cosis of scwerage and on-site systems for

three (3) areas are summarized below.

Sanur Kuta  Tanjung Benoa
Construction Cost (billion Rp.)
Sewerage ' 44.4 49.5 7.0
On-sitc : 469 50.7 B B
0&M Cost (million Rp.fyr) 7 -
Sewerage ' 588 735 513
COn-site 1412 1,531 358

As cvident from ‘the above 1table scwerage system is more economical
_than on-site system for all arcas. . Sewerage system of comventional
~type -is recommended for the. wasicwater disposal of Sanur, Kuta and

""Nusa Dua (Tanjung _-BCI]O.EI)-:KCSO_]‘I areas.

The “proposed sewerage sysiem covers five (5) Kclu_rahan/Desa of

Sanyr Kaja,” Sanur, part_of Sanur Kauh, part of -Kuta and. part of Benoa
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5.2.5

(see Fig. 5.12). The covered total’ arca. and population in 2010 are 1,570
ha and 52,000 respectively.

~Wastewater Disposal in Other -Arcas

The other arcas cover 14,836 ks with a iotal -population of 199,600 in 2010.
Number of the included Kelurahan/Desa arve 19, These Kelurahan/Desa

are expected to be sparsely populated even in 2010 with a low specific

-pollution load generation as shown below.

1990 C 2010
Area(hia) _ 114,836 14,836
Population 137,860 199,600
Population Density (person/ha) 9 13
Specific Pollution Load
Generation  (kg/day/ha) 0.35 RT

The river water quality of these areas arc comparaiively good. The
existing river water quality is 3-10 mg/l with an average of 5.1 mg/l as
stream BOD. The future river water quality (after completion of the
sewerage and on-site sanitation sysicms of Denpasar and resort areas) in

2010 is estimated to be sul 3~15 mg/l, averaging 6.5 mg/l as stream BOD.

‘The groundwater quality of the “areas arc also generally good (see Fig.

2.10). However, the future increase of pollution loads may deteriorate the

groundwater guality down to a critical level in some areas.
Based on the above facts and discussions, it is concluded that :

- No large scale or high level waslewater disposal system will - be required
until 2010, |

- The exisling on-site sanitation system, most of which are leaching pils
only, shall be improved to a certain level 10 presctrve the groundwater
quality and maintain the sanitary conditions -of ‘communities at

satisfactory level.

Septic -tank with leaching sysiem is rccommended for thesc areas.
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5.2.6

5.3

Total Wastewater Disposal System

Total wastewater disposal system of the Study Arca is summarized below.

| On-site " 11 14,836(62.8%) | 199,600(28.1%) | Other Areas

System ArcaCha) Population Region
in 2010
Scwerage 3,130(13.2%) | 285,900(40.3%) | Central Denpasar

& Resort Arca

On-site 1 5,687(24.0%) | 223,800(31.6%) | Surrounding of
Central Denpasar&
Southecrn  Denpasar

Total 23,653(100%) 709,300(100%)

Note : On-site 1 : Septic tank with up-flow filter

On-site 11 : Septic tank with leaching system
Zoning of the total wastewater disposal system is shown in Fig. 5.13.
Potential Sites for Sewage Treatment Plant

The proposed sewerage master plan of the Swdy Area consists of the

sewerage developments of Denpasar, Sanur, Kuta and Tanjung Benoa areas.

Wastewater - of the Tanjung Benoa area can be opiimally treated by
improving the existing treatment plant of BTDC. On the other hand,
identified potential sites of the treatment plant for the other three (3)

arcas are as follows.

The surrounding lands of the Denpasar, Sanur and Kuta sewerage

“developmient areas are ﬁlready highly developed. Only the Benoca Bay area

is available for construction of the treatment plant.

The on-shore land along the Benoa Bay is mainly - covered by mangrove
forests and fish ponds (see, Appendix E, Fig. E.3.2). According to the future
land use zoning prepared by Ministry of Forestry, the existing mangrove

forest and fish pond arcas are categorized into proicction zone and limited
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5.4

5.4.1

development zonc respectively (sec, Appendix E, Fig. E.3.3).  Accordingly,
the existing fish ponds arc constdercd as the most feasible arca for ihe

treatment plant of this Project.

The fish pond arcas arc originally government own although being used
for shrimp cultivation” by privaic scctor.  They will - be returned 1o the

gove”rnm:ent by the end of 1992,

Sites for ‘the trcatment plant of this Project can be sclected from the

existing fish ponds located in the Suwung Swamp Arca shown in Fig. 5.14.
Alternative ' Studics of Scwerage Development -System

Alternative Sysiems

The sewerage development plan proposed in Scction 5.2 covers four (4)
sewerage arcas of Denpasar, Kuta; Sanur and Tanjung Benoa. The
sewerage arca of Tanjung Benoa is independent from the other three (3)
areas.  On the other hand. the arcas of Denpasar, - Kuta. and-- Sanur  are

closely related in use of the potential treatment siies.

The following three (3) altermatives arc considered for the optimum

“development - of (reatmeni system.

(1) Individual treatmeni sysiem

" Wastewater oif  Denpasar, Kuta and Sanur arcas - are - collected and

treated independent - of cach other (sce, Fig. 5.15).

(2) Partially integrated treatment system
Wastewiater ol Denpasar and Kuta are collected independéntly but
treated at one (1) trcatmemt plant.  On the contrary, that of Sanur is
coliccted and treated independently (sce, Fig. 5.16).

(3) Fully integrated -lreatment = sysiem

Wastewaler of Denpasar,. Kuta and  Sanur are - collecled ,indepcndcﬁtly

but all treated at onc (1) frcatmenmi plant (sce, Fig. 5.17).
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The design wastewater inctuding groundwater infiltration (10%) of three

(3) sewcrage arcas are as (ollows,

Denpasar
Kuta

Sanur

71,100 - m“/d ay
20,200 m?/day

19,800 m’/day

Acrated lagoon system is assumed for treatment of the above wastewater,

Sewerage Facilities

(3)

Salient features of 1thc proposed scwerage facilities for three
alternatives are sumniafizc:d bclow!
Denpasar Kuta Sanur

Individual
Collection Sewer (km) 193.2 79.4 91.6
Force Main (km) ' 3.5 -
Treatment  Plant

Capacity (m>/day) 71,100 20,200 19,800
Arca (ha) 13.4 3.8 3.7

Partially Intcgrated
Coltection Sewer (km) 1932 79.4 91.6
Force Main (km) I 5.2 -
Treatment Plant N ———

Capacity (m’/day) 91,300 19,800
‘Arca (ha) 17.2 3.7

Fully Intcgraled .

" Collection Sewer (km) . 193.2 79.4. 91.6.
Force Main (km) - 52 0.4
Treatment Plant e T —

Capacily (m*/day) 111,100
- 20.9

Area  (lia)
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5.5

5.5.1

Cost Comparison and Conclusion

Construction cost and Q&M cost are estimated for three (3) . alternatives as

shown below.

Alternative System ‘Construction _ 0&M
{billion Rp.) {billion Rp.fyear)

Individual 193.07 3.39

Partially Integrated 190.61 3.42

Fully Integrated -194.58 3.57

There is no significant cost difference among the three (3) alternatives.

The Study Team réecommends "Fully Integrated Treatment System™ from the

aspects of

- FEasiness of operation and maintenance

- Minimization of environmental adverse impacts
Proposed Sewerage Development Plan

Wastewater Collection System

The proposed sewerage system is of conventional t.yéé which collects both

toilet and gray water.
In the Study Arca, storm water is mainly  drained by open drainage
networks consisting of road side ditches, irrigation canals and rivers. No

drainage pipes are installed except at the crossings of roads. The on-going

drainage projects aim at improvement of the open drainage system.

Hence, separaie wastewater collection system is applied.
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Denpasar Sewerage Development

(1) Sewerage development area

The sewerage development arca proposed in Section 5.2 covers 16
Kelurahan/Desa with a  futurc population density of more than 100
person/ha.  The total covered arca  and population in 2010 are 1,560 ha

and -232,400 respectively.,

The above sewerage development area is adjusted to prepare a
practical sewerage devclopment plan well suited 1o the topographic,
road network and administrative conditions. The adjustments are

made based on the following considerations.

(i) Largc reoads, rivers and Kelurahan/Desa Dboundaries are

considered as the boundarics of the sewerage development areas.

(ii)} Kelurahan Sumerta Kclod is expected 1o develop as the
institutional center. 1t is fully incorporated into  the sewerage
development arca although its luture population density is less

than 100 person/ha.

(iii) When sewer pipes arc planned under the boundary roads, some
outside areas of the roads are included 10 collect the wastewater

of the areas.

The- adjusted  sewcrage development arca  and  included total

“population are shown below. (sce, Fig, 5.18).

1990 2010
Area (ha) S 2,683.0 2,683.0
Population 194,209 284,100
“‘Population. Density (person/ha) 72.4 1059 _

Nos. of Concerned Kel./Desa 26 26




- 5.53

The existing and future land uses in the sewerage development arca

are summarized bclow.

1990 (ha) 2010 (ha)

Residential arca | 832.1 (31.0%) 1,261.0 (47.0%)
Commercial & 2014 (7.5%) 232.3 . (8.7%)
institutional area '
Tourism arca 12.3 _(0.5%) 19.7  (0.7%)
Indust_rial area _ 94 (0_.4%) 10.3  (0.4%)
Other arca | 1,627.8 (60.6%) 1,159.7 (43.2%)

Total 2,683.0 (100.0%)  2,683.0 (100.0%)

(2) Design wastlewater © generation
The design waslewater gencration is summarized -in Table 5.1.'
(3) Collection system
The proposed collection system is summarized in Table 5.2.
Kuta Sewerage Development
(1) Sewerage development area
The proposed seweragc development covers 'thc. dcvc_lbped ‘Kuta Beach

arcas of 648 ha (see Fig. 5.18). The existing and future popuia‘ti'on

- covered by the project are as follows.

1990 2010
Arca (ha) : T - 648 L 648
Population - © 14,600 21,580
Population Density (persqh/ha) " 22.5 333
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“The cxisting and future land uscs of the project arca arc summarized

below.
Existing (1990) Futurc (2010 )
Residential area 156.2 (24.1%) 199.7 (30.8%)
Commercial & | 62.7 (9.7%) 80.6 (12.4%)
Institutional arca
Tourism  arca | 122.7 (18.9%) 157.7 (24.3%)
Industrial area 12.8 (2.0%) 12.8 (2.0%)
Other area - 293.6 (45.3%) 197.2 (30.5%)
Total ' 648 (100.0%) 648 (100.0%)

{2) Design -wai\stclwmer generation B
The design wastewater generation is _summari'?.ed in Table 5.1.
(3) Collection system -
The proposed collection system is summarized in Table 5.2.
55.4 Sanur ‘Sewerage ‘ ngei@pmcm
The proposed sewerage development covers Desa Sanur Kaja, kclurahan
Sanur and part of Desa Sanur Kauh with ‘a toial area of 740 ha (see Fig.

5.18). The existing and future population of the sewerage development

area are as follows.

1990 . 2010
Area (ha) 740 740
Population - 17.864 27,800
Population Density (person/ha) . 2401 37.6
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The existing and future land uses of the project area are as follows.

Existing (1990)

Future (2010 )

Residential arca

Commercial &

Institutional arca

Tourism arca

Industrial area

106.4 (14.4%)
18.8 (2.5%)

86.5 (11.7%)
5.1 (0.7%)

192.2 (26.0%)
18.8 (2.5%)

164.3 (22.2%)

5.1 (0.7%)

523.2 (70.7%)

Other area 359.6 (48.6%)

Total _ 740 (100.0%) 740 (100.0%)

(2} Dcsign' wastewater generation
The design waslewaler gencration is s.ummarizc.d in Table 5.1.
(3) Co!léclion syéte.m
The proposed collection system is summarized in Table 5.2.
5.5.5 Tanjung Benoa Seweragé Dewlopmcn_l.
The proposed sewerage _deve]opmcnl covers -the whole Benoa pcninSula of

136 ha (see Fig. 5.18), The cxisting and futurc population of the séwer'agc

development area are as follows.

1990 2010
Area (ha) ' 136 136
Population | 1,040 1,540
Population Density  (personfha) _ 7.6 ' il.5
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The existing and future land uses of the project arca arc as follows.

Existing (1990} Future (2010 )

Residential area _ 30.0 (22.1%) 30.0 (22.1%)

Commercial & 1.9 (1.4%) 1.9 (1.4%)

Institutional area

Tourism area 12.8 (9.4%) 100.6 (74.0%)

Industrial  area - -

Other area 91.3 (67.1%) 3.5 (2.5%)
Total 136 (100.0%) 136 (100.0%)

(2) Design wastewaler gencration
.Thc deéi‘gn'wéslcwalcr generation s summarized 'in'Tabie 5.1.
(3) Collection system
The proposed collection sysicm is summarized in Table 5.2,
5.5.6 'i‘reatmem .Pla.m
(1) Selection of "Tr‘e’almcm. Syslcm

Wastewater. of the Tanjung Benoa area can be optimally treated by
improving the existing treatment plant of BTDC of oxidation pond
lype. However, various -types of sewage trcatmen! system c¢an be

considered for the othcer three (3) arcas.

The wastewater gencration in the three (3) areas arc estimated fo be
82,800 m3/day for Denpasar, 18,500 m3/day for Sanur and 19,700
m3/day for Kuta in 2010. However, 4,000 m3/day in Kuta area is
planned o be treated by IUIDP project. Accordingly, 117,000 m3/day
shall’ be treated by this Project in total.  The cxpected treated water

quality is less than 20 mg/l as BOD.



Four (4) treatment systems of aervated lagoon, conventional activated
studge, oxidation ditch and occan outfall arc applicable to meet the
above requirements.  The above four (4) systems arc compared under

the following design conditions,

- Design wastewater discharge © 117,000 m3/day
- Design wastewater quality (influcnt) @ BOD : 190 mg/
{efflucnt) : BOD < 20 mg/l

(i) Aerated lagoon

The proposed system consists of inflow pump, acraled lagoon,
acrated facultalive lagoon and polishing pond. The included
major mechanical/clectrical equipment are inflow  pumps with a
total capacity aof 153 m3/min. x 7.4m and acrators with total

capacily of 1,455 kW.

The site of the trcatment plam is assumed in the existing ({ish

pond along Benoa Bay.

(ii) Conventional activated sludge

The “system cousisiing of inflow pump station, primary settling
tank, aeration tank, sccondary sculing tank and sludge disposal
facilitics is proposed in the same location "as the acrated lagoon.
The included major mechanical/clectrical equipment are inflow
pumps (153 m3/min. x 7.4m) and air" diffusers (860 kW).

(iii) Oxidation ditch

The system consisting of - inflow pump - station, oxidation ditch,
final sctling tank and sludge disposal -facilitics is proposed in
the samec location as the aerated lagoon. The included major
mechanical/electrical  cquipment are  inflow pumps (153
m3fmin. x 7.4m) and rotors (2,068 kW)..

(iv) Ocecan outfall

The wastewater is discharged 7 km off-shore through a conduit

from the southern cdge ol Sanur Beach after primary treatment.



The system ‘consists of primary settling tank, Dbooster pump
station, conduit and sludge disposal facilities. The included
major mechanical/electrical equipment are only boosier pumps
(153 m3/min. x 16 m).

The above four (4) systems arec compared in terms of required
construction and O&M cosis, required land space and easiness of O&M

as shown below.

Bvaluation Item perated C?Sc";??éiﬁé““ Oridation) Ocean
. ’ udge . .
(1) Const. Cost {million Rp.) 22,500 71,200 57,000 | 87,600
(2) O&M Cost (million Rpfycan| 1.691 1,132 2,508 370
(3) Required Land Space (ha) 220 ¢ 68 | 16.1 3.2
(4) Easiness of Q&M .
- Adaptability 10' Overload A ¢ | B A
- Required Technology A ' C B A
Level . . - -
- Sludge Disposal A C ¢ 1 C

Note: 1) Const Cost: dircct consiruction  cost excluding land acquisition,
cngincering - and administration costs
2y O&M Cost : clectric  charge

3) Adaptability to Overload : A high, B: middle, C: low
4) Required Technology Level @ A low, B middle, C: high

5) Sludge Disposal _ .+ Al easy, B! medium, C: hard

Asg. evident from the -above’ table, acrated lagoon system is the most

recommendable - “one.
(2) Treatmment plant for Denpasar, Kula and Sanur

The  wastewater of Deapasar, Kula -and. Sanur areas are “irealed by the
treatment plant . of -aerated lagoon which - is located at the on-shore
land in Kclurahan  Pedungan.. - The treatment :plant- consisting of
aerated Jagoon, facultative -acrated lagoon ‘and - maiuration - pond
requires a land of 22.0 ha (o ‘treat the. design wastewater: of 117,000
m3/day.
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Salient features of the trcatment plant are:

Inflow -pump : 152.5 m3/min
Aecrated lagoon o 234,000 m3, 67,000 m?2
Facultative aerated lagoon : 234,000 m3, 67,000 m?
Aerator © 1,455 kW

(3) Treatment plant for Tanjung Benoa

The capacity of the existing treatment plant of oxidation pond is 7,200
m3/day. This treatmoent 'pIant' i_s remodeled to an aerated lagoon
sysiem to meet the future wastewater of 18,800 m3/day generated in

BTDC and Tanjung Benoa areas.

Proposed On-site Sanitation Development

Septic tank with up-flow filter and septic tank : with leaching system are

proposed as on-sitc sanitation systems for this master plan, - which - could

also be considered respeciively as high level and simple on-site sanitation

systems.

- (2)

(1) Septic Tank with Up-flow Filter

A ‘total area of 3,614 ha in scuthern D'en'p'asaf is covered by septic
tank. With up-flow filter (see, Fig. 5.19). The ground water table _df
this area is shallow and the soil 'permeability is low. - Hence, the
leaching system is not applicable, Both toilet waste and gray water -
generated in this arca arc treated by septic tank with up-flow filter,

then discharged to rivers/ditches nearby.
The existing and future population of this area are 73,300 and 107,700
respectively.  The entire fulure population of 107,700 in 2010 is
planned for- the provision of septic tank with up-flow filter, as there
is no such units under cxisting conditions,

Septic Tank with 'Lcachiﬁg Pit

Septic tank with Icaching 'syStem'Covch an area. of 15,832 ha in the

northern and southern fringes of the Study Arca (see Fig. 5.19). The
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total population of this arca in the year 1990 and 2010 are 176,420 and
266,580 respectively.

In principle, both toilet waste and gray water- are (reated by septic
tank with leaching system. Mo wastewater is discharged directly to

- the public water ways.

The - population planned for this simple. system in future includes
both the future population increase and those having no toilet with
treatment under the existing conditions. Accordingly, the total
population requiring the provision of new septic tank with leaching

system untit 2010 is csltimaled 10 be about 90,160,
(3) Desludging and Treaiment

The total quantity of -desludging of Ihe on-sile sanitalion system in
the year 1990 and 2010 is cstimated to be 6,700 m3/year and 14,914

m 3/year “respectively.

A sludge treatment plant with a capacity of 110 m3/day is - already
planned by IUIDP.,  This plant is sufficient to meet the estimated
“future average -desludging guantity of 41 m3/day. - Hence, no

additional sludge trcatmeént plants are rcquircd.

Tetal number of the existing vacuum trucks of both public and
private scctors are nine (9). These vacuum trucks are sufficient to
-meet  the future desludging and  hauling of sludge. Hence, no

addittonal vacuum trucks arc rcquired,
Estimated Cost
The project cost for ithe scwerage development is estimaled at Rp. 253.6
billion at 1992 prices (Rp. 274.4 billion including house connection cost).
Cost for land acquisition of the trcaiment site is not considercd since the

land is owned by the  government.

Breakdown of the project cost by cost item is shown below,



Project Cost {(Unit : Million Rp.)

(A} Direct Construction Cost _ 211,309
(1) Collection Sewer 174,502
(2) Force Main : : 11,609
(3) Treatment Plant 25,198
(B) Administration Cost - ' 4,226
{C) Engineering Coslt . 16,905
(D) Physical Contingency : ‘ 21,160
Total 253,600

(EY House Connection Cost 20,781
Grand Total o 274,351

The O&M cost of the sewcrage sysicm is estimated (o0 be Rp. 2,670 million

per annum under the full operation in 2010.

Break-down of ihe- project cost and O&M: cost by sewerage development

area are shown in Table .5.3.
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Table 5.1 Design Wastewater Generation

(Unit @ 10° m?/day)

Denpasar Kuta Sanur . Tanjung Benoa

Domestic 57.5 (716.4%) 4.3 (23.49%) 5.4 (32.1%) 0.3 (7.1%)

Comm, & st 14.7 (19.5%) 2.0 (10.9%) 1.0 (6.0%) 0.02 (5.0%)

- Tourism 1.9 {2.5%)  11.9 (64.7%) 10.1 (60.1%) 3.9 (92.4%)
Indusirial 1.2 {1.6%) 0.2 (1.0%) 0.3 {1.8%) C-

Totat 75.3 (100%) 18.4 (100%) 16.8 (100%) 4.22 (100%)

Table 5.2  Proposed Collection Sysiem

Denpasar Kuta Sanur  Tanjung Benoa

Secondary
" & Tertiary (8150-300 mm) 4184 km  65.7 km 972 km 3.1 km
Main ($350~1,500 mm) 50.9 km 12.5 km 109 km 34 km
Conveyance Sewer (31,500-~1,800mm) + 4.4 km 1.2 km - --km S
Force Main , - 52 km 52 kmx 2 -

Sub Total 4737 km  84.6 km 118.5 ‘km 6.5 km
Lift Pump "(Place) _ b 3 3 1
_ Booster Pump (Place) . ) ' 1 .. 1 . B I -




Table 5.3 - Break-down of Project Cost and O&M Cost
by Secwerage Decvelopment Area

Denpasar Kuta Sanur Tanjung Total
Benoa
Project Cost (million Rp.)
(A) Direct Const. Cost 129,335 . 41,640 33,199 7,135 211,309
(1) Collection Sewer 113,794 33,673 23,078 3,957 174,502 -
(2) Force Main - 4,965 - 6,644 - 11,609 ‘
{3) Treatment Plant 15,541 3,002 3,477 3,178 25,198
(R) Administration Cost 2,869 554 642 - 161 4,226
“{C) Enginecring Cost 11,477 2,21.8 2,567 643 16,905
{D) Physical Cont.inge‘ncy 14,366 . 2,776 3,214 304 21,160
Total 158,047 47,188 39,022 8,743 253,600
(E) House Connection Cost 17,656  1,23% 1,749 115 20,751
Grand Total 175,703 48,419 41,371 8,858 274,351
Q&M Cost (million Rp./fyr.)
{A) Collection Sewer 215 24. 36 2 2717
(B) Force Main - 136 195 - 331
{C) Treatment Plant 1,366 264 300 126 2,062
Total 1,581 4124 537 128 2,670
Note : The construction cost and O&M cost of the integrated treatment

plant are atlocaied for Denpasar, Kuta and Sanur in -proportion 1o

the wastewater generation of ecach area.
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CHAPTER ¢ PROJECT EVALUATION
6.1 Economic, Social and Environmental Evaluation
6.1.1  Water Pollution Abatcment

The river waler quality of the

Study Arca under

the existing, future

without -project and future with projeet conditions are summarized below

(sce Fig. 5.10(1) and Fig. 5.10(2)).

(Uit » BOD mg/l)

Range Average.
Existing (1990) 3.4 52.1 17.1
Future (2010} without Project 4.3 - 101.5 33.3
Future (2010) wiih Project 4.3 - 23.1 13.3

The river water quality of the central and southern Denpasar arecas under

the same conditions arc shown below,
(Unit : BOD mgfl)
Range Average
Existing (1990) 15.6 - 52.1 27,2
Future (2010) without Projecct 21.7 - 101.5 55.0
Future (2010) with Project 9.3 - 23.1 16.4
The proposed wastcwater disposal project will control the river water

quality of the Study Arca in 2010 below 20 mg/l in BOD. The control effects

are especially large for thc river sections in

Denpasar.

the - central

and southern

The pollution loads to "the “sca from the Study Area under the -existing,

future ‘without project and future with project conditions are shown below

(see Fig. 5.10(1) and Fig. 5.10(2).
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Poliution Load to Sea (BOD, ton/day)

Existing (1994) _ 10.8
Future (2010) without Project 21.9
Future (2010) with Projcct 10.2.

The polluted sea arcas with' COD of more than 5 mg/l under the existing,

future without project and with projéct conditions are summarized below.

Polluted Sca Area (km?2)

Existing (1990) . 28.3
Foture (2010) without Project 36.5

Future - (2010) with Project 28.6

The proposed wastewater disposal project will control the sea water quality

in 2010 around the existing one.
Reduction of Water-Borne Discase

The major. water-borne diseases in the - Study Arca arc Malaria, Cholera,
Tuberculosis, DHF, Typhoid, Dysentery, Diphtheria, Measies, Hepatitis A,
Hepatitis B and Diarrhea.

Peopie of the Study Arca arc afflicted with water-borne disease at the rate
of 57.1 cases per 1,000 persons per ycar on an average. . The number of

water-borne disease contractions in 1990 was 27,263 cases.

Contraction of the water-borne discases causes two (2) kinds of economic
costs.  One is the medical cost.  Another is the opportunity cost of time

spent by a hospitalized patient,

The average medical cost per case and average opporluhily cost  of. tixﬁe
spent per case are ecstimaled to be Rp. 129,'_839 and Rp. 9,873 respectively -at
1991 price. These two (2) costs add up to Rp. 139,712, Then, the total annual

economic cost across the Study Arca is calcufaled to be Rp. 3,809 million
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under

the existing conditions.

The proposed wastewater disposal project will much contribute to the

reduction of water-borne discases and related economic costs.

Increase of Tourism Income

(1) Results of questionnaire survey

(2)

The resulis of the sampling questionnaire survey towards the tourists

by the Study Team are summarized below.

(i)

This was the IsL visit for 45.1% of them, the 2nd visit for 29.5%
and the 3rd or more for the remaining 25.4%.

(ii} They consider the attraction of clean, clear- and beautiful seas

and rivers accounts for 70.6% of the cntire attractions of Bali,

(1i1) 43.9%  of 'the tourists consider ‘the conditions of the seas arc

‘clean, clear and in good conditions, however, 44.5% of them

consider the conditions of the seas not so clean and clear in some

locations.

(iv) 44.5% of the tourisis’ consider the conditions of the rivers not so

(v)

clean ‘and clear in somec locations. Only 8.7% of them consider

the rivers -clean, ciear and in pgood conditions.

67.6% of the tourists do not want to visit Bali again as tourists, if

the * conditions’ of the" scas and rivers gel worse than present in

the coming years.

“Tourism Incomc

The .existing (1990) and [lutare (2010) - tourists' cxpc’nditures in the

Study Area are estimated as shown below (refer 1o Appendix A,

“Chapter 5, Master Plan’ Study).
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(3)

(Unit : billion Rp./year)

Average Annual

1990 2010 Growth Rate (%)
(i) Tourists' Expendilures : 610 2,391 7.1 %
{ii) Contribution to Economy 183 - 717
{iii} GRDP g8t5 3,463 7.5 %
(iv)  (iifiii) (%) . 22.5 20.7

The direct contributions of tourism to the cconomy of the- Siudy Area
in 1990 and 2010 arc cstimated as shown in the above ‘table by
assuming that the gross profit ratio of the commercial businesses

catering for tourisis is 30% on average.
Benefits of project

The above-mentioncd tourism income  or - direct contribution of
tourism 1o the economy of the Study Area will be realized only if the
conditions of the scas and the rivers in the area do not deteriorate

more in the future,  in olher words, 11 will be realized in the "with"

situation.

In the "without™ sitnation, according to- the results of the sampling
questionnaire survey for the tourists, the number of tourists visiling
Bali is ecxpected 1o drastically decline in the coming years. Ii is
assumed based on the resulis of the survey that in the target year of
2010 tourism income in the "without" sitation will be 32.4% of

tourism income cxpected. under the "with"  situation, .

Tourism benefits are delined as the difference in tourism income
between the "without" and -"with” sitvations. The results are shown in

Table 6.1,

As the 1able shows tourism benelits wiil_bc Rp. 143,316 million in
2000, climb sharply cvery year and reach Rp. 484,793 million in 2010,

It is to be noted that the above tourism benefits will not accrue from

the wastewater - disposal project alone, but will -be realized only by the
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6.2

6.2.1

combined support of all 1he related ficlds such as road, water supply,
drainage, lclecommunications, cleetricity  and  garbage disposal

projects,

Financial Evaluation

People's Willingness to Pay

(1)

(2)

Existing Peoplc's Wiilingness 1o Pay

The amount of willingness to pay of houscholds and establishinents
for sewerage services in 1991 arc estimated based on the sampling
questionnaire survey. Ratio of willingness to pay to monthly
household income/corporate  sales goes up in  parallel  with the

increasc of incomec/sales.  The results are summarized as follows:

Itcm Monthly Income/Sales. Ratio (%)
{Million Rp)

Houscholds 1.04 - 0.21 098 - 0.40
Hotel '982.8 - 13.0 ' 0.49 - 0.25
Restaurant 1.0 - 2.7 ©0.37 - 0.11
Shop _ ©215.1 - 1.7 0.15 - 0.07
Bank 18.9 0.16

Factory 160 - 25 0.13 - 0.05

For details, sec Appendix F, Table F.2.2, Master Plan Study.

The total amount of willingness (o pay in the proposed sewerage
service arcas in 1990 is estimated 10 be Rp. 1,914 'miliion/ycar. Out of
it, households. and ‘hotels acéount- lor 39.1% and 28.4% Trespectively,

adding ‘up to 67.5%. . Shops, banks, restaurants and factories account

for 8.5%, 5.0%, 1.4% and 09% rcspectively. Others account for 16.7%.

Future People's Willingness o Pay

The - future amount of  willingness 1o pay ‘will “increase according to

~growth of the number of houscholds and establishments.  The total
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amounnt of-wiliingncss to pay in the proposed sewerage scrvice arca
in 2010 is estimated to be Rp. 4,460 mithionfyear, Out of it, houscholds
and hotels account for 46.0% and 20.3% respectively, adding up to
66.3%. Shops, banks, factorics and rcslau‘rmits account for 8.1%, 6.9%,

1.1% and 0.9% respeciively.  Others account for 16.7%.

The amount of Rp. 4,460 million is much greater -than the cstimated

operation and maintenance cost of Rp. 2,670 million,

6.2.2 Estimated Allocable Budget of Government

(1) Development Budget in 1991/1992

(2)

The total devclopment budger. for Kabupaten Badung including
Denpasar arca in 1991/1992 adds up to Rp. 154,005 million. It is
equivalent to 12.6% of GRDP of the Regency in 199171992,

Out of Rp. 154,005 million, Rp. 110,412 million or 71.7% is allocated for
the devclopmcnt/improvc'ﬁmnl 61" infrastructures such as irrigation,
road, bridge, water sapply, drainage, transport and housing, and
related Tields. The above budget for infrastructures is from the
regencial government by 6.1%, from the provincial government by

10.3% and from the central government by 83.6%.

The budget for infrastructures of the Swudy Area in 1991/1992 is
estimated to. be Rp. 79,497 million by allocating the budget of

Kabupaten Badung in proportion 1o the population.
Estimated Alocable Budgcet 'in Future

The buadget for infrastructures of the Study Area will increase from
Rp. 73,670 million in 1990 to Rp. 312,871 million in 2010 at the average
annual “rate of 7.5%. < Supposing the Project starts in 1994, the
cumulative allocable budgel will reach Rp. 3,245,607 million du.ring
the 17 years from 1994 10 2010 '

On the other hand, the construction cost of the Project during _ihe
same period is estimated at Rp. 253,600 million, This amount occupies

7.81% -of - the allocable budget.
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Table 6.1 Estimation of Tourism Benefits
{Unit: Rp. million)
Tourism Income Tourism
Year Theoretical "With" "Without" Benefits
"With" Case Case Case
Al A2 B C=A2-B
1990 183,096 183,096 183,096 0
1991 203,658 196,774 196,774 0
1992 225,878 210,608 210,608 0
1993 248,697 223,479 223,479 0
1994 272,198 235,311 235,311 0
1995 256,067 246,032 246,032 0
1996 320,591 255,575 255,575 0
1997 345,657 263,875 263,875 0
1998 371,256 304,331 270,868 133,46
1999 397,377 359,083 276,495 §2,588
2000 424,012 424,012 '280,696 143,316
2001 451,153 451,153 283,414 167,739
2002 - 478,792 478,792 284,594 194,198
2003 506,923 506,92 284,181 222,742
2004 535,541 535,541 282,123 253,418
2005 564,636 564,636 278,366 286,270
2006 594,209 594,209 272,861 321,348
2007 624,250 624,250 265,556 358,694
2008 654,757 654,757 256,403 398,354
2009 - 685,725 685,725 245,352 440,373
2010 ' 717,150 232,357 484,793

Source: JICA

717,150













1l.  FEASIBILITY STUDY

The feasibility study is conducted for the sewerage development of central

Denpasar and Sanur areas with a total arca of 3,423 ha. For the location of the

feasibility study area, sece Fig. L1

1.1

1.1

CHAPTER 1 SEWER NETWORK PLAN

Sewer Networks of Denpasar Area

Overall Plan

The overall plan targets the year of 2010,

(1)

(2)

Sewerage Service Arca

The Project Area covers an arca of 2,683 ha in the central Denpasar
of which the net sewerage service area excluding green area is
2,663 ha (sce, Fig. 1.1).

Land ‘of the Project Arca declines toward south.  The gradient in

north-south  direction is 5% 1o 10% in’ the northern area of Oongan

‘River and 1% to 4% in the southern area of  Qongan -River. The

gradient in east<west dircction is gentle but undulated.

Populaiion - of the service area.in 1990 and 2010 are estimated to be
194,209 and 284,100 respectively.  The average population density is
72.9 person/ha in 1990 and 106.7 personfha in 2010.

- Alternative Study of Sewer Networks

The following Cour (4) typical sewer ﬁclworks ~are proposed as

alternatives.

Alternative . A: Centralized collection sysiem by .gravity only

~This system consists of seven (7) main sewers which join at three 3

locations along the central line of the sewerage service area,

1-1



Wastewater collected by the main sewers is further conveyed by a
conveyance sewer {rom the  southern edge of the service area to the
treatment  plant -~ lacated at  central Suwung Swamp Area. All
wastewater of the scrvice area is ;ﬁoklcgied and conveyed by - gravity

only.
" The sewer networks arc shown in Fig. 1.2,

Alternative B: 'Mu.llipl'é .collcclion'syst'em'by gravity only

This system consisis of six (6) main sewers _]aid_ih north-south
direction in 'parallcl. "Most of the wastewater is collected by
independent main sewers to the southern edge of the service area.
The collected wastewater is further conveyed by a conveyance scwer
to the same treatmenl plant as Alternative A. - All ‘wastewater of the

scrvice area is collected and conveyed- by gravity only,
The sewer networks are shown in Fig, 1.3,

Alternative ‘C:  Centralized collection system ‘with lift/booster pump

" station

This is a modification of Alicrmative A, Allemative A requires a deép
sewer laying exceeding 8.0 m ‘depth for a long distancc of 8,560 m of
the main and conveyance sewers. chce,' ‘Alternative C is -provided
with 1lift/booster ‘pump station to minimize the carth. covering depth
of sewers at the expense of O&M cost. One (1) lift. pump ‘station is
installed at the eastern bank of Badung River and furthf:r; one (1)
boosier pump station with a fm'cc_m;ﬁn is constructed in the central

southern ‘location “of -the service arca.

The sewer alignments are the samc ‘as Alicrnative A except the
section of the force main. The sewer networks with lift and booster

pump stations are shown in Fig. 1.2.

Alternative ;' Multipic  collection sj’slem “with lift/booster pump

station

This is a modification of Aliernative B. = Altemalive B réquires a deep -

sewer laying for a long distance of the main and ‘conveyance SEwers

)



(3)

as well,  Accordingly, Alicrnative D is also provided with lift/booster
pump station al the same locations as Aliernative C to minimize the

carth covering depth of scwers.

The sewer alignments arc the samc as  Allernative B except - the
scction of the force main,  The sewer neiworks with 1ift and boosier

pump stations arc shown in Fig. 1.3

The total direct construction cost of the above four (4) Alternatives

arc compared as {ollows.

(Unit: biflion Rp. 1992 price)

Construction  Cost

Works A B C D
Secondary & Terliary Séwer 56.5 56.5 56.5 '56.5
Main Sewer® 74.2 67.7 47.7 412
C.Dnveyance Sewer 40.2. 40.5 1.3 11.6
Lift_& Booster P.S. e = 44 46
Total 170.9 164.7 116.4 113.9

*: mcluding cost of lorce main

As cvident from the table, Alternative D is the most cconomical even
if it requires a certain amount of ‘additional O&M cost for the lift and
booster pump stations.  Morcover, its multiple collection system has
much advantage on stagewisc implementation.

Hence, Aliernative D is recommended.

Proposed Sewer Networks

“The net sewerage ‘service area covers 2,663 ha with a total served

population of 284,100 in 2010, The service area is divided into six (6)

“catchment zones covered by the proposed six (6) main sewers. Each

catchment zone “is further divided into “several sub-calchment areas

covered by secondary and ‘tertiary sewers.  See, Fig. 1.4

The “proposed sewer néilworks consist of secondary and tertiary

sewers, main sewer - including siphon, conveyance sewer, force



main, and lift and booster pump slations. Their salient feaiures are

shown below,

Secondary & Tertiary Sewer ($150-300 mm) : 418,400 m
Main Sewer - 48,750 m
 Normal Main ($350-1,500 mm) . 48,400 m
Siphon - (¢150-450. mm) o i 350 m
Conveyance Scwer {¢1,500-1,800 mm) : 4,390 m
Force Main (¢350 mm x 2. uniis) ot 1,070 m
Total - - - 472,610 m
Lift Pump Station . 31.44 m3/min., 1 place
Booster Pump Station . 22.56_m3/min., 1 place

1.1.2 Urgent Plan

The urgent plan targets the year of 2000. However, the sewer networks of

‘the urgent plan shall be designed to meet the design Waste'water'discharge

in 2010. Because it is difficult to enlarge sewer Ipipészin stage.

(1)

Selection of Sewerage Service Arca
The wurgent seweragc scrvice area is selected taking ‘into
consideration the existing and future (2000) population “density and

cconomical efficiency of the project.

“The six (6) caichment zones of the overall plan is- classified into

three (3) groups as follows in terms of required construction cost

per served ' population.

Low cost area (0.21-0.4 million Rp.[Pop.): -c'a-tchme.m Zone A,: C.,D&E
Middle cost arca (0.41-0.6 million Rp./Pop.): caichment zone B
High cost area (0.61 - million Rp./Pop.): = catchment zone F

Such areas that meet the following conditions are selected as urgent

service area.

. __(i) Locaied within the catchment zones of A, C, D'énd_E.'
(ii) Population density in 2000 is morc than 100 person/ha in

principle.



(2)

(iit) Land is alrcady developed.

The selected nrgent scrvice arca is shown in Fig. 1.5. The service
area and served popolation in 2000 are 1,030.8 ha and 117,864

respectively.

Delincation of Conventional and [Ialerceptor Arcas

The proposed urgent scrvice arca is covered by two (2) sewage

collection  sysiems:  conventional sysiem and interceptor system.

Conventional system collects both toilet waste and gray water
through a complete scwer pipe nctworks separately from storm

water.

However, for an arca where such siorm water drainage system of
open type as road-side ditches and channels is already developed,
interceptor system is applicd to minimize the construction cost ~of
sewer neiworks and o - Tacilitate the implementalion"of project.
Ihterceptdr system  collects gray waler only through existing road-
side ditches and intcrcepls it to main scwer. This interceptor system

is a stage construction of the conventional system,

Interceptor system is applicd for the areas to meet the following

conditions.

(i)  Exisiing road-side ditch has a sufficient * slope to -avoid
sedimentation in the bed (more than 5%o). o

(ii)  Existing road-side dilch is not used for ir‘rigali-on.

{(iil) Bofttom of existing road-side diich is -paved by concrete or
cement  mortar. '

(iv) ‘No inundations occur.

(v) Gray water flow is observed in the existing road-side ditch.

(vi) -Toilét waste is ‘treatcd by  on-site “sanitation system.

The ‘conventional “and ‘interceptor arcas dre delineated as shown in
Fig. 1.6.
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