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V. WASTEWATER MANAGEMENT PLAN

| Eﬁdsiing Condition

The Study Arca of KMUP (Kotamadya Ujung Pandang - Municipality of Ujung
Pandang) is comprised of eleven (11) Kecamatans. Tts total area is about 176
sgekm.

'The area bounded by thc Jongaya Smrua?a canal and thc coast of Makassar Strait

is highly urbanized and callcd as the old town arca. This urban area esscnllally
covers ‘the followmg seven (7) Kecamalans of KMUP, namely, Mariso,
Mamajang, Makassar, Ujung Pandang, Wajo, Bontoata and Ujung Tanah.

The remaining nonurban areas are located to the east of the o:ld‘city area, and
referred to as suburban area, This subusban area in fact encompasses some of the
fast developing areas, including the future city area of Panakkukang Mass, located
adjacent to the old town area. In an oveiall sense, this suburban area covers the
four (4) Kecamatans of Tallo, Panakkukang, Tamalate and Bringkan'aya.

The fast developing area of the suburban area, essentially covers a portion of Kec.
Panakkukang and: Kec. Tamalate, adjacent to the old town arca (urban arca). This
area is referred to as subusban deve!opment arca and the remaining fringe arca to
the cast csscnuaﬂy remains rural arca wuh low population. “This rural arca is
referred 1o as suburban fringe area.

* Accordingly, based on the present development stage, the Suburban Avea is further

sub-divided into Suburban Dcvélop'megt Arca and Suburban Fringe Area,

The present development stage of the Study Arca delineated as urban area,
suburban development arca and suburban fringe arca is shown in Fig. 5.1,

The environmental and sanitary condition beiween the usban and suburban areas is

quite differcht, méiﬁly'duc (6 their difference in the stage of development and
population dénsity. ‘

. The samtahon and enwronmentaj condmons of the urban acea and the suburban

area, referring to the ensun g samlauon systems in lhesc areas, are delineated in the
subsequent sections.
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~ Sanitation System

~ The existing sanitation systems in both the ucban and suburban areas of the Study

Area treat ohly blackwater (toilet waste). Graywater arising from misée_l!ancous
activitics ate discharged to nearby ditches and drains with no treatment. This is the
case with individual houses as well as commercial and institational entitics.

Urban arca' '

" The urban city centre {old town area) is 1he hub of all. major commerclal and

institutional activities of KMUP. Motcover, it has a hnghly conicentrated populauon

that could be classxﬁed into two (2) distinct’ categones of romdenual populahon '

(living in built-up area) and sfum populatxon (living in slum aréa). The cxlstmg
population densily of this urban arca exceeds 200 person/ha. _

Shim area

A stum area is also a residential area in the basic sense. However it is differentiated
from a built-up area principally due to its nature of housing, lack of amenity and
extresncly high population density.

In this regard, a slum area is defined as a congesled arca with temporary housing
that Jacks basic sanitary facilities. '

The locatlons of slum area are also shown in F:g 5 i The exlsung population in
these stum areas is estimated at 114,000.

Based on the JICA sampling survey results, on the existing sanitary conditions,
about 98% of the residential population living in built-up area have their own
individual sanitation systems of septic tank/leaching pit.

However, in a slum arca about 60% of the population do not have access to
sanitary disposal of toilet waste (blackwater).

This lack of access to sanitary diéposal of toilet waste impli.es one of the following;
No toilet facility, hence canals, drains are cithes location or disposal of defecation.

Toilet is overhang above canal drain or sca (helicoptcr (oslel) that discharges
directly into water body.

Toilet waste direelly drains (o nearby drain or canal with o leeatment.

5.2
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“The above lack of basic sanitation system is widely prevalent in slum arcas.

Asthe mcans to the provis:on of basic sanitation facnhues to low income population

of stum areas, which is rcfcrred to as the minimum target level (ML) of this master
plan as well, a number of public toilets, known as MCK (Mandi-Cuci-Kakus),
have been constructed uader various programmes like KIP (Kampung
Im pro»”cmenl Program mc), LKMD and others.

Morcovcr. as a means to ehmmate (oilets with no treatment (tonct that dlschargu
directly 1o nearby dilch or drain), m 1994 PLP on a pﬂot basis, constructcd four (4)
communal septic tanks, cach servmg about four (4) to ten (10) slum household
toilets in Kcl. Pannambungan (Kec. Manso)

At present, out of lhesc four (4) communat syslcms (sepllc tanks) one (1) is not
used, but one (1) is l'umuonmg well. While the remaining two (2) matfunclioned,
due to pipes connecung the toilets with seplic tanks being broken.

'lhc Sludy Team conducted a survey on exlstmg pubhc loxlcts and their present
condition covering the whole study Area, Accordmgly, it became cvident that there

~are 204 public toilets (MCK), most bcmg located in slum areas. Locations of these

public toilets on 2 Kelurahan basis are shown in Table 5.1

1t is also rioted from the survey that 59 of lhcse cxnstmg public toilcts that account
for about 30% maifuncltoned or not used Morcovcr 36 pub]lc toilcts, out of (he
total number of 204, do ot have any responmblc management organization for
users. '

Accordingly, as the first siep to ensure proper use of a public’ to:lct once it is

_ repatred appropriate operallon and maintenance (O/M) orgamzauon shall be

established at basic (grass-root) fevel,

In this regard, the Siu'dy Team recommends an operation and maintenarice systen
under the direct responsibility of RW chief or Kelurahan ofﬁce in cooperation with
Dmas Kebersihan ((,Ieansmg Depariment of KMUP),

Built- -up area

In a typical reS!dence, the residents generally refer to their mdmdual anntauon
. system as “tanki sephc” {septic tank). Still, most residents are riot aware whether
* their system is techmcally a seplic tank, or leaching’ pn ora hybnd (combmauan of

both).
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The study tcain both based on interview survey as well as inspection of systems
dunng desludging by Dinas Kebersihan, understand that most individual sanitation
systems in the urban buili-up area are of the hybrid (ype, septic tank followed with
leaching pit.

‘A conventionat scptic tank system, which technically impties septic tank followed
with leaching ficld (infiltration fictd) is very rare, "This could also be attribuled to
high populauon densuy, which makes the provision of lcachmg field requiring
- more land space in com panson to that ofa leachmg p:t, ralhcr cumbcrsome

Irtespective of :the s’ys’tem, in' the whole: study area, only_ blackwater is
disposed/treated in an individual sanitation system. Graywater arising from
miscelancous household activities of washing, bathing and cookmg is discharged
o nearby ditches and drains with no ln,almcm.

This discharge of untreated graywater to nearby ditches and drains is not just
~ confined to individual household sanitation systems but also to commercial and
" institntional entities that are widely prevalent in this buili-up area. Untreated
graywater discharge is identified as the major source of living environment as well
as suiface water quality deterioration in the highly urbanized old town area (built-up
area). '

This is evident from the high BOD levels, excecding 100 mg/l, observed during dry
season in the Panampu ~ Jongaya canal (refer to Suppérting chor’i IV). In fact

“during dry weather flow conditions (in dry season) untreated geaywater constitutes

- virfually the entire run-off in the drains and canals.

‘Concerning the sanitation systems of septic tank with leaching pit widely vsed in
the residential built-up area, it has become a major source of groundwater pollution,
Praciically, septic tank with leaching pit is equivalent to that of leaching pit, as far
as the effect on groundwater comarmination is concerncd.

This groundwater contaminationi due to leaching systems of toilet waste
(blackwater) is aggravated by the shallow depth of groundwater table level in near
coastal areas. The old town area (built-up area) is located adjaceni to the ¢oastal
area (ref. Fig, 5.1).

The critical groundwaler table level in the hrban area i_ﬁciuding the suburban
development area, other than the suburban fringe arca of Kec. Panakkukang and
Kee. Bringkanaya, during rainy season is less than 2m.
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This is cv;dcm from the isohyels of cnucal groundwatcr tablo lcvcl in the Sludy
Arca, as shown in Fig.5.2. :

Wldesprcad bacterial polluhon of groundwater is the Stirdy Area has bccn noted
both from the water quality sampling results conducted by the Study Team as well
as available data.. Details on gmu_ndwaler quality in the Study Arca could be
referred to in S_uppbrting Report 1V on Environmental Considerations.

Sliburban area

_ Thc cxisting samtahon systems in the suburban area is essenttally the same as the

residential built-up area described in the foregone section. However, the virtual
absence of slum area could be interpreted as the basic sanitation condition is
satisfactory in the suburban area,

This subueban area is divided into two (2) arcas of suburban development arca and
suburbah {ringe arca as shown in Fig. 5.1, based on the difference in the present
development stage between these two (2) areas.

Suburban develdpment area

Thls is the fastly developing arca adjacent to the urban area (old town area) that

_ covers portions of Kec. Panakkukang and Kec. Tamalate. This includes the

Panakkukang Mass area, called as "Future City", This suburban development area
asa whole is in fact the future urban area. |

'Then, are many new housmg complex devclopmcnts ongoing in this area,
- Morcover, institutional and commencnal developments ars also bcmg established.

- Still, concerned to wastewater management, all these ongoing development plans,

continue 10 target only the sanitary disposal of blackwater (toilet waste) in
individual s;mplc samlahon systems of septic taukﬂcachmg pit, on an individual
houschold or entity basis.

Graywatcr is “planned" to be sumply dnscharged to ncarby ditches and drains,
Hence, no consideration is given lo the effect of graywater pollution to ditches and

- drains and the final reccwmg water bodles.

' 'Essenua!ly, the approach being adoptcd in this futute urban drca’ (suburban
development arca) concerncd (o waslewater managemcnl is the same that had been

adopted in the past for the qld town arca (u_rban arei).
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Accordingly, in the near future the living environmental poltution and the resultant
water environmental problems in this area would become a serdous concern, similar

o that of the old town arca (urban area), as described in foregone section. As the

mitigatory measure of living cavironimental detetforation, ¢nforcement of
comprehensive wastewater management of both blackwater and graywater, at least

targeting significant scale of developments, during the development stage itself, _

nced to be considered.
Suburban fringe arca

The suborban fringe arca covers essentially the Kec. Briﬁgkanayé and the
administrative boundary areas of Kec. Panakkukang and Keg. Tamalate. This area

is sparely populated, and pratically rémains rural in nature. The existing population

density of this area is tess than 40 person/ha.

' Diic 6 the sparse population and hence the low density of pollution load generation

in this area sanitary disposal of blackwatér only in septic tank/leaching pit atone is
adequale to maintain a sanitary living enviconment, at present. '

Availability of vast opcn areain a lypical housing ot in this arca is often used as a
home garden. Graywater is mostly reused for home gardening, inadvently
resulling"in its treatment. Even when graywater is disposed with no reuse, the
availability of vast open area resulis in significant infiltration/treatinent of graywater
before it ends up in ditch/drain,

In such fringe areas, even in future, pr_ovided such areas remain with sparse
population density, ensuring the sanitary disposal of blackwater alone would be
sufficient to maintain a sanitary living environment,

Nevertheless, in order (o mitigate groundwater pollution due to onsite leaching pit
systems, their applicability shall be confined only to areas of deep groundwater
table level. Most parts of Kec. Bringkanziya could be considered to be of deep
groundwater zone (ref. Fig. 5.2).

Moreover, sufficient clcarance between well and leaching pit need to be ensured.

It is noted during ficld survey In the suburban fringe area, even ‘when sufficient
land area is av_ai:l'abla 10 space a well and septic l'ankflcachin'g pit far épart ina
housing lot, there are many housing lots where a well and Septic tankfleaching pit
are in fact provided close to each other.. -
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- ‘'This may be due to the apparent convenience of havmg a well and ionlcl (and hence

the sepiic 1ankllcachmg pu) close to each othcr, thereby facnlitatmg €asy access of

~waler for toilet use.

Strict implcmcntation of the guidelines of CIPTAKARY A to ensur¢ a minimum
distance of 10m between a well and scptic tank/leaching pit (as pointed out carlier
many so called septic tank may be functionally similar to leaching pit} is
recommended to ensure (he m;ugauon of potential groundwalcr polluuon (well
water polluuon) A plan for a new housing lot shalt be approvcd when such a
condition is met with respect to the locations of well and toilet (septic tank/leaching

pxl).
Sewerage Systeim

The only scweragc systcm in the Study Arca exisls at the KIMA industrial estate,
located at north-east of the Study Area, in Kee. Bnngkanaya (suburban feinge
area), The location of KIMA industrial arca shown in Fig. 5.1, is an exclusive
industrial zone established {o promote industrial development in Ujung Pandang,
the provmcsal capital of South Sulawesi.

At present, this exclusive industrial area covers an area of 230 ha, which is planncd
to be expanded to cover a total area of 730 ha.

The prescat constitution of industrial classification of KIMA is as follows:

Industrial Classificalion No. of Indusiry
Food, beverage and tobacco 2
Wood and wood products 10
Textiles . 1
Industrial chemicals 8 I
Nonmetalic mineral products 4
Basic iron and steel industries R |
Fabricated mineral products 2
Other industries .13
Total K

“The entire industrial wastewater generated in KIMA is treated in a centralized
‘waslewater (rcatment plant, located within the industrial area.
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: Oxidation ditch process (a form of extended acration activated sludge process) is
* used for wastewaler treatment, accompanied with drying bed for sludge treatment.

The details of wastewater (reatment system arc illuslrated in Figs. 5.3~5.5.

The design capacity of the treatment plant is 3 000 m*d, while the present inflow
of wastewater is about 600 m*/d.

| Performance of the treatment planl is not very saltsfactory, whnch is atteibuted to
improper operation and mamtcnance of the plant.

Existing Sanitation Manage;’nent

Existing sanitation systems in the Study Area, as illustrated in the foregone

~chapters, arc cssentially of si'm_plé on-sitc systems of seplic tank/leaching pit,

provided on an individual houschold/entity basis.

Accordingly, these individual systems treating blackwater (toilet wasi_e) belongs to -
“the owaer or user of the system, and hence the nianagenient of the sanitation

system itself is entirely under the responsibility of the owner/user with no

. inlcraétion from any government/public institution.

In fact, these simple individual systems are virtvally maintenance feee, other than
for periodic desludging, at least once the seplic tank/leaching pit has become full of

seplage, thereby preventing the use of toilet. Periodic desludging is the minimum -

ingvilable maintenance requirement to ensure continued functioning of these simple

. on-site systems.

Dinas Kebarsihan (C!eansing Department) of KMUP, in addition to that of solid

- waste management, is the only public institution that engagéd in wastewater

management in the Study Area.

. Dinas Kebersihan provides dcsludgiri_g. {ransportation and disposal/treatment of

septage from household septic tank/leaching pit, based on request for such scrvice
from residents. This service is delineated in the following sections.

It is worth to mention that wastewater management under present condition targets
only blackwater, in the form of desludging service provided by Dinas Kebersihan,

There exists no management for the other component of wastewater, the graywater,
that accounts for about 60% of the pollution load generation (blackwater accounts
for about 40% of the pollution load generation).
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Destud gmg ancl transportation

-Dinas K»bcrsm'm provides dcsludging service of septic tankflcachmg pit for an
- official fec of Rp.- 15,000, based on request for such service from a resident.

For the purposc of dcsludgmg, Dinas Kebersihan owns six (6) vacuum teucks,
cach of capacity 3m°, However, during recent years only four (4) trucks are in
operational condmon All these vacuum irucks are very old and the flcet requines

new lrucks o bc more cffccuve!y nespond to request for desludging by residents.

'The opcrauonal data of the four (4) opcrahonal vacuum trucks, durmg two (2)
consecutive fiscal ycars of 1992 (Aprll 92 to March 93) and 1993 (April 93 10

March 94) are shown in ‘Table 5.2. The above data, as provided by Dinas

 Kebersihian, shows the total number of monthly operauonal cycles of each of the

four (4) operational vacuum (rucks

Bascd on th'c above data,:thc average annual éperaiional cycle is about 2000 (actual
data : 1947 in 1992 and 1885 in 1993). It is rcported that about 2 ~ 3 septic

tank/leaching pit (household) is served by one (1) operational cycle of vacuum

truck. - Assuming an average of 2.5 houschold is served per cycle, the total number
of-households (septic tanks/leaching pits) served (desludged) at present by Dinas
Kebersihan is estimated (o be S000/year.

" Based on interview survey as well as ficld inspection of the existing simple on-site
systems of septic tank/leaching pit during destudging by vacuum truck, typical

capacily of a residential system is determined as about onc ) m’. Morcover,

. success rate of desludging an inténded household by Dinas Kebersihan is estimated

10 be about 80%. -Major reasons for failure of destudging an intended houschold
are as follows:

Inability to find the interded houschold due to inadequate/improper address of

- Jocation.

Aci:césibiﬁly to the location is impéssiblé'fo_r the v:acuum" truck due to inadequate
road.

The septage desludged is transported for treatment 16 the septage lreatment plant
located at Kel. Anlang, near the south-eastern boundary of the Study Arca

(KMUP). The location of Antang septage treatment plant is shown in Fig. 5.1.
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Septage treatment

Thc layout of Antaag septagc trcatment plant is shown in Fig. 5 6. The treatment
process consist of imhoff 1ank; the receiving unit of septage from vacuum truck,
followed with anaerobic pond, facultative pond and maturation pond, as the stream
of wastewater treatment.  As the means of sludge teeatment, sludgc drymg bed is

: prowded

This stabitization pond based uealmcnt system is reccmly constiucted in January
1995 as the improvement of the prior scptagc liéatment system, which basically

consisted of septage slorage ponds. _The operation and maintenance of the

treatment plant is under the responsibility of Dinas Kebersihan.

" This existing septage treatment system could be fusthier improved, in consideration

to the avallablluy of additional land space as well as the inadequate treatment level

_noted durmg field inspection, with the incorporation of following MEasuees.

The studge drying bed provided seems to bé too smatl and not used. Instead, a
sludge lagoon system in the adjacent open area, where sludge is actually disposed

‘at present, is recommended.  Such a sludge lagoon system could be casily

constructed by enclosing this open area, where studge is disposed, with earthen
cmbankments.

Even though, the last pond of the treatment system is referred to as maturation
pond, as the high algal concentration in the pond indicates, it is functionally a

facullative pond rather than maturation pond.- Accordingly, one (1) additional pond S
~ in series is recommended, which could also be constructed only with earthen’

cinbankments. There is sufficient land space to create one more pond in series
beyond the last maturation pond of the existing treatment systen.

Still, the most important problem with the septage treatment plant is the unpaved
road that niakes the accessibility of vacuum truck to the treatment plant very
difficult. The final approach road of about 2kem in length that remains unpaved,
requires urgent improvement, '
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Issues of Environmental Sanitation

The major issues and concerns of environmental sanitation as identificd bascd on
the cxisting condmon of wastewater management in the Study Area are summanzed
bclow '

'l‘hc population in stum area lack basic 'sani;ation facitity of toitet with adequate
tecatment, It is very necessary 1o climinate such a hazardous public health

 condition, from the view polnt of basic h‘ilman needs.

Discharge of unireated graywater into ditches and drams. which is not ypt a

- concern for wastewater managesent for any organization, espec;ally in the highly
" urbanized old town area, has become the major source of living environment as

well as surface water qualily deterioration.

The existing on-site leaching systems of blackwater trcatment is suspected as the
" major cause of groundwater quality deterioration, This groundwater quality

deterioration is exaccrbated by the shallow depth of groundwater table level in the
old town area and its surroundings.

At present there is no responsible organization for comprehensive wastewater
managenient. Other than the periodic desludging service provided by Dinas
Kebersihan based on request for such service from residents, there exists no-
significant activity of wastewater management. ‘The major part of wastewater

'managemenil, in fact blackwater management, is left to the owners of sanitation

system with no instruction or guidance from civil authoritics.

“The present septage collection scrvice and treatment is quite insufficicnt and

requires further improvement.
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even though this word is very popular. |

Technical 'Options
Terminoldgy

In the ficld of wastewater management, some technical terms have been used
without distinct definition. For example the definition of "On-site” is not so cléar

In order to avoid confusion about terminology, definition of technical terms are
made as listed below.

On-site system
The system treating wastewater within each building lot.
Off-site system

The system coﬂeéling and l"re‘ating wastewater from multiple rumber of building
lots. ' '

Combined system -

’Ihe collection system receiving both wastewater and storm water, &
Scparate system

The collection system consisting of sanitary scwer that rcécivcs wastewater only.

Septic tank

The treatment system consisting of one or more water-tight chambers. The
tecatment process is sedimentation and anacrobic digestion of settfeable solid in
waslewater.

Package wastewater treatment plant (PWTP)

‘Package wastewaler treatment plant (PWTP) is a compact blackwater and graywater )

tecatment system which can obtain high BOD removal efficiency. The popular
treatment processes of this system in Japan ace anaerobic filter-contact aeration
process and separate contact acralion process. Both these processes could be
classified as anacrobic aerobic contact process.



* Such a PWTP utilizing anacrobic acrobic contact process is generally rcfcn;_ed o as
~ "Johkasou" in Japan. Johkasou litcratly means "Purification Tank".

)
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®

(10)

(11)

(12)

2.2

Small modular system (B)

The system consisting of collection system, scplic tank and leaching bed to collect
and treat blackwater from about 20 houscholds.

Small modular systcm (B/G).

The off-site sysicm that serves about 1 RT (250 people) with collcchon and
trcatment system for both blackwater and graywater The tecatinent system wilt be
abandoned after mlcgrahon into convenuona] scwcrage system.

Large modu!ar‘ system

The off-site system that serves ab_out 10,000 ~ 50,000 people with collection and
treatment system for both blackwater and graywater. The treatment system will be
abandoned afler integration into conventional sewerage system. h

Developer modular system

The off-site system with collection and treatment system for both blackwater and
graywater covering a housing complex constructed by developer.

Small scale sewer

The scparate col!ecuon systcm from each household to main sewer construcled

'under foot path or housing lot at a shallow depth Jess than 1.0'm.

Interceptor sewer

:The collection system that receives graywater from road side ditch during dry

weather.
A!ternative Collection Sy‘stem

Available tcchmcal options of a!tematwe wastewatcr collecuon systems are
described below. :
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(1)

@

&)

(4)

OF

Ocdinary sewer

~ Ordinary sewer is a separate or combined collection system which is constructed

under roads at more than 1 m depth to protect sewer pipe from external loading.
Wastewalee is basically coliccted and conveyed by gravity, therefore if topography
is flat the depth would increase with distance. In order o limit the depth of sewers
{excavation) lift pump needs to be employed, periodically. .

Small bore sewer

Small bore sewer is a separéte wastewater cél!é_ctioh system consisting of septic
tank and relatively small diameter sewer pipe. Solid matter is separated in septic
tank and small diameter pipe can be used and the flexibility of slope is high. Asa
result construction cost of sewer pipe can be reduced. Howgver, without well-
funictioning septic tanks this system is fiot recommendable. T fact this system is
intended 1o collect and treat effluent from septic tanks,

Shallow sewer

Shallow sewer is a separate wastewater collection system consisting of relative

small diameter sewer pipe conslructed at comparatively shallow depth. In order to
construct at shallow depih, sewer pipe is constructed under foot path and in
accordance with ground surface slope. In the case of lack of slope to maintain the
minimurm velocity, flushing is necessary.

This system can reduce conslruction cost, but opcration and mamtcnancc is difficult
:f flushing is mqmrcd

Small scale sewer

Small scale sewer is a separale waslewater collection system from each household
to main sewer consteucted under foot path or housing lot at a shatlow depth less
than 1.0 m. This system can reduce consiruction cost, especially for tertiary
SeWers.

This system can be applied for an area where houses have enough space, with
width between the front of houses and the road is more than 3m.

Pressured sewer

Pressured sewer is a separate wastewater collection system consnslmg of a small
submerged pump and rather small bore sewer pipes.




®
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There ate two method to reraove sohd one is using grinder pump and another is -

ilSlng scpue tank bcfore ordinal pump.

This system can reduce construction cost of sewer plpe owing to small d;amclcr Z

and shallow depth. Construction cost of pump and rather high aperation and
maintenance cost are significant disadvantages of this system. '

Vacuum scwer

- Vacuum sewer is a scparate wastewaler collccllon syslem consisting of vacuum

valve unit which mix wastewater and air using small bore scwer pipes and vacuum

“pump stations. Whén wastewater level in the vacuum valve unit reach certain

height, & water level nionitor automatically furiction and the vacuum valve open,
and as a result mixed wastewater and air is sucked into a sewer pipe.

This system can reduce consteuction cost of sewet pipe owing to small diamelter
and shallow depth. Also thete in less possibility for leakage of wastewater from
sewer pipe.

However, construction cost of vacuum pump and vacuum valve unit and rather
high operation and nraintenance cost are sigoificant disadvantages of this system.

‘Interceptor sewer

Interceplor sewer is a collection system that receives graywater from road side ditch
during dry weather. This system is equivalent o ordinary sewer without house
connection, therefore construction cost can be reduced. However it may be
difficult to collect service charge from beneficiaries.

This system is suited for an area with temporary housing, an area of potential
redevelopment or an area of poor accessibility (road width less than 3m).

A pieliminary cvaluation of the allernative wasicwater collection systems illustrated
in thé foregonc séction is shown in Table 5. 3.

Three (3) collecuon syslems are sclected as appropnate for application in this
project sludy. They are small scale sewer collection system, ordinary sewer

collection sysiem and interceptor collection system,

Technical ¢riteria of demarcation for applicability of these three (3) collcetion
“systems are illustrated in Figs. 5.7 ~ 5.9
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Alternative Treatnient System

Characteristics of various alicrnatives of treatiment sysiem aré listed below. These
arc considered as the available technical options for wastewater treatment.

Leaching pit

Leaching pit is a natural soil treatment system typically consisting of two (2) pits
(twin pit system) designed to facititate wastewater infiltration into natural soik.

This system is very simple, cheap and maintenance ffee, arid widely used as a
simple on-site facility of blackwater treatment.  However, there is possibilily of
geoundwater contamination in-a high groundwaler table area. Moreover, a
minimum distance between leaching pit and well needs to be ensured (at least 10m).

- Septic tank

Septic tank is a treatment system consisting of one or more water-tight chambers.

* The treatinent process s sedimentation and anderobic digestion of scitleable solid in

wastewaler,

This system is simple, rather cheap and easy for operation and maintenance, but

~ BOD removal efficiency is quite low, usually less than 50%, as a result effluent

quality is not good. Moreover, bacterial removat efficiency is very low. To keep
good function of seplic tank, periodical desfudging is required.

Scptic tank with leaching pit

Septic tank with leaching pit is the i_realmcn! facility consisting of septic tank and
leaching pit. This system is widely used in Indonesia as a simple on-site
blackwater reatment faciity.

This system is relatively cheap and easy for operation and maintenance. However,
there is some possibility for groundwater contamination in a high groundwater table
arca. Also periodical destudging is required to keep good function of septic tank.

Septic tank with leaching fictd

Seplic tank with leaching field is a treatment facility consisting of septic tank and

leaching/infiltration ficld.
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: This system is simple and easy for operation and maintenance, and is applicable
éven for high groundwater table arca. But this system rcqtnircs quitc bigger space

than a teaching pit, and also periodical dcsludgmg is I‘Q(]Ul(‘ud to kecp good function
of seplic lank. chunrcd space for !cachmg fictd is about 10m? for blackwater
ircalment and about 100m? for both blackwater and graywaler te¢atment of a typical
houschold.

;S'epti'c tank witti upflow fifter

Septic tank with upﬂow filter is a treaiment facility consisting of septic’ tank and
pﬂow filter theough which lhe effluent of scpuc tank is filiratcd for further
tmatmem

“This systén is simple and applicable even for high groundwater table arca as the

- effluent is discharged to surface waters.

(6)

"

However this system has the disadvantage of potential cldggiﬁg in the upflow filter.
Periodical desludging is required to keep good function of septic fank.

ImhofT (ank

Tmhoff tank is a lreatment system consisting of a two-story tank in which
sedamcntahon is accompltshed in an upper companmcm and digestion is
accomplished in a lowes compartment.

This system is functionally very sintilar to a septic tank, but structurally more
complicated and suitable for Yarger scale installation. :

Anacrobic filter

Anaerobic filter is an anaerobic treatment system consisting of a column filled with
various lypes of solid media on which anacrobic bacteria is grown and retained for
treatment,

This system; a relatively recent development i the ficld of wastewaler treatment,

~can be used for the treaiment of low- strength soluble wastewater at ambient

femperature.
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UASB (Upflow anacrobic sludge blanket)

- UASB is an anacr'obﬁi'c_ reatment s'ystcni consisting of a two-story tank,

&)

(10)

(i)

Wastewalter is introduced from the bottom of the tank and pass through a sludge
blanket of anacrobic bacteria retained at second story,

This system can obtain high BOD removal cificiency, especiaily for high- strcngl'h
wastewatcr, but for a low-strength waste hkc domestlc wastewater UASB has not
yet been well demonstrated in practice.

 Anacrobic acrobic contact process

Anacrobic acrobic contact process is a treatment system consisting of an anaczobic
chamber and a contact aeration chamber. This system is widely used in fapan as
Johkasou. In effect, Johkasou is a package wastewater treatment plant (PWTP),

This system can obtain high BOD removal efficiency, but it is quite expensive to
construct, and fo operate also because of using cleciric power for acration.
Periodical maintenance service by certified expert is also required to ensure its high
performance.

Trickling filtee

Trickling filter is an 2erobic treatment system consisting of a Wastcwatér distributor
and a filter bed of highly permeable media to which microorganism are attached and
through which wastewater is tsickled,

" This system is relatively simple and dependable lhatbnuldbroduéc an efiluent of

consistent quality with an influent of varying strength, but relatively large space is
required. Operation of this systcm is relatwcly easy, but once it fails or
malfunciions recovery is difficult.

Rotating biological contactor

Rotating biological contactor is an acrobic treatment system consisting of a series of
closcly spaced circutar disks which are partially submergcd in wastewater and
rotated slowly through it.

This system is relatively simple and dcpéndablc that produces an effluent of
consistent quality with an influent of varying sirength. Operation of this system is
relatively casy, but once it fails or malfunctions recovery is difficult.
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Stabilization '_pond

- A stabitization pond is a treatment system in which:wastcwaler_is retained in

rectangular carthen basins for a relatively long retention time. Stabilization ponds
are classified as anacrobic ponds, facultative ponds and maturation ponds, and a
combination of thesé types can obtain high BOD removal cfficiency of about 80 ~

90%.

* This system is simple and casy for construction, opération and maintenance,

(13)

(14)

(15}

though large space is required. If cnough land area is available, this system can be
recommended as the most suitable technical oplion for wastewater treatment plant
of even large scale off-site systems.

Acrated lagoon

Actated tagoon is a treatment systent in which mechanical surface aeration is used.

In all other aspects it is similar to a stabilizalion pond. Still, compared with
stabilization pond, smaller space is sufficicnt but construction and O&M cost is
relatively higher.

When available land area is not adeqhatc for stabilization pond or as the means of
upgrading the existing stabitization pond, this system could be recommended as the

“most suitable technical option.

Activated shidgc process

Activated sludgc process is an acrobic trcatmcm system consisting of an acration
tank and seuling tank. Conventional process consists of a plug-flow aeration
rcactor followed by sedimentation tank and a studge recycling line. Acration time is
usually about 6 to 8 hours.

‘This system has been very widely used for wastewater {reatment plant because it is
very flexible and can produce high BOD removal efficiency in a limited space. Its
significant disadvantages are high construction and O&M cost, and high gencration

of excess s!udgc mqumng proper sludge handlmgltrcatmcnt facility.

St_cp aer_allon .

_ Stcp acration is a kind of modified act'ivate_d studge process. The wastewater is

~ introduced at several points in the aeration tank, and it can be vsed with higher

BOD loading per unit of aeration-tank volume.
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s significant disadvantages are the same as activated sludge process,

Purc Oxygc:j activated sludge process - -

Pure oxygen activated sludge process is a kind of modified activated studge
process. Purc oxygen is used for acration instead of air.

Smaller facility size is sufficient, and it is bearable to wider fluctuation of organic
loading. Its disadvantages are same, in fact of much higher order, ss the activated
sludge process. '

Contact stabilization

Contact stabilization process is a kind of modified activated sludge prbcicss. Two
acration lanks arc used as a sludge reacration tank a'n_d a contact tank. Influent is
introduced to a contaci tank (sccond tank), and excess sludge is returned to a sludge
reaeration tank (first tank). .

This system can reduce aeration volume requirement to about 50% of those of
conventional process. This system is svitable for domestic wastewater, It also has

the same disadvantages as activated sludge process.

Extended acration

Extended acration is a kind of modified activated studge process. This process
operates under relative tong hydraulic and solids retention time.

This system is relatively simple and suited for small and medium scale system.
Oxidation ditch

Oxidation ditch is a modification of extended aeration process which consists of a
ring-shaped channel about 1 1o 1.5m deep and acration rotor. The system is simple
and suited for smatl and medium scale system.

A preliminary evaluation of the alternative lr_eatmcht systems illustrated in the
foregone scction is shown in Table 5.4. The following five (5) alternative
trcatment systems are selected as most appropriate for this project study.

- Leaching pit
- Seplic tank
- Seplic tank with leachihg ficld
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. Stabilization pond
- Acraicd lagoon :

However the specific technical applicabiliiy will depend on local conditions like
groundwater table level, population density and the type of system (on-site/off-site

system).
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Master Plan
Planning. Condﬁion
Water consumption
Domestic water

The present domestic water consumption is estimated based on the sampling and

interview surveys conducted by the Study Team. The résuh of survey is shown in-

Table 5.5. These surveys show that the per capita water consumption of the

residents who are served with house connection is much larger than those without -

house connection. So the difference per capita water consumption were estimated.

The estimation of future per capita water consumption of the residents who are
served with housc connection is based on the estimation of domestic water use by
pucpose from Water Supply Development Plan (PDAM, 1985). The break down
of this cstimation is shown in Fig. 5.10. According to this, water use for (oilet
flushing will be increasing. On the other hand, the per capita water consumption of
people without house connection is assumed to be constarit, considering labor of
carrying water, and toilet flushing water is assumed to be constant also.

The present and future per capita water consumption are shown in Table 5.6.

‘The existing number of house connection by Kecamatan is estimated based on the
existing water supply data of PDAM by' wilayah (Scrv_icc district). The future
number of house connection by Kecamatan is estimated based on Water Supply
Development Plan (PDAM, 1991). Transition of number of house connection by
Kecamatan is shown in Ft'g. 5.11. The present and future house connection
coverage ratios by Kecamatan are also shown in Fig, 5.11.

Commercial water

Since the portion of well water scems to be negtigible for the commercial use, this
water consumption is estimated 1o be in proportion of PDAM domestic water
supply. The present ratio of commercial water consumption to the domestic one is
14.7% based on the PDAM exisling data shown in Table 5.7, and is aséumed' to be
constant in the future.

5-22

@



(3)

(4)

3.1.2 -

()

‘Institutional water

Same assumpuon as commerclal water is applicd to csumauon of mstuuuomi'
water. The present ratio of institutional walter consumplmn to the domestic onc is
15.3% based on the PDAM existing data shown in Table 5.7, and is assumed to be
constant in the fulure.

Industrial water !

The city of Ujung Pandang is now promoting big industries to be centralized into
the KIMA industrial estate.” KIMA has its own wastewater treatment plant and this
plant will treat all the industrial wastewater generated inside KIMA. ‘Taking this
into account, the industrial wastewater generated inside KIMA would be better
excluded from this Study.. Other industrial wastewater consumpuon is estimated
not to exceed the prcsent amount because of large scale industries moving into
KIMA.

The estimation of preseat industrial water consumption is based on the PDAM
existing data shown in Table 5.7, and this amount is assumed to remain the same
even in future,

Wastewater genefation

Generally speaking wastewaler generation is some portion of water consumption
and this ligure is usually from 80% to 100%, decided by condition. This study

_ adopts 100% consxdermg that lost water like spnnklmg water scems lo be

neghgnblc according to the observation of the Study Team.

The total present and future waslewater generation by Kelurahan is shown in Table
5.8 through Table 5.10.

Unit 'poll'ution load
Domcslxc waslewaler

Domestlc wastewater includes toilet wastewater (blackwater) and gray water l'rom
katchen, bathmg and lundry. '

The present unit poltution load of to:let wastewater is estimated 10. 5g based on
previous studies in Indonesia, and is assumed to be constant in the future.

The present wastewater quality of gray water is estimated at 168 mgBOD/¢ based
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on the pol!utiozi load survey conducted by the Study Feam.” The result of this -

survey is shown in Tabie 5.11. The future unit pollution load from gray water is

~estimated to be in the proporuon to wastewater generation increasing. As a result,

the quality of gray water is assumed 1o be constant.
Commercial wastewater

‘The present water quality of commenrcial waslewatcr is csumated at 266 mgBOD/¢,
bascd on the polluuon load survey shown in Table 5.11. '

- The futUre uhil polluuon load from commercial wastewater is esumatcd to bc in
‘proportion with increasing wastewaler genération. As a resull the guatity of

commercial wastewalter is assunved to be constant,
Instilutional wastéwater

The present water quality of instituticnal wastewater is estimat'_ed at 142 mgBOD/Y,
based on the pollution foad survey shown in Table 5.11.

" 'The future unit pollution load from institutional wastewater is estimated to be in

proporiion wilh increasing wastewater generation. As a result, the quality of

* institutional wastewater is assumed to be constant in the future.
- Industrial wastewater

‘Water quatity of industrial wastewater can vary depending on the industrial

characteristics. The present and futuce water quality of industrial wastewater are

‘assumed to be same as those in Jakarta, The data of industrial wastewater quality

in Jakarta is shown in Table 5.12.

The present and future pollution load are obtained by multiplying the average water
qualily with the amount of industrial wastewater generation., The existing data of
sales amount of the respective classifications shown in Table 5.13.

Pollution load generation -

Present and future pollution load generation are esumatcd by muluplymg
wastewater generation wnh unit pollution load.

The total present and future pollution load generaiibn_ by Kelurah.an are shown in
Table 5.14 through Table 5.16.
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Short Term Plan up to 2005
Basic sirategy

Short term wastewates management plan up to the year 2005 shatl be formulated
based on urgent demand, quickaess of benefit generation and practicability of
implcmemation

The most urgent demand of wastewater maiagement shall be elimination of no-

~ toilet population consndermg Basic Human Needs. Therefore the highest prlonly
- shall be gwsn to provision of basic toilet facﬂnl:es for no-toilet people lwmg in stum
areas. L

- Consequently basic strategy for formuldting short tesm wastewaler management

plan consists of followmg five (5) steps

iy To :dentlfy the no-toilct areas and find out appropnale schemes for providing
basic toilet facitities for such areas.

i) To demarcate the most recommendable technical options according to the
chasacteristics of each arca. '

ili) To find out schemes for each area to bé served by the most recommendable
technical option.

iv) To optimize public sector project schemes so as to maximize private sector
| paﬂwnpallon

'v) To determine the priorily projects which will be completed until 2005 as pubhc

sector project schemes.
Demarcation of Study Arca
Slum area

Al the slum arcas in the Study Area are delineated where basic sanitation system is

‘inadequate.

‘The locations of slum arcas are shown in Fig. 5.1.

For these areas Small Modular System (B)/public toilet is most recommendable
consmcnng extremely low a!’lerdabihiy of residents, 1f the physncal condition is
suitable for installing house conacction sewer, SMS(B) could be recommendable
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on the condition that user could provide oncs own water closet, otherwise public '

toilet shall be recominended.

Leaching pit arca

The criteria for leaching pit are that population densily is less than 100 personsfha
and critical groundwater table level is deeper than 4 m from ground level based on
dcsign standard of Cipta Karya as l‘ollows.

Requm,d Mmlmum Distance between Lcachmg Pit and Shal!ow Well

Soil Type  Sand - Clay

[Distance betweea  [Decper than 2 m I0m Sm
Groundwater Table o |

and the Bottom of [Shallower than 2 m 15m 1I0m

Icaching Pit | - |

Source : Pedoman Pcnibuangah Limbah Manusia Program Pelaksanaan Sanitasi,
Cipta Karya

Groundwater {able of the Study Area is shown m Fig. 5.2.
Septic tank with leaching field arca

‘the criteria for sepiic tank with leaching field are established based on the required
waler quality level: From the viewpoint of guickness of benefit generation and
practicability of implementation, a scptic tank with leaching field for blackwater
treatment is recommendable because of easiness of installation and relatively low
constru'ct_ion cost. On the other hand, this system can not contribute to mitigate
heavy water pollution in highly urbanized and 'densely populated arcas,

The correlation between water quality and specific pollution load discharge is
oblained by the result of surface water qualily survey as shown in Fig. 5.12.

The correlation is given by following equation.

y="17 52 X 2.15%
(r =0.9603 based on logarithmic expression gn'en by. lny=xxIn2. 15 +In
7.52)

where,

y: watet quality (mgBOD/)-

5-26



4

x:  specific pollution load discharge (kgBOD/day/ha)
r: correlatlon cocfﬁclent

Based on lhls correlation, in the area with the spemﬁc polluuon l(nd dischargcd into
water bodies less than 2.7 kgBOD/d/ha, water quality tevel of 60 mgBOD/{ can be
obtained with onty blackwater treatment by septic tank with leaching field. Water
quatity | lovel of 60 ‘mgBOD/Z docs not satisfy the minimum standard of water
guality of 30 mgBODIt’ however, constdenng cxlshng water quality of most of

~ main canals that exceed 100 mgBOD/Z, 60 mgBOD!t scems reasonable as an

intermediate target.

Tt is noted that the rapid increase of population in suburban area will be caused by

development of large scale housing estates. In other words, most of population in
stich an area will be confined to large scale housmg estates. As alrcady mentioned
in shoit term plan, large scale housing estates shall be covered with developer
modular systems, which treat both blackwater and graywater to secondary

treatment level. Accordmgly, demarcation of areas suited for leaching pit and seplic
tank with leaching ficld can be based on the data excluding the cstimated targe scale

~ housing cstates.

Specific pollution load discharge by Kelurahan in 2005 exéluding the estimated
large scale housing estates is shown in Table 5.17. '

Distribution of specific pollution load diécharge excluding thc’eslima’tc’d large scale
housing estates is shown in Fig. 5.13.

Off-site system arca

In the area where neither leaching pit nor septic tank with leaching field can be
applied, it is necessary to treat not only blackwater but also graywater. For this
purpose off-site system is more suitable than on-site systems because septic tank
with teaching field requires 100 m2 per household to treat both blackwater and
graywatcr and Package Wastewater Tréatment Plant is too expensive to introduce in
full scate. At the same time secondacy teeatment level is required to avoid negative
impact of efﬂucnl Accordingly, off-site system with secondary treatment is the '
most recommendable technical option considering the dlfﬁcully of land acqmsmon
and necessily of mlllgalmg heavy watez pollution. .

The result of demarcation of the most recommendable technical option is shown in

- Fig. 5.14.
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Schemes for cach arca

Provision of SMS(B)Ihublic toilet for the slum areas will bc'corﬁp!ct'ccl by public
sector urgently until the year 2000.

In order to apply the most recommendable technical options for cach atea, it would
be cruciat to maximize the role of private sector considering the existing financial
condition of KMUP and lack of wastewater management institution.

Concerning the new cohsinictio_n of on-site facilitis, résidents' slf-suppost could
be cxpected because the benefit is clear, Actdally'almost all people except for slum
residents have already installed their own toilet by themselves. - Therefore for the
on-site system development area utilization of self-support of residents to provide

~ ones own treatment system (septic tank/leaching pif) accompanied with appropriate

guidelines and stimulants like a public campaign and legal enforcement shall be
relied upon. '

Installation of off-site system can be done by public sector or private déveloper, in
other words, utilization of private sector is possible only for housing cstates.

Replacing or improving existing system is very difficult not only due to the

difficulty in identifying malfunctioning systems but also the benefit will be not so
clear for residents, Conscquently, improved desludging at regular frequency shatl
be conducted by public sector.

The arca located beyond housing estates and needs to be covered by off-site
systems is the most difficult area to be improved. Morcover, it is obvious that
potution load genecation in such an area causes heavy water quality deterioration.

“Therefore it is very impoitant to find out the implementable solution for improving

environmental condition in this area up to 2005. For this purpose il is necessary o
study this area in more detail. Accordingly, hereafier this arca is called as the
priority arca.

The priority arca is shown in Fig. 5.14,
Demarcation of the priority arca
Strategy for the pricrily area

Following (3) systems are selected as technical options for the priority arca.
a.  Small Modular System (B/G) using PWTP (heteinafter called as SMS (B/G)
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using PWTP)

b. Large Modular System using stabilization pond (hcrcmaftcr called as LMS)

¢. Conventional Scweragc System using slabmmhon pond (hcrelnaﬂcr called as
CSS)

Among these three (3) technical options, SMS (BIG) using PWTP is very umquc in
thé sense of quick bcneﬁt generation and high Reéxibility of selccting service area.

* However some disadvansages of this system like lack of sufficient expericnces in

Indoncsm high unit cost for both construction and O&M, requirement of high level
maintenance seérvice to keep ils h;gh performance; difficulty of cross wbsndy and

- the requlremcnt of enormous. number of units make it difficult to be applicd as a

principat countcmleasure for the pnonly aréa.

On the other han'ds, 1arge scale off-site systems, equivalent to LMS or CSS, can be
regarded as.optimum counlermeasurc for this area from the socio-cconomic,
financial and technical aspects in spite of its dlsadvaneages like the necessity of
large initial investment, relative long construction pcnod and low flexibility of
selecting service area. To iltustrate in detail, the advantages of LMS/CSS are as
follows.

¢ Socio-economnic aspect
Cross-subsidy is possible.

+  Financial aspect
Per capita unit consteuction cost is cheaper than SMS(B/G) using PWTP.

¢ Technical aspect
Practicabitity of this system has been well demonstrated.

Cost comparison between CSS and SMS (B/G) using PWTP is shown in Fig.

'5.15.

With careful consideration to the potential 'prdblcms that include houvse connection:
and cost recovery, LMS/CSS are setécted as optimum countermeasures for the
priority area.. - Nevértheless, accordmg to cxpcrlenccs of off-sitc system

_‘ devempmem in many counlics and consndermg the financ:ai condition of KMUP,

it seoms to be mfeasnb]c to co»cr the entire priority area with large sca!c off-site
systems com pletcly by the target year 2005, '

- As a conclusion the strategies for the pﬁori(y acea are as fol lows.
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i) To determine the optimum LMS/CSS development plan based on the result of
prioritizing and consideration of topographic condition and cross-subsidy

iiy To introduce SMS (B/G) using PWTP in pilot scale as ani effort to investigaic
its practicability, especially with respect of O&M requitement

i) To improve O&M of existing sanitation facilities for the non-served area of
~ off-site system | | |

Methodology of demarcation

Basically the priorily of environmental sanilation impf_ovement has to be detesmined
by the demand, and this principle is exactly applied to select the priority arca. But
in order to deteamine the priority of LMS/CSS development inside the priority arca,
other two (2) factors, affordability of residents and’ accessibilily to treatment
facility, have to be considered. Affordability of residerits is crucial factor to
evaluale the financial feasibility and acccss1b1hty to tn,atmcm facxhly is important

factor to evaluate the quickness of benefit generauan

The prioritizing method consists of following sleps.
i)  Seleciing data for ranking of each Kelurahans

The data which are selected for ranking of each Kelurahans are as follows.

“a.  Population density _
b. Pubtic Iand use ratio (commercial and institutional)
¢.  Averageincome devel
d.  Average distance from potential site of treatment facility
note)

For calcutating average income level, houscholds with momhly income level Tess than Rp.
200,000 are excluded, because cost recovery from such low income households is considered
infeasible.

ii)  Classifying each data for ranking .

- 'The classification of each data élbng with the score of ranking is determined based
~ on the deviation from mean for standacdizing different dala Deviation l‘rom mean

is given by l‘o!lowmg equation,

si={Xi-M)/o.
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where,

i deviation of datum from mean
Xi:  dawm
M: mean of distribution
G standard deviation of distribution

Deviation from meén of each data is shown in Table 5. 1:8.

Thc'c!as’sifiéatioh of edch data along with the score of ranking is showh in Table

2519

Each Kelurahan's scores of each data are shown in Fig.5.16 through F:g 5.19,
iii) Seiting cocficients of wei ghting to integrate each score of ranking
Wcighliﬁg cocflicients arc set as follows.

10% Population density

 10% Public land use ratio (com'm’crcial and institutional)

50% Average income level
30% Average distance from po{enual site of treatment facility

The heaviest weight is given to income level to secure feasibility of implementation,
and sccond heaviest weight is given to distance from treatment facility (o shorien
the construction period.

Demarcation
The result of prioritizing is shown in Fig.5.20.

Sclection of LMS/CSS service area is based on result of prioritizihg. topographic
condition and the possibility of cross-subsidy. In addition to these factors,
maximum pipe length for avoiding pumping station is also considered as a selection
factor of LMS service asca.

Asa rcsull LMS!CSS service area is detcrmmcd as shown in Fig. 5 20.

In short term plan cross-subsndy is pumucd with applying interceptor sewer for 10w
tncome area from which cost recovery can not be expected.

Zor;ing of wastewater management in 2005

" As a coticlusion of this séction, Fig.5.21 shows the zoning for short term
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wastcwater management plan untit the year 2005.

Sanitation improvement plan for slum area

Utitization of existing facilitics

Based on the result of field survey conducted by the study team, there arc about a
total of 200 public toilets. Most of these public toilets are located in the stum areas.
Morcover, it became evident from the survey that abb‘ut_ 30 % of these public toilets
malfunctioned, or not used and about 50% of public toilets did not have any
organization for users. Major reason for malfunctioning of public toifets is as

follows:

a. No responsible organization (60%)
b. Broken {15%)

c. Clogged (15%)

d. Didy (10%)

Accordingly, as the first step to ensure proper use of public toilets once repaired, an
appropriate operation and maintenance (O/M) organi_zation‘shai_l' be established at

' basic level. In this regard, it is recommended that an operation and maintenance

system shall be established under the direct responsibility of RW or Kelurahan in
cooperation with Dinas Kebersihan,

Provision of small modular sysufm (B) / public toilet for no-toilet people

- Considering very low affodability of sium residents and the fact that 'll(wy do not
" have any toilet facilitics at present, it is infeasible to expect no-toilet people

constructing individual (oilets with adequate facility by themselves. Accordingly
provision of basic toilet facility by public scctor becomes essential to eliminate the
risk of direct defecation into public water bodies, Then following two (2) technical
options are recommended as appropriate basic toilet facilities.

a.  Small modular system (B) (hcrcaflcr called as SMS (B))
b. * Public toilet o

Both systems employ septic tank with leaching bed designed for 20 houscholds.
The difference is whether with house connection from individual toilet or not.
SMS (B) is more recomméndable than public toilet because the user of SMS (B)
can enjoy the convenience of individual private toitet located within oncs housing,
However, applicability of SMS(B) is restricted by physical conditions like
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topographic clevation, I‘or cxanple, if the elevation of avallab!c space for treatment
facility is higher than housings (6 be connected, SMS (B) can not be regarded as an
' appropnale soluuon

On the other hand, it is to be noted thal once the feasibility of SMS (B) is

- guaranteed physically, residents can choose between either systems based on their

affordabilily to provide their own water closels and connection pipes to treatment
. facility.

From the viewpoint of public scetor that provides these systems, _there is no
necessily for separate plans since the difference between the (wo (2) systems is
insignificant.

Based on Kelurahan interview results conducted bj' the study team, 66 SMS (B)/
public toilets were n,qucslcd where the site area is prepared by Kelurahan,
Accordingly, 66 SMS (B) / public toitets are planned to be construcled within the
next lwo (2) years.

‘Many cxpcnenccs of public toilets shows that responsible organization for O/M is
crucial for well I'uncuomng of pubhc toilets. In this regard, following organization
is recommended.

(a) *Responsible person shall be selected from among the users. The
administrative management is under Kelurahan office.

(b) User shall pay a fixed amount for using the public toilet. Onc (1) caretaker
will work between Sam ~ 1ipm as payment collector, cleaner and manager.
The door of the toilet be locked at night time. The key is kept by’ responsible
person ot neighbor of the public toilet between 11pm ~ Sam.

(é) The organization is responsible for both /M and collection of revenue user
charge. The cost of O/M include carctaker wage, desludging cost and repair
“cost.

& (d) The user hold a meeting, in case of any matters to be discussed.

- Inthe case of SMS (B)_, carctaker and key holder ate not necessary, hence the
requited organization for O/M is very simple. Still, service charge and the
‘organization responsible for overall management of the septic tank and its

~desludglng shall be established. ' | :
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Software measures

The role of software measure s intportant to elintinate the risk of direct defecation
into pubtic water bodics. Without public health education or campaign about the

risk of direct defecation into public water bodies, it is no wonder if people prefer
open defecation to public toilet. In addition, it is tequired to make regulation to
discourage direct discharge of human wasles into public water bodies and the

- effectiveness of this regulation shall be endorsed by the proper monitoring system.

For the purpose of establishing responsible organization for O/M of SMS (B) /
 public toilet, explanation of thése system is also important for users or community

in order to ensure their effective cooperation.

Improvement and development plan of on-site system

Establishment of monitoring system

For improvement of on-site facilitics, it is essential to estabish monitori ng system.
The database of on-site facilities developed by the JICA Study Team can be applied
for the purpose. As a shost term plan up to 2005, this monitoring system shall
cover at least the priorily area.

At the same time, a certain monitoring effort shall be given to iliegal or undesirable
facilities and actions. The authority in charge with wastewater management shall
have meetings with those residents using such facilities, and educate or propagale
the neccssny of adcquatc sanitation facilities.

Improvement of septage colleclion

It is recommended to introduce new system for septage collection, called as visiting
system, instead of existing system called as request system in which dispatching
vacuum truck is based on the user’s request. In the request system residents will
usc the facititics until {o the fast moment, and this may spread the contéminalion to
environment. In visiting system responsible orgénizalion for destudging will make
a plan of septage colection service based on the record of all previous destudgings.

“The databasc of on-site facilitics can be apphed to make the plan for visiting system

of desludging.

With applying visiting system, the volume of septage to be desludged will increase
duc to both the increase in desludging frequency and population toward the short
ter planning frame of the year 2005,
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Estimated volume of septage and required number of vacuum trucks including |
procurenicnt schedule are described in chapter 4 : Feasibility Study. '

Improvement of septage managerent

. The wastewater treatment plants of scwerage system constructed under the short

term plan could be used for seplage tecatment, in addition to the cmstmg septage

~treatment plant in Antang. This would economize the scplage co}lecllon and

transportation,

‘Moreover, improvement of dccess road of existing Antang sepiage treatment plant
- is recommcnded in order to facilitate efficient tratisportation of septage.

On-site syslcm development plan

In leachmg pit dcvclopmcnt area, following guidelines shall be cffoctwe for all new
houses and any rénovation of on-site facilities.

a. Twin leaching pit shall be provided instead of single leaching pit.
A minimum distance of 10 m between leaching pit and well shall be ensured.
¢. ' Leaching trench or irrigation usage shall be introduced as the means of
graywater disposal. |

Tn septic tank with lcachmg field development area, following guidetines shall be
effeclive for alt new houses and any renovation of on-site facilities.

"a. Seplic tank which has water ught structure with leaching field shall be

prov:dcd

b. The area of leaching ficld shail be at least 10 m? for blackwater only and 100
m? for blackwater and graywaler treatment,

c. Graywater shall be treated in leaching trench or used for :rrlgallon so far as
canditions permit, if seplic tank (reats only blackwaler.

Developer modular system development plan

The necessary gmdehnes for the provision of communal wastewaler treatment

- system by housing developer (devcloper ‘modular system) is described in this

section.

This guidelines s divided into three (3) parts as follows :

'PART-1:" Conditions to be Pollowed by a _Houéihg Developer
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PART-2: -Evalujat:ion and Mbhiloring Checklist for the concerned Government

- Agency of KMUP
PART-3: Promotion Measurcs of Communal Treatment System

It is noted that the provision of communal (modular) treatment system to treat
together both blackwater and graywater by all newly developing housing
complexes, is an important aspect of the Master Plan, requiring urgent
enforcement. | '

_ PART-1: Conditions to be Followed by a Housing Developer |

This Part-1 describes the conditions to be followed by a housing developer with
respect (o livatment requirement of the wastewater generated in a housing complex
and other related aspects.

A. - Basic Consideration

For the purpose of this Guideline, a hou'sing estate developer is defined as the

planner or owner of a housing complex to be inhabited by a population of ai least
100 persons (or 15 houscholds).

Al housing estate developers including PERUMNAS shall provide communal

wastewater leeatment system (o treat together both blackwater and graywater.

Provision of more than one wastewaler treatment plant for a single housing

- complex is permissible. However, individual treatment system for each houses is
_ not permitted. Moreover, provision of more than one treatment system for a single

housing complex would not be interpreted as an alteration to the scale of a housing

- complex as defined in Soction B.

The location of wastewater treatment plant shall be easily accessible from a public

- road.

‘B, Wastewater Treatment Criteria

B.1 “Treated Efffuent Quality

“The required treated effluent quality and hence the respeclive wastewaler treatment
system, is based on the scale of 2 housing complex developmient. The scale of a
housing complex is divided into two categories of large scale and small scale, based
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on the intended populahon inhabited, as defi ried below.

a.  Large scale housing complex : Intended population mhablled is more than 300
persons (or 50 houscholds) _

b. Small séale housing complex : Intended population mhabucd is not fore than
300 persons (or 50 houscholds)

The reqmred trcated efflucnt qnahty for both of these cases of housing complexes
are delineated below: '

Largs scale housing complex

" For a large scale housing complex, the treated effluent quatity shall conform to a

secondary treatment level as follows:

BOD - not to exceed 30 mght
© $S- not to exceed 30 mg/l
- FC (fecal coliform) - not to cxceed 1000 No /100 mi

Small scale housing complex

For a small scale housing complex, an effluent quality with intermediate treatment
level would be admissible as foilow5'

BOD -not to cxcecd 80 mg/l (or COD- chromalte - not lo cxceed 160 mgh)
SS - not to exceed 60 mg/l

FC (fccal coliform) - not to exoced 2000 No./100 ml

B.2  Treatment System

The recommended alternative wastewater treatment systems for both these cases of
housing complex are given below:

Large scale housing complex

One of the following waslewater treatment. system alternatives is proposed to
achncvc a secondany treatment level

a. Extended acration actwatcd sludge proccss mcludmg nts vanattons such as
- _oxldanon ditch process :
Rotating biological contactor (RBC) process

‘Anaerobic-aerobic contact process
~ Acrated lagoon
Stabilization pond
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Smalt scale housing complex

In addition to those wastewater treatment systems of the above for a lacge scale

housing complex, the following are proposed as other suitable teeatment system
alternatives, |

a.  UASB (Up flow anacrobic sludge blanket)
b. Septic tank with leaching/infiltration field

Notej: For an anacroblc waslewater (reatraent system fikc UASB, the treated cffluent quality as
COD, instead of BOD, is applicable (refer to Scction B.1).

Other significant aspects

1) In case of the wastewater treatment option of  septic tank with
leachingfinfiltration field, which would be timited to a small scale housing complex
only, in order to mitigate potential groundwater pollution due to teaching/infiltration

' field, a minirum clearance of 2m between the groundwalcr table level, under the

critical condition of rainy season, and the base of the leaching/infiltration ficld shall
be provided.

A developer is permitied to use any other alternative wastewater treatment system
as appropriate, provided the technical effectiveness of such a system to meel the

 required effluent quality could be justificd by the developer himse}f. Nevertheless,
~the proposed system shall not involve frequent separation of pﬁmary solids

(sludge), and hence primary sedimentation as utilized in a typical conventional

activated sludge process would not be permitied. This is to simplify the biosolids -
" handling and its subsequent treatment requirement.

In principle, a wastewater trcatment system that discharges treated efftuent to
receiving waters would require disinfection to mect the above efiluent criteria
concered to FC. The possible exception to disinfection requirement is when a
maturation pond is provided as the final treatment prior to disposal to recei'ving
waters. Iiypo‘chlorile of chlorine (NaOCl or Ca(OCl)2) is recommended as the
disinfectant. Due to safety consideration and small scale of the trealment system,
£aseous chlorinc'w:ould not be penmilted as the disinfectant.

Wastc Solids Management

Proper management of waste solids from a wastewater treatment plant to ensure its
sanitary disposal is equally important as producing a teeated efftuent conforming the
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criteria illustrated above.
The foltowing waste solids managetment methods shatt be adopled:

Solid waste from an inlct screen to the wastewater treatment system shall be
periodically removed and disposed sanitarily. Disposal along with municipal solid
wasie or controiled incincralion is permissible.

A wastcwater trcalmcnt syslem requiring frequent wastmg of biosolids (studge),
such as the éxtended acration aclivated sludge system, shall be provndcd with
drying bed or storage tank as a temporary storage facility. Any such temporarily
stored blosohds shall be regularly transported and disposed in a septage treatment
plant. Potential reuse of biosolids as fertilizer or soit conditioner is recommended
to be given due consideration.

' Opération and Maintenance and Monitoring (OMM)

The roqulrcmem for operanon and maintenance as well as momtormg (O‘VIM) of the
wastewater freatment sysiem is uader the sole responsibility of the owner of the
housing complex. In fact such requirement of OMM much depends on the type of
treatment system used. For example, extended acration activated studge process
has a high OMM requirement, while a scptic tank with infiltration ficld réquires
least ()MM

The OMM of the treatment system shall incorporate, in addition to ensure the
proper functioning of the treatment system, regular self monitoring of the trcated
efflucht quality at least with respect to the three water quality parameters of BOD

{COD), 88, and FC, as illustrated in Section B.1. The frequency (time interval) of
'water qualuy momlonng shall be at leasl oice in two months,

Scpuc tank with leachmglmﬁllrahon field is exempted from the requirement of
efftuent quality monitoring, as the effluent is infiltrated into natural soil.

PART-2: Evaluation and Monitoring Checklist for the concerned
: Gov:,mment Agengcy of KMUP o

This Part-2 describes the ,requued action programme and the related aspects to be
followed by the concerned government agency in charge of approval and the

~ subsequent nionitoring of wastewaler tecatnient system conslructcd and operated by

a privale housmg developer =
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Iem-1:  Ensure technical effectiveness of the proposed wastewater treatment
system by the housing developer.

The required activity of Item-1 would involve confirmation of the proposed
waslewaler treatment to meet the required cffluent quality as of Section 2 of Part-1,
by reviewing the design report.

In case of a standardized package treatment system by an equi pment manufacturer,
~ the required activity would involve review of relevant catalogue of manufacturer
and/or recelpt of certification of performance provided by the manufacturer.

Iieny-2:  Ensure an operation and maintenance and mdnitdring (OMM) plan for the

proposed wastewater treatment system is provided by the housing
developer. '

The required activity of ftem-2 is an overatl review of the proposed OMM and 1o
ensure that the plan incorporates the self efflucnt quality momtonng programme as
of Section C of Part-1.

Accomplishment of Item-1 add Item-2 will be a prerequisite for allowing the
construction works of the wastewaler treatment system to begin.

Item-3: Formulate a monitoring programme to inspect the functioning
waslewater (reatment systems at a frequency conformmg the available
‘resource limitation of the agcncy

The mspcctlon aclivity of this Item-3, as far as possnble. be planned tc be in
coincident with the watcr qualily sampling time of treated effluent, as per the sclf
monitoring requirement of Section C of Part-1. Moreover, the agency is
recommended to designate cerfain laboratorics with proven record as approved ones
for conducting the analysis of the water quatity samples, whenever such a
designation is practicable.

A large scale housing complex be assigned higher priority than that of a small scale
one in formulating such a moniloring (inspection) programnie,

Iiem-4: * Formulate and execuie an environmental water .qualily monitoring
programme. ' '

The agency is strongly recommended to initiate a water quality monitoring
programme targeling the major water bodies of canals and rivers in KMUP, at
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designated !oqaiions with regutar sampling frequency.

A minizmum sampling frequéncy of two {2) times a year, once cach in dry season
{September) and rainy season (February), is recommended.

The paraméters monitored shall include among others, pH, DO_, BCOD, COD
(chromate}, and FC. '

Such an cnwronmenlal water quahty monitoring programme, would help very
- much i assessing the change in environmental qualily as a rcsuh of implementation
of wastewater trcatment by housing developers and others. It wonld also serve as
the tool for any future revision of the treated effluent water quality standards,
-proposed in Section B of Part-1.

PART-3: Promotion Measures of Communal Treatment System

This Part-3 illustrates the possible implementation measures, so that newly
developing housing complexes could provide their own communal wastcwater
treatment system Lo treat together both blackwaler and graywater.

Enforcement at basic site plan

At prescnt TATA KOTA of Tk- ilis the agency rosponsxble for assessing the basic
site plan of a housing complcx

Accordingly it is appropnalc for TATA KOTA be the agency, primarily responsible
for assessing the provnszon of communal wastewater treatment system by a housmg
complex developer.

TATA KOTA shall énsure that the layout plan of a housing complex incorporates
communal teeatment system. Inclusion of such a communal wastewater tecatment
system, in the overall layout plan itself, shall be a prercquisite for gaining approval
* of any housing complex development.

Campaign on quatity of life

TATA KOTA, as the mpresenlativc Organizaiion of KMUP, shall organize and
- conduct publ:c campalgu largelmg both honsmg developers and prospeclive
~ tenants, the hvmg environmental improvement and hence lhe enhanccmcm in
quality of life, that could be realized with the pfOVlSlO!l of communal treatment
. system _trealing both blackwater and graywater, instead of simple individual
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(1

Syslcms treating only blackwater.

Such a campaign shall specifically cmphasize the graywater poltution, and its
unfavorable effect on the cleanness of ditches and surface drains. The resultant
environmental pollution to receiving waters, and the subsequent damage to
beneficial uses of such receiving waters shall also be elaborated.

More over, the intended purpose of ditches and surface drains as famlmes to
convey storm water (ram falt) run- -off to mitigate ﬂoodmg, in other words an urban
drainage facility, rather than {o convey vatreated graywater shall be empha.gmcd.

Sewcrage system development plan

The short term sewerage development plan consists of wo (2) convenlional
sewerage systems in central and southera arca of the old city, and one (1) large
modular system in northern area of the old city as shown in Fig. 5.22.

The measure to promote house conniection of sewerage system plays very
significant part and is included in this plan.

Central scwerage syslem

The central city arca that covers the major commercial and institutional development

of the city of Ujung Pandang is targctcd as the service arca, The location of |
* treatment plantis in Pampang,

~ In peinciple, thc sewerage service area will be covered by three (3) sewerage

collcction system, namely small scale sewer system, ordinary sewer system and
interceptor sewer system. Technical criteria of applicability of collection system is
shown below.

- Small scale sewer system

The area where houses have enough space, with width between the front of houses

~and road is more than 3 m or the road has pedesirian walkway of at least 1 m

width.

- Inlerceptor scwer system

Area with temporary housmg, area of potential redcvclopmem or arca of poor
accessibility (road width Jess than 3 m)

In addition, mtérceptor seivice area is not expected lo contribuie 1o cost recovery.
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The extshng tand use of the proposcd site for treatment plam is_fish pond.

_ Accordmgly, stabilization pond syslcm is adopted as thc simple appropnale _

wastewater treatmient technology.
Southern sewerage sysicm

The service arca of this sewerage system in the southem portion of the priority arca
with predominant residential developments, The coastal part ¢f this arca is planned

- to bo developed as a large scale commercial area.,

Wastewater collection systent would be simp!e; with no pump facility.

The lbc_atioh of treatment plan’l.is in Maccini Sombata. At present, the proposed

treatment plant sile remains as a wetland (swampy area). Accordingly, similar to

- that of central sewerage system, stabilization pond is adopted.

Northern sewerage sysiem

Wastewater collection sysicm of this area is also simple with no pump facility. The
capacity of Lembo waslewater tecatment plant is very limited and consequently this
plant will be abondoned with the cxpansion of service aréa according to the masler
plan. Therefore this system is regarded as a large modutar system and integation
into central sewerage system would be uqum,d beyond the year 2005. Wilh this
integration the land used as the treatment plant in Lembo wilt be relieved for other
uses like residential /commercial development. Still, it is necessary to install a
pump fac;hty in this treatment plant location in Lembo.

As the snmplc appropriaie wastcwater trcatmcnt method and also with due

consideration to the temporary naturc of the treatment plant, ‘stabilization pond

system is adopted.
Measure to promofe house connection

Expericnces of sewcragc dcvelopmcnt in other Tndonesian cmes shows that the
number of house connection to sewerage system is still far from satisfactory inspitc
the strcnuous efforts of responsible organization including interest free loan
scheine. To dvoid his undesirable sitvation house ¢onnection sewcrs will be
implemented by the public scctor as a direct project component. Ia paral!cl with
this hardware measure, campaigh and enforcement for promotion of house
connection shall be executed in order to get consensus of construction work inside
housing fot. B ' '
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3.2.10 Introduction of small modolar system (B/G)

8Y)

(2)

- About '50._ houscholds comprising about 250 people is planncd to be scrved by this

small modular system (B/G) (hercafter called as SMS (B/G)). Blackwater and
graywater from houscholds are carried through smatl scale sewer collection system

16 a septic tank or Package Wastewater Treatment Plant treatment plant,

 Installation of SMS (B/G) can be faster way in waslewater managément, comparing
‘large modular system or conventioftal sewerage system, though the service arca is
limited. The system secms an attractive option for wastewater management,

however, it has ot yet been introduced and demonstrated in Indonesia. Therefore
introduction of the system shall be first conducted as a pilot project. The result witl

- be studied in both technical and managerial aspects including operation and

maintenance. If it could be _WeH organized and operated successfully, introduction
of SMS (B/G) project in a wider scale could be promoted.

Pilot project of SMS (B/G) using septic tank

SMS (B/G) vsing seplic .tank will be studied for inslaliation at five (5) sites as
shown in Fig. 5.22. '

Required arca for septic tank is about 10m x 20 m.

Organization in charge of operation and maintenance shall be ascertained with -
_agreement before the implementation of this pilot project. Service charge of
beneficiary and responsible organization for operation and maintenance shall be

cstablished and the agreement shall be contracted. The tcsponsibic organization for
O/M may be the bencficiaries in cooperation with LKMD and/or NGO.

Pilot project of SMS (B/G) using Package Wastewater Treatment Plant

SMS (B/G) using Package Wastewaler Treatment Plant' will be studied for
installation at one (1) site as shown in Fig. 5.22.

Required area for Package Wastewater Treatment Plant is about 4 m x 15 m.

The conditions related to organizalioﬁ responsible for OIM are same as SMS {B/IG)
using septic tank. :

The system is planncd in a high income residential acea and the Package
Wastewater Treatment Plant (reatment system'is plarined to be'placed at Tamang

Safari park. 'The trcated efflucnt (a secondary treatment Jevel) can be reused at the
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3.3.1

3.3.2

park for irrigation or other non pottable uses.

It woutd scrve as a good demonstration for not only wastewater treatment but also
reuse of treated wastewater.

Master Plan up to 2018

~ Basic strategy

Master Plan for wastewater managemcm up io the ycar 2015 shal bc formulaled to
achieve CL in the whole Study Arca.

Since short term waslewatcr management plan up to 2005 is dezcrmmed and

described in foregone section, this section describes wastewater rnanagement plan
from the year 2006 until 2015 as a second stage plan.

Based on the CO‘me_létibn between water quality and_spcciﬁc pollution load discharge
shown in Fig.5.12, required water quality standard for CL, 30 mg/¢ as BOD, can

~ be obtained where specific poltution load discharge is less than 1.8 kg BOD/day/ha.

Consequently basic strategy for formulating master plan for wastcwater
management consists of following three (3) steps.

i) To demarcatc the most recommendable technical options, based on the
- characteristics of each area, which can reduce poliution load discharged to
environment to a level less than 1.8 kg BOD/day/ha.

ii) To find out schemes for each agea to be seﬁcd by' the most recommendable
* technical option. '

iii) To optimize public sector project schemes so as to maximize private sector
. participation.

Dcmancalion of Sludy Ara

The criteria for demarcation of short term plan can still be applicd to formulate
Master Plan with the inclusion of additional criterion that the specific polluuon load

~ “discharge shall be }ess than 1.8 kg BOD{datha. A_ccordmgly, even with proper

treatment of blackwater in on-site system of leachng pit/septic tank with teaching

 field, this criteria of achieving CL can only be met when the generated pollution

load deasily from all sources other than blackwatér less than 1.8 kg BOD/day/ha.

~ Por those aroas exccedlng the sepeciﬁc pollution load gencrahon of 1.8 kg



3.3.3

BOD/day/ha form all sources other than blackwater, in principle, further treatment

of this waslewater is neccssa:y Such further treatment can be pracucallly achlevcd
- with sccondary treatment of whole wastewater,

It is noted that the rapid increase of population in suburban area will be caused by
devetopment of large scale housing estates. In other words, most of population in
such an area will be confined to large scale housing estates. As alrcady mentioncd

in shost term plan, large scale housing estates shall be covered with developer

modular systems,-which teeat both blackwater and -graywater to secondary

treatment tevel, Accordingly, demarcation of areas suited for leaching pitand septic -

tank with leaching ficld can be based on the data cxcludln I lhe estimated targe scale
housmg estales.

Based on the estimation of pollution load generation as BOD in 2015 and the
considerations mentioned above, leaching pit or septic tank with leaching ficld

Ieeatin g only blackwater ¢an be applied in quite large pait of suburban area,

Specific poltution load discharge by Kelurahan in 2015 excluding the cstimated

* large scale housing estates is shown in Table 5.20.

Distribution of specific pollution load discharge by Keturahan in 2015 excluding
the estimated large scale housing estates is shown in Fig. 5.23.

It is noted that in such a suburbar area with specific pollution load gencration from

all sources other than blackwater is less than 1.8 kg BOD/day/ha, the population

density is less than 100 pérsons/ha.

Corfclétion between population density and specific pollution load discharge in’

2015 is shown in Fig. 5.24.

Accordingly, demarcation of the area belween leaching pit and septic tank with
leaching ficld could be made entirely based on the critical depth of gioundwater
table level, as per the shost term plan described in section 3.2.2.

" On the other hand, remaining area shall be served with off-site system t0 obtaina - -

secondary trealment level tlmrcby attaining the CL.
Schemes for each area

Basically the schemes of master plan are continuous dcvclopmcn_t of the sho_ﬂ term
plan.. The short term plan has already provided the basis of wastewater
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(1)

2

(3)

O]

managemenl like a msponsnblc institution, nccessary guidelines and mgtllalrons and

' wastcwater treatment plant which is ap plicable even in !ong term.

--Thc entirely new schcme is the integration of modular syslem into conventional
- sewerage system. This integration wili be necessacy for all modular systems

located within the conventional sewerage systecm development area.

- Zoning of wastewaler management in 2015

The praposed off-site system development arca is determined consid(:ring land use
and geographical and topographical conditions in addition to demarcation
mentioned above,

As a conclusion of this section, Fig. 5.25 shows the zoning for wastewater
management master plan. '

Improvement plan of on-site system
Monitoring system

As a sccond stage of master plan, the monitoring system introduced in the priority
area of short term plan shall be extended 1o the whole Study Arca.

Seplage collection

Required number of opecational vacuum teucks, €ach of capacity 3 m3, is estimated
as follows, based on the quantity of scptage (o be. desludged. Fteqncn_cy of

~ operation is assumed to be five (5) days/week. The raie of depreciation of a truck

is assumed to be once in five (5) years.

- 21 vnits in year 2010
- 17 units in year 2015

~ Septage treatment

Al Wastcwalcr treatment plants for conventional sewerage systems and Antang

scptage ueatmem plam can treat dcsludgcd seplage.
Developmcnt of 0n~snte syslem

For leaching pit,dévelopment arca and septic tank with leaching ficld development
afea, the guidelines same as shorl torm plan shatl be still of! fective for all new

“houses and any renovation of on-site facilities.
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3.3.7

8))

Basically, same guidelines as short term plan shall be still effective. Nevertheless,
if there is a network of conventional seweragé system in the vicinity, developer
shall directly dispose the entire wastowater (blackwater and graywater). Hence the
instaliation of ones own treatment plant is not nccessary.

To facilitatc integration of developer modular system with conventional sewerage, it
is recommended that responsible institution of wastewater management shall show

the total facility plan of conventioiial sewerage systém to a developer before the

approval of construction of housing esiate. Approval of the developer modutar
system shalt be made only when the proposed modular system is in conformity
with the sewerage development plan. ' '

Sewerage system development plan
Preparation of Alternatives

The objective sewerage development area for the year 2015 covers 5,564 ha located
in the western part of Ujung Pandang city.The objective area is shown in Fig.

©5.25.

The Exlsung populahon and wastewater gcneratlon of the objcchvc arca are
866,200 persons and 64,400 1113Iday, and in the year 2015 are estimated at

- 1,340,600 persons and 238,000 m3lday. respectively. The basic dcsngn

information in the objective area is shown below and details are shown in Table

- 5.21.

Sewerage Zone  Service Wastaler Groundwater Design Flow
' Generation  Infittration {m3/day)
(m3/day) {m3/day)

Northem Zone 1,104 48,700 4,900 53,600

" Cenral Zone 867 57,600 5,800 63,400
E-Northern Zone 880 23,900 . 2400 . 26,300
Southem Zone  S71. . 31300 3,700 41,000

* E-Southem Zone 2,142 70,600 7,100 77,700
Total 5,564 238,100 23900 - 262,000

“The objective area is divided into five (5) zones, which could be covered with

independent sewer networks, Based on c’ombination with these five (5) zone and
three (3) poteniial site for treatment plant, the following three (3) alterndtives are
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cslabllshcd as possible scwer networks Thesé altematives arc as foltows.

- Allernative - 1 : The single large scale system (One 4] tmalmcnt p]aht)

The whole off-site area to be served with the Pampang wastcwater treatment plant
(Potential site No.3).

Altcmalwc 2: The medium scale syslcm (Two (2) trpalment plants)

Northern, Central and East-Northern Zone to be. served with the Pampang
wastewater treatinent plant (Potenual site _No.3)

Southern and East-southem zotie to be served with the Maccini Sombala treatment

plant (Potential site No.2).

Altemative - 3 : The mediurm and small scale system _

2)

)

(Threc (3) Treatment plants) -

Northem, Central and East- Norlhcm Zone to be served with the Pampang
wastewater feeatment plant (Potential site No.3)

Southern zone to be served with the Maccini Sombala treatment plant (Polen’tiél sile
No.2). '

East-Southern zone to be served with the Bagun Sar treatment plant (Potential site
No.5}). '

These alternative sewer systems are shown in Fig. 5.26 ~528.
Design Criteria

Sewerage system is composcd of collection system and treatment plant.

~ Collection System

Sewer networks are dcsignéd based on following criteria;
i) Peak I'low I‘actor

The following formula is adopted to estimaté peak ftow factor to daily average

waslewaler discharge.

F = 4.02 (0.0864Q) 0134
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where,

F: Peak flow factor to daily average wastewater discharge exchiding

groundwater infiltration
Q: Daily average wastewater discharge in Us
) Groundwater Infiltration

Groundwater infiltration including usiexpected sieface water intrusion is assumed
to be 10% of daily average wastewater discharge, '

The ﬁrdpdscd critéria of this Study considers a groundwater infiltration of 10% of
daily average wastewater discharge into scwer system.

iii) Flow Velocily

In calculation of flow velocily, the Manning's Formula is applied for gravity flow .
The minimum velocity is 0.6 m/s and maximum velocity is 3.0 m/s.

The Manning's Formula is shown bclow.-

vV = 1 R¥3,12
n
where,
Y Mean velocity
‘n - Roughness coefficient
R Hydraulic radivs
| Hydrautic gradient

iv) Allowance of Sewer Pipe Capacity

Allowance of scwer pipe capacity to design peak discharge is determined as
follows. :

Sewer Diameter (mm) Altowance (%) -
$100-300 100
¢ 350 - 80D 50
Larger than ¢ 900 30
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v) Depth of Sewer Pipe Laying .

The minimum caith cover depth for laying sewer pipe is 1.0 m and the maximum

is approximately 6.0 m.

2) Treatment Plant

bl ‘Proposed Treatment Process

The proposed treatment system is adopted to consider the following viewpaints;

Low cost of construction and operation/maintenance
Simple operation/maintenance

Low sludge production (flexible studge management)
Low impact for environment

The flow diagram of the proposed trcamenl'proccss is shown below.

Influent ~&— § | IP — AL - EP -1 M.P - Effluent
) :
S.L [-—¥%" Disposat
S : Screen
LP Inflow Pump
AL Acrated Lagoon
E.P Facultative Pond
M.P : Maturation Pond
S.L Sludge Lagoon

The weatment facilities size aré calcutated based on be!ow'formulas;

ii) Acrated Lagoon

a) E[ﬂj!ﬁnLBQD,i

Le= T+kt +095-x
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where

@il

X 1 +kbet
Le cfltuent BOD3 in mg/i
i influent BODg in mg/i
k : first order rate constant for soluble BODS5 reduction in day'l
t : retention time in day (minimum retention time is 2 days) i
X : concentration of mlcroorgan ism in reactor (mgll)
Y : yield cocflicient of iicroorganism -
kb death rate coefficient of m:croorgamsm in day‘l

b)  TFirst Order Rate

k=5x(1.03571-20

where
k first order rate in day~1
T design temperature °C; (25" C)

k =5 x (1.035)25-20 = 5.9 day-!
iiij) Facultative Pond .

Two (2) forravlas of required sutface area for facultative pond are applied to
“calculation by effluent BOD and by BOD loading. Based on the results of
calculation by two formulas, the wider required surface area is adopted. '

a) . Required Surface Area by efflueni BOD |

- Qi(Li- Le)
18D(1.05)1-20

n

where
. required surface areain m2; wanted
design inflow in m3/day; given
inflow BOD5 in mg/l given o
effluent BODs inmg/l; (50mgh)
depih of pond in m; (1.5 m)
design temperature in °C; (25°C) given

-aw;-kr:.g>
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b) - Required Surface Arca by BOD Loading

L Gixli
A= B 1
Is = 20T - 120
where
A required surface arca in @2; wanted
Q design inflow inm¥/day; given
Li inflow BODs inmg/l given
s design BOD loading in kg/day/ha
T : design temperature in °C; (25°C)

s = 20 x 25 - 120 - 380 kg/day/ha

iv)’ Maturation Pond

Minimum 2 ponds and each with retention time of 2 days.
v) Sludge Lagoon

a)  Required Surface Area

Qs
N= D md
where
A required surface arca in m2
Qs design destudging quanlity in m3/year
D depth of pond in m; (2.0 m)

b)  Design Desludging Quantity

Qs=Us x Sp
where _
Us * annual per capita sludge accumulation
' _ (0.04 m:f_‘lcapi_lalycar ) '
" Sp : served population (person)
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2)

Cost Estimation

Cost cstimation for comparative cvaluation of aliernatives is composed of

Construction cost and operation/maintenance cost.  Construction and
operation/maintenance cost are estimated as follow.

Construction Cost

Total construction cost for three (3) altematives is estimated , the bréak-down of
which is shown below. '

Alternative - I (The single Jarge scale system) ' (Unit : Rp. billion)
Collection sewer ' : 556.4
Main sewer ' : 55.1
Lift pump station _ ot 9.7
‘Treatmeni plant e : 43.1
Tolal 664.3
Altemnative - 2 (The medium scalc s_vs(em) ' __(Unit : Ry. billion)
Collection sewer : 556.4
Main sewer : 55.6
Lift pump station : 7.5
Treatment plant. : 49.5
“Total | 6690
Alernative - 3 (the medium & small scale system) (Unit : Rp. billion)
Collection sewer : 556.4 |
Main sewer o 54.0
Lift purp station : 4.5
Treatment plant 3 : 52.1 .
~ Total 667.6

The details of construction cost by each sewerage zone is shown in Table 5.22,
5.24.

Opcration and Maintenance Cost

Annual opretion/maintcnance cost is eshmated by 2 % of constmcuon costs and
Annual opreti on/maintenance cost is as follows. '
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Operation and Maintcnance Cost | - {Unit: Rp. billion/year)

Alertative- 1 : : 13.3
~Alternative - 2 : 134
_Altemative - 2 . i 13.4

(4)  Comparison of alternatives

The construction and ansival operation/maintenance cost of the three (3) altemative

syélc‘ms arc compafed&sfblloWs. S o S
Construction Annual O&M

- Alternative system
. i o “(Rp. biltion) - (Rp. billion/ycar)
Alemative-l 6643 13.3
“(The single large scale system) | -
Allemative-2 669.0 13.4
~ (The medium scale system)
Altemative -3 | 667.6 13.4

(the medivm & small scale system)

The above results of cost estimation indicates no significant cost difference among
the three {3) altcrnatives, Consequently, Alternative -3 is proposed as the sewerage
syslem for in this area based on the following reasons. '

- Compatibility with the short term sewerage development plan
- Advantage of sewer networks (from the viewpoint of lower earth covering
depth and smaller number of lift purap stations) :
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4.2

1)
2
3

Feasibility Slud_y

Plamning Frame

All project components identified for feasibility study are located within the priority
arca, that covers the highly urbanized old town area and its surroundings. The
location of priority arca aiong with the identified project components of feasibility
study, based on the Master Plan until the yéa'r 2015 delineated in the forcgonc
chapter, are shown in Fig. 5.22. ' | :

The basic plann'ing frame of .thc priority area with rc_speét to population, population
density and wastewater and pollution load gencration as delineated between existing
and planning frame (until the feasibility target year of 2005) is tabulated below.

Planning Frame of Priority Area (Area : 2542 ha)

Item | Existing Condition |~ Planning Frame -
B | (2005)
Population o : 587,800 725,300
Population density (porson/ha) ) 285
Wastewater generation (m3/d) 45,200 119,100

Pollution load generation (kg/d) 13,900 27,820

Feasibility Project Components "

The project components of wastewater management for feasibility study until the
year 2005 is comprised of both on-site sanitation improvement as well as off-site
sewerage developmeat including pilot projects.

These feasibility projects are categorized into three (3) major sectors as given
below.

Sanitation improvement project
Sewerage development project
Pilot project

The Sanitation Improvement Project, which will be accomplished until the year
2000, has two (2) project components as briefed below. '
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(2)
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Provision of accessnblc toilet facilily to no toilet population living in slum arcas. As
the means of provtdmg accessible hasic sanitation facility (toilet), small modu?ar
system trcaling blackwater (SMS (B) fcommunal scpllc tank) or public toilet
(MCK) is adopted. Moreover, rehabilitation of existing but malfunctioning public
toitets is also included.

Improvement of existing septage management system with the precurement of
additional vacuum trucks for desludging and improvement of access road to the
Antang septage teeatment plant,

The Sewerage Dcs_fciopmcnt Project has three (3) independent projcct components
as delincated bc'[ow (ref, Fig. 5.22).

Large modular sewerage development pro;ccl with its service area at northern part
of the Priority Arca, the Northern Scrwoe Arca, “The location of treatment plant is
near Planampu Canal in Kel. Lembo. This systcm is referred to as “Northern
Sewerage System”.

- Conventional sewerage development project with its service area at centeal part of

the Priority Area, the Central Service Area. The location of treatment plant is near
Sinasara-Tallo River in Kel. Pampang. This systein is referred to as “Central
Sewerage System”’. ;

- Conventional scwerage development projcét with its service area at southern part of

the Priority Area, the Southern Service Area. Thc location of treatment piant is near
Jongaya Canal in Kel. Maccini Sombala This system is refemwed to as “Southem
Sewcrage System”. :

The Pitot Project is to develop on a pitot scale, smalt scale sewerage systems at six
(6) locations in the Priority Arca. The locations of pilot project arca shown in Fig.
5.22. Population served with each component of pilot project varies in the range of
about 300 and 900 persons, with an average of about 500 persons (90

' households).

All the above pno;ecl componems dchneated on the sectoral basis of sanitation

'? improvement project; sewerage development project and pitot project, including

theie lechmc_al considerations, preliminary design details and project cost are
elaborated in the subsequent sections. '
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- Sanitatlon Improvement Project

‘The two (2) project components, namely, provision of accessible basic sanitation
(toilet) facility in stum areas and improvement of septage management, that are
slated for urgent implementation until the year 2000, as appropriate, are delineated
below.

Basic sanitation facility for slum arca

The project works include both rehabilitation of existing, but malfunctioning pubic

toilets (MCK) and the provision of sew public toilets.

It is emphasized that both the sehabilitation ard provision of new public toilets is
subjected to the condition that a responsible organization to ensure proper operation
and maintenance of a system, comprising of intended users of the system (public

‘toilet), could be established, as the prerequisite.

Rehabilitation of raalfunctioned public toilets (MCK)

© At present, based on survey conducted by the Study Team as described in seciion

1.1.1, there exists a total of 204 public toilets (MCK) in the Study Area; Most of
these public toilets are tocated in slum areas. Morcover 59 of these public toilets
malfunctioned (ref, Table 5.1).

The proposcd urgent project that would be accomplished until the year 1998 -

includes the rehabititation of these 59 malfunctioned public toilets (MCK).I

‘ Prdviéion of new public toilets (MCK)

As the means of climination of: population with no access to sanitation facility

(toilet) a total of 66 public toilets (MCK) will be constructed, in principle, until the

~ year 1998 in slum areas.

Number of these new public toilets according to the respective Kelurahans are
shown in Table 5.26. Selection of these Kelurahans for the provision of new

public toilets (MCK) was made based on interview survey conducted by the Siudy
Team, concerning both the requirement and availability of tand space for the

-~ provision public toilets (MCK), targeting the heads of Kelurahan (Lurahs).

Typical public toilet (MCK) proposed as new sanitation facility is shown in Fig.
5.29. One public toilet is intended to serve 20 households.
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It is noted that communat septic tank, denoted as small modular system:treating
blackwater (SMS (B)), insicad of 'public toilet (MCK) is steongly recommended,
providéd the following comh tions are satisfied at a se!cctcd location. |

Intended stum residents have their own toilets, but with no treatment, or they have
the willingness and affordability o construct oncs own toitet. In other words,

provision of ones own tonlet could be guaranteed.

The proposed location of the comimunal septic tank, which shall be prowdcd with
leaching field as far as the tocal COT]dlthﬂS permit, is topographlcally favorable, so
that the wastewaler (toilet wastcfbl ackwater) from all the intended houses could be
conveyed throﬁgh pipes by gravity to the septic tank.

An agreeraent could be reached with the mtcnded slum residents concerning the
financmg and layout ahgnmenl of conveyance plpes from houschold toilets to
septic tank,

ILis recomménded that every effort shall be made to the provision of SMS (B)
(communal septic tank) instead of public toilet (MCK). This is ducto the fact that
users of SMS (B) can enjoy the convenience of having their own private toilets in
the housing lots, thereby ensuring the effectiveness of the usage of provided
facility.

Improvenicat of septage management

The project works of septage management improvement is comprised of two (2) -
segments, ‘They are as follows. : :

Procurement of additional vacuum trucks on regular basis conforming the variation
in the quantity of desludging with time, until the entire planning frame of Master
Plan up to the year 2015. This is to ensure the continuation of improved
dcsiudgmg service not only until the feasibility project frame of the ycar 2005, but
atso lhe enlire plannmg frame ol‘ Master Plan, |

' Improvemcnt of the access road to the existing Antang seplage lreatment plant, as

the urgent prolect tobe acoomplsshcd until the year 1998.
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1) Procurement of additional vacuum trucks

Ttis proposed to improve the management of desludging service from the present
practice of user request based desludging (request system) to planned desludging at
regular interval (visit system). o

Accordingly, the requirement of vacuum trucks is estimated based on the following
basic assumptions.

:i);

Rate of septage accumulation is 18 li'_te:rlperson!year, assuming only

 blackwater is treated in an on-site facilily (septic tank/lcacling pit), _

ii)
iii)

iv)

vii)

" viii)

Capacity of typical septic tank/leaching pit of a houschold is 1m3,
Number of inhabitaiits in a typical household is 5.5 persons on an average.

An on-site facility will be destudged completely once the accurmulation of
seplage reached 50% of the capacity of the facility (0.5 m3).

Capacity of a vacuum truck is 3 m3, same as the present ones,

Opcerational cycle (frequehcy of operation) ofa vacuum truck to treatment plant

is three (3) cycles in a working day, on average. Morcover, during each cycle

of operation three {3) on-site facilities (houscholds) are desludged. Tn other
words, service level of a vacuum truck is 9 houscholds/day. .

A five (5) day work week is the operational sequirement of desludging service

(operation of vacuum trucks). Accordingly, the annua} working days would

be 260 days.

Stand-by allowance of vacuum trucks is 20%.

Under the above basic assumptions and also with due consideration o the decrease
in population requiring desludging service in tandem with the provision of

conventional sewerage service with direct house connection sewers, according to
the sewerage development plan of the Master Plan, the requirement of vacuum
trucks for desluding service for the whole study area is estimated as shown in the
Table below.
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‘Requircmiont of vacuum tnicks (1995 ~ 2015)

capacity of truck s 3m3

Vear _ 1553000 "] TI005 2010|2013
Total poputation 14 650 000 | 1,270,000 | 1,520,000 | 1,870,000 | 2,200,000
Population of G e _
desludging 1,090,000 | 1,122,800 | 1,363,000 | 1,088,000} 859,000
Quantity of : T mren - : _
Qo | 30780 | 4220 | 49140 | 39780 32,760
(m3/annuin) g o __
No. of vacuum '

O A 25 | 20 .| 17

As evident from the above table, the required vacuum trucks of 3m? capacity in
1995 becomes 20, which is much higher than existing vacuum trucks under
operation of only four (4). Ttis also noted that the above estimation is valid only if
the existing destudging system, the request system is altered to visit system of
regular destudging. ' ' '

" Accordingly, it is assumed that the implementation of visit system could be fully

implemented by the year 2006. Then a more realistic procuremient ptan of vacuum
trucks, so that the number of trucks in operation by the year 2006 becomes 25 is
proposed as shown below. This procucement plan assumes a depreciation period
of § years for vacuum trucks. '

The proposed procurcment plan for néw vacuum frucks on on annual basis
(1995~2015) is tabulate below.

Total No. of Trucks

Year New trucks/annum
1995~1996 0 (4 : Existing trucks) 0
| 1997~2001 .3 . 15
2002~2006 5 25 ]
2007~2011 4 20 B
| 2012 o -3 3
- 2013 B 4 4
2014~2015 " 3 . 6
Grand Total {Until the year 2015) 13

Conforming the above procurement plan, the aumber of vacuum trucks in operation

(10) year period, until the year 2015 is shown below.
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‘Vacuum Trucks in ()_pcralion (1995~2005)

Yeur | 1995 | 1996 | 1997 1 1998 | 1999 | 2000 | 2001 | 2002 2003 | 2004 | 2005

No. of

Trocks 4. 4 6 8 10 |12 15 ] 17 | 19 21 23_.

Vacuum Trucks in Operauon (2006~2015)

vear | 2006 | 2007 | 2008 | 2000 | 2010 | 2011 | 2002 | 2003 | 2014 | 2015

No. of

ks . | B | # | B | 2 n 20 |9 ]|w ]| 8] W

It is noted thiat the above number of vacuum trucks in opceation is computed on the
assuniplion hat the existing four (4) trucks would depreciate one by one from the

- year 1997, thereby being phased out completely with new trucks by the year 2000.

The depreciation of newly procured vacuum irucks, as alrcady mentioned, is 5

‘years.

Improvement of access road to Antang STP

-The final 1.8 km length of 'lhc access road to the Antang seplage teeatment plant
(STP), the layout of which is shown in Fig. 5.6, remains unpaved. This unpaved

condition of the road makes the access of vacuum trucks to the STP very
cumbersome.

Accordingly this 1.8 km length of the access roaii, shown in Fig. 5.30, will be

- improved to asphalt type pavement as an urgent project until the year 1988,

The effective road width will be expanded to 6m, in order to be in conformity with
the existing 6m width of the paved road, that lics beyond at the 1.8 km distance
from the STP.

1t is noted that until the year 2000, Antang STP will be the only system available
for the receipt of destudged seplage. However, from the year 2001, three (3)
waslewater treatment plants, located at Lembo, Pampang and Maccini Sombala will
commence operation, in accordance with the sewerage development project
delineated in the subsequent section,

Of these three (3) wastewater treatment plants, the two (2) treatment plants of
conventional sewerage system, Pampang and Maccini Sombala lrealment plants

- would reccive destudged seplage as well.

Accordingly, since the year 2001 a total of three &) teeatment plants would be
available for treatment of desludged septage. They arc as follows
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4.4

4.4.1°

) Antang septage treatment plant
i) Pampang wastewater treatment plant
" il) - Maccini Sombala wastewater trcamtcm plant

These three (3) plants would continue to reccive desludgéd septage throughout the

 entite ptanning frame of Master Plan,

The proposcd waslewater treatment plant at Gunuhg Sari, ptanned for operation by

: thc year 2016, is not consxdcred for the receipt of dcsludged septage, since its
commcnccmcnt of operatiol is beyond the plannmg frame of Maslcr Plan (2015).

' Dema'rc'alioi\ of service ared among the thrcc (3) treatment plants, for_ the receipt of
“deshidged septage since the ycar 2001, is proposed as given below. This
- demarcation is made so that the distance of hauhng and transportation of desludging

vacuum trucks coutd be ophmlmd

i)  Antang septage treatment plant -

The scmcc arcas are Kec Bringkanaya and thc.ncan;r area of Kec..P_anakkukang.
i)  Pampang wastewater treatment plant

The service areas are Kec. Tallo, nearer arca of Kec. Panakkukang, Kec. Ujung
Tanah, Kec. Wajo, Kec. Bontoala, Kee. Makassar and Kee. Ujung Pandang.

iii)  Maccini Sombala treatment plant

The Service areas ar Kee. Maﬁso; Kec Mamajang and Kec. Tamalate. -
Sewerage Dcvelopment Project

Project components

The three (3) sewerage project components are, namely, northem sewerage system,
centsal sewerage sysiem and southemn scwerage syslcm.

The bas:c desngn mformauon conoemed to cach of these three (3) sewerage service
area, mcludmg the Kclurahans served along with their respective present and
ptanned population in the year 2005 and the correspondmg guantity of wastewater

" and polluuon load gencrauon (as BOD) abe shown in Tab!e 5.27.

. The significant features common to all three (3) sewerage systems are given below,

- 5-63



Q)

Q@
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The collection system is comprised of a corbination small scale sewers, ordinary
sewers and interceplor seweis (ref, Fig. 5.7 ~ Fig. 5.9). Smalil scale sewer is
applied as the tertiary sewer prior to house connection sewer when the width

between the front of houses and road is at least 3m, or the road has pedestrian

walkway of at least Im width. Interceptor sewers with no direct house connection
is used in areas of poor accessibility and congested areas like slum areas.

Stabilization (Oxidation) pond systom consisting of facultative pond fol?owed with
maturation pond is adopted as the simple wastewater ieedtment system. Tmportant

advantages of stabilization pond are the éase and cconomics of cohstruction,

operalion and maintenance and the insignificance of mechanical and electrical
instaliations. ' '

The salient features, including the pm!iminafy design and cost of facilities, of each

sewerage system are delineated in the subsequent sections.

Design consideration

- Sewerage system is composed of wastewater collection system and treatment plant.

Collection system
Sewer network is designed based on following criteria;

i)  Peak Flow Factor

" The folldwing formula is adopted to estimate peak flow factor with respect to daily
- average wastewater discharge. :

F = 4.02 (0.0864Q)-0-154

where,

F :Peak flow factor to daily average wastewater discharge excluding
groundwaler infiltration _
Q :Daily average wastewater discharge in Ufs

ii) Grousnidwater infiltration

Groundwater in_ﬁltratibn including vnexpected surface water intrusion is assumed

to be 10% of daily average waslewater discharge.
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- The proposcd criteria of this Study considers a grotmdwaler infiltration of 10%
with respect to daily average wastcwater dis‘chargc into scwer system. . '

i) Flow velocity

In calculation of flow velocity, the Maaning’s Fosraula is applied for gravity flow
and Hazen-Williams' Formula for pressure flow. The miniraum velocily is 0.6 m/s
and maximum velocity is 3.0 mJs,

' The Manning's Formula is shown below.

o 1owmn
V = nR 1

where,

V  :  Mean velocity

N Roughness coefficient
R : Hydraulic radius

I Hydraulic gradient

Roughness coefficient {n) is assumed as follows:

Pipe Malerial Roughness cocfficient
RC Pipe 0013
'PVC Pipe. ~ 0.010

_ The H_azcn-Williarhs' Formula is as foilows.
V=0.84935 ¢ R0.63 10.54
where,

V  :  Mean velocity (m/s)
C Coefficient (C=110)
R ¢ Hydraulic radius -
| Hydraulic gradient

The winimuin velogity of 0.6 m/s is determined to prevent sediment deposition and
to minimize sulfide formation in sewer pipes. The maximum velocity of 3.0 /s is
adopted to prevent erosion of the pipe material.
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iv)  Allowance of scwer pipe capacity

Al_ldwhncc of secwer pipe capacity to design péék'diécharga is determined as
follows. '

Sewer Diameter (mm) Allowance (%)
g 150 -300 | 100
¢ 350 - 800 : 50
Larger than ¢ 900 30

v) Depth of sewer pipe laying

The minimum earth cover depth for laying sewer pipe is 1.0 m and the maxisnum
is approximately 6.0 m,

Treatment plant
Treatment process

Stabilization pond is adopted as the wastewater treatment pro'cc'ss with due
consideration to the following aspects.

- Low cost of constauction and operation/mainlenance
- Simple operation/maintenance |

- Low studge production (simple/flexible studge managemcnt) .

- Minimum impact on environment (in harmony with natural cnvir’o;imcm)

The flow diagram of the slabilization pond treatment process adopted is shown
- below,

lafivent -@-Ls_ L 1P | FP [ MP |8 5w

S.L [ =¥ Disposal
S : Screen
LP : Inflow Pump
F.P : Facultative Pond : _
M.P :  Maturation Pond (minimum of two ponds in sexies)
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S.L : StudgeLagoon (minimum of two cells)
The capacity of teeatment facilities are determined based on the following formulas;
i)  Facultative pond

Two (2) formulas to determine independently the required sucface area for
facultative pond are appicd. One formula is based on the required efflucnt BOD,
while the other is based on the allowable surface BOD loading. Based on the
resulis of both formulas, higher value is adopted as the required surface arca.

a) Required surface area bascd on cfflugnt BOD

Ao —Qilli-Le)
A= .05 120"

‘where

A  required surface area in m2; to be defermined
Qi : designinflow in m¥day; given
Li : inflow BODsinmg/l given
fe :  effluent BODsinmgl; (S0mgl) -
"D : depthof pondinny (1.5 m)
T :+ design tempei'alurc in °C; (25°C) given

b) Required surface area based on allowable BOD loading

Az QiXLi_
Is
1s=20T- 120

where

A required surface area in m?; to be determined
Qi : designinflow in m¥day; given
i

. inflow BODj; in mg/l given
Is : allowable BODs loading in kg/day/ha
T : design emperatuce in °C; (25°C)

Is = 20 % 25 - 120 = 380 kg/day/ha
ii) Maiuration pond -

The desiga of mamration_ pond is bascd on the required bacterlal treated cffluent
quality as fecal coliforms. o
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2) - Retention time in facultative pond
e
Q
where
tf @ relention time in days _
Qo : volume of facultative pond in m3
Qi '@ design inflow in m3/day

b) mm@mm@mmﬂumm;

{1+Kbstf){1+Kbetm)h
where
N : number of Fecal coliform colonies in cffluent in N/100 ml ;

(required 2 x 10 : Source - River qualily standards of DKI Jakarta
{Governor's Decree No. 1608,1988))
Ni : number of fecal coliform colonies in influent in N/I00O ml ;

(4 x 107) .
‘Kb :  first order rate constant for coliform reduction
Kb=26x (L1950 =62 | &

tf  : retention time in facultative pond in days
tm @ retention time in maturation pond in days
n : numbers of maturation pond (2)

" ¢} Required surface area
i
A= —OLD—“ (m2)
where
A : required susface area in m?2

Q  : design flow in m3/day
tm : retention lime in maturation pond in day

iif) Sludge lagoon o &
a) Desigo sludge accumulation in facultative pond
Qs=Us x Sp.
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n
1)

where

" Us : amnval per capita sludge accumulation
(0.04 cu.m/capita/year )
Sp : seceved population (person)

b)  Capacity of studge Jagoon
Design capaéily of sludge lagoon is based on the foilowing aspects,

— Minimum of two (2) cells will be provided
— Alagoon will be loaded only once in a yeas
_  Sludge drying period in a tagoon is 4 months, during dry season only

 — . Effective depth of studge in the lagoon in 2m

Northéen sewérage sy‘stem :

Large scale modular sewerage dcvclopment is planncd in the northern part of the
priority area with ﬂs lreatrnent plant at Lcmbo This is a teshporary system, and

~ planned to be mcorporatcd into the Central Sewerage Systcm with its treatment

plant in Pampamg, as per the snaster plan, in future.
Sewerage service arca
Service area and served population

The scrvice area of this large scale modular sewerage development covers an area
of 73 ha. This sewerage system is showa in Fig, 5.31. '

The sewerage development arca covers 4 Kelurahan as follows;
Kel. Mampu, Kel. Malimongan Tua, Kel. Malimongan and Kel. Totake

The cxisting population in the sewerage service acca in 1992 is 21,100 persons,’

and the served population in 2005 is 22,900 persons.

The existing population density of the sewerage service area in 1992 ranges from

- 120 personsha in Kel. Totake to 399 person/ha in Kel Mampu with an average of

289 person/ha. The population density in 2005 is estimmated at 313 person/ha on
average. '

"The sewerage service area and served population of each Kelurahan are shown in

Table 5.27.
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Wastewater and pollution load generation

-_'I‘he'exis(ing wastewaltcr gencration in the sewerage service area is 1,700 cu.ﬁu’day,
and in the ycar 2003 is 5,000 cu.m/day.

The existing poliution load generation in the sewerage service area is 612 kg/day as
BOD and in the year 2005 is 1,133 kg/day.

The wastewater and pollution load genéralicn of each Kelurahan are shown in
Table 527. |

Collection system

The wastewater collection system consists of ordinary collection sewee, small scale
coltection sewer and inlerceptor sewer, and their shares in the service area are 20.8
%, 66.3 % and 12.9 %, respectively. -

The total length of collection sewer network is about 2700111, with its diameter in
the range of 350 ~ 700 mm, The carth covering depth is mostly in the range of
2 ~ 4 m. The relevant details could be referred to in Table 5.28.

Theic is no lift pump in the collection system. In other words the collected
wastewater is conveyed through gravity only up to the treatment plant, @3

Treatment plant

.Exiéling condition

The existing condidon of treatment plant site is as foflows:
i)  Location

The proposed treatment plant site is pond area, located in Kel. Lembo of Kec.
Tallo. The west side of treatment sile borders Canal Panampu, and the norih side is
at about 600 m distance from JI. Tinumba (cef. Fig. 5.31).

ii) Landuse é%
The exfslin’g land use of treatment sitc is wetland (Swam'piy area).
iii) land elevation

The existing land elevation is as follows:
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" Tighest ¢levation i 430m MSL
Lowest elevation i +0.5m MSL
‘Average elevation : + 1.5 m MSL

The crown elevation of Canal Panampu in this arcais + 1.9 m MSL. The high tide
of Makascar Port is + 1.0 m MSL and the design high water level of Canal
Panampu is + 0.56 m MSL (source : Proyek Drainasi Kota Ujung Pandang. Nov.
1989). :

*iv) Sub-soil characterislics

The profile of bore logs at two (2) locations of the treatment plant site, drilled to a

“dépth of 30mi, is shown in Fig. 5.32. Bascd on this bore log data the sub-soil

characteristics are as follows:

- Poor'ly' graded fine ‘szind"of 100s¢ to medium dense, in the top layer between
grouind surface and 4m fo 8m deplh. '

- High plasticity clay ranging from very soft to hard, in the medium fayer
between about 6m and 20m depth,

- Low plasticity hard and cemented silt in the base fayer of more than 20m
depth. (up to 30m). ' '

v) Condition of the discharge river/canal

‘The treated wastewater is discharged to Canal Panampu. The design dramagc
capacity of Canal Panampu is 30 cu.m/sec. ' '

Existing condition of water qualily in this canal is highly polluted as shown below.

BOD 52 mpA
Fecal Coliform 4.3 x 104 100ml
' (sou’rcc : Water quality sampling by JICA at Jl. Mesjid Raya, Aug.1994.)

Dcsngn waslewawr quantity and qualily

The design wastewater quamny of inf‘lucnl (o treatment plant is determmed by
waslcwater gcnerauon in 2005 along with groundwater infiltration into sewer
system Gioundwater infiltration is assumed as 10% of design wastewater
discharge into sewer system.
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Design wastéwater generation in 2005 | 5,000 m*/d
Groundwater infiltration (10 %) : - 300mYd
Inflow to treatment plant D C5500m¥d

The influent wastewater quality to trcatment plant is cstimated as 210 mg/l in
BOD35, while the efftuent water guality requirement is 30 mg/l as BODS.

Treatment system

The _deSign of treatment plant struclures are catégorized into lWO(ZE) systems of

inflow pu'mp station and slabilizaﬁon pond treatment system.

- The mqulred area for lhc treatment plant, as per the fcamb:hly project until the year

2005 is about 6 ha,

The capacity of treatment facilities are determined_bascd on formulas as illustrated
under design considerations of Section 4.4.2 The design capacities and other
relevant details are summarized in Table 5.29.

iy  Inflow pump slation

The inflow pump station of treatment plant consists of initial bar screen followed
with the pump facilitics.

Pumptype: Veriical Axial Centrifuge Pump -
The design hydraulic pump head: 58m

i)  Stabilization pond treatment system
a)  Facultative pond

Design treatment capacity is 5500 m/d.
Design volume of ponds is 44,800 m>,
(required surfacc area is determined based on allowable BOI) loading)

Detention time : 8.2 day
Effectivedepth: - I I5m

(with additional 0.5 m depth for digested sludge storage)
Effective dlmensmn of ponds (2 No. ponds in parallel); o

250 m(L) x 65 m(W) x LS ra(D) x2

Sidc stope: Bt
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)

'b) * Maturation pond _

Design volume of ponds is 17,400 m?, -
Detention time ;- 3.16 day -
Effective depth ; 1.5m
Effective dimension of ponds (2 sets in parallel)

82 (L) x 29 m(W) x 1.5 m(D} 2 scts x 3 pond scries
Side slope: ' N B

Sludge treatment facility is not instalted in this treatment plant. When necessary,
studge removal in the facultative pond shall be executed by vacuum truck and
transported for {reatment in the Pampang frcatrient plant of central sewerage
system. ' i

The layout of treatment facitities designed is shown in Fig. 5.33.
Central sewerage syslem

_Convemional sewcrage dcvclopmem for central area is planned in the central part of
the priority area.

Sewerape setvice area
Sewerage service area and s¢rved population

The sewerage development systeﬁl_f()r central area in the year 2005, showa in
Fig. 5.34, covers an area of 435 ha.

The sewerage dgvélopmcnt area covers 19 Kelurahan as followsP; -

- Kel. Lanang Banggi, Kel. Barona, Kel. Baru, Kel. Bulo Gading, Kel. Pisang
Utara, Kel. Pattunuang, Kel. Endeh, Kel. Melayu Baru, Kel. Bontoala, Kel.
Bontoala Tua, Kel. Gaddong, Kel. Bontala Parang, Kel. Wajo Barn, Kel.
Tompo balang, Kel. Baraya, Kel. Maccini, Kel. Maccini Gusung, Kel. Mal
Baru, Kel. Timungan Lompoa.

The existing poputation in the sewerage service area is 107,200 persons, and -
served poplation in 2005 is 130,600 persons. '

The existing populatio'n'dcnsily of ihc sewcragé servioé arca in 1992 ranges from
69 person/ha in Kel. Barit to 529 person/ha in Kel Barona with an average of 246
person/ha. The population density in 2005 is estimated at 300 personfha on
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average.

The scwcragc seérvice arca and served population of cach Kehirahan ace shown in
Table 5.27.

Wastewater and pollution load generation

The existing wastcwater gche'ra’tidn in the scwcragé service area is 9,600 cu.m/day,
and in the ycari 2005 is 26,000 co.m/day.

The existing polluuon load gencration in the sewvragc service area is2 79[ kg/day
as BOD and in the 1 year 2005 is 5,815 kg/day. '

The wastewater and polution load gencration of each Kelurahan are shown in
Table 5.21.

Collection system

The collection system consists of ordinary collcciion sewer, smali scale collection
sewer and inteiceptor sewer, and their sharcs in the service arca ate 10.6 %, 715.6
% and 13.7 %, respectively. '

The total length of collection sewer network is about 11870 m, with its diameler in
the range of 350 ~ 1100 mm. The earth covering depth is mostly in the range of
2 ~ 6 m. The relevant delails could be referred to in Table 5.28.

There is one lift pump station in the collection system located in Kel. Karuwisi
Utara (Kebun Binatang, J1. Urip Sumaharjo),

The proposcd lift pump fécility is shown in Fig. 5.35. The pump l‘acility proposed
is comprised of four (4) units as follows.

— 2 units of 300kw _
- 2 units of 400kw

Treatment plant
Existing condition
The existing condition of treatment plant site is as foltows:

i)  Location
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“The proposed treatment plant sile is fish porid area, located in Kel. Pampang of
Kec. Panakkukang. The edst and nosth side of treatment site borders Sinasara river

" (Pampang river) and the west side is at about 800 m distance from inner road(ref.
Fig 5.34).

iiy Landuse

The existing ¥and use of lreétm"enl site is fish pond and Nippa plantation.
iii) Land cl_cvatioh |

The ckistin g land clcvatidn is as follow:

Bighest elevation  : +3.0m MSL

Lowestelevation ;- +0.5m MSL
Average elevation +1.5m MSL

The hsghcst water level of Pampang river at the d;scharged point is +1.25 m MSL
 (Source: Pampang River Improverent Project, Jan. 1994)

iv)  Sub-soil characteristics

The profites of bore logs at two (2) locations of treatment plant site, drilled to a
depth of 30m, are shown in Fig. 5.36. Based on this bore log data, the sub-soil
charactcnsucs are noted as vanable with fespecl to depth, as fo!lows

- the top most layer consists of high plasticily very soft clay (8 ~ 14m depth)
- the medium layer consists of !ow'plasticily silt (8 ~ 26m depth)

- the base layer consists of sand stone rock (14 ~ 30m depth) |

v} Condition of discharge river/canat

The treated wastewater is discharged to Sinassara river. The design discharge
capacity at the junction of Pampang river and Sinassara river is 92 cu.m/sec as per
the Pampang River Improvement Project.

Existing condition of water quality in this canal is good as shown below,

BOD | | 3 mgfl
Fecal Coliform 1 x 10°%/100ml -
(Source : HCA sampling from Jun. 29 to 30, 1995)
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2)  Design wastewaler quantity -and quality

)

The design wastewater quantity of influcnt to treatment plant is delermined by

wastewater generation in 2005 along with groundwater infiliration into sewer

system. Groundwater infiltration is assumed as 10% of design wastewater
discharge into sewer systeny,

Design wastewater gencration in 2005 @ 26,000 mi¥/d
Groundwater infiltration (10 %) : 2,600 1_113Id _
Inflow to treatment plant : 28,600 m>/d

The influent wastewater quality to lreaimen‘t plant is estimated as 220 mg/l in
BOD3, while the effluent water quality requirement is 30 mg/l as BOD3.

Treatment system

The design of treatment plant siructures are categorized i_nto three (3) systems of
inftow pump station, stabilization pond trcatment system and sludge treatment
system.

The capacity of trealment facilitics are determined based on formulas as illustrated
under design considerations of section 4.4.2 The design capacities and other
relevant details are summarized in Table 5.30.

The required area for the treatment plant, as the short term feésibility project untit
the year 2005 is about 44 ha, - : '

i) Inflow pump station

The inflow pump station of teatment plant consists of initial bar screen followed
with the pump facilities.

Pump type : Vertical Axial Centrifuge Pump
The design hydrautic pump head; 8.6 m

i) Stabilization pond treatment system

a)  Facultative pond

Design treatment capacity is 28,600 m*/d.
Design volume of ponds is 230,000 m>, ;
(required surface area is detérminéd based on allowable BOD loading)
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4.4.5

Q)

-

Detention tinie: - 8.0 day
Lf fectivedepth: " 1.5 m
(wnh additional 0.5 m dcpth for dlgcstcd sludgc storage)
Effective dimension of ponds (6 No. ponds in parallel)
o 320 m{L) x 85 m(W)x L5 m(D)x 6
Side stope: 1:2 |

b) Maturallon pond

_ Desngn volume ofponds is 175 ,000 0>,
Detention time : 6.1 day
Effective depth : 1.5 m
Effective dimension of ponds (12 sets in parallel)
130 m(L) x 42 m(W) x 1.5 m(!)) x 12 sct X2 pond series
Side slope: 12

¢) Studge lagoon

'The quantity of desludging from facultative pond is determined cohsidering an
annual per capita sludge accumulation of 0.04 cu.m.

The total annual accumulation of sludge in facultative pond becomes
5,230 m¥/year. '

Frequency of desludging: ' once in 2 years
" Depth of sludge storage 20m -

Eftective dimension: 30 m(L) x 42 m(W) x 2 m(D) x 3 ponds
The layout of trea!mc'nt: facilities designed is shown in Fig.5.37.
Southern sewerage syslem

Conventional sewerage development for southem area is planned in the southern
part of the priority area.

Sewerage service area
Service area and seeved poputation

The sewerage development system for southern area in the year 2005, shown in
Fig. 5.38, covers an arca of 162 ha.
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The sewcrage development arca covers 8 Kelueahan as foltows;

- Kel. Mario, Kel Mauoangmg, Ke} Kampung Buyang, Kel Banto Ranny,

Kel. Mariso, Kel. Lette, Kel. Pannambungan, Kel. Pa'Batang.

The cxisting population in the sewerage service area is 57,600 pcrsons, and the
setved population in 2005 is 70,800 persons.

The existing population densnty of the sewerage service area in 1992 ranges from
143 person/ha in Kel. Maltoangmg to 620 pcrsoniha in Kel. Mariso with an
average of 356 person/ha. The populauon densuy in 2005 is estimated at 437
person/ha on average.

The sewerage service area and served populatién of each Kelurahan are shown in
Table 5.27.

Wastewater and poliulion load generation

" The existing wastéwater generation in the scwe;agc service area is 4,000 cu.m/day,

and in the year 2005 is 10,000 cu. m;'day

The existing pollution load generation in the sewerage service area is 1251 kg/day
as BOD and in the year 2005 is 2394 kg/day.

The wastewater and pollution load generation of each Kelurahan are shown in
Table 5.27. | ' o

Collection systern

The collection system consists of ordinary col!ection sewer, small scale collection
sewer and interceptor sewer and their shares i in the service arca are 2.3 %, 316 %
and 66.1 %, respectively,

. The total length of collection sewer network is about 5,580 m, \Vi;h' its diameter in
" the range of 350 ~ 800 mm. The earth covering depth is mostly in the range of

2 ~4m, The relevant in formation could be referred to in Table 5.28,

‘There is no lift pump facility in the collection system, simitar to that of the northern
sewerage system.
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TrcaUncnt_pl_am

Existing c:()!id{lidn

The cgisﬁng'condilion of {reatnient plant silx:.is as follows:
i)  Location

The proposed treatment plant site is fish pond area, located in Kel, Maccini
Sombata of Kec. Tamélﬁétc. ‘The northeast side of trcatment site borders Canal
Jongaya and the sovtheast side is at about 250 m distance from J}. Nuri (ref. Fig.
5.38).

ii) Landuse
The gxisling land uso of treatmient sile is fish and agar 'wecd pond.
#i) Land clevation

The existing land elevation is as follow:

Highest elevation : + 1.5 m MSL
Lowest elevation : +0.0m MSL
Average elevation : +0.5m MSL

The high tide of Makassar Port is + 1.0 m MSL and the design high water level of

Canal Jongaya is +0.56 m MSL (Source : Proyek Drainasi Kota Ujung Pandang,
Nov. 1989). : ‘
iv) Sob-soil characteristics

The profiles of bore logs at two (2) locations of treatment plant site, drilled to a
depth of 30m, are shown in Fig. 5.39. Based on this bere log data, the sub-soil
characteristics are noted as variable with respect to depth as follows :

the top most layer consists of poorly graded fine sand of loosc (o medium
dense sandwiched wilh silt (10 ~15m depth)

- the second layér consists of high plastieity very soft clay (10 ~18 depth)
- the third layer consists of low _plaslicily hard silt (15 ~ 23m depth)

- the basc layer consists of sand ston rock (23 ~ 30m depth)

- 5-79



2)

.3)

v) Condition of the discharge riverfcanal

The trealed wastewater is discharged to Canal Jongaya. The desiga flow capacity
of Canal Jongaya is 30 cu.r/sec (Source : Proyek Drainasi Kota Ujung Pandang,
Nov. 1989).

Existing condition of water quality in this canal is quite polluted as below.
BOD 40 mgh
Focal Coliform 1 x 104 /100m1
( Source : JICA samplmg from Jul. 2103, 1995)

Design wastewater quantity and quality

The design wastewater quantily of influent to treatment plant is determined by
waslewater generation in 2005 along with groundwater infiltration into sewer
system. Groundwater infiltration is assumed as 10% of design wastewater
discharge into sewer system.

Design wastewater generation in 2005 10,000 m%/d
Groundwater infiltration (10 %) : 1,000 m¥/d -
Inflow to treatment plant : 11,000 m%/d-

The influent wastewater quality to treatment plant is cstimated as 220 mg/t in
BODs3, while the effluent watér quality requirerent is 30 mg/l as BODS.

Treatment system

The design of treatment plant structuces are categosized into three (3) systems of
inflow pump station, stabilization pond tecatment system and studge treatment
system.

The capacily of treatment facifities arc determined based on formulas as iHusteated
under design considerations of section 4.4.2. ' The design capacilies and other

“relevant details are summarized in Table 5.31.

The required area for the treatment plant, as lhc short Icrm feasnblhly project until
the year 2005 is about 29 ha.

.i) Inflow pumgp station ~ -

‘The inflow pump station of treatment plant consists of initial bar screen followed
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with the pump facilities.

Pumptype:  Vertical Axial Centrifuge Pump
The design hydrautic pump head: 6.9m '

ii) Stabilization pond treatment system
a) _Fac‘ultativc pond

Design treatment capacity is 11,000 md.
Des;gn volome of ponds is 126,000 m?,
'_ - (requitred surfacc area is detemmined based on allowable BOD loadmg)
Detention fime : 115 day
Effective depth : 1.5 m
' (with additional 0.5 m depth for digested sludge storage)
Bffocuvc dlmcnswn of ponds (4 No. ponds in paraitel)
265m(l)x85m(W)x 1. Sm(D)x4
Side slope: ' 1:2

b) Maturation pond

Design volume of ponds is 68,800 m”.
“ Detention time : . 6.3 day
- Effective depth : 1.5m
Effective dimension of ponds (8 sets in parallel) -
- 0mEL)Yx 2 m(W)x t SmD)x8 scts x 2pond scries
Side slope: 112

¢) Sludge lagoon

The quantity of desludging from facultative pond is determined 'consi'dcring an
annual per capita studge accumulation of 0.04 cu.m.

The total annval accumulation of sludge in facultative pond becomes
2,800 m¥year.

Fteciuéncy of desludging: once in 2 years

Depth of studge storage 20m

Effective dimension: 20 m(L) x 30 m(W) x 2 m(D) x 3 ponds

© The layout of treatient facilities designed is shown in Fig. 5.40.
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4.5

4.5.1

Pilot Project
Project Components

In principle, about 60 to 90 houscholds comprising about 300 to 500 people in
one(1) to two (2) hectare is planned to be served with small modular system
treating together both blackwater and graywater (SMS(B/G)). Wastewater from
households are carried (hrough sewer collection system to wastewater treatment
plarit. ' '

Installation of small modular system (B/G) can be faster way in wastcwater
management, compared to large modu_laf system or conventional sewerage system,
though the service arca is limited. The system looks atteaciive for wastewater
mén'ag’cment but is has not yet been introduced and demonstrated in Indonesia.

So the system introduction shall be first conduicted as a pilot project. The result
will be studied both technically and managerially including operation and
maintenance aspects, If it could be well organized and operated successfully,
introduction of a wider scale SMS(B/G) project could be promoted.

This system is ptanncd as simple system for sanitation improvement. Accordingly,
in principle, the system is designed without pump facility and septic tank as the
treateent system, Service area and the site of teeatment system are constrained to
meet these conditions, In addition to the service area limitation of 2 ha, space of at
least about 10 m x 20 m (200m?2) for septic tank and drainage depth of at least 1

“meter below ground level should be permiissible near the spacé for the septic tank.

The above condilions are necessary to ensure a smooth gravitational {low
throughout the systém. Available sites 1o satis{y these conditions are very limited
due to flat topography and low ground elevation of thie priority arca (old city of
Ujung Pandang). |

Accordingly six (6) potential sites are setocted as follows (ref, Fig.5.22).
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No Tréatmentsite - Treatmént | Service | Served Kelurahan | Kecamatan
: Process Area © |Househol :
(ha) d {No}
1 | Field pearcanal - | Septictank 12 17 Sambu'ngla"wa Mamajang
2 | Puskesmas/Mardekaya | Septictank 1.3 92 Bara-Baraya | Makassar
Selatan :
3 |SD/ Kip Bara-Baraya Il | Septictank 1.6 75 Bara-Baraya [ Makassar
1. _ - _ Timur
4 | SD/Neg. Bertingkat | Septictank | - 1.8 | 62 | Totake Ujung
Tabaringan ' : : _ Tanah
) SD/lnp.Tabaingan _
5 | Field atharbor Septictank 13 70 | Gusung Ujung
: : ' Tanah
6 | TamangSafari Package - 5.2 170 Losari Ujung
wastewatel Pandang
reatment
plant
{PWTP)

Tt is noted that among six (6) sites, Losari site is planned with package wastewater
treatment plant (PWTP) instead of septic tank. Losari is a high income residential
area and the treatment plant is planned to be placed at Tamang Safari Park. The
treated effluent (to a secondary treatment levél) can be reused at the park for
irrigation or other non portable uses.

It would serve as a good demonstration (advcftiscmcm) for not only wastewater
(reatment but also reuse of trealed wastewater (integrated wastewaler management).

It is also noted that due to the provision of PWTP, that requires ¢laborate
matagement in comparison to septic tank, the service acea is miich larger (5.2 ha).
Moreover, inflow pump facility is provided at the location of PWTP (Tamang
Safari Park).

4.5.2 Design Considerations
(1) Wastewater treatment plant
1) Seplic tank

Capacity of septic tank is calcblatc}i with following conditions.

Wastowater flow 1215 litter/capita/day
Studge accumulation 1 40 litter/capita/year
Retention time : 3 days at start up

Factor of sludge volume rate prior to desludging
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: _ ' :'1'130fenipt_y septic tank
' '_Dcsiudginginterval_ . :Syéars S

~ Design procedure of septic tank is shown in Table 5.32.

'l‘hefla'youl of typical septic tank is shown in Fig. 5.41.
Package waslewater treatment plant

The treated effluent(to a secondary treatment level) could_ bc reused at the park for
irrigation or other non portable uses. Accordingly, the following condition shall be

“wel,

Effluent water quality as BOD : 20 mg/l
Collection system

In principle small scale sewer system at shallow depth is planned as collection
system. If external loading is anticipated, reinforcement of pipes or installation of
pipes at deeper depth shall be considered.

In general following conditions shall be met :

Minimum diameter of sewer ; 100 mm

- Minimum velocity in pipe : 0.6 m/sec
- Maximum velocity in pipe | ' 2 m/sec

. Maximiim allowable head loss in the whole sy.é,tem : Im

- However, in casc of house conneclion sewer, in addition to the above, the

following condition shall be met.
Minimumslope: - 2%
Minimum earth covering depth : 10 cm

Morcover, manhole shall be installed at connection points of sewer or bending
points,

Typical profite of the sewerage system (SMS (B/G)) is shown Bclo_w.
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" Drainage ' : _Manhole
_ _ _ 11
) )
=¥ "ID.32
WS | : 0_35[0 874 1.0m

House oL
: Connection
' Y P Sewee "
_ Septic Tank | - Tertiary Sewer ; -
& aboul20m | 100m x3.5% =035m | 160 % 20%

'l‘hc above typlcal proﬁle assumes a service area of aobut one (1) 1o two (2) ha,
4.5.3. Des*.gn of facnlmcs

The five (5) seplic tank treatment based modular Systenﬁs are Saihbung Jawa, Bara-
Baraya Selatan, Bara-Baraya Timur, 1 "otake and Gusung. The package wastewater
tecatment plant (PWTP) based sysicm is Losari.

Of these systems, the design layout and profil of the one (1) septic tank based
__ system at Totake is shown in Fig. 5.42 and Fig. 5.43. The corresponding design
: procedure of septic tanks are shown in Table 5.32.

The layout of PWTP based system at Losari is shown in Fig. 5.44. The PWTP
proposed is shown in Fig. $.45.

4.5.4 Operation and Maintenance

Orgammhon in chargc of OfM(operauon and maintenance) shall be ascertained with
agrecment before the lmplemcntauon of this pilot project. Service charge of
beneficiary, responsible organization for operation and maintenance shall be
detenmncd and agreement shall be contracted. The responsible organization for
O/M may be the beneficiaries in cooperation with LKMD and/or NGO,
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5.1

5.1.1

8

Cost Estimation

Cost estimation in this section claborates the cost of master ptan described in
foregone Chapter 3 and the feasibility projects described in foregone Chapter 4.

It is to be noted that the cost of feasibilily projects infact hccoums' for the initial ten
(10) year (1996 ~ 2005} portion of the overal cost of the master plan.

Sanitation Improvemeht Praject

~ Sanitation improvement projects of feasibility study as described in Section 4.3 are

p_rovisibn of basic sanitation for slum arca and improvement of septage
management. Construction cost due to both these projecls would be borne by the
public sector (Government), However, the cost of provision of individual
sanitation system of septic tankflcaching pit would be borne by individual

‘households.

‘The relevant estimations are determined below.
Basic sanitation for slum area

Rehabilitation of malfunctioned public toilets (MCK)

- Unit construction cost of public toilet is Smillion Rp.

2

3

There are 59 malfunctioned public toilets to be repaired (ref. Table 5.1).

“The unit repair cost is estimated at 10 % of the unit construction  cost.

Accordingly, total rchabilitation cost is as follows:
59 x 0.5 mitlion/pe = 30 miltion Rp. h

Provision of new public toilets (MCK)

A total of 66 public toilets will be constructed (ref. Table 5.26). The total
construction cost is as follows:
66 x 5 million Rp = 330 million Rp.

Operation and maintenance cost

Appropriate organization is required for public toilets to maintain good function of
the system. Construction and repair of the mentioned " public toilets will be

" commenced after the organization system is ascertained.
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The organization is'responsib!e for both operation and ma‘inténancc(OlM) and
collection of user charge. The cost of O/M include carclaket wage, dcsludgmg '
cosl, repair cost and others. User charge would cover a portion of O/M cost. The
remaining would be paid by public sector as a Cross subsidy.

Typical O/M cost of an MCK({public toilet) and the relevant revenue from users,
including the required contribution from public scctor as O/M subsidy; are given
betow,

OMcost for carctaker(Sam ~ 11pm) = 150,000 Rp/month
' ' Key holder at night _
' (11pm ~ 5am) = 30,000 Rp/month
Repair cost/destudging = 10,000 Rp/month
sub-total = 190,000 Rp/month
Relevant revenue
Condition
No. of users 20 houscholds x 5.5 person/household = 110 pesson
Fee charge - 5 Rp/pérson/day
" Revenue HOx1x5 = . 550 Rp/day
550 Rp/day x30 = 16,500 Rp/month
Balance = -173,500 Rp/month
' = 2 million Rp/year
‘Qutiay of houschold o .
55%1x5 = 27.5 Rpfday/H.
55x30 = 825 Rp/month/H.
= 800 Rp/month/H.

The tariff of public toilet users is about 800 Rplmonth!household. Such a tariff
system is considered affordable for a typical stum household.

The subsidy of operation and maintenance for one (1) public toitet i is 2million
RpfyearfMCK :

Total number of public toﬂcts is 270.

The requlred annual subsidy of opcrauon and maintenance is 270 x 2
miltiow/year/pc = 540 miltion Rp. ' '
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3.1.3

Improvement of septage management.
Procurcpicnt of vacuum trucks and desludging

The proposed procurement plan of vacuum trucks for improved desludging is
described in Section 4.3.2.

Invesiment 'cost for the procuremeént of 20 vacuam trucks un!il"thfc year 2002 is
1,540 miltion Rp.

Annual O/M cost thai includes opération arid maincnance including depreciation of
vacnuin trucks and personnel expenditure is 766 million Rp in 2005.

The breakdown of investment cost and O/M cost is shown in at Table 5.33.
In provement of access road to Antang STP

About 1.8 km length of the final access road to Antang STP requircs improvement
(ref. Fig. 5.30).

The unit construction cost of road improvcment is 50,000 Rp./m?

The cost of road improvement : 1800m length x 6m width x .50,000 Rp./m?
= 540 'million Rp. |

Adequate operation and mainicnance at Antang STP

The level of staffing in the Antang septage treatment plant (STP) at present, is very
inadequate for effcctive O/M of the STP. About 8 staff including director, workers
and security personnel are proposed for proper O/M of Antang STP. The annual

O/M cost of 766 million Rp in 2005, mentioned above, includes this personnel
requirement of Antang STP,

Individual sanitation system

Present simple sanitation system of an individual houschold is septic tank and
leaching pit. Newly developing houscholds will continue to install such simple
systems by themselves,

In fact, such cost of sanitation system could be considered as a portion of housing
development cost, : _ : :

The unit cost of sanilation system is given below.
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racihty : _ ' ; Unit cost {Rp)
Septic tank (for 1 household‘ 250,000
Leaching pit (for 1 houschold) | 200,000
Septic tank with leaching bed| 400,000
(for 1 household)
“Toilet room (1 household) | 350,000

Sewerage' Development Project
Basis of cost csumauon

Based on the facility plans, the project costs are estimated under the followmg

condition.

AH base costs are expressed under the economic conditions that prevailed in
Augost, 1995. '

Overhead is assumed at 20 % of the total cost of equipment and civil works and
incorporated in the direct construction cost.

Engineering scrvice and administration cosis are assumed respectively at 12 % and
2 % of the total dircct construction cost.

Unit construction cost

Thete are three items of unit construction cosi concerning the scwerage
development projects, namely, sewer network, pump station and treatment plant.
These unit costs are delineated below.

Cost of sewer neiwork
Unit construction cost of collection sewer is shown in Table 5.34.

Breakdown of this unit construction cost is shown in Table 5.35. There are four
types of Tables expressing this breakdown of unit collection sewer construction

cost per meter.

Table 5.35(1) shows the unit cost breakdown of RC pipe with diameter in the range

of 350mm and 2200mm. Table 5.35(2) shows that of PVC pipe with diameter in

the range of l()Omm and 300mm. These unit cost breakdown are for a sewer laid
under paved road with an earth covéring depth of 3m. : '
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Table 5.35(3) also shows the unit cost breakdown for PVC pipe similat to Table

5.35(2), but cheaper than the former one, as the sewer is lald at household arca
where ground surface is not much paved. -In this project 50 % of the sewer lehgth
is considered to be laid under unpaved arca.

Table 5.35(4) also shows thc unit cost breakdown for PVC plpc, but is much more
cheaper than that of Table 5.35 (3) . This sewer'is for housc connection with and
average earth covering depth of 0.5 meter and 50 % of which is consndered to be
laid under unpaved area,

Unit pipelaying cost of house connection sewer and tertiary/secondary sewer is
estimated on a per hectare basis. This cstimation is made based on typical house

- connection sewer installation at 6 model sites using the abové unit cost shown in

Table 5.34,

~The estimated unil pipe laying cost in the six (6) model arcas is shown'in Table

5.36.

Itis noted that there are three kinds of sewer systems, namely, ordinary collection
system, small scale collection system and interceptor system used in this project.

The summary of unit costs of ordinary collection syslem and smail scale collection
system as extracted from Table 5.36 are shown bclow '

unit : million Rplha.

House conneciion Tertiary/secondary Total
) sewer _ sewer -
; ()rdmarycollccuon : 36 64 : 100
 sysiem ‘ _ .
Small scalecol!ccuon _ 23 40 63
system

It is also noted that the unit cost of interceptor system is the cost of
teritary/secondary sewer without house connection sewer,

Purnp station .

Unit construction cost of pump station used in the sewer collection network is
cstimated based on the formula shown below.

© = 102286 x Q0.64

C : Typical pump station construcuon cosl (mllhon Rp}
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Q : Desiga flow (m¥/min.)
(3) 'I‘n:aUncnt plam

Umt construction cost of the treatment plam mcludes the inflow pump facility in
addition to treatment facilily.

' Uml conslmcuon cost of secondary reatment process is estimated based on the

o

following formula.

Co10Cixg?
C : Typical unit construction cost {million Rp)
Q : Design flow (1,000 m3/day)

-

Acrated

Process Stabilization Oxidation Activated
pond lagoon ditch sludge

Coefficient | CI 2.2 2.1 3.2 3.4
C2 09 0.8 0.75 0.7

Source : Previous JICA studies in Indonesia

Construction cost

B 5.2.3

The total construction cost of sewefégc development projects of feasibility study
(2005) and Master Plan (2015) is estimated below. Sewcragc development cost of
master plan is the summation of feasibility project cost and the additionat scwcragé
project cost incurred ducing 2006 ~2015.

(1) F/S construction cost

The project components are northern sewerage system, central sewerage System
and southern sewerage system (ref, Fig. 5.31, Fig. 5.34 and Fig. 5.38). The cost
of relevant project components are delineated below.

1) House connection sewer and tcmary!secondary sewer
Total construcuon cost of house connection sewer and tcruarylsccondary sewcer
becomes 12,184 million Rp. and 26, 832 miition Rp., respectively.
"Tho cost breakdown is shown in Table 537 (D).

2) Mainsewer :
Total construction cost of main sc“er bccorncs 9,369 mnlhon Rp.
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The cost breakdown is shown in Table 5.38 (1),

Pump station
Total construction cost of pump station at Karuwisi Uiara becomcs 1,839 million

" Rp.

This pump construction cost is estimated using M/P design flow, as the M/P design

flow is only slightly higher than F/S dcsngn flow. (M/P and F/S dcsign flows are
36.7Tm3/min and 35.9 m3/min respectively.)

The cost breakdown is shown in Table 5.39.

Treatment plant _ _
Total constsuction cost of all three (3) treatment plants becomes 5,359 mitlion Rp.
The cost breakdown is shown in Table 5.40,

Land acquisition cost
Total land acquisition cost beconies 8,160 rillion Rp.

The cost breakdown is shown in Table 5.41.

Total construction cost

~ The total construction cost of sewerage development project becomes 71,639
" million Rp (feasibitity project). | - 8
* The cost breakdown is shown in Table 5.42

M/P construction cost

The scwcrage dcvelopment plan of Master Plan has three (3) mdcpcndenl

conventional sewcrage systems (CSS) with their treatment plants at Pampang

{northein area), Maccini Sombala (southera area) and Gunung Sari (south eastern
arca). The cost is delineated below.

“House connection sewer and tertiary/secondary sewer

Total construction cost of house connection sewer and tertiary/secondary sewer is
124,911 million Rp. and 231,104 million Ry., rcspcchvcly
The cost breakdown is shown in Table 5. 37

Main sewer

~ Tetal construction cost of main sewer becomes 43,644 mitlion Rp.

The cost breakdown is shown in Table 5.38.
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