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CHAPTER 1
INTRODUCTION

The present Feas1b111ty Study of Bangkok Severage System deallnq
with wastewater has been carrled out under the request of the Govern-

ment of the Kingdom of Thailand to the Government of Japan.

Prior to the presentIStudy, the Government of Japan decided to
grant a technicéi assistance in response to the request of the Govern-
ment of the Kingdom of Thaialnd, and the Japan International Cooperation
Agency (JICA), an executing agency of the technical cooperation program
of Japan, sent a preliminary survey team to Bangkok from 252ﬁ (1979}
 through 2523 (1980}, to perform a prellmlnary field reconnaissanceé. On
the basig of the results of the preliminary survey, JICA undertook ‘a
master plan and a fea51b1lity study of sewerage pro;ect since 2523 (1980} ,

to provide a séwerage system suitable for the present condition of Bangkok.

The Master Plan was prepared during the period from 2523 (1980)
through 2524_(1981), and a final report on master plan covering the
Metropolitan Area was submiﬁted in October 2524 (1981} to the Govern-
ment of the Kingdom of.Thailand.

Based on the findings and recommendations of the master plan report,
and with due considerations of basic requiremept of the Government of the
Kingdom of Thailand, the feasibility study was undertaken from Augus£
2524 (1981) through July 2525 (1982) as the second step of the technical

cooperation.

The feasibility study examines, first, the project proposed by the
Master Plan in respect to'approptiateness for immediate implementation,
secondly prepares preliminary engineering design of all the required
facilities, and thsn estimates_the project costs consisting of local
and foreign components. In preparing the preliminary engineering design,
data addltionally required are colléctéd and field investigations arve

made, the results of which aré all taken into the design,



Based on the costs estlmated the f1nanc1al fea51b111ty of the
pro;ect is studied under varrous practlcal assumptrons of necessary
fund, in connection with 1mplement1ng the prOJect, estab11shment Of
an adequate organlzatxon of the executlng agency angd leglslatlve impro-
vemenks are 1ndlSpensab1e, and be31des, these two factors compose an
1mpoxtant element for the flnan01a1 examxnatlon of the proyect. These
factors, therefore, are con51dered in detail in the report. _Further,
benefits of the project on the public are also considered to ascertain

the feasibility thereof.

Data collectlon and fleld 1nvestlgat10ns for preparatlon of the
present report were performed in cooperatron with off101als of Depart-
ment of Dralnage and Sewerage {DDS) , Bangkok Metropolltan Aomlnlstratlon

-(BMA) and government agencies concerned for the Project. Also, necessaxy

. arrangements were made by DDS to d1scuss various matters as to the Pro-

 ject with officials concerned for the PrOJect.



CHAPTER 2
SUMMARY

Major features of the present fea51b1l1ty study report are summarized

as f0110ws.

1. Study Area
" 'The study area ‘taken up for the pxesent fea51b111ty study is Sub- -zone

2-A of Zone 2, as recommended by the Master Plan as the top prlorxty

area for 1mp1ementat10n.

The study area covers a part of Pa Thum Wan District and the whole

of Bang Rak Dlstr1Ct, and has an area of 970 hectares.

The plan of the study area is roughly rectangular; 1ts western end
is bounded by the Chao Phya River andg other three sides by klongs

‘and maln roads.

r Features of the Study Area
Present total population is 252 000, with a population den91ty,
withln the 1nhab1ted area, 350 persons/ha‘ The area 15 conSl.—-
dered to be an almost saturated urban area developed for commer-

c1a1, re31dent1a1 and 1nst1tut10na1 purposes.

'Roads in the area are uell developed, 1nelud1ng such main roads as
Rama I, Rama iV, Silom and others. All the area is served with

" piped water.

The existiﬁg drainege eystem'is:cthosed of mainly klongs, pumping
stations and gatee;. Domestic wasteﬁater is discharged preseﬁtly'
intd the stomm sewers to be used as combined sewers; for human

| eXCreta, cesspeols and septic tanks are prov1ded, effluent of which

is also discharged in the existing storm séwers.



Proposed Sewerage System
A cowbined Sewerage system is proposed for the Study Area in the
first stage because existing storm sewers and klongs are easily

convertible to the corbined sewerage system with minimum cost.

The proposéd sewerage system consists of collection system, interme-
diate’pﬁmping stations aﬁd treatment plant. The collection Syétem
utilizes the existing storm seéwers as much as possible and wili have
an addition of four intefceptofs. Three intermediate pumping stations
will be constructed. The treatment plént will consist of pumping
station, wastewater treatment of the modified aeration process and

sludge treatment.

For the treatment plant, the existing pond near Thai Tobacco Monopoly
which was already proposed by the Master Plan and approved will be

utilized.

Design Period
Sewers will be capacitated for the flow in the year 2543 {2060}, and
the facilities for wastewater treatment will be capacitated for the

flow in the year 2535 (1992}.

Preliminary Engineering Design

Designed sewers are 8,405 m in length, ranging from 300 mm to 2,400 mm
in diameter including diversion chawbers of 27 units. Designed inter-
mediate pumping stations are three small stations with no grit cham-
ber. Designed treatment piant includes an operating and pumping
building, grit chamber, aefation tanks, final sedimentation tanks,

a chlorination chamber, thickening tanks, digestion ténks, a gas

holder, drying beds and others.

Materials and Equipment
Most materials needed for the project are locally available; major
equipment for the treatment plant and pﬁmping stations have to be

imported.
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L)

7.

10.

Construction Metheod

Local contractors are considered capable to carry out almost all
the construction work. : The construction of scie interceptors and
facilities of the plant will require special civil works machines

to be imported.

Estimated Cost .
The estimated total project cost is 883.1 million Baht at 2524 (1981)
price of which the foreign component is 250.1 million Baht and the

local component 633.0 million Baht.

Financing _ _

The necessaty'financial plans for the capital costs for the construction
as weil as annual costs for the opération of the completed sewerage
éystem has béen developed to identify the potential sources of fund

and adequate revenue raising plan. The total costs for financin§
pupposé is estimated taking account of assumed annual price escala-

tion in order that the executive agency may abide in project imple-
mentation under current economic situation realistically estimated.

As a result of the study the equal amount of funding of 245.79 million

Baht from the central government and BMA are recommended for local

-currency funding with 461.05 million Baht from concessionary bilateral

‘loan for foreign currency costs of the construction. The reguired

'sewerage charges per month per one household are estimated 83 Baht
from 2532 (1999) to 2536 (1993) and 136 Baht from 2537 {1994) to
2541 (19938)

Organization

The existing Department of Drainage and Sewerage (DDS} of Bangkok
Metropolitan Administration (BMA) is recommended to be responsible -
for the project implementation instituting a new sewerage functional_
unit, Sewerage.ControL Division with staffing schedule under maximum
mobilization of ckisting manpower, The ultimate number of new staff
to be required at full operation of the proposcd sewerage systems is

55,

2-3



11,

12.

13.

Legal Arrangement _ _
As a result of review of the existing regulation,’ some legal amendments
and new legal provisions are recommended to regulate wastewater dlsposal

and guality control in conformity with the proposed prOJect.

Project Evaluation

Benefits of the proposed project has 50 far been consxdered from the

_three V1ewP01nts of health, 1mprovement in 11v1ng environment and

contribution to the local economy, Some of the benefits were quantifled,
but'most of them were treated as unquant1f1ed. The' calculatlons of

the quantifiable benefits show that the monetary values to be gained

in the period of twenty years after the completion of the project

equal te 1,206.9 million Baht,

Recommendation _

In order to assure unlmpeded anlementatlon of the project as well as
appropriate operatlon and maintenance of the completed facilities,
some recommendatlons for plannlng, des1gn1ng, 1mplementat10n and

finance are presented,



CHADTER 3
STUDY AREA

The present study area is Sub-zone 2~A, one of Sub-zones of Zone
2, which was selected by the Master Plan as the_top priority area for

the long réngéd Sewerége development program for Bangkok Metropolis.

The Master Plan divided the entire Master Plan Area into 10 sewerage
zoneé aé.shown in Figure 3.1, and subdivided Zohe 2 inté 6 sub-zones,
as shown' in the same fiqure, 'Fﬁrther, the_MaStér Plan proposed a four-
staged construction program to implement all the projeéf in an orderly
manner. Thé present study areca correspdnds:to thé_pxbposed first

stage construction.

The seleéthmmofSub zoné'é ~-A as the 5rea'for'the'ptesent'féaéibility
'study is agreed on and conflrmed by discussions with the Government
officials concerned and the flndlngs obtalned from the present survey
”of the exlsting fac111t1es and env1ronmental condltxons. Major reasons,
awong others, for this SEIECtIOH aré that thls Sub-zone has the heighest
population denSLty, waste 1oad reau;res most urgent ‘remedial actlons,
and as’ the EX1st1ng storm seuyers can be converted;to a combined sewer-

age system, immediaté effeéts:ére”obtainable with least cost.

The Study A#ea, Sub-zone 2-3 is situated in the central pért of
Zone 2 and inclﬁdeé'a parﬁ 6f Pa Thum Wan District and whole Bang
Rak District, Each dlstrlct cowprlses several sub-~ districtsl/, namely
Maha Phrut Tharam, Si Phraya Su Rlyawong, si LOm and Bang Rak of Bang
Rak District, and Rong Muang, Wang Mai, Pa Thum Wan and Lum Pinee of

Pa Thum Wan Dlstrlct, as illustrated in Figure 3, 2‘

The Study Areca has.én area of 970 hectares, surrounded by the
‘Chao Phya Rlver, Klong Padung Krung Kasem and Klong Suan Luang in the
west, by Rama I Road in the north, by the railway in the east and by
Rama IV Road and Klong Sathorn in the south.

Note: 1/ Sub-district means administrative Tambol of BMA.
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The Study Area is composed of institutiohél area (29 percent}),
commercial-residential area (29 percent), residential area (24

percent), commercial area (11 percent) and green area {7 percent}),
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CHAPTER 4
PRESENT CONDITION OF THE STUDY AREA .

4.1 Géology"and Topography

The Study Area is on the east 5ank of the Chao Phya River and
at about 50 km from the river mouth, The river basin in which the
Area is situated is essentially a flat alluvial plain with ground

surface elevation of 36.0 m to 37.0 m. (Mcan Sea Level = 35.03 m)

'As the Study Afea'is flat in a'low-iying area, the water level of
klongs connected with the stréam of the Chao Phya River is affected
by the tide of the Thai Gulf. Flooding frequently occurs in the

Study Area when a heavy rain coincides with such high tide.

According to thé‘eXisting data,‘the sdii structure.in the Area
consists mainly'ailuviai élay with fine sand. Borings t¢ & depth of
30&m indicate that theré are basically three fypes of clay, soft, stiff,
and hard. The soft clay is on the upper level. The change from soft
'1ayef to stiff Iayér occurs’ at an aveérage depth of 14 m and varies
from 12 to 18 m. The change from stiff layer to hard layer occurs at

arouﬁd 23 m depth,

Land subsidence in Bangkok Metropolis is recently progressing

remarkably. There is a little land subsidence in the Study Area.
4.2 Land Use Pattern

From the field investigation, the existing land use pattern is
classfied inte (1} commercial areca, (2) commercial-residential area,

(3) residential area, (4) institutional area, and {(5) green area, as

iéenﬁifiéd'aSIEOIIOWS:
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{1} Commercial Area
The commercial areas defined as the area occupied mainly by

shopé, stores, restaurants, hotels, and business offices, are
located along main roads, namely, Surawong, Silom, and Rama 1.

these are main commercial activity areas in the Bangkok Metropolis.

{2} Commércial—Residential Rrea

This area is largely composed of buildingé for the cqmbined
residential andﬂdommercial use. 1n the commercial—residential
area, business is usually 0perated'on'the first floor 6f the
puilding, while living quartérs are maintained on upper floors.
Such areas are located in Rong Muang, Maha Phrut Tharan, Si Phraya,

Su Riyawong, and Bang Rak Sub-districts.

{3) Residential Area
This area comprises mainly living quarters including small
stores and shops scattered in the Area. Arcas of this category

are situated in Lum Pinee and Si Lom Sub-districts.

{4} Institutional Area

This area comprises mainly community and public administrative
buildings including government offices, hospitals, schools,
university, temples, churches, etc. AxYeas of this category are

tocated mostly in Wang Mai and Pa Thum Wan Sub-districts.

{5) Green Area

Both fum Pinee Park and cemetery come under this category.

The results of the investigation are suvmmarized in Table 4.1

and illustrated in Flgure 4.1.
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Table 4,1 TLand Use Pattern as of the year 2524 {1981)
in the Study Area

Land Use Pattern - Area (ha) Percentage ($)'
Commerclal o 113 11.6
CommerCLal Residential L2717 - 28.6
Residential S 229 23.6
Institutional ' 285 29,4
Green i 66 6.8
Total R 970 100.0

4.3 Population

On the b331s of the populatlon census record of dlStIlCt and sub-
ﬁlStrlCt, the present population of the Study Area is est1mated by
the populatlon denslty 1n connectlon wlth the present land use pattern
and boundary of the Study Area whzch occuples a part of Pa Thum Wan

D15tr1ct and whole Bang Rak Dlstr1ct

The present p0pu1ation of the whole Study Area in the year 2523
{1980) is estlmated at 252, 200 persons as descrlbed in the following.

: 4,3.1 Pbpﬂlation 65 District and Subndistrict in the Study Area
. The populatlon of dlstrlcts and sub dlstricts for the past five

years is summarlzed in Table 4.2,
According -to the above table, the population of Pa Thum Wan

Disttict and Bang Rak Distriét is approximately 235,600 persons and
131,500 persons respectivcly_in the year 2523 {1980).
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‘tfable 4.2 Population and Pbpulation'Density;of District
and Sub-district in 2519-2523 (1976-1980)

Name of District e .. ﬁ R L el VPersongmh
and " Avea Population and Populatlon Density (§é¥§6§§7ha)
Sub-district (ha) 2519 2520 2521 2522 2523
: {1976) {1977} (1978) = (1279) {1980)
Fa_Thum Wan District o S
Rong Mvang 120 46,568 39,461 37,554 35,948 35,016
(388) {329) (313) (300) {292)
Wang Mai 130 62,181 58,917 57,418 56,633 56,160
{478) {453} (442) {436) {432)
Pa Thum Wan 210 102,881 © 116,415 122,148 124,317 128,406
\ _ (490) (554) (582} (592) {611)
Lum Pinee 330 20,269 17,762 17,092 - 16,152 16,065
: (61), {(54) - (52} ° (49} {49)
Total 790 231,899 232,555 234,212 '233,059 235,647
: (294) C(294)  {296) . (295) {298)
Bany Rak District
Maha Phrut Tharam 60 31,064 30,824 30,443 29,890 29,639
{518) (514) {507} . (498) - (494)
Si Phraya 75 20,377 20,358 20,449 20,189 . 20,122
(272) {271) (273) (269)  (268)
Su Riyawong 60 21,981 25,857 29,595 32,484 36,969
(366} " {431) (493) “(541) (616)
Si Lom 155 30,919 32,432 33,552 34,227 35,467
(199) {209} (216) (221) {229)
Bang Rak 35 8,267 - 8,205 8,148 9,697 9,345
{236) {234) (233) (277) {267)
Total 385 112,608 117,676 122,187 126,487 ~ 131,542
(292) (306} (317) (329) (342)

Data Source: Residence register record of Department of Local Administration,
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4.3.2 Population of the Study Area

The population of the Study Area is obtained by subtracting the
population of northern part of Pa Thum Wan District from the total

population of two districts,

Using population densities and areas (ha) of inhabited area
composéd df.residential, commercial-residential and commercial aréas'
excludinq institutional and green areas, as illustrated in Figure 4.2,
the population of the Study Area is estimated at 252,200 persons as
presentéd in Table 4.3, '

4.4 River and Klongs

Klongs related to the Study Area, namely, Klong Pai Sing Tow, Klong
Toey, Klong Sathorn, Klong Chong Nonsi, Klong Or Rachorn, Klong Suan Luang
and Klong Padung XKrung Kasem are used for drainage system, and flow of
klongs is finally discharged to the Chac Phya River. These klongs and

the river are shown in Figure 4.3.

Among them, Klong Pai Sing Tow and Klong Or Rachorn are covered
conduits. And a part of Klong Toey is presently not functioning as

klong due to accumulation of soil,

The water level of the klongs is affected by backwater of the Chao
Phya River at the time of the high tide. Some of klongs are therefore
providéd with sand bag barrages or various types of gates such as sluice

gate and navigation lock for the purpose of controlling water levels of

the klbngs.

The results of the water quality analyses of klongs and the Chao
Phya River are shown in Table 4.4 and samplinb'points are shown in
Figure 4.3. The klongs in the Study Area have been increasingly polluted
by offensive wastewater. Especlally, klong Pddung Krung Kasem and Klong

Sathorn_aie among the most polluted klongs in Bangkok.
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4.5 Road Network

The Study Area is one of the most densely populated urbanized éréas
and the center of commercial and administrative activities in Bangkok.
Under these Coﬁditioﬁé, the roads in the Study Area, especially Rama I,
Rama IV, Phya Thai, Surawong and Si Phraya, are ééngésted by heavy
traffic all day., Recently, the kldngs such as Klong Sathorn and
a partrof Klong Péi Sing Tow have been covered with reinforced
concrete slab to widen the existing roads and alleviate the traffic

jams. An expres§ highway recently opened is located along the east

end of the Study Area.

Figure 4.4 shows the existing road network and planned roads in

this area.

4.6 _Underground Structure
Under public roads, drains, electric cables, telephone cables, and
water pipes are laid cfdésing each other especially under sidewalks of

the'main streets, (Refer to Figure 4.5)

Thesé underground structures are generally laid at less than 2 m
from‘ground surface. Figure 4.6 illustrates the typical distribution

of the underground structures.

4.7 Water Supply

. All of the residents in the Study Area are served by the water
supply system which is:dperated by Metropolitan Water Works Authorxity
(MwwWa) . '

Major water supply pipes are laid as shown in Figure 4.5,

According to the water demand projection by MWWA, per capita

water demand is'aﬁticipéted as sﬁown in Table 4,5.
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Table 4.5 Per Capita Water Demand

Domestic Coﬁmerciél Industrial Public Use Leakage

. _
Year . Institutional _ .
(1/day/cap) (1/day/cap} (l/day/cap} (1/day/cap) (1/day/cap)
2523 {1980) 180 138 39 21 77
2528 (1985) 190 135 .50 16 74
2533 (1990) 200 131 61 12 71
2538 {1995) 205 127 75 10 62
2543 (2000) 210 124 92 8 48
Data Source: Water Supply Master Plan Report, MWWA

4.8

Domestic Wastewater and Solid Waste Disposal

(1) Sullage Water
In the Study Area, there is no adequate sewerage system to cater
for sullage water. Sullage water from this area is discharged directly

into the nearby waterways without any treatment.

Most of houses are equipped with concrete pipes'installed around
the house blocks, which are connected to the trunk sewer (Rama 1V
sewer} or directly to klongs or the river, 'Maintenance of these
pipes is carried out by the Department of Drainage and Sewerage (DDS),
however, the maintenance and cleaning works have not been so satisfactory,
Unwholesone phenomena such as silting, anaerobic decomposition and
mud accumulation have been often observed at the sites where the flow

is blocked by garbage and other obstacles.

{2) Excreta
Current practice of excreta diéposal in the Study Area is generally

classified into two categories, namely, septic tank and cesspool.



In this report septic tank is defined as a device which hacs
a unit process, consisting of anacrobic fermentation of excreta
and separation of liquid_effluent from sludge. The simple excreta
storage tanks are Cailed "cesspool" in Bangkok. These tanks are
51mpler in structure, with lower cost for construction and less
water consumption for flushing than a typlcal septic tank. Some
types of cesspools in Bangkok have.function as a septlc tank, although
cesspool in general terminology does not have function of neigher

"digestion" nor "separation",

The liquid effluent from them is soaked into Ehe ground or
discharged to the'storm sewer, and the sludge accumulated in the
tanks is collected and dumped into the lagoon at Nong Khem solid
waste disposal site or treated by the On Nooch night-scil treat-

ment plant.

The slﬁdgé'colléctioh service of séptic tanks and cesspools
is performed by Department of Sanitation {(DOS), BMA. Present activi-
ties of DOS for the Study Area are estimated as shown in Tablée 4.6 on
the basis of information obtained from DOS officials during the survey

period.

Table 4.6 Present DOS' Activities for Desludging of
Septic Tank and Cesspool :

Served Area 970 ha .(150,000)
Served Population in 2523 {1980) 252,000 (5,000,000)
Transportation Vehicles 10 {200}
Désludging Freauency 1 ~ 2 times/household/year
Collection Volume 3 m3/tank/time
Number of Persomnel of _ 7 persons 5 laborers
1 crew per Vehicle . . 1 driver

' 1 foreman
Data Source: Information obtained from DOS
Note ' Figures in parentheses are of whole Metropolitan

Area.
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(3} Solid Waste _ .

Solid waste guantity presently collected and treated by DOS
is approximatelj 2,000 ton/day in-the ﬂetropolis. Most part of -
collected solid waste is treated at the compost plant with total
treatment capacity of 1,120 ton/day, and the rest is dumped.

In thé Study Area, solid waste guantity is supposed to be

‘about 10 percent of the above figure.

4.2 brainage System
4.9.1 Existing brainage System

Storm runoff from the Study Area is drained to the Chao Phya
River through Klong Ma Ha Nak, Klong Saen Saep, Klong Sathorn, Klong
Padung Krung Kasem, Klong Pai Sing Tow, Klong Chong Nonsi, and Rama IV
Sewer as shoﬁn in Figure 4.7. BAmong the above, Klong Padung Krung

Kasem and Rama IV Sewer are equipped with pumps.

The Study Area is divided into three drainage basins, that is,
an area from which storm runoff is drained directly to the Chao Phyé
River by gravity flow, an area from which storm runoff is drained
through Krung Kasem Pumping Station, and an area from which storm run-

off is drained through Rama IV Pumping Station.

As shown in Figure 4.7, there are a lot of gates, Since these
facilities are provided to control quantity of storm vunoff flowing
into or discharging from the Study Arca, in case of rain or flooding

they are operated complying with storm runoff control program,

At present, these gates are operated as illustrated in Table 4.1,
by judgement based on experience of operators taking into account the
inflow rate to the pumping station and flooding situation of the area

concerned,

As a resullt of operation of the above system, condition of drainage

in the Study Area is relatively saitsfactory.

4-18
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Table 4.7 'Gate Control Procedure in 2524  (1981)

Gate No, In Dry Weather Condition  Gate Type

1 Closed Sluice and:Flap'(Manual Drive)
2 'Opengd Sluice (Manual Drive)

3 ‘Opened Sluice (Manual Drive)

4 Closed Sluice (Eleétric Drive)

5 Opened Sluice (Manual Brive)

6 Opened Flashboard

7 Operned Sluiée'(Manual Drive)

8 " Opencd Sluiée {Banual Drive)

9 Closed Sluice (Hanu31 Drive)

‘Data Source: DDS
4.9.2 Relevant Drainage Facilities Proposed by Existing Drainage-Pian

The present combined sewerage system whlch will be descrlbed later
in Chapter 5, Basic Engineering C0n51derat10n on Proposed Sewerage System,
.1s:meant to utilize the ex1st1ng dralnage facilities as‘descrlbed 1n_the
foregoing section, and to incorporaté some diainage facilities plannéd
by the ex1st1ng draxnage plan but not constructed yet. From this view-
p01nt, relevant dralnage facllltles formerly proposed by DDS's future

drainage program are mentioned as fOllOWS, and 1llustrated in Figure 4.8

and Table 4.8.

(1) Constrhction of a pumping station at the conjunction of
Klong ‘sathorn’ thh the Chao Phya R1ver.
(2) Reconstructlon of Klong Toey and construct1on of a pumping

statlon at the con]unct1on of Klong Toey with Klong Phra Kanong.

The ftem (1) work is cons1dered most effect1ve on reduction of inflew
to the Rama 1V Pumplng Station and alleV1at10n of the flooding probiem in
Bang Rak District, and the item (2) work will relieve the flooding problem
of Rama IV and Sukhumwit.roads. The ébove two works, £herefore, Wwill be
incorporated in the present project with some necessary modifications, as
will be described later in Section 8.1 Layout Plan of Proposed Sewerage
System. .
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Table 4.8 CDM and DDS Drainage Plan in thCostudy Area

CDM Plan

DDS Plan

Rama IV

‘Service area of Rama IV
Sewer is minimized as
much as possible, And
- the rest of area is
planned to be service
areas of surrounding
klongs, :

Most of the Study Area is
the service area of Rama IV
sewer :

Klong Chong
Nonsi

Service area of Klong
Chong Nonsi is connected
to the Krung Kasem Pumping
Station through new plan-
ned canal and Kleong Padung
Kasem, -

Service area of Xlong Chong
Nonsi is connected to Klong
Sathorn., A punping station
is planned at the end of
Klong Sathorn

The Direct
Service
"Area to the
-Chao Phya

" River

Along the Chao Phya'River,
a embankment with around
1 m height is planned.
~Storm water is drained by
pump,

Follows the CDM Plan,

Data Source:

PDS and CDM Report (1968)






_ CHAPTER 5
ASIC ENGINEERING CONSIDERA’I‘ION ON PROPOSED SEWERAGE SYSTEM

The Master Plan, already submltted and approved in 2524 (1981).
proposed that the ex1st1ng storm sewers be used as a comblned system.
In addltron, the Master Plan recommended that a mod1f1ed aeratlon pro-

cess be employed for the present Study Area in the 1n1t1a1 perlod.

In accordance w1th the proposal of the Master Plan, the present
study exam1ned the fea31b111ty of the comblned system WJth a treat—
ment system of modified aeration process._ Before proceeoxng to pre-
11m1nary deSLgn, some ba51c factors, such as collectxon system, waste—
weter.treatment.and others whrch are 1ndxspensab1e for the designing
of the sewerage_fecilities, will be discussed in the‘followiné sec-

tions.

. 5.1 Basic Conditiohs of the Present Project

Bas1c condltzons on whlch the present pIOJect was planned by the

Master Plan are reiterated below.

(1) Urgency of Water Pollutlon Control _.
Water pollution of all klongs, dralnage channels and even the Chao
.Phya Rlver in Bangkok Metropolls has’ been rapldly 1nten51f1ed in
kthese years, and they are in most deplorable condltlons, hyg;enl-
_cally and aesthetically. To solve drastically thlS problem, construc—
tion of a comprehensive sewerage system is of v1ta1 nece551ty Sub-
.?one 2-a, in particular, is one of the env1ronmenta11y deteriorated

dlstrlcts in the whole metropolltan area.

(Q)HFinancral Restraints -
Construction of the sewerage system rcquires a huge amount of fund.
:Furthermore, operation and maintenance of. the constructed fac111t1es
on a sound basis raises a finahcialnproblem. From these inevitable
financial restraints, the project to he implemented must be of a

reasonebie and moderate size.
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{3} Type of Suitable Sewerage System
In cen51derat10n of the CJrcumstances as stated above and also of the
fact that this area has an extremely hlgh populatlon density, is an
1mpoxtant commer01a1 center, and has worst condltion of pollutlon,
a combined sewerage system, wrth the nature of a pllot prOJect ‘was
proposed for this area. Further, with regafd to the eX1st1ng drai-
nage system, this ‘area has storm sewers and klongs which are rather

easily convertible to the combined sewerage system with minimum cost.

{4) Utilieatioh of Exietinq.storm Sewers and Possible Conversion of New
Facilities to Separate Seweraqe System '
To minimize the conetruct1on cost of the project, existing facxlitles
of the storm sewels_.and some appurtenant facilities as well, w1i1
be as fully utilized as possible. Due to low flow velocity of the
existing storm sewers with very:smatl gradient,_discherqe'of'solid

matters into the sewers may inavoidably be restricted to some extent.

On the other hand, all the fac111t1es to be constructed by the pro—
ject will be deszgned as to be converted to a separate ‘sewerage

system when regquired in the future.

5.2 Wastewater Collection System

The existing'etorm‘Sewers, covering'the whble Study Aréa, collect
not only storm water but also wastewater excludang huntan excreta of
re51dent1al commerc1al and 1nst1tut10nal areas, The wastéwater thus
collected is dlscharged 1nto the nearby klonge and the Chao Phya River

through sewers or Rama IV Pumplng Statlon.

~ As regards human ekcreta;'it is treated by individual septie tanks
er.cesspoels, withbutﬁbeihg threwn directly into sewers. The treated
effluent of the septie tanks'is discharged into ground or storm sewers.
_The sludge accumulated 1n the. septrc tanks or cesspools is collected and

treated at On Nooch Treatment Plant by Department of Sanitation (DOS).
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The prevailing conditions, as stated above, of storim sewers being
carefully observed in the.field, it is considered that the combihed
sjstem, as proposed by the Master Plan, is most appropriate without
requiring construction of lateral sewers and, besides, that Rama IV
trunk sewer should be used as the main sewer, as'mdst_of the existing
storm sewers are presently connected to this trunk sewer. When the
combined system is employed as . recommended here, wastewater from the
" Study Area will finally be connected to Raﬁa iv sewar and conveyed
“to the wastewater treatﬁent plant through diversion chamber planned to

divert up to 1 x dry-weather flow from the existing combined sewers.

The existing Séptic tanks must be kept and waste solid has to be
removed, though the existing storm sewer system is to be converted to
a combined system, because the gradient of stoxrm sewers is not suffi-

cient to flush away human excreta without clogging.

Open klongs in the Sﬁudy Area;‘Kiong'Sathcrn; Kiohg Chong Nonsi,
Klong Suan Luang and Klong Pai Sing Tow, are all heavily polluted due
to discharge:éf_sullagé wéte:_and liquid effluent from the septic tanks
or cesspools. - If théy are utilized as combinéd sewers, water pollution
and envirbnmental destrﬂction,will be aggravated. 1t is, therefore,
desirable.that waétewatér-being dischaxged into kloﬁgs be intercepted
or the open klbngs be remodélled to closed conduits, whexe poésible.
Further, gaﬁeslldcatéd around the Study Area should bé closed as much

as possible in order to prevent pack flow of klond water into sewers.

When iﬁterceptor as pioposed above cannot be connectéd, by=gravity,
to an ekiétihg storm sewer, an intermediate pumping station should be
provided to lift wastewater_fromithe interceptor'up to the existing

storm sewer.

5.3 Wastewater Treatment Process

In the Master Plan, modified aeration process was recommended

for wastewater treatment for the foliowihg three reasons: 1} the avail-



able Slte for the treatment fa0111tles is* quite limited 1n atea, 2) the
effluent BOD from wastewater treatment plant which will be presently
permissible in the Study Area ;s ‘considered to be 60 mg /1 and 3) the
modified aeration process will easily be converted to conventional
activated sludge plOCESS when a hxgher degree effluent is requlred.‘
Regarding the above recommendatlon, further consideratlon will be 91ven
below to reflect the presently preva1111ng lecal conditions to- the

. design of necessary facilities.

As the site available for treatment fac;lltles is already fixed, the
requlred area for the treatment facilities must be within the available area
The requlred area is dependent on both wastewater quantity to ke treated
and proéess of treatment to.Ee eﬁploféd From this stand901nt, the inflow
and process of treatment in connection w1th the available area will be

considered in detail in the following paragraphs,

The inflow in the first stage is approximately one-third of the an-
t1c1pated total rate at the final stage. On the other hand, the avail-~
able site is an existing pond with a surface area of about 20 ha and a
depth of 3 to 4 m. This pond can be utilized as a stabilization pond.

. BOD of the wastewater to be treated is about 160 mg/1, as will he
described in Chapter 6. This value is lower than the ultimate value

BOD 240 ng/l1 estimated in the Master Plan.

Taking all the above conditions into account, the possibility for
adoption of either 1) stabilization pond'procegs or 2} aerated lagoon
process is considered for wastewater treatment in the first stage,
Details of the study are presented in Appendix A,  The result of the
study shows that the available area for the fivst alternative is not

sufficient even for the quéntity of wastewater in the first stage.

If the above second ‘alternative is adopted, the bottom and wall
of the pond have to be strengthened to a' large’ extent, and besides,
when a conventional activated sludge process is required in the future,
its remodelllng will need a sizable investment. Therefore, the aerated

lagoon process is not recormended.
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Consequently, the nodified aeration process is selected as a most
appiopriate process to meet present conditions. fThis process can be
easily converted t6 a conventional activated sludge process when a

higher degree of effluent such as BOD of 20 mg/l is required.

In the preliminary engineering design, layout of this process will
be_pro#ided, considering future arrangement for conventional activated

sludge process.
5.4  Sludge Treatment and Disposal Process
In the Master Plan, it was recommended that the sludge removed

fxom the sedimentation tanks be treated and disposed of as shown

in the'folloﬁihé diagram:

— e Tand Fillihg
Drying Bed |~ or
Agricultural Use

Sludge

Thickener

o

- ——

Sludge Treatment Sludge Disposal

For the first part of the above series, the combination of pro-
cesses as shown in the diagram is considered most appropriate for the
First Stage, Regardihg the sludge Sisposal, however, further considera-
tion will be given below by reasons that the sludge is objectionable
causing health hazard and odor nuisance, and that on the other hand, it

has adﬁantage as fertilizer,

Presently in Bangkok, Bureau of Fertilizer (BOF) is producing and
selling two kinds of fertilizer; one of them is by composting garbage
and another'one.is by mixing compost of garbage and digested sludge
of'septié tanks (refef to Appendix B). The yearly production of fertili-
zer by the‘above agency is approximatély 25,000 tons against the estimated
demand of 40,000 tons in the Metropblitan area.



Therefore, if the components of the sludge from the wastewater
treétment plant is found suitable Ffor fertilizef, there is a big‘pdten—
tial demand for fertilizer.from the wastewater sludge. Such fertiliZer'
S is generally recognized to be useful as a result of ptactical use to be

effective.

In spite of the abové remarkable advantage of the sludge in
agricﬁitural use, there exists a critical pitfall, such as ‘toxic éub—
stance harmful to health in the use of the sludge from.municipal-waste~
water. So that, furthér study based on laboratory tests'df sludge to
.'be produced, will be needed before decision on agricultufal use of

sludge.
In the initial stage, therefére;_saﬁitary land £filling would be

recommended instead of'égricultural use for the final sludge disposal.

Dumping sites must be sought for as early as possible.
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CHAPTER 6
DESIGN BASIS

Pesign bases for the project, for which the present feasibility
study is to be'uﬁdettakén,_will be discussed and defined'in”the follow-
ing. They are the design period for major facilities; land use pattern
which governs population and wastewater; populétion'in the area; and

quantities and qualities of wastewater to be treated by the project.

6.1 Design Period

The sewerage system proposed in the Master Plan was planned for
the capacity needed for the Gastewater flow in the year 2543 (2000),
nanely, the. de51gn perlod up to that year, based on the related studies.
on land use, populatlon growth and other EXIStlnq infrastructure pro-

jects including water suPply.

Major facilities of the sewer system for the first stage will
be ingn capaCities as proposed‘by the Master Plan, in consideration
that they are:nbt'capable of future expahsion or remodelling due to
dlfflcultles in construction work and resulting excessively high costs
of wprk, Therefore, the deslgn perlod of such facilities will be set

at the same period as proposed in the Master Plan.

As for'the wastewater treatment plant, however, another consideration

must be leen, because it ¢an be constructed stageWLse in accordance

w1th the increasing requ1rement, leading to avoidance of oVellnvestment.
Oon one hand, a fairly reliable est1mat1on of wastewater flow is possible
for a mediwm fuiuré term, say for about ten years. On the other hand,

the timing of operation start-up of the second stage ¢onstruction, ten .
years after the cbmmeﬁCement of the Eirst.stége c¢onstruction, must be
considered} so as for fhis stage'coﬁStruction to be able to 'meet the

need up to thét'year.' The aboVe.two factors being duly congidered, ten
years for the design period of the wastewater treatment plant is judged

most appropriate for the first stage construction.
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6.2 Future Land Use Pattern

According to the future land use pattern proposed by City Planning
Division,; BMA, Sub-zone 2-A, the Study area, is supposed to be a commer-
cial area except Lum Pinece Park. Thié pattern,'h0wever;_is considered
as an ultimate future picture, not necessarily taking into account the
present condition of land use. The Feasibility Study, therefore, applies
a more practical land use pattern assumed to actuaily develop until the

year 2543 {2000). The future land use pattern is shown in Table 6.1
and Figure 6,1.

Regarding the above table, the future land use pattern is classified
into four categories, ‘ramely, residential, commercial, institutional
and green areas, and it assures that the present commercial-residential

area will be cdnverted to the commercial areca.

Table 6.1  Future Land Use Pattern in 2543 (2000)

Land Use Pattern Area (hé) Percentaqé (%)
Residential 234 24.
Commercial 446 _ 46°
Institutional 230 24
Green 60 6

Total ' 970 100

6.3 Population Projection

Future -population, one of the basic factors for the feasibility
study, will be estimated in two steps, nanely, 1) pfojection of popu-
lation of tha subndistricts cencerned; and 2) projection of population
of the study area which is a part of the districts concerned. The
projection'wiil_be made takihg‘into due consideration'thc;future land
use pattern, the present_pOpuiatiqn, the present population density,

and .the condition of urbanization, in the area.
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6.3.1 Projection of Population of the Sub-district Concerncd

In the Master Plan Report, the future population in the year 2543
(2000} was estimated at 233,000 persons for Pa Thum Wan District and

134,000 persons for Bang Rak District respectively.

- On the basis of the above estimated future population of districts
and the present populatlon of sub- d1strlcts, the future p0pu1at10n by

sub-~ dxstrlct is estimated as shown in Table 6.2,

Table 6.2 Prdjection of Population of the
Sub-districts Concerned

Name of District " Area __ Population {persons)
and Sub-district (ha} . 2523 2543
{1980) {2000)

. Pa Thum Wan District

Rong Muang 120 35,016 33,500
Wang Mai 130 56,160 54,500
~ Pa Thum Wan 210 128,406 130,000
Lum Pinee 330 16,065 15,000
Total 790 235,647 233,000

Bang Rak District

Maha Phrut Tharam 60 29,639 29,000
Si Phraya 75 20,122 20,000
Su Riyawong : 60 36,969 39,000
si Lom 155 35,467 37,000
Bang Rak 35 9,345 9,000
Total 385 131,542 134,000




6.3.2 Projection of Population in the Study Area

The Study Aiea does not necessarily include the whole area o6f the
9 sub-districts, and some sub-districts include uninhabited areas, as

shown in Figure 4.2,

Theréfdré, fo estimate future population of the:Study Area, portions
of the sub-districts that belong to the Study Area are, in the first
place, taken out. Then, the future population for the year 2543 (20600)
is obtained as the produét of the taken~out areas and their population
densities. 1In this calculation, the uﬁinhabited_areas in the sub-dis-
triéts are, néedless to.say,rekcluded. The future population thus calcu-

lated is shown in Table 6.3.

6.4 Design Wastewater Flows and Qualities

Review of the design hastewater flows and qualltles to be treated,
as estlmated in the Master Plan Report, is necessary to ascertain the
existing conditions of the Study Area and to project theé realistic
figures for the design. Therefore, the above matters will be discussed

in the following.

6.4.1 Wastewater Flow Rates and Strength

a. Domestic Wastewater

In the Master Plan:Report, per capita wastewater production
in residential area was estimated at 184 1/day in the year 2523
{1980). Future flows were estimated to increase to 194 1/day/cap.
by the year 2535 (1992} and 201 l/day/cap. by 2543 (2000). With
respect to BOD productions, they werc estimated at 48 g/day/cap‘
in the year 2523 (1980) and to increase to 50.4 g/day/cap. by the.
year 2535 (1992) and 52 g/day/cap. by 2543 (2000).

The above per capita wastewater productions are cbnsidere&

reascnable to apply to this study.
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On the other hénd, as for design BOD loads, since septic
tanks and cxisting excreta disposal facilities ih_the Study Area
are recormended to remain as they are for the time being, design
values to be uéed in the preliminaty'engineefing design rmust be
less than productibn values. The per capita BOD contribution of
excreta has been estimated at 18 g/day from numerous examples in
Japan. The BOD load of excreta through'septic tanks is estimated
at 6 g/day/cap., assuming approximately 70 percent of above BOD

value is reduced by the septlc tanks.

: Therefore, the average per capita BOD loads into sewers from
residential area are estimated at 36, 38.4 and 40 é/day in the

years 2543 (1980}, 2535 (1292) and 2543 (2000) respectively, With

respect to SS, the same figures are considered reasonable based on
the field survey conducted during the period of the Feasibility

Study. These are summarized in Table 6.4,

Table 6.4 Domestic Wastewater Flows and Qualities

Year 2523 {1980) Year 2535 (1992) Year 2543 {2000)
Flow BOD, SS Flow BOD, S8 Flow BOD, SS

(2/d/c) (g/d/c) mg/1)  (1/3/<) (g/ajc) (mg/Y)  (1/d/Q) (g/d/c) (mg/L)

Domestic

Wastewator 194 . 36 1506 194 - ig.4 198 201 40 199 .

Note: 5SS is assumed almost equal to BOD.

b. Commercial Wastcwater
Commercial wastewater in the present study is identified

with the wastewater from commercial area.

In accordance with the Master Plan, the commercial wastewater
flow was estimated at 93 m3/day/ha in the year 2523 (1980), at
107 m3/day/ha in 2535 (1992), and at 116 m3/day/ha in 2543 (2000).
-BOD concentratzon for comnercial wastewater was estimated to be
samé values as that of domestlc Eloa based on field survey at
commercial~resxdent1al area {refer to Appendix G of Master Plan

RepOrt).
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For the purpose of the preliminary engincering design, the
above values for the commercial wastewater flow are applied to this

sfudy;

With respect to BOD and S5 concentration, the same figures as

assumed in the previous section are used for this study.
These are summarized in Table 6.5.

Table 6.5 Commercial Wastewater Flows and
' Quantities

Commerdial a3
Wastewater

Year 2523 (1980)  Year 2535 (1992) Year 2543 (2000)
Flow BOD, S8  Flow  BOD, SS  Flow  BOD, S8

(n3/d/ha)  (mg/1)  (m3/d/ha)  (wg/1) (m3/d/ha)  {mg/1)
1%6 107 198 116 199

Note: SS is assumed almost equal to BOD,

c. Institutional Wastewater

Institutional wastewater in this study is defined as waste-
water discharged from government buildings, hospitals, schools,
park, etc, Based on the results of the field survey carried out
during this study, the wastewater generated in the sewerage Sub-
zone 2-A for the years 2523 (1980), 2535 (1992).and 2543 {2000) are
estimated as summarized in Table 6.6. ‘As for BOD and 85 concentration,
the same figures as those of domestic are used for the enqineerihg

design.

d. Infiitr&tion Flow Allowance

The Master Plan estimated infiltration flow into sewers at
7.6 m3/day/ha in case a separate sewer system would be employed.
This figure, however, has, it is considered, to be adjusted to suit
the present project, because the existing storm sewers are to be
used as components of a combined sewer system for sanitary waste

conveyance, As for such drains, the infiltration flow may possibly



be higher than the case of the séparate system. Reliable data,
howeﬁer, is not available within the sthdy area to estimate such
flow. On account of this, the present study assumes the amount
of infiltration taking into consideration the physical characters
of the area and conditions of the existing storm sewers, and also

the examples of similar cities in Japan.

The rate of infiltration varies with the type and tightness
of the construction; the groundwater elevation, and the permeability

of the surrdunding soil,

The qroundwafer level in Baﬁgkok'is very close to the ground
surface during the wet season ana it-is abprOximatély 35.0m
{almost equal to Mean Sea Water Level of 35.03 m) even in dry
season. And further, the existing storm sewers in the Study

Area is poorly constructed without water-tight joints.

It is difficult, however, to calculate the accurate amount
of infiltration since no reliable data for calculation is available

in the present study.

The infiltration flow allowance is therefore estimated in
accordance with the figure actually applied in Osaka city and Kawasaki
city,etc. in Japan which are under conditions. similar to Bangkok.

In such cities approxiﬁately 20 -~ 30 percent of average daily waste-

water flow is considered as infiltration flow allowance,
Consequently infiltration flow allowance to be applied for the

design purpose in the present study is estimated to be 20 percent

of average daily wastewater flow.
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Table 6.6 Estimated Institutional Wastewater Flow
for the year 2535 (1992) and 2543 (2000)

Name oF *Present Avg. Estimated Wastewater Flow
Water (m3/day)
Establishment Consumption e
- {m3/day) Year 2535(1992) Year 2543{2000)
1. National Stadium 1,160 - 1,334 1,450
2. Cﬁulalongkon ' :
University | 4,192 4,821 5,240
3. Triam Udon Suksa School,
College of Education 300 348 o 380
4. Royal Bangkok Sport Club 62 73 80
5. Police Department 78 91 100
6. Lumpinee Park 155 176 190
7. Military Area _ 125 146 160
8. Police Hospital 715 820 890
9. Chulalongkon Hospital 2,900 3,339 3,630
10. Bangkok Christian 525 606 660
Hospital
11. Loed Sin Hospital 640 736 aoo
10,852 12,490 13,580
Total £ 10,900 % 12,500 £ 13,600

Note: * These are obtained from the results of survey undertaken during
the period of the Feasibility Study. The future wastewater flow
from the institutional area is estimated by using growth rate
of 25 percent from tﬁe year 2523 (1980) . to 2543 (2000) which
rate is derived from MWWA's Water Supply Plan, Ahd, it is
assumed that 100 percent of the supplied water will be discharged -
as the wastewater from the institutional area, Locations of

above sources are illustrated in Figure 6.2,
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Figure 6.2
| LOCATION OF MAJOR INSTITUTIONAL
| e | e |WASTEWATER SOURCES |
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6.4.2 Wastewater Flows and Qualities to be Treated

a. Wastéwater Flows

Wastéwater flows, so far described, expected from the Study .

Area, are summarized in Table 6.7 below.

shown on Figure 6.3,

A graphical portrayal is

Table 6.7 Summary of Estimated Average Daily Wastewater Flow

2523{1980)

2535 (1992) 2543(2000)
Population Avg, Population Avg. Popuiéfiﬁn'3AVg.
or Area - Flow or Area ‘Flow or Area  Flow
(n3/d) (m3/4) (m3/4)
Domestic | persons persons persons
Wastewater 252,000 46,400 252,380 49,000 . 252,500 50,800
Commercial 400 ha 37,200 45,900 Y446 na 51,700
Wastewater _
Institutional .
1 3
tastomater 2/ 10,900 2,500 13,600
Extraneous 28,400 28,400 28,400
Total 122,900 135,800 144,500

Note: 1/ Medium value between the year 2523 (1980} and 2543 {2000)

2/ Refer to Table 6.6
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b. Wastewater Qualities
_ BOD and SS of wastewater in Rama IV sewer are estimated at
_approximétely 160 mg/l respectively (see Table 6.8) based on the

estimation as describéd in the previous section 6.4.1.

On'thezbther'hand, wastewater Qﬁality analysés were carried
out by DDS Laboratory dur1ng f1eld survey for the present Study.
The results of sueh analyses indicated BOD and S8 of wasteaater

in Rama IV sewer were ranged from 50 to 100 mg/l respect1ve1y

The reasons for difference between estimated guality and
measured one are cdnsidéred due to, namely, (1) dilution by
inflow of klong water, and (2) solid settling in the lateral

sewers,

(1) pilution by inflow of klong water

Rama IV sewer is:connected to several-klongs such as Klong
.Sathorn, Klong Pai Sing Tow, Klong Chong Nonsi, and Klong Ma
Ha Nak. The flow directions of these klonqs reverse perlod1ca11y,
as a result of gate control at key points for storm runcff control
under existing drainage system, However, usually (when no gate
control is requ1red) klong water flows into Rama IV sewer by tidal
fluctuatlon. Hence, when klong hater flows into Rama 1v sewer,

wastewater may bhe attenuated and BOD and SS values may be decreased.

(2} Solid settling in the lateral sewers

Due to insufficient maintenaﬁce of lateral sewers or insuffi-
cient slope of sewers, the flow velocity in the sewers is usually
smaller than designed. Consequently solid settling occurs

in the secwers,

As described in a later chapter, if klong water inflowing into
Rama IV sewer is shut out and lateral sewers are maintained well,
the guality of Rama IV waétewater to be treated must be more than

'100 mg/1 in BOD and S8. Incidentally, the treatment plant influent
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BOD is found to be 150 to 250 mg/1 in Huay Kwang housing community
in which a séparate sewerage systém is established. Taking into
éonsideratioﬁ the above fact, the design BOD of wasteﬁater_is'calcu—
iated, as shown below, based on the aﬁtiéipatea‘BOD to be generated
under conditions that the drainage system_is'modified and lateral
seyers are maintained well. Consequently, the design BOD of waste-

water is 160 mg/l for the year 2523 (1992).

Table 6.8 Calculation of Wastewater Qualities

Year ' - _  Wastewater Qualities in BOD and SS
2523 46,400 md/a Y x 196 mg/1 ¥ + 48,100 wisa ¥ % 196 mgs1 ¥ 150 ma/t
— . A g
(1980) 122,900 m3/4 2/ C
2535 49,000 n3/d 174 x 198 mg/l L7480 58,400 m3/d 2/ x 198 mg/1 8/ % 160 mg/l
(1592) 135,800 m3/d >/ _
T L _ 5 _ _

2543 50,800 m3/d Y % 199 mg/l %/ + 65,300 m3/q 3 x 199 mg/l &/ " 160 N

- : ; = mg
{2000) 144,500 m3/4 5/
Note: 1/ Domestic wastewater flow to be diSChargéd ffom Study Area.

2/ BOD and SS concentration for.domestic‘Waétewater.

3/ Commercial and institutional wastewater flow to be discharged
from Study Area.

4/ BOD and S5 concentration for commeréiél and institutional
wastewater.flow.

5/ Total wastewater flow to be treated.
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CHAPTER 7
DESIGN CRYTERIA

~The Master Plan developed various design criteria which had beeﬁ
used as a basis foyx design of the proposed sewerage system, This
chapter summarizes design criteria to be used for the present prelimi-
nary engineering design from the said criteria, Qith some modifications

where necessary.

7.1 Sewers

Sewers will be designed on the basis of the following design

criteriaz

a, Flow Priction Formula
se of the Manning Formula is recommended to determine sewer
sizes because of its simplicity and worldwide acceptance.
This formula gives the velocity as follows:
2 1

v -1 R 3 s 2
n

velocity of flow, in m/sec

z
=
®
.9
T
<

i

n = coefficient of roughness

sl
I

hydraulic radius, inm

slope

b. Peak Flow Rate
The felatioﬂships of Figure 7.1 should be used for the
determination of the peak rates of flow adopted for the design

of sewers and pumpinq facilities.

¢. Intercepting Capacity
The design capacity for the intercepting sewers is recommended
to use 1 x the peak dry-weather wastewater flow rate. (Refer to

Appendix B of Master Plan Report, 2524)
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d. Minimum Design Velocity for All Pipes:

0.6 m/seé

All sewers should be designed to have a velocity of not
less than 0.6 m/sec to maintain self-cleansing and prevent sulfide

corrosion. (Refer to Appendix I of Master Plan Report, 2524)

e. Minimum Size of Public Sewer:

200 mm diameter

pPublic sewers should be not less than 200 mm in diameter

to facilitate satisfactory maintenance,

f. Maximum Manhole Spacing:

-~ 60 m for sizes up to 0,5 m in diameter

t

a0 m for sizes 0.6 m to G.B m in diameter

120 m for sizes 0.9 m to 1,5 m in diametex

- 200 m for sizes 1,65 m or more in diameter

These manhole spacings should be provided with adeguate
dimensions for entry and for easy operation of the cleaning

rods.,

g. Minimun Earth Covering of Sewer Pipes Under Roads:

1.0m

The external crown of public sewers should be at least one
meter below the road surface to receive wastewater from hranch

and lateral sewers by gravity.

7.2 Intermediate Pumping Stations
The design of pumping stations should be based on the peak flow

of wastewater. All pumping stations are recommended to be installed with

entrance cates and screens for protection of pump equiprent. No grit
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chamber is recommended to be installed, because it is anticipated that
fFlow rate is low and grit included in wastewater is mostly renoved by

existing grit-trap of sewers in the Study Area.

7.3 Wastewater Treatmént Flant
7.3.1 Wastewater Treatment Facilities

a. -Pump
Pump capacity and total number of pumps should be determined
based on the design peak flow, Entrance gates, screens, and a

stand-by pump should be provided to pumpihg facilities.

b. Grit Chamber
This facility should be provided ahecad of thé aeration tanks
in order t6 remove sand, gravel, other minute pieces of minerals,
and non-putrescible organics for protection of wastewatér and sludge
treatment facilities. Design detention time and design flow velocity

should be provided as 1.0 minute and 30 cm/sec respectively,

c. Wastewater Treatment Facilities (Modified Acration Facilities)
A unit of modified acration process consists of aeration tank,

sedimentation tank and chlorination chamber in series.

The design of treatwment units should be based on the average
rate of wastewater flow per 24 hours except where 91gnlflcant devia-
tion from normal diurral flow patterns are expected. The capacity

of pipes and conduits should be determined hased on peak flow rate.

Rates applied for the design of the modified aeration faci-

lities are summarized in Table 7.1.
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Table 7.1 Rates Employed for Modified Aeration
Process,

Design Component Rate

1. Aeration Tank

BOD-MLSS Loading 2.0 kg BOD/kg MLSS/day
MLSS : 200 mg/1

09 Supply 0.35 kg 02/kg BGD
Aeration Time 1.5 hrs

Return Sludge Ratio 10%

2. Sediméhﬁation Tank )
Overflow Rate 30 m3/day/m?2
Detention Time - 2.0 hrs

3. Chlorination Chamber
Contact Time 15 minutes
Chloring Dosage 3 - 5 mg/1

7.3.2 Sludge Treatment and Disposal Facilities

Prior to final disposal, sludge from wastewater treatment process

will be digested to reduce organic matters.

A unit of'sludge Lreatment process includes thickener, anaerobic

digester, and drying bed in series,

Rates employed for the desiqgn of the sludge treatment facilities

are summarized in Table 7.2.

Pable 7,2 Rates Employed for Sludge Treatment
Process

Design Component Rate

1. Thickener _ .
Solid Loading 60 kg/day/m2

2. Anaerchic¢ Digester {Unheated)

Detention Time 30 days
3. Drying Bed

Detention Time 10 days

Sludge Depth 20 cm
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_ CHAPTER 8 -
 PRELIMINARY ENGINEERING DESIGN

This Chapter deals with, based on the fundamental conditions so
far described in fhe precedinq'Chapters 3 through 7, preliminary engi-
neering design of the combined sewerage system to be constructed in
the First Stage Area. The design is ‘intended for estimation of the
project cost and. also for use as a basis for detailed design at a
later stage. The estimated cost Qill be employed for the present

financial feasibility study of the project,

-In'the following séctions, first, the skeleton layout of the com-
bihed Sewerage system will be illustrated, ang, secondly,:all preli-
minary engineering designs of sewerage facilities will be presented,

together with analyses, calculation and drawings, where regquired.

8.1 Laybut Plan of Préposed Sewerage System

“The layout plan of pxopoéed sewerage system in the Study Area is

shown in Figufe 8.1,

Fundamental facilities of proposed sewerage system consist of
existing storm sewers, intercepting sewers to be newly constructed,

intermediété'pumping stations and wastéWater treatment plant.

As shbﬂn in Figufe 8.1, all of waétewater generat¢d from the Study
Area areiColleéted to the existipg_Rama IV'Sewer which is lécated in the
center éart 6f'the area, through tﬁe:existing Storm_SGwefsiand ﬁhé‘interq
ceptors. 'Then,:it is transported to tﬁe pr0posed treatment plant by the
tiunk'iintei:ceptor. The collécted wastewater is treated at the proposed
wastewater treatment plant located along'Klong rai Sing Tow by modified
aeration'process, and after treatment, efflueﬁt is discharged to Klong

Pai 8ing Tow,



For the F1r3t Stage, main intercépting sewers with dlversion
. chambers are propoqed to be ¢onstructed along Klong Phadung Krung
Kasem, Klong Sathorn,; and Klong Suvan Luang to 1ntercept wastewater
being discharged directly and to'ﬁse fﬁliy the existing storm séwers’

and minimize interruption of the heavy traffic.

.AIOnQ Klong Chong Nonsi, ‘an interceptor is required, but no
sufficient space for such ¢onstruction is available. ~Therefore,
Klong itself will be used as a sewer after convertin§ its present
open type to a conduit type. It will résult in aesthetic improvement

of the environment,

Threé’ 1ntermedlate pumping stations are required té avoid deep

excavation of sewers, and to connect w1th existing stomm sewers..

Wastewater treatment plant with a cap301ty of approxlmately 146,000

m3/day is requlred to be constructed in the First Stage.

To realize most effective functioning of the proposed sewerage
system, gates located around the Study Area should be closed as much
as possible. .

8.2 Proposed Sewerage Facilities
8.2.1 Sewers
A detalled breakdown of the proposed sewey facllitles is shown

in Table 8.1 For the purpose of 1dentiflcation, each sewer has been

named as 1ndlcated in the table.
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Table 8,1 Summaty'bf Proposed Sewer Facilities

Name of ‘.;Pipé Dia Avea.Dépth"- Pipe - Now Qf, No. of
Sewer . {mm) of Sewer “Length Diversion - Manhole
' ‘ : “Am) (m) Chamber T
chila _ R X
Intexceptor - 600 2.4 140 I
L ,000 3.6 1,005 2 '8
Force Main, - _ o ' '
' T 600 1.7 295 - 1
Charocen Krung _
Interceptor 400 2.0 295 1 4
R 500 3.4 465 2 8
600 4.2 465 1 6
1,000 5.4 325 1 4
Force . Main
600 1.7 165 - 1
Klong‘Sathqrh 7 :
Interceptor 100 1.8 20 1 -
| 300 3.5 240 i 4
400 4,0 260 2 3
500 4.3 240 1 3
600 4.5 a5 1 -
600 4.7 220 1 -
- 800 5.4 310 2 2
800 5.6 175 1 2
1,500 3.5 160 1 2
1,500 4.7 710 5 1
1,500 5.3 755 - 2 4°
Force Main . o
L 500 1.6 90 - -
Chong Nonsi
Combiried - o
Sewer 18,500x2; 000 3.2 1,275 - 8
Trunk Inter- o o
ceptor = 2,400 3.0 450 1 3
' ' D2,100x2,100  10.0 - 250 - 3
. Total . 8,405 27 68




The diversion chambers are provided to divert up'tc 1 % dry-weather
wastewater flow from combined sewers. As for the type of chambers,
the leaping type is adopted for Rama_lv Sewer and the side over-flow

weir type is for the other existing stomm sewers. (rRefer to Appendix C}.

Design calculation of proposed seéwers is presented in Appendix D.
Details of all sewer facilities, that is (1} plan of sewerage system
{2) sewer profile {3) structural drawing of diversion chambers (4)

other structural drawings, are presented in Volume III, Drawings.

8.2.2 Intermediate Pumping Stations

Three pumping_statiohs, named provisionally as Chula, Charoen Krung
and Klong Sathorn for the pﬁrpose of identification, will be constructed

in the First Stage.

No grit chamber is proposed for these pumping stations hééaﬁse the
inflow into these pumping stations will be not substaﬁtial‘and there-
fore no grit removal problen will be anticipated. BAnd also by absence
of grit chamber easy operation and maintenanée and low construction -

costs are expected.

Two or more screen channels are basically to be provided for each
pumping station to facilitate cleansing, repairing, etc of anyone of
the channels without interrupting continuous.operation of the pumping
station, However, for Klong Sathorn Pumping Station, only one channel
is proposed, because inflowing rate is extremely small and it is im-
possible to keep flow velocity more than solid settling velocity to
avoid siltation if two channels arxe provided, In case of emergehcy,
wastewater can be by-passed to the klong directly closing the inlet

gate.

As showﬁ in Tabie.B.Z, there is no signifiéant differenéé be;ween
esign flows in 2635 (1992) and 2543 (2000). Consequently design flows
for the pumping stations based on the year 2543 (2000);13 employed since
it is sufficient to cover future flows without requitinq any surplus

investment for the construction.



Table 8.2 Design Flows of Pumping Stations

The Year

' : 159 Required
The Year 2535 {1992)  ,643(2000) Land Avea *
Name
Daily Ave. Peak Flow Peak Flow {m?)
Flow{m3/day} {m3/min) (m3/min)
Chula Pumping _
Station 10,700 22.7 23.8 300
Charocen Krung _ _
Pumping Station 12,900 23,8 24.4 300
Klohg’Sathdrn : _
Pumping Station 6,100 12,6 13.0 300
Note: * open space
Table B.3 oQutline Specifications for Pumps
Total Pump No. Pump
Design Capacity of Pump Type
Name Head per Unit Required
(r0) (m3 /min) (*)
Chula Pumping Station 7.00 12,00 3 Sub-
mersible
Charoen Krung Pump¥ Sub-
ing Station 8.00 12.50 3 mersible
Klong Sathorn Pump- Sub-
ing Station 7.00 6.50 3 mersible

Note: #

includes one stand-by.



The design flows of the three pumping stations and outline specifi-~
cations of the pumps to be provided in the First Stage Program are shown in

Tables 8.2 and B,3. Proposed Plans of these pumping stations are pre-
sented in Volume IIT, Drawings,

8.2.3 HWastewater and Sludge Treatment PFacilities
(1) pesign Conditions

Basic design factors, previously described in Chapter 6, are

recapitulated as shown in Table 8.4,

Table 8.4 Deéign_CohdiEibns of Wastewater -
Treatment Plant

Ttem in 2535 (1992)
“Average Daily Flow _135,000'm3/day
Influent BOD 160 mg/1
Effluent BOD 60 mg/1

In designing the wastewater treatment facilities for the First
Stage, arrangement of main facilities, size, and number of units
of treatment facilities are detemined taking into account bhoth
the design of conventional activated sludge process to which the
Lreatment plant may be converted in future and design conditions,

namely, flow of approximately 380,000 m3/day, and effluent BOD of
20 mg/l which are also anticipated in the final stage.

(2) Flow Diagram
The flow diagram for modified aeration process, inciuding

pumping and sludge treéatment facilities, of the propeosed waste-

water treatment for the Study Area, is illustrated in ?igure 8,2,
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Elements indicated in the flow diagram are briefed below.

1) Gate . _ .
This is provided to control wastewater flow especially when

" electric power is out of supply, or ovefhauling of pump facilities

is performed.

2) Pump _
This is provided to lift wastewater from Trunk Interceptor to

grit chamber, The lift of the pump is determined so that the efflu-
ent from the plant can be discharged to Klong Pai Sing Tow by gravity.

3) Grit Chamber

Grit and sand included in wastewater are separated and removed

by this facility.

4} Flow Meter

Wastewater flow is measured by this facility.

5) BAeration Tank
Microbial floc particles formed are brought into contact with

the organic components of the wastewater in this facility.

6) Sedimentation Tank

Suspended sclid particles are rewoved from wastewater by gravity

settling in this facility.

7) Chlorinatien Chamber
Before discharging to Klong Pai Sing Tow treated water is dis-

infected by chlorination in this facility.

8) Thiékener
_ This fac111ty is employed for subsequent dewatering to reduce the
volumetr1c loading to related units and to increase the efficiency

of the dewatering equipment.
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9) Digester _ _ _

The objectives of anaerobic digestion are to (1) decompose
sludge organism td stabilized huﬁus, {2) reduce thg mass and volume
of sludges, (3) obtain useful by-products, and (4) destory or control

pathogenic organisms,

10} Drying Bed
Digested sludge is withdrawn from digester onto this facility to

dry.

(3) Size and Number of Main Facilities

Size of the main facilities and number.of_uﬁits are designed
taking accounf of the final scale of plant, Space availability,
construction progranm, influence on the environmeht} operation
and mainteﬁance procedure, and economic factors. Design calculation

for determination of the above facilities is presented in Appendix D.

In addition to the main treatment facilities, a training room
and a laboratory are provided. in the operating building, and a room

of laborers with workshdp.and house of workers are planned separately

from the operating building.

Size and number of the main wastewater treatment plant facili-
ties proposed for the First Stage are shown in Table 8.5. (Refer to

Appendix E)
(4) Arrangement of Main Facilities
Three alternatives for the arrangement of wastewater treatment

plant are conceivable under the following existing conditions of

proposed treatment site,
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i) The plant site is a pond which consists largely of two parts
i.e., northern part with 3 to 4 m depth'occupying tow-thirds
of the pond and another southern part with about 2 m depth,

ii} Inlet routes into this plant are two, namely, Rama IV Route
(presently to be designed) and Sukhumwit Route (in future stage)

-

Each alternative is briefed below, and comparison of major features
of the three follows.

Alternative I: Operating building incorporating pumping station is

located at central portion of the proposed plant site,
and treatment is largely divided into two processes,

namely, wastewater treatment and sludge treatment,

- Effluent
] —2
N fo e e Ty
1
! 5 W 1+— |
| |
< : ut
Sukhrwit E?E]EE_ o . —_ ———-—e ''''' Tt e e —"Ié__ Ram.] .IV"R_O ©
Legend ® R Operating Building.incorpo—
o rating Pumping Station
I veesses Wastewater Treatment
9 Facilities
S teee.a. Sludge Treatment
Facilities
[ .
i I ....... Future Expansion
I |
Alternative II: Operating building is located at the southern
end of the proposed plant site. Wastewater
Lreatment procéss and sludge treatment process
are placed apart from ecach aother,
- : - - Bffluont
Hogd—— | e e o e 1
| . : -t g | W
Sukhmwit Route | R I N R __1®| rawa 1v Rroute
e A <
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Alternative IIIt For the First Stage, treatment facilities are

placed at the southern part of the site.

: o Effluent
A [
: . : ' — | i -—> . s W
. ' . .
Sukhumwit Route Lo e Rama 1V Route
l_._ — e e . 1 — <

in Alternative I, advantage of arrangement of this type is that
less operatlon and maintenance losses are anticipated in the Fxrst
Stage and the later stage, because the operating building is located
at the centrai portlon of the plant. HoweVer, since first stage con-
struction is commenced from the central portion, huge landfilling cost
for the ponds is requiréd And, after the First Stage construction,
the remainlng plant sxte is d1V1ded into two parts, therefore, less

flexibility for fu;ure site usage is lert.

For Alternative II, initial landfilling cost is less than
Alternative I, and flexibility for future site usage is not retained,
Disadvantage of this arrangement is that initial investment of pip-
ing and conduits for operating facilities is the highest among the three
alternatives, because the treatment processes are apart from each

other,

Foy Alternative 111, 1nit1a1 landfilling cost is the lowest amonyg
the three alternatlves, because southern part of the pond is shallow.
As for flexibility for incorporating design modifications and expan-
sion of the treatment plant for future needs, this alternative is

superior to the other alternatives.

From the above study, Alternative III is recommended. The waste-
water treatment plant Iayoﬁt for the First Stage is prepared accord-
ing to basic arrangement of the above alternative, as shown in Fiqure
8.3. The treatment plant site required for the First Stage is an area
of 12,5 ha.

8-12



MY 676 X TR/ 0°T X 0018

813

adly BOTD UG TeIUCZTIOH ) v . g.muvﬂm SSOI
M ST X W g X /el §°¢ X 0029 . ,
adi3 5OTY UOU TRIUCTTIOH @ » 3 Sumg 2bpats wxraey
w1 ST X W 07 9yd _ _ WSz, X W 0°9T8
TOTITICTD INTNDITD g unpomﬁoo_mmﬂﬂ.nm adfy TeTOITD 8 SURL UOTITIUSUTRIS
o STUn/My 67
TUDTIRISR SIVIANS 3FOUS TLIYIIBA eT . 203N WO X W 0P, X u §°eT, 3 Y, UOTIRTSY
D9s/gw 9£L070 Aroedes -utw
098/-0 €6' 7 Katoedes xow
C (33 9) w 88°28T, R ) _ WNTY TTeysIRg | TR MOTI
- - - - . . d
Em.ﬂmeOhm_HxE.o.NS £ ..B.ﬁﬂup.uo
M OLT ¥ W 06T X um/el 08 X Q08P : WooY ZoRoW
dind 4073 pOXTE TRITIIEN {1) (Z cony dumg uonyyoy U0 WRRADG 1 XOOTI ISTY
M QST % W 0°5T X Wlw/l gy X Q093 wodnt dumg
_ dind MOTF pONTW TROTRISA (4 (T *oN} dumg Juantiuy TTSM oM I0OTI TUZE
u .oom:nm X um oom?nz . 4 00f ‘eaxe Sutprng
b aotnTs TeTnbueisey . z 33e uRnTFuUY w0t zes T Sutpring Sutdimg
. . 060,,LT FUOTIRADTS JIDAUY
TEUOZTICOH 00071
(TEITRA, T IWRTPRID .
. Wl 0QT’Z X wur gOY‘z xog 1 LS
RN by 70 awen ITUQ FO S :
uetidraosog Tocquny 3 ; F " votadiIosen : 2 | SITRTITORI JO oumn

Fudtnba TeoTIwReN J0fvy

IO TRIVOOITYDIY ¥ TIALD -

SSTATTTIRI JUNLEDIL IOIRMIISEY JO SITUY JO SISQUNN PUR $IZTS §°8 OTARY



{ POUUTRUOS 3 03)

MLLTE X W 0TS X uT/ W T X 00TE

m&ﬂ mo.hu UOU 3FVYS TEIUOZTIOY (m z amg abpnTs peasebiy
WSTL R W 0TS X UT/W 7 X 05T
2dZy £OTD UoU 3FRUS TRIUCZTIOH T dumg uUoTIETIOITY 2DPATS
DM ZTTT X /By L X wre/T 0og
. YR THs
axnssaxd RTM Iossaxduos sexy TI0 0z acssaxdun) Ity
MY 6L X .
ZUR/B S % wTw/ew vy X 08P N W OBTOT, X W 0°ZTd ,
-, TRMoTq Arenoy vz . . AaM0TE BUTXT s=D abeas-omy DTqOTSRUY z WrRL UOTISSSTY
M GTG X W QT X UTW/el T X 00I%
adAn BOTD UoU IFeUS  TRIUOZTION n z Ang 2EpNTS PRIRTIUBDUOD .
I AR WOTEXwW gLy
TouRAOTYS oA xeTndrTd z Z03DSTTOD obpnrs adfy xetwoaTD (D) 2 er SUTUSKSTUL
w oom‘ﬂm X Wl 0057, _
axeb uo.u._.. a3vo ssedig pue
IS'D. .m.ﬁnm Tenuen ‘adiy axenbs 2 FOTHY “YURl UOTIRUTIOND
MGG X UOY Z ISTOY UBATIP Z030W T - IsToy
675 X By mm 007 X WY/ Oy
_ (RATp 3TRE) wey gy T TBMOTY
M L€ X W ST X URI/T 005 X 088
Qund TeOTHNYD JIUUS TEIUCZTION I - Gwng epog sTISORD
T JueudiTnbE UCTIRZTTRRNSN
§mdxsomxﬁﬁﬂgmxﬁa e
2beRSTIIIN IJRUS TRIUOZTION T "ON z aB3EM UOTITOS SUTIOTD .
_ /By e :3dRy TeITRIRA 2 ICIITIOTYD WQE, X W 0U8ST X w 0°€, T QR TOTICUTIOTD
uwoTadrrosaq uwmmpwm Juaedtrby 3o suey uctdraosag 3T 3o SOTATITIoNS 30 aumn
Jaqurw

- ueudtnbg TesTwRUD Xofen

SYIOM TRITQOISITIRIY 8 TTATY

{POOUTILOD)

8-14



.amv\mﬁ ST 3w nmums....umo ST spog wa.ﬂhuv woxT %0€ 3O ucwucou T03%M nuﬂs mﬁsﬂo.p =N )
. .uﬂxax o0 t1 peunsse st no.numn@mo .n.nsm ur :o.ﬁmﬁnurou Abxaus Tesol
*SITAITTIOR: ma..vcﬂvm mo ISGUNU SIIEDTPUT UwATOD ITUA ‘3O Zaqumy 3O sssanusIed. Byl uy wham.n.m 1930N

. . o L[ e TS . STOROM 30 9snon

doys xom
AOQET 203 WO 1300TJ 35T .
2% -0LE 3eaxR SuTPTINg 1 - SISIONEeT 0¥ uooy

SSUOH JUSd TICOTI PIE
wo0Y TOTHIOD
wooy 30TFI0
WO KeLRUeY :XC0TI Uz
weoy Bututexy
huoummnnﬂ IICOTI asT
7% 008 woxe Burpring

W 0ZED T . BuTpring Sumessds
EommunEomﬁHXEooH . ] .
BY P17 reeay peg gg. 09 peg Suriag
WSrTZ, X W ETY _ BT
adiy Tees g ¢ o TOPTOH 5ED
uoTIdTA088q ‘uwwmd.m.q“m SSTaTTIORg 30 sy ._

SYTOH. TEINIONITEDIY § TTATD

EETy

8-15



S

e T . : ) ) e

B s e e e e Y . R pymwj/}

e e 1 e Ty

Oried - Shdje

el ade oWa 2 0a_. ' Pl N ale Stoerage Yord

i
]

~

Orying

S

.y AT,

: o i
il Parking

)
h DU =t C1holr?be
[l

3

11

N—

8. a0l

l”

) e " Tow [
T T\ _Kierg Pl 209 255 -

LEGEND

firs1  Sioge

- Fulire Plan

|Figure 8:3

TREATMENT PLANT LAYOUT

8-16







{5) Pilant Hydravlics

Hydraulic calculation of the treatment plant is conducted to
examine the hydraulic profile from the grit chamber through the
outlet and deterrmine all the water-léVels of basins of the treat-
ment facilities. Given basic conditions for this calculation are
1} the H.W.L. of Klong Pai Sing Tow to which the final effluent of
the piant is to be discharged by gravity, énd 2} throughput of the
plant which is determined as the daily average flow, ondexr the con-
dition that the flow through the treatment processes is ta be all

by gravity.

As for the procedure of the éélculation, sizes of all the con-
duits including pipes are presumed on the basis of preferable
velocity of flow 1.0 m/sec. Baséd on this, losses of head areé cal-
culated;rand the obtained hydraulic profile is checked ahout its
suitabifity.

Regafaing the wéter level of Klong Pai Sing Tow, the adopted
figure is 36.83 m which is the highest water level of 100-year re-
currence frequency of the Chao tha River, estimated by the CDM
report. In the meantime, the correspondinq.figUre.for 5-year re-
currence fréduency is 36.75 n, which has no significant difference

from the adoptéd figure for the design.

The results of the computation are summarized as a hydrauvlic

profile in Figure 8.4,
Details of the wastewater treatment plant, including 1) plan

of the plant and 2) structural drawings thereof, are presented in

volume IXI Drawings.
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(6} Electric Installations

Basic conditions and concept for the preliminary engineering design

of electric facilities are as follows.

1) Power Source

Electric power required for the sewetage system will be taken from
the well-established electric power supply system of Metropolitan Electric

Authority.

Generation of electric power by digester gas for the use of the
treatment plant will be implemented after a detailed study on the actual
gas production when the First Stage plant is put into service (refer to

AppendiX F},
2) Receiving and Distributing Equipment

The type of receiving and distributing equiprent will be that for
outdoor, because sufficient open space for the equipment is available
and this type requires less construction cost.
3) Distribution Voltage

Primary supply voltage is assumed to be 6.6 kV, considering that
the supply systems under construction or to be constructed are to have

6.6 kv, although the existing primary supply voltage is mostly 3.3 kv,

Secondary system voltage will be 380 v, 3-phase for major equipmenf
and 200 V for lighting and small appliances.



4) Instrumentation Equipment

Instrumentatlon equlpment will be installed for weasurlng, ‘recoxd-
ing, indicating, controlllng, etc. of such items. as influent Elow rate,
. effluent flow rate, sludge volume generated, gas volume produced, waste-

watex temperature, dissolved oxygen content, etc.
5) Supervisory Control System

A supervisory control system, consisting of supervisory panels and
‘central operating tables, will be installed at the pumping and operat-

ing building which enables the opeérator to supervise and control the

entire wastewater treatment facilities in the plant,
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CHAPTER ©
CONSTRUCTION MATERIAL AND METHOD.

This chapter studies the nVailabiIity of, and also the neCQSSity
of import for, construction materlals for the purpose ‘of estimating the
project cost,: which is broken down to two components, local and foreign.
ConStructlon}methods practicable for the present sewerage system construc-
tion are also studied, in that the construction cost and the imolementa-

tion of the projeot are largely influenced by the method.

9,1 Coanstruction Materials

a. Structural Concréte

~ ‘Concrete aggreqates are Suff1c1ent1y available. Coarse
aggregate is obtained by rock cruehing works in the mountainous
'regions to the north, northeast, and south of Bangkok. Sand is

obtained fron the north where it is dredged from the rivers.

?ortlend cement is manufactured in Bangkok, conforming to -
intefnéﬁionaliy aeeeptable Standards,'éuitaole for construction
of Sewérage faoiiitiés; sueﬁ'as‘pressure_and non-pressure concrete
pipes and civil and building works for pumping stations and treat-

ment facilities.

Since most ‘of the sewerage structures.are subject to sulfide
attack; high»qﬁality eulphate#resisting portland cement specified
- as Type 11 in ASTM, is recommended for undernground structural

works.

b. Steei Bar
' Both round and deformed steellﬁrs are manufactured locally

in good quallty_and adequate quantities.



c. Piles _
T™wo types of bearing piles of reinforced concrete and pre-
cast concrete piles are manufactured locally in good quality and

adequate quantities. Wooden piles are also available locally.

d. Pipés

Pipes currently available in Bangkok arellimited both in’
sizes and materials. Reinforced concrete pipe (RCP) is manufac-
tured locally in good quality and adeguate quantities. - The
pipé is manuféctﬁred in a wide range of sizes and classeé 11,
IIT and IV (ASTM and/or TIS) from 0.30 m to 1.5 m in diametér.
After this, the facfofy may be able to produce pipe of larger

size easily to meet fukbure requirement.

Centrifugally cast reinforced concrete pipe (CRCP) is also
manufactured locally in both pressure and non-pressure types

from 0.40 m to 1.5 m in diameter.

Prestressed concrete pipe is manufactured in Bangkok from

0.6 m to 1.5 m in diameter.

vitrified ¢lay pipe (VCP) is manufactured up to 0.3 m
diameter in Rajburi and the quality is totally suitable for

sewerage use,

Asbestos cement pipe (ACP) is manufactured in Thailand in

limited sizes conforming to internationally accepted standards.

For the selection of sewer materiéls, careful consideration
should be given to the corrosion problem by sulfide buildup in
sewers, and capability of joining thepipe in a manner which

prevents ground-water infiltration through the jeint.

Taking the above points into account the following pipes are

proposcd for this prdjéct.



1) vitrified clay pipe of 0.30 m or less in diameter for sewers.

2) Reinforced concietefpipe with an extra thickness of sacrifi-
cial concrete on the inner surface for sewers of 0.80 m oy

less in diameter,

3) Centrifugally cast reinforced concrete pipe with an extra
thickness of sacrificial concrete on the inner surface énd

rubber ring joints for sewers of more than 0.80 m in diameter.

4) Asbestos cement pipe or steel pipe with an extra thickness
‘ of sacrificial concrete ahd/br PVC backribbed sheet lihing

for pressure sewer.

5) Stecel pipe or centrifugally cast reinforced concrete pipe for

" jacking sewers.

e. Manhole Materials _

Manhole materials include frame, cover, brick, precast con-
crete cone and cast-in-place concrete. The cast iron made man-
hole frame and cover have been imported from Japan and others.
The other materials are available locally in good quality and

adequate guantities.

f. Sheet Piles
Timber for sheet piling is sufficiently available in Bang-~

kok. Steel sheet pile has been imported From Japan and Malaysia, etc.

g. Mechanical and Electrical Equipment for Intermediate
Pumping Stations and Wastewater Treatment Plant

Almost all machinery and equipment required for intermediate
pumping stations and wastewater treatment plant are imported in
Thailand except steel pipe, screen, transformer up to 3,000 KVA,

and electric cable which are manufactured locally.

_ The availability of the proposed mechanical and electrical
equipment is shown in Table 9.1,
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9.2 Construction Methods

The preseént project includes. construction of rathex large-scale
and complek facilities, c0verin§ intercethré, pumping stations:énd
treatment faci1ities, which all requife skill and experience and also
civil works machinés. Major requ1rements, therefore, of those construcﬂ
tion works and Capablllty of local contractors wlll flrst be rev1ewed
and most suitable methods will be selected in the following. The cost
estimate of the project will he made based on the finaliy recommended

methods,

2.2.1 Constructibn'wOrks

: Ma;or constructlon horks of the present pxogect are roughly classified
into two categories, namely, laylng of isewers and c¢onstruction of basins
and buildlngs. Salient points rcgardlng such construction works are

described below.

a. Seweré

There are, roughly, two applicable methods for laying sewers
in the present project: -one, the open~cut method and the other,
tunneling method. The open-cut method is applicable when the sewer
diameter is small and the area concerned is not cengested. Most of
the sewers of the present project will be laid using this method.
Typical crosssect1on of sewer 1ay1ng by this method is shown in

Figure 9.1.

When fhe sewear diaheter and burial depth are large, and traffic
is heavy and Canpot be de;oure&;.the'tunnelinq method will be applied.
The method ihqludes some sub—élassifications, among which the jack-
ing mefhod is ;eéﬁmméndéd for the.preéent project, as it is rather
simple and econOMical}"Fﬁrther,'this method is considered appropri-
ate from the diameter and the conditions of the sewer route. The

method is schematically shéwn in Figure 2.2. (Refer to Appendix G)
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b. Intermediate.Pﬁmping Stations

As the intérmédiate puﬁping stations aré to be built in built-~
up commercial and residential areas, the'aVailable area for their
construction is quite limited. - Besideé, the lowest part'of the
buildings reaches as deep as GL -5 m to -7 m. Therefofe,_sheet
piling to protect the working area is indispenéable.to carry out

foundation, piﬁing and concrete works by the open-cut method.,

c. Treatment Fac111tles _

As the site for the treatment plant is presently ponds, land
filling after dewatering is prerequ;SLte for constructlon work.,
Bottoms of substructures are generally shallow, ~1.0 m tb ~3.0 m
below GL,fso the open-cut method without land slide protection is
applicablé. " As the groundwater level is rather high, -0.5 m to
-1.0 m below GL, dewatering must be practiced all through the con-

struction work

‘the pumplng and operatlon bulldlng, among others has a rather
deep foundation. = As sheet piling is not suxtable because of the soft
soil condition, the calsson or dlaphragm rethod (refe1 to. Flgure 9.3}
will be recommended.’ Regardlnq pipes to be conneoted to this structure,
special con51derat1on must be made to protect the pipe from brea—
kage or dislocation ‘due to uneven settlement of the backfilling or
the structures. For'fbﬁndation, cast—in—sité piles are recommended

for convenience of execution.

9.2.2 Capability and Selection of Contractors

There are many 1§cél contfactors; largé.and small, Their capability
is widely varied. Large contractors, some of whom:aré associated with
foreign contractors, are exgeriehced in large—SCélé and complicated civil
engiﬁeérihg works, such as sﬁeed wayé, baﬁks[ hotels and drinking water

treatment plants, requiring high technology and skill.



On- the other hand, the present project includes a wide‘variety of
works, from simple to complicated. The'jécking method of sewers and
the diaphragm method for the treétment plant, as recommended above, may
be new to the local contfacfors. In view of the nature and variety of

the works, selection of contractors is recommended as described below.

: Reqﬁirements fot_cbntraétérs arérdiffereﬁt from work to work; simple
and small works will he carried out by small contraétbrs,'and complex
and difficult works méy:bé executedibhly by large contractors. Before
proceediﬁg to tendering, theréforé;.prQQUalification of'potenfial con-
tractors is recbmmehdébie in order to know the capability of each con-
‘tractor and Ciéssify contractors according to the scale and difficulty
of the works, and further to know the necessity to import foreign tech-
nology. Cémpetitivé téndéring sﬁould'he made amony contraétors selected

by the above prequalification.
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CHAPTER 10 |
COST ESTIMATES AND CAPITAL INVESTMENT SCHEDULE

- This Chapter deals with, based on the englneerlng design and
construction method so far described in the preceding Chapters 8 and 9,
the. pro;ect cost, operation and maintenance costs and the capltal :

investment schedule of the sewerage facilities to be implemented in

the First Stage,

10.1 Project Cost

Procedures for estlmatlng the project cost, and the estlmated
pro;ect cost which is lelded into two components- local currency and

foreign currency, are descr;bed in the following.

The progect cost for the First Stage con31sts of the construction
cost of the proposed sewerage fac111t1es sewers, intermediate pump-
ing statlons and the treatment plant, equipment cost of the cleaning
machines and laboratory equ1pment, ang consultlng serv1ces, contln—

gencies and land acquisition costs.

10.1.1 Basis of Project Cost Estimates

For estlmatlng the construct1on costs of the proposed seWerage
facillties, unit prlCQS for labor, materials, equ1pment, power and’
transportatlon, both 100a11y available and imported, have been collected
and ‘checked durlng the course of the present study.

Using the data obtained from Qarious sources in Bangkok, the con-
struction costs are Caiculated base& on three categories, namely, labor
costs, basic materlals, and unlt costs for constructlon including both
labor and rmaterials, as described in detail in Appendix H. 2all cqsts
are expressed in 2524 (1981) price levels in Bangkok.

16--1



Materials for structures of pipe beddinq, pumping station ang
treatment facility are generally available in Bangkok, exc¢ept mechanical

and electrical equipment for the pumping stations and treatment plant,

Values of the iand are also estlmated on the basis of thé'infbrmd—
tion obtained from the Department of Land, Ministry of Interior (MOI)
The off1c1a1 price of lands estxmated by the said department oh the ba31s
of their potent1a1 land uses and related frontages of paved or unpaved
roads is available. The current official prlce of the land for proposed
treatment plant site is, accordzng to the above est1mat10n, 750 Baht pex
square meter, and for intermediate pump1ng statlons is, 3, 250 Baht per

square meter.

The pro;ect cost may be defined baSJCally as the sum of all’ ex-
penditures required to bring the prOJect to completlon. The expendltures
for the civil works, 1nstallat10n of the equlpment, contractor s proflts
and overhead, and all related construction works are d1v1ded into direct

items and indirect items,

The project cost is divided into the 15ca17currenty conponent and
foreign currency component. The local currency component includes costs
of laboxr and materials actually paid in the local cuxrency. Namely,
it comprises the costs for local labor and materials localiy manufac-
tured or produced, including local handling and transportation charge

for imported materials and for expatriate's local expenditure.

The foreign currency component represents the costs to be paid
in foreign currency such as those of imported materials: and equipment

(CIF prices} and foreign currency portion of expatriate service fees.

10.1.2 Estimated Project Cost for the First Stage

Table 10.4 shows the project cost for the Flrst Stage, 1nciud1ng
consultlng services, contlngen01es and land acqu151tion costs. ‘Table’
10.1 through Table 10.3 show breakdown of construction costs for sewer
facilities, intermediate pumplng stations and the treatwent plant

{Refer to Append1x I)
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In the estimation, costs of consulting services include the costs
poth for detailed engineering design and construction supervision
services:. It is assumed that 10 percent of the construction costs will
‘be needed for thc englneerlng services, approximately 5 percent 13
considered to be needed for the detailed’ design and the remaining

5 percent for the constructlon supervision services.

As contihgéncy allowances, 20 percent of the estimated consttuction
costs including consulting services and procurement of cléaning machines
is estimated on the basis of the similar projects experlenced and also

tak1ng into account physical and price factors.

“The total project cost including land acquisition and contingencies
amounts to 883.1 million Baht out of which the local currency component

is 633.0 million Baht and the foreign currency componént, 250.1 milltion

Baht.
Table 10.1 Estimated Construction Costs for
the Sewer Facilities
Unit: Million Baht at
2524(1981) Price Leval
Name of Seﬁer Civil WOrk§ : Total
L.C. F.C.
Chula Interceptor 7.73 .84 8.57
(0.83) {0.83}
Charoen Krung Interceptor 8.75 .0.97 9.72
o (0.94) (0.94)
Klong Sathorn Interceptor  28.80 4,73 33.53
: {(4.44) (4.44)
Chong Nonsi Combined Sewer 66,53 0.02 66.55
: (0.01}) {0.01)
Trunk Interceptor 20,60 17,19 37.79
(1.23) {(1.23)
132,41 23,75 156.16
Total {7.45) ‘ (7.45)

Note: L.C, means local currency component,
F.C. means foreign currency component.
Figures in parentheses indicate total amount of import duty,
standard profit and business tax,
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Table 10,2 ‘Estimated Conétruction Costs for
: the Intermediate Pumping Stations

Unit: Million Baht at
- 2524(1981) Price ILevel

Civil & Archi-

Mechanical &

Name.of tectural Works Electrical Works total .
Pumping b ; i =
Station L.C. F.C. L.C. F.C. L.c. F.c. 2
. . e T _ : 0 total
Chula 0,79 0.09 . 1,22 1.70 2.01 1.79° 3.80
: - {0.02) (0.56)  {0.58) {0.58)
Charoen Krung 0.94. 0.14 1,22  1.70. 2.16 1.84 4.00
(0.02) {(0.56) {0.58) {0.58)
'Klong Sathorn 0.85 0.12 0.89 1.14 1.74  1.26 3.00
(0.02) (0.44) (0.46)  ~  (0.46)
2.58  0.35 3.33 4.54  5.91 4.89 10.80
Total . (0,06}

(1,56) B (1.62) _ {1.62)

Note: I,.C. means: local currency component
F.C. means foreign currency component. : :
Figures in parentheses indicate total anount of 1mport duty,
standard profit and business tax.
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Table 1G.) Estimated Construction Costs Eor the Treatment Plant

F.C. rneans foreiqn currency co:nponenr..
Figures in parentheses indicate’ 1mport duty, standard prefit and businéss tax,

10-§

Unit: mlucn Ba_‘xr at 2524 (19°1) Price Level
f;:;: & Architectiral }iadiaui:ial works Elfx:tncal Horks Total
aare of Facility : — - : : T e : ; :
. — R : ~ . )

LC. FL.. Tos‘.’bm' LC. . FC oy LG Fe. B LC. R, -

1. Purping § Oper-  47.04  9.82 56,86 1.42 27.35 3877 5.6 8.40 13.8¢ 63.92 45.57 109.49
ating Building {0.63) (6.63)  (9.70) C(3.70)  (4.40) {4.40) (14.73) (14.73)

2. Grit Charber 2.1 - 2 .85 7.33 11.8 - - - 5.9 7,33 13.29

© o {3:43) 13,43} 3.4 . (3.43)

3. Reration Fank 19.54 -~ 19.54 4.97 - 9.86 14.83 2,77 461 - 1.38  27.28  14.47 4L.75

{4.50) {4500  (2.48) (2.48) (6.98) (6.98)

t. Final Sedimen- 22.08 - 2208 15.95 16.80 32.75 713 880 15.93 45.16 25.60 70.76
tation Tank - (5.55) {5.55)  {4.81) {4.81) {10.36) {10.36) -

5. Chlorination .28 - 428 2,82 4.4 6.96 LIl 186 2,97  8.21  6.00 14.21

Charber (1.95)° {(1.95)  {0.9M) {0.97} (2.32) {2.92)

§. Cutlet 366 - 364 - - - - - - 364 - .64

7. Thickening Tark  3.60 -  3.60 263 336 5.9 -~ - - .23 316 9.3
' ' _ : (1.10) (1.10} SRR | 5 1S I {1.10)

8. pigostion Tark . 14,75 . - 14,75 376 322 6.98 185 307  4.92  20.36  6.29 26.65

: 11.25) (L.25)  {1.65) {1.6%)  {2.90) {2.90)

9. Gas Holder 0.92 - 0.92 - 132 13,08 17.40 - - - $.24  13.08 18.32
S L0 {4.32) (4.32) (4.32)

10. Prying Bed $.06 - . 506 078 -  0.78 - - - 5.84 - 5.8

11. Electric Rodm 042 - . 042 - - - 8.71 15,56 2427 9,13 15.56 24.69

_ - ' {8.3%) S 8.7 (8.1 8.37)

12. Power Receiv- Lig - 1.8 - - - 5.89  7.76  13.65  7.07 7.76 14.83

ing - {3.67 © .60 (36D (3.67)

13. Labor Room 1.57 - 1,57 - - - - - - 1.57 - 1.57

I, Eartimork 8345 - 5345 - - - - - - 5345 - 5345

15. Land Scaping 1016 - 10.16 - - - 112 - 112 n.e8 - 128

Total 189.80 © '9.82 199.62 0,50 4.34 135.44  -34.04  50.06 84.10 274.34 144.82 419.16

- (0.63) (0.63) . {31.80) {31.80)  (26.39) {26.35) (58.78} (53.73)

Note: L.C. means iocal currency cowponent.



Table 10.4 FEstimated Project Cost for the Proposed
Sewerage Facilities in the First Stage

Unit: Million Baht at 2524 (1981)
Price Level

Foreign

Klong Séthprn i 0.98
For the treatment plant

23.75

million Baht

million Baht

Total 96.692

T L Local .
: racili S .
Namé of Facility Currency Curtency Total.
1. Sewers 132.41 23.75 156.16
2. Intermediate Pumping
Stations
"a) Chula 2.01 1.79 © 3.80
b) Charoen Krung 2.16 1.84 4.00
¢} Klong Sathorn 1.74 1.26 3.00
3. Treatment Pilant 274.34 144.82 419.16
4, Cléahing rmachine & labora- : . .
tory equipment: 4.50 5,10 9.60°
‘5. Sub-total (1¥2+3+4) 417.16 178.56 595,72
6. Consuiting Seivices (5x10%)
a) Engineering Design 14,90 14.90 29.80
b) Supervision 14.90 14.90 29.80
7. Contingencies {(546)x20%) 89,40 41.70 131.10
8. tLand Acquisition’ 96.69 - 96.69
9, Sub-total (6+748) 215.89 71.50 287.39
10. Total (5+9) 633.05 250.06 883,11
Note: Land acquisitiqn costs are estimated as follows:
For the intermediate pumping'stations. o :
Chula : 0.98 million Baht (300m?x3,250 Baht/m2)
Charoen Krung : 0.98 million Baht (300m2x3,250 Baht/m?)

(300m2x3,250 Baht/m?)

{12.5hax7.5 million Baht/ha)

million Baht .
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'10.2 Operation and Maintenance Costs

Procedure for estimating the operation and maintenance costs and
the estimated costs of opexation and maintenaﬁce for the proposed
sewerage facilities: sewers, intermédiafe pumping stations and treat-

ment plant, are dealt with below.
Admlnxstratlve expenses, 1nclud1ng personnel cost of all vorkers

are excluded from thlS operatlon and maintenance costs. ‘Administrative

expenses will be described later in Chapter 11. (Refer to Appendix J)

10.2.} Sewers
Fox cleaning the public sewers 200 mm in diameter or larger,
a power driven buckét machine will be used. The assumptions made

for the estimation are as follows:

Frequehcy of Cleaning

Public sewers (hewly constructed) ... once in every four years

Public sewers (existing} ............ once a year

Cleariing Capacity
Public¢ sewers ..........cieeieensaa.. 200 m/day

Crew Number

Public sewers .v.sevveniiiavarensans. Six persons

Useful Lifé Span of Equipment ........., Ten years

Cost for Spare Parts, Repairing, .
Overhauling of Equipment trescraerass 5% Of equipment cost
{per annum)

Annual rehabilitation cost of sewers .. 0.5% of construction cost

Work Days and Hours

WOYK AAYS wvureeraununernsnsneneennas 250 days per year

WOrk hours ......¢iveeensiscncassane,y 6 hours per day
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Price of a power driven bucket machine is 4.4 million Baht/set.

Based on the assupptions above, annual operaticn and maintenance
costs per meter of sewer except the administrative expenses are

estimated to be 16 Baht at 2524 (1981) price level.

Annual operation and maintenance costs except the administrative

expenses for the sewers in the area are shown in Table 10.5.

Table 10.5 Annual Operation and Maintenance Costs
for the Sewers

Unit: Million Baht at
2524 (1981) Price Level

Iﬁem _ Cost R Reﬁaxks
;;onsed Sewers 0.03 8,400m21/4ytx163aht/m=33,soQaaht/gr
Existing Sewers 1.60 _ 100,000mx16Baht/m=1,600,000Baht/yr
- Total - 1.63

10.2.2 Intermediate Pumping Stations

Operation and maintenance costs for the intermediate pumping
stations are derived from labor and material costs including power,
fuel, lubrication, screenings removal and disposal, and major repair-

ing of equipments.

Personnel cost is estimated on the assumption that one operator
is stationed at each intermediate pumping station for inspection and
cleaning of the pumps and removal of screenings which will be made

once a day at least.

Annual repairing COSt.ié_éssumed to be 1 percent per annum of -
the civii'and architectural works coéts, and 2 percent per annum of
the electrical.and ﬁachanical works cost. Power cost is estimated

"at approximately 1.5 Baht/kWh. | |



*

Annual operation'and maintenance costs except the personnel cost

for each intermediate pumping station are shown in Table 10.6.

Table 10.6 Annuval Operation and Maintenance Costs for
the Intermediate Pumping Stations

- ynit: Million Baht at
2524(1981) Price Level

Rame of Pumping

TT——station Chula Charoen Krung Klong Sathomm

Item T |
power Cost 0.18 0.36 _ 0.13

Repairing Cost 0.07 0.07 - 0.05
Total 0.25 0.43 . 0.18

10.2.3 Treatment Plant

Oﬁeration and naintenance:césts for the treatment plant are
derived from labor and material costs including power, fuel, chemical,

and major repairing of equipments.

The number of employees required for operation and maintenance of

the treatment plant is assumed to be 25 persons in the First Stage.

Annual repairing cost is assumed to be 1 percent per annum of
the civil and architectural works costs, and 2 percent per annum of
the electrical and mechanical works costs. Power cost is estimated

at approximatély 1.5 Baht/kWh.

nnnual'operation and maintenance costs except the personnel cost

for the treatment plant are shown in Table 10.7.

10~9



	Cover
	Title Page
	TABLE OF CONTENTS
	1. Introduction
	2. Summary
	3. Study Area
	4. Present Condition of the Study Area
	4.1 Geology and Topography
	4.2 Land Use Pattern
	4.3 Population
	4.4 River and Klongs
	4.5 Road Network
	4.6 Underground Structure
	4.7 Water Supply
	4.8 Domestic Wastewater and Solid Waste Disposal
	4.9 Drainage System

	5. Basic Engineering Consideration on Proposed Sewerage System
	5.1 Basic Conditions of the Present Project
	5.2 Wastewater Collection System
	5.3 Wastewater Treatment Process
	5.4 Sludge Treatment and Disposal Process

	6. Design Basis
	6.1 Design Period
	6.2 Future Land Use Pattern
	6.3 Population Projection
	6.4 Design Wastewater Flows and Qualities

	7. Design Criteria
	7.1 Sewers
	7.2 Intermediate Pumping Stations
	7.3 Wastewater Treatment Plant

	8. Preliminary Engineering Design
	8.1 Layout Plan of Proposed Sewerage System
	8.2 Proposed Sewerage Facilities

	9. Construction Material and Method
	9.1 Construction Materials
	9.2 Construction Methods

	10. Cost Estimates and Capital Investment Schedule
	10.1 Project Cost
	10.2 Operation and Maintenance Costs


