2)

3)

Water consumption recoxds of each propexty are accumiulated in

MWWA, although statistical preparation is remained,

Groundwater Use

According to MWWA (Review of Bangkok Water Supply Improvement,
1977}, 30% of total demand is supplied from 140 deep Wells, about 30%
of which are unmetered. However, the data were not collected by

visiting Mineral Resources Department, MOI, and Bureau of Public Health

"BMAa, because of lack of data.

Domestic Wastewater

Per capita wastewater flow and loadings have been estimated pre-

vious studies of sewerage'system planning as shown in Table A-3-1:

Table A-3-1 Per Capita Wastewater Flow and Loading in Bangkok

{Design Values of Previous Studies)

rep 1 HER °) com
Waste Flow ( 1/c.d ) 246 220 - 238
BOD { g/c.d) - - o 85

1) 1nitchfield Plan
2) Husband Report

3} Camp, Dresser & Mckee Plan

The values of per capita wastewater flow and BOD loading based on
fleld survey are 109 l/c d and 32 BOD g/c.d respectively, which were
made by CDM (1967).

Mahidol University carried out a wastewater survey in Rattanakosin
Island area in 1979 (Data No. 8.1.1). “The newest wastewater Survéy

was made by the'Survey Team at Huay Kwang Housing Estate, in which
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separate'sewerage'system had been applied. The findings arve described

in Section C-3; Dry Weather Wastewater Survey, of this report.

The data mentioned above are still not enough to estimate quantity
and characteristics of domestic wastewater generated in Bangkok. It
igs, therefore, expected that furthex field survey be made in the
Coming Study.

Commercial & Institutional Wastewaler

The fin&ings of the "Rattanakosin Island Survey" mentioned above

‘are only information concerning to wastewater discharged from comuer-

¢ial and institutional area.

It would be necessary to make field survey to estimate "trade

wastes allowance™ in the Coming Study.
Industrial Wastewater

According to City Planning Division, BMA, there is no industrial
estate in Survey Area at present and in the future. Therefore,
industrial wastewater should be considered on factory-by-factory if

necessary.

The number of factories by each type of industry (1977) was
proviaed by Bureau of Public Health (bata No. 4.2.2). BCD loadings
discharged from selected factories have been surveyed by Department

of Industry (Data No. 4.2.1).

The Pata indicate the necessity of consideration about industrial
wastewater discharged from factories scattering in the Study Area

bacause it is supposed that harmful or toxic matter might be included

in the wastes from some categories of industry listed up. For the

purpose, it would be required to provide further informations, i.e.

location, volume, quality etc. of selected factories.
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A~4. Storm Waters

~ The necessary data for estimating storm water runcff are available
in Master Plan Report (CDM). It is considered, these design criteria can

be used in the coming study.

However, the record of rainfall event with the duration time and
rain depth is required for estimating the amount of pollutant Ioads
overflowed from a combined sewerage system. 'The record of tainfall ia

these ten years has been copied and included in the date tile.

A-5. Existing Sewerage and Drainage Systems

1} Dréinage System
i) Major Drain System

The major dréinage system in éentral Bangkok is summerized
in Figure A-5-1. The existing drainage system comprises klongs as
the trunk'drain, underground conéﬁfts as the c*uZo ~main or branch,
two major pumping stations of Krung Kasaem (5 m /sec. x. 5) and Rama 1V
(5m /sec x 4}, temporary 1ift statlons with various capa01t1es
(from two @ 200 mm. rumps in Sapan Prom to four g 600 mm. pumps in
Klong Tan) in eleven crltlcal po;nts, and many mobile pumps equlped
on trucks . The mobile pumps are dlstrlbuted in response to the local

requirements emerged at the time of storms.

A1l of klongs, big and small, and major sewers in Bangkok

‘belong to BDS, and are maintained by the agency.

Drainage plan in Bangkok is established and implemented by
BDS, wﬁich basically follows to CDM Report. Construction of'drains
for local needs is made by each district office. In 1979, some 32
bigger drains constructed by district offices were taken over to

BDS,
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11} House Comnection System

The evalnation of existing house comnection system would ba

necessary in the Coming Study.
iiil Design Criteria (or Aporoval Guideline)
Design practice on Pipe slope is shown in Table A-5-1.

This is used by BDS as a approval guideline of pipes.

Table A-5-1. Pipe Slope as Design Practice (BDS)
Diameter (m) Slape
0.4 - 0.0015 - 0.0020
0.6 0.0012 *- (0.0015
0.8 g.0008 - 0.0012
tunnal 0.0004

* in speclal case, 0.0010 be approved.
iv] Materials Used

Developers can select and use any material for drain cons-
truction of their development area. They usually use pre-cast
concretes, which at least six local companies provide by their own
standards, they say, market standards. According to information
of BDS, the market standards are unified in size, but different in

quality.
Sewerage System

i) Municipal Sewerage System



Fxisting public sewers'serye fox snllage watey togethexy with
togethex with storm watexr, and BDS is responsible for theix construc-

tion and maintenaace,
There is no wastewater treatment system belonging to BDS.
ii) Communal Sewerage System

There are communal sewerage systems attached to housing éstates
constructed by NHA. These are basically designed as a separate systemn.
However, some systems receive a part of storm water to protect from

flooding of lower. land in the served area.

The sewerage systems have communal treatment facilities, of
which treatment methods are septic tank, oxidation pond, activated

sludge, or extended aeration system.

In the housing areas developed by private developers, there

is no sewerage system which has communal treatment facilities.
1ii}. Design Staﬁdards on Sewerage System

3) Nightsoil Collection & Diép&sal
i) lToilet System

Toilet system in Survey Area is usually water closet system
connecting to permeation tank through septic tank, which is called
cesspool or storage tank. Therefore, effluent is, in principle,
not discharged to any. drain nor surface waters. However, it is
seen as a matter of fact that the septic tank effluents (or flush
water even if it.is rare case) are, here and there, discharged to
public sewers or open waters. Common styles of toilet system are
mentioned in CDﬁ report. Sténdard sﬁyles oi toilet éystem are in

a file of data collected (Data No. 7.1.1).



ii) Collection and Digposal

Collection and disposal of septic tank sludge are carried out
by Bureau of Sanitation (BOS), BMA, in entire Bangkok'aréa, 24-

districts.

Septic tank sludges are collected and conveyed to suburban
area of Bangkok, Nong Khaem and On-nooch. The treatment methods of
them are lagooning and activated sludgé aevation respectively. as

“of November, 1979, the latter is under construction.

Number of collection vehicles provided in BOS is as follows:

. 3
Suction vehicle (capacity 5 m) 20
: . , . 3
“Suction vehicle (capacity 2 m") 21
Carriage vehicle (capacity 5 m3) 24

3 : -
350-400 m~ of sludge in daily avreage is collected by 7 days

work in a week.

Government budget for collection and disposal is Baht

31,234,200 for the fiscal year 19gqa.
Collection charge is Baht 50 per cubicmeter.

Achievement records on collection effort and'510w~éheet of
On-~nooch treatment plant are in a file of data collected {(Data No.
7.1.2}

Activities of private'firms for collection and disposal of
septic tank sludge were not informed from BOS. They say many
unregislated'private firms contribute desludging services in fact.
No, information has been obtained about their disposal site of

collected sludge.



For evaluation of present toilet system in Bangkok, it is required
to know the fact on existing services for ecollection and dispogal of

septic tank gludge.

A~6. Meteorological, Hydrological and Hydraulic Data

As climatic condition data, rainfall, temperature, relative humidity
and wind were collected from Meteorological Department, Ministry of Commu~

nications,

The Chao Phya River's estlmated flow rate is available in the report
of "Chao Phya~Meklong Basin Study" from RID, Ministry of Agriculture and
CooperatLVes, and "Mathematlcal Optimization Model for Regional Water

Quality Management: A Case Study of Chao Phya River (Phase 1)" from NEB.

The water level in several points of the Chao Phya River is indicated

in "ride Tables" published from Hydrographic Department, Royal Thai Navy.

A-7., Geological Data

Records of boring tests are avallable for some 15 points in the study
Area, Those records and bozlng points are filed in the collected data. As
other data of subsoil condltlons, the 13 boring logs are presented in the

Master Plan by CDM.

Concerning to the subsurface conditions, it should be kept in mind
that as foundation of rather old buildings, wood piles are used and the
significant changes in ground water level is considered to effect adversely

to them.

A-8, Tnstitutional Data

Phe authority which governs the Bangkok_Metropolls is Bangkok Motro-
pOlltan Administration (BMA). BMA is posmtloned under the Minister of

Interior and comprises 13 bureaus and an Office of the Under Secrétary of
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Governor of BMA

’ Under Segretaxry of State for BMA ,

e

I ]

Office of the Bureau of | | Bureau of Bureau of Bureau of
Under Secre- Public B Public Drainage Sanitation
tary of State Health Works & Sewerage
for BMA ' :
S Fw_---i SRS A—
City Planning Office of Office of OFffice of Office of
et Division { the Secre~ | § the Secre-|H the Secre- [H the Secrea-
tary tary tary tary
Budget Environmen- Design Technical Technical
r,‘D1v1510n ““tél.H?alth Division H Division '} Division
Division . )
Legal ' Communicabld |l Construc- Drainage {Garbage
Division || Disease . | tion & (| Control’ r_Collection
Control Maintenanced Division Division
Division
Public H public Construc- Canal : Waste
|_{Relation. . |} Health | tion Maintenance r,D13posal
Division Reterinary Supervisory I Division Division
Division ; r
Building Waste Water || |Compost
! Control || Treatment IPlant
Division i Division Division
Right of
HWay & Land
Division

Flgure  A-8-5 EXTRACTION OF BMA ORGANZATION CONCERNED TO DRAINAGE & SEWERAGE
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state for BMA. Of the 13 bureaus, Bureau of Drainage and Sewerage has
responsibility for the management of wastewater axcept Industrial wastes
which are contﬁolled by Ministry of Industry. The nightsoll of septic
tank sludge collection is managed by Bureau of Sanitation which also is

responsible for the collection and disposal of solid wastes.

Other agencies concerned with drainage and sewerage are Bureau of
public Works which buried sewer at the time of road construction. For the
road belongs to the Central Government, Department of Highway, Ministry

of Communications furnished pipes for drainage.

For BMA area the construction and maintenance of trunk drains are
carried out by BDS, however, branches of dralnage system are taken care by
district office’ respectively. The boundary of the responsibility of BDS

and district offices is indicated in data of "Existing Drainage Systenm",

At the time of Maéter Plan study, it is necessary to carry out’the.
furthér*investigétion for the organization concerned in terms of their
respective responsibility-or role and activity together with manpower,
finance and legislative constraint. BMA's organization is said to be
chanéed in neér future, therefore, it would be neassany to collech.data
of a new strﬁctureu

Legal and financial data have been collected and included in' the
data files, These data should be analysed for the study of Master Plan

and further pursuit should be conducted, - 1f necessary.

A-9.  Chronological Records on Flooding.

The flooding records are available in BDS and have been collected
as can be seen in the data files. The data indicate flood prone area
and are helpful to investigate iﬁadequate portion of existing piping

system,

A-10. Sea and River Water Quality




1) Water Quality Data

To obtain available data on water quality of klongs, Chao

Phya River; and groundwater, guestionnailres ware gent to DOI, NEB,

BPH, BDS, and other institutes. Collected data and informations

‘are as follows:

a)

b)

al).

a)

e)

£)

Findings of Chao Phya River Water Quality Suxvey {(1978),
{Data No. 6.2.4)

DO Concentration in Chao Phya River (1979-1980)
{Data No. 4.2.1)

'Water Pollution Survey in Bangkok Metropolitan Area (1978)

‘(Data No. 6.1.1)

Pistribution of Héavy Metals, ---+---. in Chao Phya River

EBstuary (1978} {(pData No. 6.1.2)

Findings of Klongs Watef Quality Survey (1979)
{Data No. 6.1.3)

Abstracts of reports concerning to environmental technology
were also colléected from Chﬁlalongkorn'University and Asian -
Institute of Technolegy.  Some of them present informations

concerning to water pollution. {Data No. 10.2 - 10.8)

Any record on long~term monitoring of water quality was not

collected from any agencias visited. 'At present, DO monitoring of

Chao Phya River is being carried out by DOT once or twice a week

interval.

Water quality of selected klongs in Bangkok has been

monitored by BDS, but unperiodically.

While water pollution of Chao Phya River and klongs in town

area has become already severe, data on water pollution are not enough

to describe the present acute condition. Tt is therefore expected
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that a comprehensive watey pollution survey be made in near future,

There was no data concerning groundwater poliution in the

agencies visited.

Data on sea wéter quality were not collected. Because, sea
water pollution control study requires all sort of data concerhing:
to pollutants! leoads together with their sources which are located
through the Chao Phya Basin, i;e.'for widexr than the Coming Study
Area, and therefore it is clear that the stu&yfcéuld not cover all
those wider areas. It is also apparent ﬁhe'wider area comprise
several municipal governmeéent areas which are beyond the reach of

BMA éuthority.
2) TWaternSystem Analysis

Considering water~system analysis on flow and water quality

of the Chao Phya River, following materials were cqilected.

a) . "Chao Phya Meklong Basin Study"” (RID; 1977)
-{Data No. 6.2.1)

b} "Mathematical Optomization Model--~-=--: A Case Study. of
Chao Phya River (Phase I)" (NEB, 1978), (Data No. 6.2.4)

c) "Mathematical Optomization Model---=-: A Case Study of
Chao Phya River (Phase IT) (NEB, in progress) (This will
be published by the end of June, 1980)

The model described in the Phése I study (Data No. 6.2.4)
would be applicable to the study on effects of sewerage system to

be proposed on the Chao Phya River, if required.

3) Aspects on Pollution Control



The Chao Phya River is a big river, about 200 m wide and
about 20 m deep. of which reachs fxom the river mouth up to around
160 km are tidal area. Tha tidal flow velocity is avound lm/sec.
in maﬁimum'near the Memorial Bridgé. The minimum and average runoff
rate of the river are approximately 75'm3/sec., and 200 m3/sec,

respectively (Data No. 6.2.1).

BOD loadings generated in the lower basis from the Rama VI
Bridge were estimated that about 60% of total were contributed by
‘domestic wastewater, and remains were iﬁdustrial wastes (Data No.
4,2.1). But, the amount of BOD reaching to the river was dominated
by industrial wastes rather than domestics (Data No. 6.2.4), because
most of domestic wastewaters are dlscharged through klonqs which are
like a anaerobic pond or a sedimentation tank, whlle a lot of

industrial wastes are dlrectly dlscharged o the rlver.

As the results of wastes discharge mentioned above the klongs
in the town area have been heavily polluted as mentioned in Section
B-3: Water Pollution, and organic pollution {i.e. DO-extinétion) of
the Chao Phya River has been going to a catastrophic stage year by

year.

The Government of Thailand has established "National Environ-
mental Duality Act, B.E, 2518 and B.E. 2522" (DPata No. 1.3.2 and
1.3.3), and established NEB promoting pollution control, especially

about air pollution and water pollution.

Guidelines of water pollution control have been made by
place-by-place, the Chao Phya River is one of the places put

‘emphasis on pollution control.

NEB has an intention to require preparation of environmental
impact statement (EIS) to every proposed project. For the purpose;
"Manual of NEB Guideline for Preparation of Environmental ‘Impact

Evaluations" (Data No. 6.3.4) has been published. Guideline for
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sewerage project is not concretely descrilied in the material,

Ministry of Industxy (MOI) directs to regulate industrial
wastewater discharge to open receiving waters by means of "Allowable
Trade Effluent Standard® (Data No. 1.3.8), As of 1979, only BOD

loading is picked up as an item to be controlled in the first step.

A-11. Price Data Including Material, Labour and Land

The price data concerning to waterial, labour and land have been

collected from the'government agencies and included in the data files.-

A-12. Water Borne Diseasge

Data on water borne disease were collected from Ministry of Health

and Bureau of Public Health, BMA:

a) Table of "Reported Communicable Diseases in Various Provinces,

Thailand' (MOH, 1971-1977),

b) "Epidemiological'Surveillahce Report, Bangkok Metropaolis for

1965-1978" (BPH).

There is no report digcussihg relationship betWeen‘water borné
disease and water pollution/unhygienic condition. The collected data,
however, indiéate that some water borne diseases outbreak in Bangkok at
intervals of gseveral vyears. Xt may ke considered'ﬁhat the outbhreaks

because to poor sanitary sewerage system.



B. Survey for Existing Conditions of Sewerage,

B-1, Sewerage System
The existing conditions of sewer system, sewage treatment plants and
nightsoil treatment and disposal system have been surveyed. The result of

the survey is described below:

13 Sewer Syétem
) The domestic, commercial industrial wastewater are colleced by
lndercround condults and dlscharged to klongs or the Chao Phya River.

_ In wmajor part of the urbanlzed area, it has been observed that the
wastewater discharging from llVlng environment is satlsfactorlly achieved.
In some areqs, however, it was Seen that wastewater had come up on roads
and ponded. It might be due to backing up of klong's water resulted from
high tide level or clogging of pipes. The investigation of causes of
those floods would be necessary.

THe existing sewer system is consisted of concrete pipes, concrete
hox culverts and manholes installed. in every 6.0 m- 30.m. The sysﬁem
had been constucted, with the "U" shape open channels, along with the
development of the existing town area. As the town had keen populated
more densely, the open channel system has qrad@%lly converted to underground
one which presently serves for both wastewater and storm water.

The concrete pipes of the system are of vertically casted @ith
steel bar rainforcement at factories. The joints of the pipe.are bell-and-
spigot type fixed rigidly by cement mortal. Although the pipes are buried
with scahtfearth coverages considerable parts of the sewer system are. ‘
thougrt to be under the nigh ground water level. The situation which is
composed the rigid pipe joint, too many manholes and the high grond water
taple might result in not a little amount of extraneous flows. The evalua-
tion of existing system. , therefore, would be desirable in the coming
study.

2) Sewage Treatment

At present, tﬁere is no sewage treatment plant constructed by BMR,

NHA, however, has constructed eight sewage tréatment plants in its housing

eéstates. Some of these plants and AIT sewage treatment plant have been
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suveyed by the Survey Team and the result is described héreafter.
i) Huay Kwang Sewage Treatment Plant

The standard activated sludge method is applled for this
plant together with anaerobic sludge digestion method. The flow
sheet of this plant is shown in Figure B-1-1. fThe Capacity and
design criteria of main facilities are shown in'Dable B-1-~1. The
sewerage system here is composed of principallf sep@rate and par-
tially combined system, the plant is designed so that the six time
DWF is subject td'the primary treatment and the three time DWF is

secondary one,

Raw sewage comprise nightsoil Wthh have passed throuqn the

in&iv1dual_sept1c tank, sullage water and storm water.

The complete mixing system by means of surface aeration is

appied for the aeration tank.

Sludges are digested by anaercbic system without heating. The
digested sludges are dewatered by a mechanical process wheih is
operated usually twice a week, and sludge cakes are disposed with-~
in NHA estate as a fertilizer for plants. The guality of treated
water is observed to be in satisfactory range. It is cohsidered
that the unheated anaerobic digestion system for sludge freatment

would be one of proposable alternatives in hot climate country.

It was reported that bulking of activated sludge have heen

occurred in this plant once or twice a year.

Table B-1-1 Capacity and Design Criteria of Main Facilities in Huay Kwaﬁg

Sewage Treatment Plant

Facility Mame Number of Tank Total Volume Retention Time
Primary Sedimentation Tank 2 648 m3 5.4 hours
Aeration Tand 2 580 m> 4 hours
Final Sedimentation Tank 2 566 m3 4.75 hours
Digestion Tank i 300 m3 - 16 days
Belt press Filter . 2 sets
Population : 25,000 persons (Design),

Dry Weather Flow : 2,850 m3/day {Design) .
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ii) Klong Jan Sewage'Tréatment'Plant

The extended aeration system without the primary sédimentation
tank is applied for the plant. The excess sludges ave conveyed
from a storage tank to sand beds directly and dried. The Flow
sheet of this process is shown in Figure B-1-2, the capacity and

estimated design criteria are show in Table B-1-2.

.It took 300 days for the construction and_the plant has been
operated for one and half year. During the period, the excess
sludges have been extracted in every three days and poured on .the
sand bed, however, the removal of sludge cakes from the beds has

never been carried out so far.-

Table B-1-2 Capacity and DeSign Criteria of Main Facilities in Kl.ong

Jan Sewage Treatment Plant

Facility Mame Number Total - Retention Time Over Flow Rate
of Tank Volume (Design) (Present) (Desiqgn) (Present)

Aeration Tank 2 7,560 > 1.5 days 2.5 days - -
Final Sedimentation_-. 2 544 w3 2.7 hrs. 4.4 hrs. 20m3/m2day 12m3/m2day
Tank ' :
. ; 2
Drying Bed g - 30C m - - - -
Aerator Surface Aerétion Facility 4 sets.

D.W.F, : . (Design) 5,000 m3/day, {present) 3,000 m3/day
Bstimated populatibn-ﬁ' 29,000 persons

iii) Septic Tank and Other Processes

Septic tank, oxidation pond and oxidation ditch in NHA housing

estates also have been surveyed,

Most houses in NHA housing estate have septic tank. Some
of the NHA estates are served by communal sewerage system compris-—
ing pipe colléction system and treatment plant tc which effluent
of the.septic tank is connected. In this'case, the inflow to the
treatment:plant is consisted of the effluent of septic tank and

sullage water,
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3)

Septip.tanks are usually.small size, so each building which
atcommodate about 100 units .- have nunbers of tanks underx the
ground. '

Klohg Jan oxidation pond is constructed in the part of a
klong in the area. The pond seems to be in good condition, but
pumps are used for discharging effluents, whigh is considered to
cause the carry-over of sediments. The outlet divige with over-
fiow~weir would be ap?ropriate mean for this type of pond.

Prachanives II located outside of BMA have two oxidation
ditches followed by sedimentation tanks and sand beds. Presently
BOD loading as inflow are still in low level compared with the
design value, so only one series of the plant is operated without
returning of sludge. '

vi} Sewage Treatment facility in AIT.

Wastewaters discharged from the campus of AIT:are treated by
an oxidation pond system; The flow sheet of the systém iz shown
in.Figure B-1-3. The plant waé operated successfully'and no scum
floating could be observed even in a facultative pond. There are
many fisheg { terapia ) in the present condition of both ponds,
facultative and oxidation.

Nightéoil Treatment and Disposal _

The.Nong Khaem nightsoil sludge dumping site and On Nooch Nightsoil

treatment plant haﬁe been surveyed.

& description of both facilities is given below:
1) - Nong Khaem
' The nightscils are dumped into a pond exiéted within a wide
solid waétes disposal site, and covered by solid wastes later on.
The overflow of nightsoils from the site is likely to happen
during'ﬁhe rain season and klong waters nearby are jeoperdized to
be pélluted.

i) Oﬁ Nooch
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Septictank sludge: is stored in the receiving tank,and is
sent to a chemical treatment pfocess followed by the activated
sludée process for secondary treatment. The cayadity of the plént
is 600 k1/4. With the capacity, it is possible for this plant to ..
accompdate daily average quantity to be collected with the prea-
sent nightsoil collection capacity of BOS. Flow sheet of this
plant is shown in Figure B-1-4 . The leachate treatment plant for
the garbage dumping site in On Mooch has already been constructed
and are waitind for its operation. The capacity of the plant

is relatively swmall and the flow sheet is shown in Figure B-1-5,
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B-2 23§inaqé_8ystem

The klongs, lined or unlihed,are’of various sizes of 1.0 m=~30.0 m
in width and recéive'alljsurface runoffs and convey them to the Chao
Phya River. .Because the Bangkok is low~lying and flat, the flow in
klongs is effected by backing up of the Chao Phya River at the.time of
the hightide. Under the conditions mentioned above, almost all under
ground piping systems are simultaniously influenced by back waters.
buring rain season, hoﬁever, klongs 1§¢ated in central area are usually
closed by existing gaﬁes or sand bags and stormwaters are drained by.
pumps, The;flood profection and drainage project is under consideration
by BMA, which will significantly im?rove the drainage conditions by
constructing néw major-bumping stations and water gates as well as

dredging and widening existing klongs.

The pedple’s inherent habit of disposing of their garbages into
nearby chénnéls or undergrouhd conduits from.maﬁholes, freguently
produce intorelable situations in terms of hydraulic capécity_df exsiting.
collection and conveyance system for surface waters. The efforts to cope
with this unacceptable and trouble making situations, which have conti-
nuously carried out by BMA comprise administrative and engineering
components respectively. As administrative countzrmeasures, anti
litter campaign through mass media, education and notice boards, is
now carried out together with the enforcement of law concernea. BDS
as responsible agency for flood protection aﬁd drainage, has been
changing the manhole cover to a garbage proof type on the one hand and
cleaned piping system continuously on the other hand. Although there
still remains various problems, those efforts would gradually improve
the drainage condition. It is considered to that the survey of
existing capacity of under ground conduits are necessary for clarifing

- the limit beyond which those present activities could not encounter.

The survey mentioned shove is also needed for establishing the
sewerage improvement programme while taking into consideration the

maximum absorption of existing system to the new one.
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n-3. Water Pollution

present condition of water pollution of the major klongs in Survey

Area were observed through field trips in parallel with other activities.

The findings are summerised in Figures B-3-1 and B-3-2. Any chemi~
cal analysis was not carried out, therefére, the check on water pollution

were made on the view of aesthetic, that is, color, odor, and Floatables.
The klongs surxveyed are classified to 3 categories as folows:

1) Cleosed Klong : Klongs Ohg Ang, Ban Lam Poo (rainy season),
Teptida, Rachabprpid, Krung Kasem, Mahanak,
- lower San Saep, inner Sam Sen; inner Bang Sue,
inner Prem Pfachakon, Séthon, Chong Nonsi,

Klong Tan, Lat Prao, and Klong San.

2} © Flushing Xlongs : Klongs.Lord, lower Sam Sen, lower Bang Sue,

Ban ‘Lam Poo {(dry season)

3} TLong Klong : Klongs Prakanonqg, upper San Saep, upper Prem
Prachakon, Bang ¥hen, Bangkok Noi, Bangkok Yai,

and Bang Pakaeo

The closed klongs are requlated in water flow by gate, dum, and/cr
navigation lock for flood protection, so that the klongs in this category
are almost closed. As seen in Figures B-3-1 and B~3-2, the closed Klongs
located in toﬁn area such as Klongs Ong Ang, Mahanak, Xrung Kasem, San
Saep, etc, are heavily polluted through both season, rainy and dry, and
have made nuisance for people living along and passing through the klongs.
The nuisance are not only anaesthetics caused to a lot of fleatables but
also foul odor and even hydrogen sulphide in high concentration which is

toxic for human body and erosive for city structures.

The flushing klongs such as Klongs Lord, lower Sam 3Sen, etc, are,
either értificially or naturally, flushed out by the river water to
follow tidal movements. Having a glance, therefore, these klongs'are not
severe on water pollution problem, however, on the wview of pollution con-

trol for Chao Phya River, flush-out of klongs is not admirable way.

The leong klongs, which are originated from out of Bangkok, such as

Kiongs Prakanong, upper San Saep, Bangkok Noi, etc, are comparatively
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better in water quality although, in dry season, thei; water qualit? are
low down by decreasing flow rate, ie. decrease of dilution and/or flush-
out rate. .

The water pollution of the klongs mentioned above are considered
to he mdinly ofiginated to domestic wastewater including commercial’
wastes, and solid wastes disposed illegally. The pollutant sources both
wastewater and solid wasteu, could not be controlled without proper
services and facilities provided.by goverment agencies concerned,

A control-project of illegal diSposal.of soild wastes has been
started by BOS and BDS, ie. solid waste collectlon serv1ce is strongly
improving, while domestic was tewater dlsposal is remained on unchanged
way,ie. no-treatment disposal into nearby klong. '

Considering present water pollution problem, further development
and'improvémeht of city life, and increase of organic loads accompanyinq
them, it seems that a system which consists of collectlon, treatment

and disposal facilities is requ1ered in central Bangkok area.
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¢. Survey for "Combined vs Separate System®

and I"Zonimq for Sewerage Systém"

¢-1. Combined vs Separate System

To obtain sub~information for consideration of "Combined Vs Separate

Syétem", during this survey duration, field reconnaissance was carried

out in two ways; (1) observation of whole area by car, and (2) check up

of the selected areas on foot, for the purpose of collecting data on

existing urban.characteristics where were selected on the base of typical

or model land use at present.

The selected areas are as follows:

Sri Yan —rewmm———~ middle income residential
Bangrak =-=wmemmow= cémmergial and residential
China Town —-w—---~ congregated commercial
Rattanakosin --w~w=-- public area

Kléng'Tan T neﬁ'developing

Based on the field reconnaissance,. following comments are summerized

for "Combined vs Separate System":

i}

ii}

The topograﬁhy of the area is low-lying and totally flat.

‘This specific characteristics would effect substantially

to the initial and running cost of the respective system,

combined or separate.

Tt would be necessary to utilize the existing mewor

‘system as much as possible because the system has been

quite widely constructed as vreviously menticned.

In built ~ up central parts of the ¢ity, roads are filled

with all kind of vehicles and the serious traffic jam

 appears to be one of the biggeét-social problems in

Bangkok. Undexr the roads, there are structures of

utilities including water supply pipes, telephone cables
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iv)

v)

vi)

- and surface water drains.

In these congested areas, if the construction of another
hew_sewer.system were attempted, inestimable inconveniences
for urban activities would be expectéd. The pubiic opinion
in the city seems to be that these enormous obstructions

would not be acceptable.

The surrounding areas with moderate population density are
still open to any altexrnative consideration. Therefore, '
the study of "Combined vs Separate system” in the coming

stage is expected to take into conditions of various areas.

In the central areas, as spacses for the trunk sewers klongs
seem to be the only available spaces. On the other hand,
the storm water drainage system has been and will be

improved in accordance with "the Master Plan" (CDM, 1968}

“on the basis of the separate system in which klongs ‘are:

used as trunk drains. It is, therefore, required for the
combined system, if applied, to consider carefully the

relation with the storm water drainage system.

The effect on an abatement of existing water pollution in
klongs and. the CThao Phya River is an essential factor to
be congidered in the improvemant progrémme of the sewerage
system. . Whatever the system is, therefore, the appliéd
one'shdﬁld.be of fundamental counter measure to clean up

the receiving waters.

In the combined system, wastewaters including toilet and
sullage waters would be collected and conveyed together
with storm waters by a single piping sysﬁém;”_Flooding
under the system would cause not only-physical damages to
properties and inconveniénces to people but also public
health problems by spreading coliform bacteria. In the
case that the combined system is adopted as the new one

dnd the majority of the existing system is incorporated in
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it, it should be necessary to consider an elimination of floods from
the view point of hygienics as well as physical damage. Hnd:on the
basis of this new concept for flood protection, an improvement pro-

gramme for the existing sewer system have to be developed.
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¢-2, Wet Weather Wastewater Survey

The survey is carried out to obtain the data on loadings flushed out
by initial runoff of Stox:mwate.r°

Kiong Tan Pump'Station and Tauhum Rachawong sewexr outlet wvere
selected for the survey points, which were selected by the survey team

based on the following check points:

a) 7o be independant from the other drainage areas,
b} To have only one autlet drain from the area,

¢} To receive all stormwater fallen in the avea,

d) To be free from tidal water,

e) Not to be special in land use of the area.

As of end of December, 1979, only one sampling has been carried out
at Klong Tan Pump Station because of very seldom rains caused by quite

short rainy season of this year.

Rainfall intensity and variation of flow rate and water quality of

wet weather wastewater were measured at Klong Tan.

Rainfall intensity was measured by a rain gauge connected to
antomatical recorder, which was set uo by the survey team neaxr by the

station.

Tlow rates were calculated by means of pump-out-rates, whiech were
computed on the bases of mean pump-capacity and running duration of the
attached pumps. The mean pump-capacity was estimated by using pump-
characteristic-curves and mean head. The running duration and mean head

were racorded by a water level gauge set up the pump pit by the survey team.

The water samples are taken at 10 to 18 minutes interval during
initial runoff, and stored in ice packed cooler and refrigerator until
analysed. The chemical analysis is carried out at the laboratory of

Chulalongkorn University and/or 8DS for following items:



BOD =—emmcsss ~ Biochemical Oxygen Demand
COD —w=m=-—~ Chemical Oxygen Demand
55 ==~w=w——- Zuspended S5olids

Y m— ~w~ Chloride Yons

Findings of the survey are shown in Table C-2-1.

Comments on the findings of the wet weather wastewater survey are

as follow:

1)

2)

Background condition of Kleng Tan area is deﬁeloping as a
commercial and residential area, which may be classified to
higher middle income class. Undeveloped‘empty lands are still

remained in the area.

As shown in Table C-2-~1, initial runoff wés approximately 5
times of dry weather flow ﬁuring 10.5 mm. of rain for 30 minutes.
This increase of flow rate means that of average running period
off pump, so that, this does not reflect increase of flush-out

energy in the same ratio.

Water quality of initial runoff water did not show any speciality
comparing to other samples as a result of only one experience in .
the survey duration. Further survey should be made to get more

real data.

-
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Table C=2-1

Findings of Wastewater Survey
' A{at Klong Tan)

e petia.

Daﬁe & Time ?ig?mfi?? gg;ercggaligg (mggl) Remarks
17 Oc€. 11:17 8.8 20 - - 129 ** Fine weather
24 Oct. 11:36 7.9 43 -~ 107 - ok -
21:55 42.4 19 51 78 69. * Wet weather flow
28 23.6 23 53 61 74 * e
41 16.3 24 55 65 74 * -t
53 21.6 28 69 58 69 * e
23.05  20.7 23 53 54 69 % -
17 19.9 24 63. 82 69 * L
28 21.7 24 63 74 78 * e
42 18.9 ‘23 59. 60 - 78 * —-r_
58 16.1 19 51 48 69 & -
24:16 12.1 2L 85 74 69 * -
1 Nov. 10:19 ‘8.1 33 - 85 111 “*¥*  Fine weather
7 Nov. 10:15 8.1 32 73 29 83 * -
30 - - 140 % —r
Analysed by Chulalongkorn Univeréity
Analysed by BDS
Note. The rain.started at 21:55,_24 Oct. , and stopped around 22:50.
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¢c-3. Dry Weather Wastewater Survey

This survey was made as one of wastewater survey to be made in the
Coming Study. The wet weather wastewater survey mentioned in the Inception
Report had been, in a part, changed over to a dry weather westewater
survey because the rainy season oﬁ'this vear was unexpecteﬁly short so
that very eeldom rains were experienced by the end ef'year 1979,

The findings of this survey would make for field surveye to be made
in the Ceming Study to estimate per cépita wastewater flow and loadinge.

The values of per capita flows and loadings to be estimated woulgd
be different depending on'iiving conditions, for example, residential'er_
commercial, income level, etc. while, in Bangkok, there ere nurerous kinds
of classes in living conditions, therefore, in the Coming Study, it is
expected that some number of per capita wastewatef survey would be made.

"Huay Kwang Housing Estaté were selected as the survey area‘because
in the.area background informations i;e. piping system, population, water
suppiy, etc. could be morefcorrectly obtained than in the other areas.

The outline of the estate is as follows (Data No. 3.1.10):

- Served Area : about 13 ha

- Population : 25,000 persons

- Number of Units : 3,360 units (38:buildings}
-- Super Market : 1 .

- School : 1 {(number of pupils 2,700)
- Government Cffices 3

The sewerage sYstem is deecribed in the Section B; Existing
Conditions of Sewerage Dralnaqe and Natural Water Courses., '

The waste:ater samples were collected at the point of an inlet
flow gauge of the sewage treatment plant at 2 hours interval for 2 days,
27-29 January, 1980. The flow rate were continuously recorded by the
Flow gauge (Parshall flume) attached to the plant. _

The samples collected were stored in an ice packed cooler, and
analyzed at the laboratory of Chulalongkorn University as soon as
possible.

The items of analysis are as follows:

[



- pH
- 58
~ BOD
- COD
- QL

Water temperature was measured at the sampling site every sampling time.

To 6btain the background inforﬁations, a home yisiting survey was
carried out during the sémple gollection. A random gawpling were made
for selection of houses visited, and data on family composition, mean
water consumption rate, mean monthly income, etca. were collected.

The findings of this survey are shown in Table Cc-3-1 - C¢-3-3.

Comments on the findings of the diy weathexr wastewater”survey are

shown below:

1) In the:Huay Kwang, a portion of wéshing wastes are diséharged
t@ storm sewers iﬁ the cause of a habit washing and discharging
aﬁ véranda attached to thelr houses. B5And the sinks of veranda
are connected to storm éewers which are separated frbm_sewage
pipes. | | - .

.2} As seen in Table.C“3wl, flow peaks were not sharp. This
indecates that retention volﬁme of the sewage collection system
may be large.

3) The minimum flow rates of daily inflow would not represent the
extraneous flow of this collection system, which further
consideration would be necéssary to estimate it.

4) To estimate per capita wastewater flow and loadiﬁgs from the
findings, some allowance woﬁl& be required for activities of
méfket, government offices of which workérs are about lso‘persons
in total, and of &hich domitories have about 400 habitahts, and
a school which consists of 2768 pupils and about 120 teaching

staffs.

— ‘?8 p—



rable C-3=1 Findings of Dry Wieather Wastewater Survey at Huay Kwang

Sewage Treatment Plant

Date Time  Flow Rate WT pH .85 BOD . Cob .l

1/sec °C ng/1 mg/l  mg/l  mg/l
29 Jan. 9:00 40 29.0 7.49 339 303 627 16
(sun) 44,00 50 30.0 7.49 213 160 360 31
13:00 45 30.0 7.1%5 168 138 284 38
15:30 40 29.5 7.58 144 123 254 36
17:00 40 29.0 7.60 114 137 284 40
19:00 40 29.0 7.50 160 164 341 40
21:00 45 29.0 7.65 148 152 330 42
23:00 41 29.0 7.80 140 . 136 231 36
28 Jan. - 1:00 37 29.0 7.70 71 98 191 38
(Mon) 3,00 32 29.0 7.80 74 69 141 44
5:00 32 28.0 7.80 = 62 68 138 42
7:00 36 29.0 7.90 269 280 561 55

9:00 40  29.0 7.60 208 220 428 36 |
11:00 42 30.0 7.50 154 159 337 35
13:00 40  30.0 7.55 141l 126 302 31
15:00% 38 29.0 7.40 3560%  3360% 3727% 49
117300 39 30.0 7.60 148 137 307 45
19:00 40 30.0 7.65 152 157 331 42
21:00 42, 30.0 7.80 170 154 334 33
23:00 40 29.5. 7.85 118 117 246 41
29 Jan.  1:00 37 30.0 7.80¢ 78 103 194 36
(Tue) 3 4o 32 30.0 7.85 50 63 133 42
5:00 29 29.0 7.95 &8 77 162 40
7:00 32 29.0 8.50 292 294 619 45
9:00 40 29.0 7.80 172 165 390 38

* Excess sludge was mixed from 14:00 to 15:00.
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C - 4 Zoning for Sewsrage System

As a cénceptuai ideé fdr the sewavrage system in Bangkok, to
separate the cémsidered area intd some sewerage districts, has been sugéested
by both sides, Thai and Japan..It is, therefore, included in the scope Qf
work in this preliminary survey to collect data required for the zoning

study.

As basic data, following were collected.
I) Population distribution
{see Section A., IT-2)
I1} Land use
{see Séction.A., IT-2)
iIT} Drajinage Master Plan and existing layout of kldngs.
(see Section A., II-2)
IV) Proposable treatment plant sites
Proposable treatment plant sites were picked up after looking for
the open land spaces on topographycal map and aerial phgtograph,
discussions with.counterparts about availability and visiting the
marked points for observing general conditions in.and around

there.

In Table (C-4-1 proposable treatment plant sitgs are shown. fhe
every site selected is located near klongs or the Chzo Phya River
s0 as to be convenient for effluent discharge. The area (in ha)
mentioned in the table, is approximate figure which was measured
on the aerial photograph (as of 1974}. These information should
be considered as the first approach to the theme. In thé coming
study, therefore, an elaborate survey of their location, area and
necessary'ﬁumber, should be carriéd out in parallel with the study
of zoning. Wide fruit gardens lie in the outside of BMA. Those
areas are in the zone along the klong Béng Ken of Nontaburi (about
100 ha}, Sortheést Qart of the Prapadéan City (about 500 ha) and
Hortheast portion of the Prapadean City (about 1,000 ha), these
areas could be conéidered as supplemental ones to those mentioned
in the table.

On the basic of these data, zoning for sewerage system would be discussed

through comparatbive study of various altermabtives.

— 82 —



panuTjucy ®g O3

I2aTy  eAUg OvYyD IO
uoog Hueg BuoTy

TER NoMburg BuoTy

IZATE  ®AUS owyD

TBATH . BAYL 02YD

ITATE  ®WAY4 O¥YD IQ

buouey vig HUCTH

A501 buoTy
usg ues HuoTy

usg ueg SuoTy

IBATY RAUgG oeUuD

B3vATIg
31BATAd

SIBATIA

n OOHI Uu.mkw..ﬁh.m
w §C = S3BATIJ
§ .- "WWe

BY
Ajtaouany 3xod
%uom0ﬂoﬁooumﬁna
23BATIg

Aemitrey tedoy

" Z. ®3leaTag
@gm.o Aateioy

uapaehb tnxg
uapIed JrInag

usparh 3ITnIg

PROX B8Y3 ZO SPTISUT
PROI 2U3 JO epIsino
uspieh 3TNz

PUBRT 23SeM

puod

PISTI @0TY

puog

BSIE HUTSNO[]
abe3s burpuel

ot

1T

OET

09

ot

0CT

vueing eley

wasey BU23ISUd

pexd Bueg

B3I2 TJINdUOL

TSUCN boyd
BuoTY IO IINoW 2Yj

"Antaoyany
3II04 JO @oeds auyg

Azodouow
-C20eqOyL 30 pucd ayy
buemy Aenj

uessesen yo puod syl

Q0dg ueT buvyg
HuoTH 1o yanow ayL

edar Jeaguss

"L
‘g

- 83



BN mﬂmm HuoTy
Suoury exg Huoty zo
uey SuoTy

oriyg 3eI SuoTy

uziny Sueyg HuoTy

sng bueg HuoTy

wesxls HuTATsO9Y

PL6T UT (000‘S:I=5). dewojoyd syl uo papusdep sT esxy

puE e1sey _
SV¥EN pu® pIaty 80Ty 154
‘ asnoy
L SIBUMO BuTpnTout
SIRATAI ‘uspreb aiquisbsp 06z
932ATIg uspIed 3Tnag 007
BIEATIG uspieh 3TRag oIy
FSNOY SWOS HUIPNTOUT
a3eaTad pumRy S3sEM 9
T —— I n:tuli:astlwwnjstuijxu::1||1ss:|lJMﬂ:i:|
Ioumopuey UOTITPUCD IUSSHAJ mmmﬁ
. ¥

¥N Dued -pT

buensg ueng gl

mcoﬂw PUBRT ®UYL £

orvaAYa 12T HuoTy

243 HUOTET puRT QU 7T

uoyy bueg Huoiy
ayy buoTe puel 8yl -IT

8¢ ovIyd 381 TOS Q%

BRIL  HUTPUNOIINE  *)

— 8 4 -—



D. Sﬁrvey for Tratment Methods of Wastewater and Sludge,

what kind of treatment method or methods would be éngineeringly and
economically feasible and applicable for Bangkok ? This is one of the

substantial components to be studied in the coming study (Master Plan).

In the Preliminary Engineering Survey, it has been intended to collect

fundamental data and informations as the basis of the study.

p~1 Collection of Data Available

Seeking data and informations on treatment technology, the Survey
Team visited two notable institutions in the data collection. The helpfull
cooperation was presented from two institutions, which enabled the team to

gather quite, an amount of experimental study reports.

Titles and summary of researches for environmental technoclogy were

collected.

i) AIT _
* Title of Research (1967 - 1979)
Division of Environmental Engineering (Master Course Theses)
* Research Summary (1969 ~ 1978)
Division of Environmental Engineering
1i) Chulalongkorn University
* Research Topics of the Institute of Environmental Research

{1975 - 1978)

After reviewing titles and Summaries of about 300 study reports, it
was understood that 70 reports of them were the data related to wastewater
treatment, These data can be classified into 4 cateqgories; three for

wastewater treatment and one for siudge, as follows:

Wastewater Treatment

i) Lagooh processes iﬁcluding anaeroblc pond, Ffacultative pond,
‘oxidation pond and aerated lagoon.

11}  Other suspehded ﬁrocesses inélﬂding activated sludge process,
pure oxygen system and oxidation ditch. N

iii) Bio-film processes incluaing trickling filter .and rotating

! L .
blological contactor,.
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Sludge Treatment

iv) Anaerobic Digestion, and Sludge Dewatering.

Sumﬁaries of the 70 reports have been read and investigated whether
they contained substances which would be useful for practical plan and
design. Finally 16 of the 70 repbrts have.béen selected. Six of'them are
domestic WaStewater tréatment and two, sand beds ahd eight, comparison of
treatment methods. The copies of these reports have beén prepéred. The

title of those reports are shown below.

i}  Reports related with domestic waste treatment.
- 1. Factors affecting algal'yields from hiéhwrate oxidation
ponds treating sewage (1970)
2. Effects of Cob loadlng and detention time on anaeroblc
pond performance {1971) '
3. Anaerobic and facultative ponds for tropical waste
treatment (1974)
4. Optimization sewage treatment and fish propagation 1in
ponds. (1976)
5. Effects of some operating variables on biological filtra-
tion of domestic wastewater in the tropics (1974)
6. Substrate and nitrogen conversion in rotating biological
filters (1974}
ii) -Reports.related with sludge treatment
1. Pricipal factors affecting sludge drying on sand beds
{1968)
2. Effects of the Bangkﬁk climate on sludge dewatering
{1968)
iii) Other reports related with waste treatment.
“1. A_study of high-rate aercobic stabilization pond. (1968)
2. Effect of detention tlme on aerocbic stablllzatlon pond
- performance in Southeast Asia (1968)
3. General reviwe of oxldation ponds and oxidation ditches
(1972)
4. Performance of rotation drum filter in treatment of
wastewater in the tropics {1975)

5. ‘Performance of oxidation ditches in Thailand (1975)



6. Comparison of activated sludge, trickling filter and

anaerobic contact processes (1976)

7. Aerobic treatment of ligquid wastes from the fruit
processing industry (1976)
8. Rapid estimation of waste treatment {1978)

p-2. Intexview to Experts in Thailand

The philosophy or conceptﬁal idea of experts iﬁ Thailand who have
peen engaged in the fiéids of watex pollution control, wastewater treat-
ment, and sludge disposal, have been inquired by means of interview to
them. The interview has been made to leading institutions and government
agencies concerned, including AIT, Chulalongkorn University and Mahidel

University -4n assciation with the recommendation of BDS.
The experts met by the survey team are; (in the order of interview)

* Agsist. Prof. Suvit Shommumsirivath

Department of Sanitary Engineering, Faculty of Public Health,
Mahidol University.

*# prof. Sudchai Champa

Department of Sanitary Engineering, Faculty of Engineering,
Chulalongkorn University.

* Agsist., Prof. Samorn Muttamara

Environmental Engineering bivision,
Asian Institute of Technology.

The philosophy of the experts are as follows:

1) Present Problems derived from Existing Wastewater Disposal Practices

and the Necéssity of Improvement

# Bangkok citizens have used septik tank with percolation system
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for disposing of nightsoil. This system, however, doesn't work.
properly hacuase of sybséil condition of clay and high ground
water table which has recently becdme eﬁen higher due to ground
gsettlement. In practical, the percolation can not be done and
effluents of septic tank, in almost cases, are discharged to
nearest public sewers or water sources by conngctihg tanks with

pipes to them directly.

* Septic tank is expected to decrease some pathogenic organism if
sufficient retention time is provided. However, in Bangkok it
is wsual that the volume of tank is inadequate and the retention
time ig insufficlent as a result, the function of the tank is
just a pit through which nightsoil passes to somewhere. In this
context, the inspection and control of the responsible govérnment

agencies should be more strict.

* There are cholera incedents in summer season in Bangkok region
especially in the area along the Chao Phya River in which popula-
tion density is high with mainly workers for industry. Ofigin

of chelera organism is not clear.

* In May 1979, the Chao Phya River was seriously populluted until
the water color became black due to organib'matter, therefore

water pollution abatement in the river is urgently needed.
2. Sewage Treatment Method

* The sewage treatment method suitable here should be selected with
the consideration of; 1} Who will have responsibility for
operation and maintenance, 2) How much expendituré is requested
for O & M, 3) What kind of expeftise is required for O & M. From
the view of physical sense for Bangkok Metropolis which is large,
congested and less availability of land spaceS'for=the sewage
treatment plant, how can you avoid the use of Activated Slﬁdéé

Process? The process has been applied in many developed countries
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and compiled much experiences until it achieved successful

congaquenses, The new technology with less experiences should he -

careful to be applied here.

* Domestic sewage, compared with industrial waste, is easily treated,
accordingly many kinds of treatment method could be applied in

the pure sense of treatment technology.

* If land space is available, pond system is desirable as the
treatment method. Howe&er, available land can't be found in the

central area of Bangkok.

* Training of operator is needed if Activated Sludge sYstem is

appiied.
3] Sludge Treatment and Disposal

* Digeétion
Depend on the availability of land either anaerobic or aerocbic
digestion method can be applied. Both have their merits and
&emerits, fot example, in case of anaerobic the gass yield from
Ehe process could be used as the part of energy required for the

‘plant, however the process needs wider space than aerghic one.

* Devyatering -
Sand bed is acceptable as a method of dewatering. However, the
use of mechanical dewatering proéess can not be avolded in the

practical phase in Bangkok due to the'land problem.

* Dispdsal
It is ddvisable ko use the sludge for a fertilizer, however, it
should kept in mind that there are problems such as transportation

of the sludge.
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4) Other

* How to collect wastewaters is nore d}ffiCult problem than how to
treat them. Most of existing pipes'are not proper because of
the insufficient slope of them, '

‘As an alternative it could be possible to consider to use some

parts of klongs for the collection and treatment of wastewaters.

* The policy which moves existing factories of relatively small
scale and located in the central part of Bangkok should he
considexred for the purpoée of avoiding troubles expected at the

time of sewage treatment.
* 1If the construction of the new system is considered for the

central area of Bangkok, problems including obstraction to

traffic and high construction cost, will be cccured.
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TIT. Data Requlrlng Further Augmentation

As a result of the Prelnmmnary Engineering Survey, it was found that
some fundamental data were presently 1nadequate or totally lacklng. The
data should be augmented or newly collected in the comlng study undexr the

¢ooperated works of Thai government agenc;es concerned and Japanese Mission.

The data underlined are described below.

1. Data on Water Pollution

since May, 1979, BDS established a laboratory in the bureau and
started field surveys ah&rchemical analysis for various waters including
klongs’ Qater, leachate from solid wastes disposal sifes..

The data on exiéting wateyr quality 6btained by systematical and
comprehensive surveys are one of the most important and basic information
for wastewater maﬁagement, ie, sewerage system planning.

It is recommended that monitoring survey on klong water pollution
he Systematically made in various seasons, in each-df_which BDS annualy
re-arrances drainage facilities td make théﬁlthe most functionable for
discharging inland watexs.

As an example, a surﬁey plan for majoxr klongs laocated in the Study
Area to be proposed has been made by the survey team and submitted to BDS
as a memorandum, which includes sampling points, frequency and ways of

sampling, and items to bhe analysed and recorded.

2. Data on Industr1al Wastewater

. Some klnds of lndustrlal wastewater, sometimes, make unanticipated
influences to sewerage system, l.e. Lo sewers and treatnent plants.

- To make good management of seﬁerage system and measures for pre—
venting the unanticipated lnfluences, following’ éata and informations should
be filed in the BDS library

:a)-The list of big wétef consumers inclﬁding trades togethex Witﬁ
location, consumption volume, and their sources. '

b) Effluent guality discharged from selected ihdustries, such as
food processing, brewery, electric plating, dyeing, chemicals, etc.
together with location and effluent volume. _

_ ¢) Existing and/or planned facilities for waste treatment of the

selected industries together with outline of the facilities, and
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operational data including personnel and O & M costs.

3. Data on Nightsoil Collection & Disposal

"Septic tank system” with flush toilet and percolation tank is
applied to most of toilet in Bangkok; Once or twice a yeér;-desludging are
tsually required for méintenance of the system, for which serveces are
carried out by BOS or private firms. Data and information for the activities
of ' the private firmg are very limited becaﬁSe they are out of control of

any government agency.

They say a large number of séptic tanks are connected to drainage
sewers for aiScharging'the effluent. Actual data of connection and its
1nfluences to hygenic condtion are necessary to be evaluated for applying

proper measures for wastewater management.

Collection of feollowing data and infqrmétion is expected: _
1} List of large volume septic tanks together with their location,
volume and structure. '
2) Data on function of'exiSting_percolatioh tanks
3) Data on activities of private firms for desludgihg
a) Number of the firms together with vehicles
b) Collection volume
c) Place and methods of sludge disposal
4) Data on water pollution
a) Coliforms in surface and groundwater

b) Effluent BOD of septic tank

4. Dry Weather Wastewater Quantlty and Characteristics.

. Few data are avallable for the estimation of quantity and characteristics
of dry weather flow, The survey team itself has carried out the sampling
for dry weather and wet weather wastewater. However, with'all those data,
lt is considered to be ¢nadequate for the estimation of present wastewater
quantity and characteristios. Tn the coming study the further data have

- to be collected through field sampling or any other measures.

5. Ground Survey
Data concerning to ground elevation and other phy31cal structures

related to the sewerage system planning are presently inadegquate, In the



coming study it 1s necessary to carry out ground survey to some extent

in association with the necessity of informations for the study.

5. Conditions of Existing Undergroind Sewer System;
_ Existing sewer system furnished in almost entire urbanized afea,
should be.surveyed in terms o¢f general condition and invert elevation _
;i the critical points required for ﬁhe design of a new system. The fittness

for_integration_of existing'facilities to the new system, should be evaluated.

1. Map in which Proposed Sewerage System is drawn.
Map with considerablly large scale, in which proposed sewerage system
would be drawn is presently'unavailable. The preparation of the map is

necessary for the coming study as well as the project imPlementatidn itself.
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v Transfer of Knowledge to Counterparts

dince the initiation of the survey, the Japanese Survey Team and
Thai counterparts have worked together. Through the seriese of activities
for data collection, explanations and discussions on the object or necessity

of each reguired information, have been carried out.

In addition ﬁo the discusaioné related to actual survey works, the
explanations on existing situations together with problems.of thé seweraqe
system in Oséka City which. functions compféhénsively'for flood protection,
drainage an§ seﬁe&ége t;eatment, ware presented,.The sewer user charge
System,OSéka City,'alsd outlined and the description hamed with "Sewer User

Charge System in Osaka City" was handed over to BDS.

The laboratory of BDS was established only severai'months égo.
Considering the stage of the BDS 1aboratbry, a part of laboratory works
concerning to sewerage management was discussed among the survey team
members, counterparts'and BDS laboratory technicians on every éhance
encountered. The subject of discussions includes field survey planning,

improvement of analytical technic, and data accumulation as a library.

The establishment of a library was planned by BDS and the Japanese
Survey team promised to cooperate for the plan. The collecked data was

screened and copied in order to bhe reserved in the library.

In accordance with request of BDS, a meeting was held among survey
team members, counterparts, and laboratory technicians, of which subjects
were general concepts of wastewater survey, and an example of klongs'

water survey plan for Bangkok.

As a practical field survey following the meeting, a dry weather
wastewakter survey was planned and conducted hy the survey team, and carried

out by BDS staffs at Huay Xwang Sewage Treatment Plant.



recommendation of the Scope of Work

V.
for the Master Plan Study
contents -
1. Introduction _
2. Target Year and Study Area for Planning
2-1. Target Year for Planning
2-2. Study Area for Planning
3. Survey of Existing Conditions
3-1. Topography
3-2., Population and Land Use
3-3. Existing Wastewater Disposal Conditions
3-4. Environmental Water Pollution
4. Future Situations set for therstudy'Area
4-1. Population and Land Use '
4-2. Drainage System in Future
4-3. ‘Water Supply _
4-4. Transportation, Electric Power and Telephone
5. gQuality and Characteristics of Wastewater
5-1. Domestic Wastewater
5-2. Industrial Wastewater
5-3. Extraneous Waters
6. Estimation of Future Water Quality in the Chao Phya River due to
Wastewater Disposal System
7 Strategy for Wastewater Management
7-1. Long-range, Short-range and Interim Measures
7-2. Combined vg Separate System
7-3. Study of Treatment Processes for Wastewabter and Sludge
7-4. Comparative Study of Alternative Sewerage Systems and Zoning
7-5. Design Criteria and Design of Major Facilities of System
Proposed
8. Study on availability of Construction Haterials, Machinery and
Man-power for Construction, Operation and Maintenance
9. study on Construction and Materials
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10.
i1,

12.

13.

14.
15.

i6.

Rough Estimation of Costs for Construction and Maintenhance
Preparation of Implementation Programme

Study on Sewerage and its related Requlations including Acceptance

“of Trade Wastewater and Connection of Pipe from each House of

Bulilding

Study on Organization for Sewerage Work including Administration

and Accounting
Study on Charge System and FinancialiPlan

Rough Estimation of Benéfit

‘Evaluation of the Project
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1. Introduction

Bangkok with the population of 4.8 millions, one of the largest
city in Southeast Asia and it still is growing by 4 per cent yearly in
its population. In this Metropolis there is no sewerage system which
properly disposes of wastewaters generated from million of population
and numerous fatories. As the result, the public health and water pol-
jution problems have become serious. It is apparent that as the Metro-
polis is further urbanizing and industrializing, the problems woﬁld evan
more be deteriorated. In order to improve the existing intorelablé
situatibn as Qéll as to meet further requirement, the comﬁrehensive

sewerage programme is needed to be prepared at this crucial time.

Since two decades ago the stﬁdy forlan'improvement of wastewater
management has already been carried out and four reports submitted to
BMA, Of ﬁhose plans, only a part of the newest one (prepared by'CDM) has
been implemented so far for the improvement of flood protecﬁion and |
drainage. BMA intends to proceed the drainage project in accordance
mmtmphnmmmmdﬁwa %e%%ﬁ@Sw&mﬁmiéﬂmimh@d
in the CDM plan, however, intorelable obstractions to be imposed to traf-
fic and city life by the construction works of the proposed separate .
system and enormous capital costs requifed for the implemenfation makes

it unacbeptalbe to carry out the project for BMA.

Therefore, the réview.of sewerage project and the preparation of the
master plan has been cailed for. It should.be kept in mind this is the
sixth attempt in seeking for suitable measures of wastewater managemént
for the Metropolis.  The new plan will apparently be requested to be re-
flected by the lesson learned from the previous attempts and their con-~

seguences.

The Go&einment is now conduéting.number of projects.including_water
supply, roads, various public buildings:ané telephone whcih are imminent
for the Metropolis.. It is also pointed out that the city is served with
inadequate stormwater drainage systeﬁ and suffered by frequent floods

during annual rain season. The Government is now planning to start the

project of " Flood Mitigation and Drainage " based on the CDM plan, which

is considered to have higher priority for the city than the sewerage.
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It is unlikely for the Government to ehbark on any large scale pro-
gram to remedy envirommental problems unless the program is justified'to
be beneficial in social and economical aspects. It is, therefore, nécessaxy
for the new program to take into cOnsiderétion the social and economical
requirements for the project. In addition to that the scale of the_project
and strategy to_bé applied are of in the balance with other social invest-
ments and of flexible one by which the Government could improve situation
gradually and properly.

As the first step, the Preliminary Engineering Survey has been carried
cut for collecting available data and surveying existing general'conditions

in Bangkok. Data and informations collected as well as fiﬁding are accumu-
lated in the Preliminary Enqiﬁeering Sufvey Repoft.
2. Study Area & Target Year for Pianning
- 2.1 Target Year for Planning
The Target vear of the sewerage planning is set to year of 2000,
with due consideration on other projects of infrastructres inblﬁding
drainage, flood protection and water supply system. The Master plan
has to be prepared to meet the requirement around the year.

2.2 study Area for Planning

The study Area is the central part of Bangkcok Metropolis. The
area comprises densely built-up area and its fringe -untill where
developments are expected to reach ip the foreseeabie future. The area
is about 370 km? and shown in the map attached.

3. Survey of Existing Conditions _

As the basic_requirement for the Planning existing conditions of
various aspects in the Study Area should be surveved and investigatgd.
Following articles will be covered:

3.1 Topegraphy abd Geology |

The Study Aréa lies in the lower deltaic area of the Chao Phya

River. The area is low and extremely flat'terrain; The data of ground

elevation are not available, Although'it is flat area, the ground

alevation survey will be requested to some extent in order to find ‘he
minimun elevation to he used for the planning.

Geoclogical data are avéilable and included in the collected data

file. Tnvestigation of thoss informations is necessary.



3-2. Population and Land Use

The present population together with its distribution be in-
vistigated on the basis of the collected data and additional survey

if necessary. The same request is attached to land use to the area.
3-3. EBvaluation of Existing Wastewater Disposal Practices

The urbanized parts are furnished with underground drains for
removing sullages and storm waters from the living envirorment.
The drains are of concrete pipes with rigid connection of cement

mortal and comnected with manholes installed in every ©,0 m -~ 30,0 m.

The existing pipes are principally designed to conduct storm
waters and the part of piping system may be insufficient for keeping

self cleanzing velocity.

whatever the system would be propbsed, it is necessary to
consider the ihtegration’of the existing pipes to the new system as
much as pésible with due evaluaticn for them. Items to be evaluated
are house connection practice, pipe materials and strength, the
method of connection together with resulted extraneous flow, the

structured of manheole as well as its cover, and others.

The existing toilet system should also be investigated for
making proper recommendations how to connect them to the new system.
At the same time, the discussions for the improvement of prassent
septic tank system might become necessary depending upon the measures

to be applied for the Study Area.

The operation and waintenance practice together with organiza-

tion have to be investigated, tcc.
3-4. Environmental Water Pollution

Environmenal water pollution control is one of the greatest
purposes of sewerage system construction.

3

As mentiohed previously (Section B-3), klongs in Bangkok town
araa have heen heavily polluted, and its improvemant are stfongly
expected. For the pollution éontrol, Chao Phya River has been
studied under the NEB's promotion since establishment of NEB in 1975.
On the other hand, klongs'.water quatity Sﬁrvey was just started fof
the selected klongs by BDS in 1879, .
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To look over, cowprehensively, environmental water pollution
a field survey should be systematicaily made on the klongs located

in the Study Area.

Future situation set for the Sutdy Area
4~1. Population & Land Use

Futrue population to be usad for the plan should be projected
on the basis of collected data. 7The projected population should be
adjusted with the existing other plans including the water supply

master plan or any.

Future land use should also be investigated as the basic data

for the planning.
4-2. Drainage System to be expected in the Future.

The drainange system'envisaged for the future which has direct
relation with the sewerage paln is required ﬁo be taken into conéin
deration. The drainage system wiil be iﬁprdved in accordance with
the " Master Plan fof‘Drainage and Flood Protection " : prepared by
COM. The implementattion schedule for the system is necessary to

be learned from BMA.
4-3. Water Supply

" A Review of the Bangkok Water Supply Improvement - Phase 2
Project " was prepared by MWWA in 1977. The report'is the review
of the "Master Plan" prepared by CDM in 1970. The water SUpply plan
in these two reports is considered to be essencial for the waste-

water management planning.
4-4. Transportation, Electric Power and Telephone

_ The pans of these infrastructures are needed to be learned
for the sewerage system planning in order to get idea of future
situation of the city and to aveid competition for land spaces with

other utility plans.

Wastewater Quantity and Characteristics

For estimaticn of design wastewater quantity, peaking factor and

loadings, following studies and surveys would be reguired
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1) Domestic Wastewater

guantity and characteristics of domestic wastewater should
ve estimated by means of considexing water éupply plan, field survey

data onh actual wastewater generation and so on.

For water supply improvement plan in Bangkok, MWWA has esta-
niished Water Supply Master Plan {prepared by CDM, 1970) and its
Review (1977), of_which reports have been collected (Data ¥o.2.3.1
and 2.3.2}).

Per capita wastewater productions were estimated more than 10
years ago by CDM and others (see Sec. A-3). Therefore, thése‘per

capita values should be re-studied.

To obtaiﬁ data on present per capita wastewdtér:p?oduction
(flow and loadings), it is recommended that field surveys be made
at ﬁypical areas such as résidential, commercial, etc. by using
existing piping systems. Further, it is expected that data on
extraneéus flow into the existing pipes are also cobtained from the

SUrveys.
2) Industrial Wastewater

In the Study Area recommened, as mentioned previously (sec.
A-3), there is no industrial estate. It is, however, expected to
check guantity and characteristics of wastewaters discharge from

factories scattered in the Study Area.

If necessary, water supply records for individuals could be
collected from MWWA, and/or questionnaire survey on trade waste

would ke made.

it is alsc expected that efflueht standards to be discharged

into the sewars to be proposed be considered if necessary.
3) Extraneous Waters

Flow rate of extraneous waters should be studied on existing

pipes.
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6. Estimation of Future Water Quality in the Chao Phya River due to

Wastewater Disposal System

Since 197%, water pollution control of Chac Phya River is one of
major subjects of NEB, and the Study including computer analysis of river
pollution is being carried out by government agencies éoncerned. At
present, the Phase I repbrt on mathematical analysis of water pollution
had been pubiished, and the Phése II Report will be published by June,
1880, The mathematical model of chac Phya River.c6Ver5 quite wide area
along the river comparing with the Bangkok town area to be studied in
the sewerage Master Plan., It is expected that the consideration of the

effects mentioned above will be made on the base of the.NEB's rodel.,

~J

Strategy for Wastewater Management
7-1. Long-range, Short-range and Interim Measures

The Study Area comprises built-up central core portion and
surrounding areas which have partly been developed or are being
developed. Because there is no comprehensive town or regional plan-
ning, the developments are of sprawl or ribbon developments. With
the form mentioned above, the urban area is being expanded by a
influx of pourulation. The strateqy to deal with variety of require-

ments should include following concepts;

Strategy proposed be of comprehensive on which includes a

long-range perspective together with short-range proper steps.

It seems to be unrealistic to consider that the entire Study
area would be served with the public sewerage system by the final
year of design period, vear 200. Therefore, it is necessary to
consider interim measures for the areas for which immediate action
is reguired gr the consturction of public sewerqge'system cannct
be expected for a time being; Alternatives as recommendable measures
include an individual house or property treatmént system such as
impro%ed septictank system or other suitable methods and remedial

means which eventually are converted or connected to the central

public sewerage system.

Recommendable alternatives have to be studied in comparative

manner involving engineering and economical aspecis.

102



The Study Area can be zoned in association with and unique

local vequirement, topographical and other physical conditions of

the area, the'drainage system proposed and availabe land as waste-

water treatment plant sites.

7-2. Combined vs Separate System

The study of "Combined vs Separate System” should be carried

out taking into consideration various factors ineluding engineering

and economical components ot be faced in construction and mainte-—.

nance, obstruction to be imposed on the city life during construc-

tion, effects on water pollution avatewment and others. As the

parts of the study followings have to be included.

as

Economical and engineering comparative study in typical

areas to be selected in terms of land use characteristics.

Decision of'wét weather wastewater flow rate to be inter-
cepted to the treatment plant under the combined system,
should be carried out considering waste loads over flowed
to the receiving water body. The investigation would
include statistical analysis of rain fall during these
ten years and field sampling of wet weather wastewater.
The data of rain fall is recent ten years is available

in data file collected.

General condition of urban area, especizlly in terms of
road condition together with buried utilities such as
water supply pipes, telephone cables and power lines,
should be surveyed for delineating physical restriction

to be anticipated at the time of implementation.

Study of Treatment Methods for Wastewater and Sludge

9]

Selection of recommendable sewage treatment processes.

Sewerage treatment methods recommendable for the Study .

Area should be studied and thier respective merits and de-

merits have to be evaluated.

It is considered that cone of the wmost influencial factoxs

for the selection of the treatment methods is the available
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land spabes. The study and selection of recommendable trsat-
ment. methods have also due corelation with zoning, required.
'capital costs, consiquencies in maintenances and others. The
flexibility to meet short-range as well as long-range require-
ments, have also been taken into consideration for the study

and selection of treatment methods.

2} Selebtion.of Recommendable Sludge, Grit and Screanings

Treatment Processes and Disposals

Considering differences in quantity and quality of sludge
resulted from various methods of sewage treﬁtment, proper

sludge treatment methods should be selected.

The suitable sludge disposal method should be recommended.

As. the part of the study following items be included;
*To use sludges as Fertilizer for agriculture purpose.

¥Po use for land reclamation with recommendations of
necessary measures for avoiding water pollution problem

around ‘sites of dumping.

3} Recommendation of Sewage and Sludge Treatment and Disposal

Systems
7-4. Comparative Study of Alternative.Sewerage Systems and zoning.

For the purpose of assessing the proper seweradge system. If
is required to carry out comparative study for alternatives. Consi-
derations havé to be put on various factors'including available
land space,'éngineering consequences in canstructions_and mainte-
nance and an economical superiéurity or any else. The study is.
interrelated with iongmrahge1strateqy and short-range steps, treat-
ment methods, zoning and an effect an environmental water pollution
abatement, Thetefore, it is necessary to evaluate alternative
systems comprehensively, taking the essential components mentionad

above into considerations. The proper system should be proposed.
7-5. Design Criteria and Design of Major Facilities of System
Proposed

Technological design criteria to be applied for the sewerage

planning have to he studied and recomuended, The criterial should
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pe set in accordance with the unique situations in Bangkok aﬁd the
recommended one would be used as standards hereafter. On_the:basis
of recommended sﬁbstances, the proposed sewerage system together
‘with any other remedial measures have to be designed. Drawing of

the designed major facilities have to be prepared.

g. Study on Availability of Construction Materials, Machinery and

Man-power of Construction, Operation and Maintenance.

‘It is necssary to study an availability of materials, machinary,
rman-power to be reguired for the construction as well as operation and

maintenance of the proposed sewerage system.

9. Consturction Methods and Materials

Construction meﬁhods'shouid beﬂdiscusSed.rougﬁly as a basis of cost
estimaﬁion. In relation'with the methods the capability of local con-
tractots have also been evaluated. Materials to he used for recommended
facilities have also been studled and avallablllty of requlred materials

should be 1nvestlgated.

10. = Rough Estimation of Cost for Construction and Operation and Main-

tenance

Construction cost and O & M (Operation and Maintenance)} costs of

the-proposed system should be estimated in broad bases.

11. Preparation of Implementation Programme

The implementaion progrzmme have to be prepared, taking account of

the order of priority of urgency 0of local requirements,

12. Study on Sewerage and its related Regqulations including Acceptance
of Trade Wastewater and Ceonnection of Pipe from each House or

Building.

It is necessary to recommend legislation required for controling
or administrating various concerned activities in wastewater management.
The regu1atlons to be prepared include as to acceptance of trade waste-
Jgter, connection of pipe from each house or building to the public sewer

and others.
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13. Study on Organization for Sewerage Work including Admlnlstration

‘and Account&ng.

The suxtable organization for implementation and management should
be recommended after investigatibn'for existing organizations congernead.
The Consideration should be put on not only administration but also

accounting part. of the organization,

l4. Study of Charge System and Fipancial Plan

Financial requirement of the sewerage project which will be carried
forwafd in accordance with the prepared Programme, - should be analized
and 'suitable recommiendation of revenue Sources have to'be done. . In con-
nection w1th the revenue, the charging system should be pPrepared and .

recommended.

15. Rough Estimation of Benlflt

The bereflt derived from the executing of sewerage project, in
guantifiable and unquantifiable aspects should be roughly estlmated for
the purpose of justifing the project.

le. Evaiuation of the Project.

Taklng account of the effect of the proposed prOJect for improving
existing water-related environmental 51tuatlons and preparlng the

‘requirement in future, the project should be evaluated.
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ANNEX 1.

Aug.

16.

17.

20.

21,

22,

23,

24,

25,

27,

28,

Arrival at Bangkok.

In order for courtesy call and discussing the scope of -

_work, the survey team visited DTEC {Department of Technical

and Economic Cooperation) and BMA (Bangkok Metropolitan
Administration).

The field survey was made by the Japanese Team accompanied
by Thal counterparts for the existing pumping stations, Krung

Kasaem and Rama IV, and several points of polluted Klongs.

Discussions between BMA and the survey team were held for

establishing the scope of work.

On the basis of the result of discussions held on previous

day the scope of work was summarized.

" The scope of work was agreed by BMA and JICA with the
signature of Maj. - Gen. Charan Sammatat, Deputy Governor,
BMA and Mr. Xujati Pramocolpol, Director ~ General, DTEC, and

Dr, Mamoru Kashiwaya, Leader of the Japanese Survey Tean.

Huay Kwang Sewerage Treatmeni Plant and China Town Area
were visited in order to find sampling points of wet weather

wastewater.

- Por checking topographic map available in Bangkok, Dr.
Kashiwaya and Messrs. Nakatake and Mizutani accompanied by
counterparts, Mr. Teeradej and Miss Injira, visited Royal

Thail Survey Department, Ministry of Defence.
Dr. Xashiwaya and Mr. Kumagishi left for Tokyo.

The office was set up in BDS. General preparation fox
the survey work was initiated.

The machinery of government organization, central and
municipal, was investigated. The agencies to which question~
naires would be sent were marked: The investigation was

continued thereafter.
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Aug. 29, My, Nakatake visited JICA office for being briefed on

general affairs concerned.

30. The investigation on the government organization was

continued.

The topographical map with a scale of 1:50,000 was

received on this day.

31, Preparation of the Inception Report was Started._'Prepaw
ration of questicnnaires to various'government agencies

requesting necessary data was also set forth.

Sep. 3. SRS Uo -
4, SRR P S,
5. e P o LT,
6. Messrs. Nakatake and Mizutani visited JICA dffice for

processing visa extention,.

7. g Preparafion of the Report was kept going.
T mem O
i1. - J Qe wm em
12. e do—————
13. o Finalizing the Report including printing and binding was

carried out,

Mr, Mizutani made Field survey in order to observe present

condition of Klongs.
14, "The Inception Report had been prepared.

Messys. Nakatake and Mizutani visited JICA office for
" notifing expected expenditures in each month during the survey.

Mr. Takayanagi had arrived.

17, . Mr. Takayanagi accompanied by Messrs. Nakatake and Mizutani
visited Japan Embassy and JICA office for reporting his arrival
and courtesy call. The Inception Report of 20 copies had bzen

submitted to Bureau'of Drainage and Sewerage, BMA.
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s5ep.

18.

19.

2G.

24,

25,

Briefing on the progress of survey work for Mr. Takayanagi.
had been done. After that the meeting betwsen Mr. Anuchit,
Deputy Director, BDS, and Japanese members as wéll as countex-

parts was held and generél affairs concerned were discussed.

There was heavy rain on this day. Various parts of
Bangkeok were floocded. The Survey Team together with counter-
parts conducted a reconnaisance over the central part of the

city.

By this time the quéstionnaires'to be distributed to
various government agencies had been prepared. In accérdance
with the rvecomeendation of counterparts, it was decided that
the questionnaires would be distributed under the name of

Bureau of Drainage and Sewerage, BMA.

Field survey was carried out in order to Find wet weather

wastewater sampling sites and proposable treatment plant sites;

Bangrak, Yannawa, Port Authority Area.

The monthly report had been submitted to JICA office. For
the preview of proposable sites for sewage treatment plant,
available land spaces were plotted on a map prepared on the

basis of informations presented by counterparts. The availa-

" bility of proposable sites are subject to further discussions.

Tt was schéduled to carry out further field survey for
the purpose.of selecting tfpical area of various land use
types including residential, commercial, instituftional and
inrdustrial. To cobserve each proposable treatment plant site -
was also integrated in the field survey schedule mentioned

above.,

All three members of the survey team together with two
countérparts Mr. Chaiwat and Miss Injira'visited areas along

Kloﬁg Lord, the outlet point of Klong BanqlLum.Poo to the

. Chao Phya'River and Wang Saranlom Park beside Klong Loxd. -
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Sep. 26, The field survey group same as previous day, visited Sri,
Yan residential area and the zone referred to as China Town

Area.

27. The group visited Klbng'Tan Pumping Station and the pond

area belong to Tobacco Monopory,

28, The team visited Asiah Institute of Technology (herein-
aftexr réferred to as AIT) and met Dr. Tanbo (Visiting professor
from Hokkaido Universityf, Dr. Watanabe (associate professor -
frow Miyazaki University). The requéét for a cooperation in
data collection needed for the study of proper sewage treat-
ment method in Bangkok, was made to them. The regquest was

“accepted kindly by then.

Oct. 1. Mr. Nakatake visited National Statistical Office and

collected statistic data of general matters.

Mr, Takayanagi and Mr. Mizutani made preparation for

sampling of wet weather wastewater quality together with

quantity.
2. A watexr level gauge was set at Xlong Tan Pumping Station.
3. _ The survey team joined to the group of AIT professors

from Japan and observed the Chao Phya River by boat from

Bang-Pa~In, Ayuthaya Province to Bangkok City.

4, - A place on which a rain gauge would have been set was
searched.
5.7 A rain gauge was set in a private house plot beside the

Klong Tan Pumping Station. The general conditions and
specificatidns of both the pump and pump pit were inspected
as the part ofrpreparation for sampling. The recording paper
of poth the water level gauge and rain gauge had been changed

daily hereafter.

8. ‘Digcussing on the distribution of questionnaires, it was

decided that the letter from the survey team asking necessary
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oct.

9.

10.

data for sewerage planning would be attached. The distribution

would be started from Oct, 10.

The preparation for questionnairves’ distribution was made.

The schedule of distribution was set.

On this day following agencies were visited by Mr. Nakatake
and Miss Injira and questionnaires were handed over directly

to persons mentioned below.

1) Bureau of Public Health, BMA and met Dr. Prasongporn

Jarunitintorn, Deputy Director-General.

2) . Environmental Health Diviéion, Bureau of Public Health,
BMA and met Dr. Voravit Leknark, Chief of the Occupational
"Health Section.

.3) Construction Control Division, Bureau of Public Works, BMA

and met Mr. Nikom Pradnakoern, Deputy Director of The
Division,
4) City Planning Division, Office of the Under Secretary of

State for BMA and left the questionnaires to the director

secretary.

5} .Water Operation and Maintenance Division, Department of
Roval Irrigation, Ministry of Agriculture and met Mr. Lek

Jindasangan.

6) Planning Department, Electricity Generating Authority of
Thailand (EGAT) and.met Mr. Sride Aphaiphuminart, Director
of the depariment and also visited Water Resources Planning
andlDevelopment Division} Planning Department, EGAT and

met Mr. Payak Ratnarathorn.
7} Planning and Control Division, MAWA and left the gquestion-
naire.

Messrs. Takavanagi, Mizutani and Chaiwat visited to

Makkassan Pond to observe proposable treatment plant site.



Oct. 11, Messrs. Takayanagi, Mizutani and Chaiwat visiked following

agencies:

1) Technical Division, Bureau of Sanitation, BMA and met

Mr, Somchitt Trewichian, Head of the Division.

2)  Office of National Envirommental Board, Ministry of
Scientific Technology and Enérgy and met Dr. Pakit

Kiravanich, Deputy Secretaxy General.

3} Community Estate Section, Estate Management Division,
National Housing Authority and met Mr. Vivad Premprasert,

Engineer.
Mr. Makatake and Miss Injira visited agencies including:

1} Permit Section, Building Control Division, Bureau of

Public Works, BMA and met Mr. Tanoosuk, Enginéer.

2) Route Division, Port Authority of Thailand and met Mr.

Chit Swangsook, Director of the Diviasion.

'3} Environmental Health Division, Ministry of Health and

met Mrs. Nittaya Mahaplon.

4} Ground Water Division, Department of Mineral Resources,

Ministry of industry and met Dr. Vagee Rumnanong.

S5} Chao Phya Proiject Section, Industrial Environmental
Division, Department of Industry, Ministry of Industry

and left questionnaire.

6} Physics and Englneering Division, Department of Science,

Ministry of Industry and met the director.

1z, . The surxvey team accompanied by counterparts Mr. Teerade]
and Miss Injira visited Chulalongkorn University and met Dr.
Surin Setamanit, Faculty of Engineering and Dr. Suthirak

Sujarittanonta, Institute of Environmental Research.

The team alsc meb Prof. Sudchai Champa, Dr. Thongchai

Panswad, Department of Sanitary Engineering.



Dot

15,

16.

17.

18.
19.
22,

23.

25.

29,

30,

Mr. Nakatake and Miss Injira visited Communicable Disease
Division, Department of Health, Ministry of Health for

seeking data.
The arrangement of collected data was initiated.

The team together with Mr. Teeradej visited ATT and met
Dr. Watanabe and Assist.Prof. Samorn. The research lists of
environmental technology were collected. After visiting AIT,

the team called at National Research Council.

The arrangement of collected data was continued. Mr.
Nakatake and Miss Injira visited MWWA and met Mr. Bengapon,

Engineer.
Collected data had been arranged.
The team visited JICA office to report the survey progress.

The data arrangement

Mr. Makatake, Mizutani and Miss Injira visited NHA and met
Mr. Vivad, Enginesexr. AL around 10:00 p.m. the rainfall started.
The team rushed to Klong Tan Pumping Station and carried out
sampling of wet weather wastewaters in terms of guantity and

quality until around one o'clock in the midnight.

Messrs. Takayanagi and Mizutani visited AIT and met Dr,
Watanabe from whom various study reports were bhorrowed for

copying.-

The team accompanied by Mr. Chaiwat and Miss Injira
visited Bureau of Sanitation and met Mr. Somchit Trevichian,
Head of Technical Division. He had prepared data in response
to the questionnaires previously distributed and gave supple-

mental explanations for the team.
Arrangement of data was continued.

Mr. dMakatake and Miss Injira visited Meteorological



Oct.

Nov.

31.

12.

Department and investigated the system for recording and

arranging of rainfall, temperature and other weather items,

Messrs. Takayanagi and Mizutani togeﬁher with Miss Injing
made field survey on the existinq sewage treatment facilitjeg,
They visited On Nooch in which the treatment piant for night

soil and leachate from garbage dumps, wexre constructed.

Messrs. Takavanagi and Mizutani visited Huay Kwang and

Klong Jan Wastewater Treatment Plaﬁt.

Messrs. Takayanagi and Mizutani visited the fringe of the
Master Plan Area proposed by CDM for the purpose of surveying

the general situations in terms of development.

Messrs. Takayanagi and Mizutani visited AIT and mebt Dr.
Watanabe and Dr. Chongrak Polprasert and asked additional stug
réports. They observed the sewage treatment pond systém in

AIT.

Collected data were érranged.

Mr. Mizutani visited ¥EB and met Dr. Pakit Kiravanich,

Deputy Secretary General, and received some additional data.
Messrs. Takavanagi and Chaiwat surveyed Nong Khaem nighi-
soil dumping site..
Mr. Takayanagi and Miss Injira went AIT for returning hask

borrowed study reports.

Messrs. Nakatake and Chaiwat visilted City Planning Division
foice of the Under Secretary of State for BMA and met Mr.
Charitpérkorn Veraphalin, birector. :The data on.populationwﬁ
collected and it was promised by the director to show existing

land use map on some latexr day.

The preparation of the Progress Réport was started.
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13.

14,

15.

16.

-
i

19.

20,

21.

22,

Mr. Mizutani and Miss Injira visited Department of

Industry, Ministry of Industry and met My, Samarn Thung-

thongtavee, Chief of the Chao Phya Project Section.

Messrs. Nakatake and Chaiwat visited City Planning

Division and made a copy of the existing land use,

Mr. Takayanagi visited JICA and Japan Embassy to discuss

schedule for mission of Japan,

Messrs. Nakatake and Chaiwat continued to make copy of

the existing land use.

The schedule for field survey to be carried out by the
mission team from Japah was discussed and developed by Japanese

survey Team in Bangkok and counterparts.

Preparation for briefing the progress of the survey work

was made,

The progress of the survay work was reported'to the mission
team, Japan Embassy and JICA. The mission team accompanied

by Mr. Takayanagi visited DTEC. ‘The mission came to BDS and

met Mr. Anuchit and counterparts, in the afternoon.

A further report of the Progress in the survey work

carried out.

A meeting was held between the Japanese Survey Team

and BDS.

A field survey was carried out by a team consisted of the

Japanese Survey Team and Thai counterparts.
The field survey was continued.

A meeting was held between the mission team and Bangkok

resident members,
Dr. Kashiwaya left Bangkok.

Finding of the mission team was reported to Japan Embassy

and JICA officé.
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Nov.

Dec.

27.
28.

29,

1l.
12.
13.

14,

8.

19,
20.

The mission team left for Tokyo.
The minutes of the meeting held on 21st Dec. was prepéred.

Preparation of the Progress Report was resumed.

While the preparation of the report.was continued.
Mr.Takayknkgi and Mizﬁtain-viéited Klong Tan pumping
station for checking the situation of instruments which
were in stand by for wet weather wasteﬁater saﬁplihq.

The discu#éion was held between survey team and.counter-
parts on the minutes hel& on 20 Nov.

The survey team visited JICA offiﬁe and submitted monthly
report.

The fypewriting of the Progress Repor was started.

The preparation of the report was continued,

A proofreading-of'ﬁhe typéwritten .report and finalizing it
The Progress Repért in draft version was submitted to BDS.
The survey team asked them to have discuséion on the sub-
mitted draft report.

The airangement and analysis of data already collected
were carried out.

The preparation of additional questionnaireé for collecting
insufficient part of data were starfed.

The draft Progress Report was partly impfoved by the

suvey team after discussion within the team.

A discussion on the Draft'Progreés"ﬁeport was held be-
tween BDS staffs and the survey team.
The finalization of the Progress Report was stared and

additional discussions were held betwéen counterparts and

the team.
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Jan.

24.

25,
26.
27.

4 1980

10.

1.
14.

15.

The final check of the Progress Report was carried out,
The Progress Report was prepared and 20 copies were sub-
mitted to BDS. The additional questionnaires for asking

1nadequate part of data which had been collected by the

time, were prepared.

The contents of questionnaires which had alreédy been sub-
mitted, were explained by the ﬁeam to BDS counterparts. The
schedule of the sampling for dry weather wastewater and
Klong's water were develped.

The work schedule thereafter was discussed and adjusted
within the survey team.

The prepared schedule for dry weather wastewater was dis-
cussed again within the team.

The prepared work schedule for the period from the begin-
ning of Jan. to the end of Feb. was submitted and explain-
ed to BDS.

The standby for the wet weather wastewater sampling was

gave up and the instruments set for thesampling were withdrawn.

Mr. Takayanagi and Mizutani visited NEB and retured borrow-
ed data. Additional informations were collected there.

Mr. Takayanagi and Mizutaﬁi visited two treatment plants
in NHA's estates and investigated them.

Mr. Takayanagi and Mizuténi visited two treatment plant of
NHA and surveyed the situation of sludge treatment and
disposal.

The arrangement of collected data.

The survey team visited JICA office and discussed abouk
general affaires related to the survey work,

Bureau of Public Works, BMA was visited and data was
collected,

The preparation of the Preliminary Enginnering survey

Report was started.
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16.

17.

18.

22.

‘The schedule for dry weather wastewater and saméling of

klong water was discussed between BDS counterparts and the
team.

The scope of work for Master Plan was partly discussed hy
the team.

The procedure of sampling works were discussed in Huay Kwang

‘estate.

The additional gquestionnares were prepared and submitted to

" BDS.

The questlonnalreq wera distributed by the name of BDS to

the follow1ng goverment agencies;

1) . Meteoroclogical Department, Ministry of Communcations

2).'Department of Lands, Miniatry of Interior

3. Chulalongkorﬁ University

4} . Bureau of Publiec Work

5). Office of Town and Country Plénning, Ministry oﬁ'interor

6} . Department of Highways, Mlnlstry of Communications

7);'Te1ephone Organlzatlon of Thailand, Ministry of Commu-—
nications

8) . Met:opolitan Electricity Authofity, Ministry of Intérior

9} . Metropolotan Water Works Authority, Ministry of Interior

10) . Budget Division, Office of the Under Secretary of State

fbr BMA

11y . Legislative Division, Office of the Under Secretary of

State for BHMA.
hessrs Naxata&e and Chaiwat visitéd'Meteorolbqical Depaft—‘
ment und borrowed the rain recordlng papers in these ten
years.
The NMortheast part of urbaniiedrcity aréa were visited and
proposable treatment plant sites.weré.observéd,
The discussion was held between BDS officials and
Mr. Bkiguchi, - a first.secretary of the Japan Embassy,
together with the survey team,on the demonstation préject

in terms of the technical assistance by Japan.
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23.

24.

25,

27.

28.

29,

30,

31.

The main records were arranaed  for making a copy of.them.
Bureau of Pub;ic Works,'BMA"was visited and asked the data
related to the planning.

The rain recording papers were returned back to Méteorolo~'
gical Department.

The final arrangement and adjustmenﬁ of sampling‘works'of
dry weather wastéwater were carried out at Huay Kwang Treat-
nent site., ' | |
Department of Land, MIN,was visited and the land price data
was asked for. It was refused to release data covering whole
ares by the department.

The price in sport'aréa was said to be able to be disclosed.
Office of Town and Couﬁtry Plénning, MIN,was visited and
the data of the future land use was asked.

MﬁA,MIN,and legislation division, QUSS, BMA,were also
Qisited and' the necessary data were asked.

The survey.ﬁeam togethef Qith counterparts visited Mahidol
bnivefsitf and met Mr. Suvit, assistant professor in

Faculty of Sanitary Engineering.

.Dry weather wastewater sampling was started at Huay Kwang.

The sampling was continued.

The preparation of scope of work for Master Plan was
éontunued.

The sampling of dry weather wastewater was completed. The
analysis of collected saﬁles was asked for Chulalongkorn
University.

The discussion of scope of work for Master Plan was held

within the team.

Data of hich way plan was collected from HWD, MOC.

The Noftﬁerm part of_urbahiéed city area and tonburi area
wera visited and reconnissances were'garried.

The'éﬁrvey team accompained By counterparts'visited

Chualalongkorn University and met Dr. Charuay Boonyubol,

- Dean of Facﬁlty of Engineering and Professor Sudchai Champa,
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Feb. 1.

12.

13.

14.

Department of Sanitary Engineerinq,Fuculty of Engineering.
Data on the routes of under ground main cable were CQllected

from TOT.

The preparation of the Preliminary Engineering Survery
Report was continued,
The arraingewent of collection data was continuously carried

out in these days as the final stage of survey works.

The survey team visited AIT and met Mrs. Samorn Muttamara,
Assistant Professor, Environmental Engineering Division,
AIT.

The preparetion of the Preliminacy Engiheerinq Survey Report

The survey team worked with the Japanese Mission which
arrived on 11 Feb., for discussing the scope of work for
Master Plan Study. The draft of the Preliminary Engineering
Survey Report together with the scope of work were submitted

to BDS.

The achievements of the survey works were briefed to the
mission.

The meeting between BDS and the Japanese Survey Team, the
mission member and Bangkok resident survey members, was
.held,and the achievéments of the Preliminary Engineering
Survey'as wéllsas the scope of work for the study of Master
paln wers diséussed.

The Japanese Survey Team started the finalization of the

preliminary Engineering Survey Report in association with

the agreement reached at the meeting held on l4th.
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20.

21.
to
29.

The‘meeting was held between BDS and the Japaneée Survey

Team.

A tentative schedule of the comihg studies ahd other related

maters were discussed.
The Japanese Mission left for Tokyo.

The finalization of the Preliminary Engineering Report was

‘continued.

The finalization and aubmlsglon of the Report and w1nd1ng

up of the offlce
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ANNEX 2. LIST OF COLLECTED DATA

I. CONTENTS OF THE LIST
1. General
1.1 General Discriptidn of Thailand & Bangkok
1.2 Adwministrative Organization
1.3 Legal Data
1.4 Maps

1.5 Meteorclogical Data

2, City Pianninq
2.1 Ppopulation
2.2 Land Use _
2.3 Watexr Supply {Municipai Water, Ground Water Use)

2.4 Infra Structures (Roads, Electric, Telephone ect.)

3. Sewerage System
3.1 Data on Existing System (Drainége and Sewerage)
3.2 Stormwater Data
- 3.3 Hydraulic Data

3.4 Geological Plan & Studies On Drainage & Sewerage System

4. Wastewater
4.1 Domestic Wastewater

4.2 Industrial Wastewater

5. Wastewéter Treatmenc”.
6. Water Pollution _
6.1 Frield Survey Data
6.2 Water System Analysis (Quality, Flow)

6.3 water Pollution Control

7. Sanitation & Hygienic Condition
7.1 Land Cost
7.2 fater Borne Disease

7.3 Solid Wastes Disposal
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Prics Data
8.1 Land Cost
8.2 Material, Eneryy & Construction

8.3 Labour

Financial Data

. Others
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