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DOL - Department of Industry, Mlnlstry of Industry
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FRS - Foreign Relations Section, Office of Under Secretary of

: : State for BMA ' _

HWD - Highway Department, Ministry of Communication

IEAT -  Industrial Estate Authority of Thailand

LD -~ Land Department

LTD - Land Transport Department
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MOA - Ministry of Agriculture

MOI - Ministry of Interior

NEB - Office of the Nation Environment Board

NESDB - National Economic and Social Development Board
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OEPP - - Office of Environmental Policy and Planning

OPP - Office of Policy and Planning

ONEB - Office of the National Environmmental Board

oun - Office for Urban Development

PAT - Port Authority of Thailand

PEA - Provincial Electricity Authority

PSU - Prince Songkhla University

PUA - Provincial Waterworks Authority

PWD - Public Works Department

"RCDP ~ . Regional Cities Dévelopment Project

RID - Royal Irrigation Department

RTG - Royal Thai Government

RTSD - Royal Thai Survey Department

TAT - Tourist Authority of Thailand :

TISTR - Thailand Institute of Scientific and Technological
Research

TOCD - Technical 0ffice for Cities Development

UCR - Upper Central Region
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ADB - Asian Development Bank

ATDAB - Australian International DevelopmenL Assistance Bureau
IBRD - International Bank for Reconstruction and Development
JICA - Japan International Cooperation Agency

UNDP - United Nations Development Programme
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ceD
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DWE
EIRR
FIRR
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Fl/S
FY
GPP
H2S
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IRR
Klong
M/P
MPN
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NPV
O &M
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pH
PVC

Asphaltic Concrete

Aerated Lagoon
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Benefit/Cost Ration
Buddhist Era

Biochemical Oxygen Demand
Draft Final Report
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Cost Insurance and Freight
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Dissolved Solids

Dry Weather Flow

Economic Internal Rate of Return
Financial Internal Rate of Return
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Feasibility Study

Fiscal Year

Gross Provincial Product
Hydrogen Sulfide
Inception Report

Interim Report

Japan Sewage Works Agency
Internal Rate of Return
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Master Plan

Most Probable Number
Mean Sea Level

Net Present Value
Operating and Maintenance Costs
Per Annum

pH Value

Polyvinyl Chloride Pip
Suspended Solids
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Terms of Reference
Treatment Plant
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Water Supply

Water Temperature
Wastewater
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Units of Measuremont:

B, B
MR, MB
°c
cfs, ft3/s
d

cm
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ft

gal

g, gm
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gpm

ha

h, hr

HP
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kg

km
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KW
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b
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1
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mé

m3
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3

m /daylm2
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degree Celsius
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house power
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Kilogram
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liter

pound
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meter

millimeter

meter per second
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cubic meter per second
cubic meter per day
cubic meter per minute
cubic meter per day

per square meter

cubic meter per square meter

per day

milligram
milligram per liter
part per thousand
ral

revolution per minute
second

square kilometer

year

Thai Currency

Thai Currency
Temperature Unit
Flow Rate Unit

Time Unit

Length Unit

Flow Rate

Length Unit

Volume Unit

Weight or Mass Unit
Loading Consumption Rate
Flow Rate

Area Unit

Time Unit

Power Unit
Frequency Unit
Weight Unit

Length Unit
Electric Potential Unit
Energy Unit

Volume Unit

Weight or Mass Unit
Water Consumption Rate
Length Unit
Velocity Unit
Velocity Unit

Area Unit

Volume Unit

Flow Rate

Flow Rate

Flow Rate

Surface Loading

Surface Loading

Weight or Mass Unit
Density Unit

Density Unit

Thai Unit Measurement

of Area

Angular Velocity

Time Unit

Unit Measurement of Area
Time Unit
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PART TI SEWERAGE MASTER PLAN FOR THE EIGHT MUNICIPALITLIES/AREAS
CHAPTER 1 INTRODUCTION

Sewerage Master Plan for the selected eight municipalities/areas was pre-
pared based on data and information collected through the Stage I and TI
field work. The subject areas in the Lower Chao Phraya rivér basin cover
Chai Nat, Sing Buri, Lop Buri, Ang Thong, Pa Mok, Sena, Rangsit and Bang Bua

Thong .

Planning fundamentals and conditions/assumptions on the sewerage systems,
which were discussed and agreed between JICA Study Team and PWD staff mem-
bers are reflected in the study. In addition, recommendations on the sani-
tation improvement common to the eipht study areas were made covering re-

spective DTCP areas.

This Part II, Sewerage Master Plan, is arranged to consclidate eipght plans
simplifying the contents in provisién of common conditions/assumptions and
general'épproach and methodology in Chapter 2. Basic figures such as frame
values and unit wastewater quantity and quality projected in the water
poilution control plan in Part I are'employed in prindiple after review of
them through Stage IT field work. Finally, This sewerage master plan was

completed after Stage III field work.






CHAPTER 2
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CHAPTER 2 BASIC POLICY AND COMMON CONDITIONS TO THE AREAS
FOR PREPARATION OF SEWERAGE MASTER PLAN

This Chapter is intentionally arranged to cover major study items for sewer-
age master planning common to the eipht study areas. Therefore, comparative
studies for basic matters and methodoiogies with employed figures in the
convenience of report organization are included covering technical, adminis-

trative, and financial and economic aspects.
SECTION 1  PREVIOUS STUDIES RELEVANT TO SEWERAGE PROJECT

The outline of existinglon—going sewage works and plans throughout Thailand

is referred to in Chapter 4, Part I.

The areas covered for sewerage planningldesign_in the subject basin are
three municipalities; Ayutthaya, Pathum Thani and Nonthaburi, and Rangsit
area. Detailed design work for the industrial wastewater treatment plant in
Rangsit area was completed at the end of 1992. Other projects are still
under feasibility study stage waiting for the allocation of the budget form

the central government.

Table 2.1.1 presents conditions and status of these projects. Major con-
tents of these projects, entailing projections and design criteria are
summarized in the Suppbrting Report 2.1.1 for reference purpose - of the

master planning.

Three agencies of the Thai government have been undertaking the sewerage
planning/design under respective responsibilities; PWD-public sewerage
projects, PCD-environmental protection and DIW-effluent quality control of

factories.

General concepts and approach for planning!design are similar among them and
still planning/design stage. PWD and PCD made arrangements to cover specif-
ic communities without overlapping in the study river basin for the sewerage

projects.

Although plans and designs are prepared according to standard procedures and

figures for planning fundamentals, the following seem to be



established/studied prior to the planning.

Sewerage laws and regulations entailing the terms and conditions on
combined collection of industrial wastewater and domestic sewage

and effluent quality requirements for the discharge from wastewater

treatment plants.

- Comprehensive water pollution control plan to achleve water quality
standard in the public water body and seeking for effective and

practical countermeasures among different wastewater sources.

-~ Augmentation of sewerage sector both in public and private systems
to cover planning, design ,construction supervision, and operation

and maintenance of the sewerage facilities.
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SECTION 2

WATER POLLUTION STATUS
AND FUTURE PROSPECTS

IN THE LOWER CHAO PHRAYA
RIVER BASIN






SECTION 2 WATER POLLUTION STATUS AND FUTURE PROSPECTS
IN THE LOWER CHAO PHRAYA RIVER BASIN

2.1 Present Status of Water Pollution

Present water pollution status represented by BOD in rivers, where the
treated effluent from prospective wastewater treatment plants in the eight
{8) subject municipalities/{areas will be discharged, is shown in Figure
2.1.1. The maximum and minimum BOD figures during dry season are illustrated
based on data collected from PCD and DOH as well as surveyed by JICA Study

Team in four times.

Water pollution in Chai Nat area is not serious at present corresponding to
relatively less pollution load being dischargéd from the municipality.
However, the maximum BOD of 3.2 mg/l was obsérved in the survey as the
direct influence of discharged pollution load from households located along

with river banks.

Present water quality in the areas of Sing Buri, Ang Thong and Pa Mok is
similar to each other and relatively better than the condition of Chai Nat
area. Contribution of these areas to the water pollution at thé water
quality checking point downstream thereof in Chao Phraya rivef is likewise

small.

As a whole, water quality meeting environmental standards is observed in the
middle and upstream of Chao Phraya river, although there are cases that

water quality exceeds the standards depending on river flow rate, etc,

With regard to water quality in major tributaries, the survey results of the
Study Team is aléo exhibited in Figure 2.1.1, due to absence of existing
data at agencies concerned. Present water quality nearby Lop Buri munici-
pality ranges from 2.2 mg/l to 3.6 mg/l of BOD wherein wastewater discharged
from the munibipality has direct influence to water pollution. Although the
self-purification effect is dbservéd as water flows toward downstream, it is
obvious that wastewater discharged from Lop Buri municipality is affecting
water quality of Chab Phraya river in comparison with water quality surveyed

between upstream and downstream of confluénce point with main stream.

2-4
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Sena municipality located downstream of Noi river has less influence of

water pollution to Noi river.

Due to absence of water quality data nearby Rangsit and Bang Bua Thong in
the downstream of Chao Phraya river, water quality observed nearby Pathum
Thani and Nonthaburi is indicated in Figure 2.1.1 as substitute. The maximuh
BOD of 8.1 mg/l, which is about four times higher than the quality standard,
is observed near Nonthaburi. The Study Team also determined 3.6 mg/l to 4.7
mg/l of daily average BOD. Likewise, water pollution in lower Chao Phraya
river is becoming serious conditions. This water pollution condition is
believed to be caused by the wastewater discharged from developed area
including Rangsit and Bang Bua Thong, since considerably low BOD of 0.9 mg/l
to 1.9 mg/l is observed near Pathum Thani in the upstream of £hese munici-

palities.

"Based on the findings as mentioned above, present status of water pollution

by sub-basin area is summarized as follows:

- Among 8 study areas, Bangkok Metropolitan area inciuding Bang Bua
Thong and Réngsit_seems to be.largely contributing to water pdllution
in the downstream of Chao Phraya river wherein water quality standard
is not maintained. Khlongs and drainages being connected to the Chao
Phraya river show serious water pollution conditions and urgent coun-

termeasures for water pollution control is required.

- The middle and upstream of Chao ?hraya river is, on.the other hand,
still tolerable condition of water quality owing to effects of self-
purification of the river and dilution of pellution 1oéd. But khlongs
and drainages in respective municipalities are polluted by inflow of
wastewafer being discharged in the vicinity'and therefore water quali-
ty is deterioréting annually. Countermeasures for water pollution
control is thereby necessary, though priority is lower than the down-

stream area of Chao Phraja river.
2.2  Future Prospect of Water Pollution

Future water quality at major checking points in main stream of Chao Phraya

river and its tributaries and concentrated pollution load (BOD in 2011) are



projected in the course of water pollution analysis. The results are exhib-

ited in Figure 2.2.1., Water guality characteristics at each checking point

are as follows:

(1)

(2)

(3)

(4)

Chao Phraya river: R-0 to R-1

When the water quality standard of R-0 is assumed at 1.5 mg/l of BOD,
water quality of R-1 is forecasted at 1.3 mg/l owing to self-
purification effect to relatively low pollution load to be discharged

from Chai Nat municipality.
Chao Phraya river: R-1 to R-2

Within the drainage area between R-1 and R-2 checking points, there
exist Sing Buri, Ang Thong énd Pa Mok municipalities as térget areas
for sewerage development. BOD in the year 2011 at R~2'checking point
is projected to be I;SImgll which is equivalent to the water quaiity_
standard. The concentrated pollution load from these municipalities
reaches to approximately 40Z of the total amount in this section,

however contribution of each municipality to water pollution is low.

Noi River

Sena municipality situates within the Noi river basin. The concentrat-
ed BOD load from Sena is approximately 500 kg/d which is about 6% of
the total amount as neglipgibly sméll amount. In the downstream of Noi
river, cbnsiderably large amount_of.qoncent;ated pollution load are
being disposed of from municipalities other than Sena causing 3.6 mg/l

of BOD in the future, while 1.3 mg/l is projected in the upstream.

Lop Buri river and Pa Mok river

‘Lop Buri municipality situates in the rivér basin of .Lop Buri river

and Pa Sak river and is major source of pollution load together with
Ayutthaya municipality. As high'as 6.5 mg/l of BOD is projected at
downstream of Lop Buri river. Water qﬁality'in the main stream of
Chao Phraya river at downstream of the confluernce pbint is likewise

projected to be 2.0 mg/l, while upstream of confluence point is 1.5

Cmgfl.
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(5) Chao Phraya river: R-3 to R-4

Water quality at R-4 Checking peint, the lowest point in the study
area, is projected to be 6.2 mg/l which is approximately 3 times of
the water quality standard (2.0 mg/{l). This water pollution is caused
by discharge of pollution load within the drainage area of the section
R-3 to R-4, especially Nonthaburi. Rangsit and Bang Bua Thong are
also situated in the downstream area as ﬁollution sources. Water
pollution control measures in the drainage area, which is extension of

the Bangkok Metropolitan area, are urgently required.

Aside from the influence of pollution loads discharged from major municipal-
ities to the main rivers, deterioration of water quality in khlongs/drain-
ages downstream of such municipalities will become much more serious than
the present status. Countermeasures to reduce discharged pollution load are

requisites to meet allowable environmental capacity of water bodies.
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SECTION 3 DESIGN CONDITIONS, ASSUMPTIONS AND FUNDAMENTALS
FOR SEWERAGE MASTER PLANNING

3.1 General

This section is arranged as a common portion of the study for the eight
municipalities/areas to complete sewerage master plan followed by individual

plans in GChapter 4,

Basic Conditions/assumptions and general approach by major study item are
incorporated covering teéhnical, financial and management aspects in accord-
ance with study procedures for sewerage master planning. Thus, plan/design
of wastewater collection and treatment facilities are presented in respec-

tive plans.

Sanitary sewage is the concern of the study excluding drainage plan with
reference to appliéable wéstewater collection method and utilization of
existing drainage facilities. FExisting drainage systems will be fully used
through the future in provision of rehabilitation and expangion of the

facilities by respective local governments.
The study on the improvement of sanitation conditions in the study area
(DTCP area) out of sewerage development area is also summarized in this

section covering all municipalitiesfareas concerned.

3.2 Design Year and Area to be Sewered and/or in Provision of Sanitation

Improvement

.Study areas by study purpose are defined referring to present practices of

the PWD as follows:
(1) Master Planning Area : DTCP area

{2) Sewerage Master Planning Area : Present municipality/$.D in addition

to the area to be expanded in the near future



(3) Preliminary Design Area : Practical area within the present municipal.
ity/S.D areas together with expansion areas in the near future to

realize effective investment for sanitation improvement and conserva-

tion of public water quality.

The base year and target years for the planning purpose are determined
according to data availability and the target year of the Seventh National

Economic and Social Development Plan of Thailand.

Base year : 1991
Intermediaté year : 2001
Final target year : 2011

Composition of areas by study municipality/S.D for master plan target year
of 2011 is shown in Table 3.2,1. DTCP area and sewerage master plan area
are shown in Figure 3.2.1 - 3.2.8. Detailed descriptions for respective

areas are referred to in the following Chapter.

3.3 Existing Sewerage/Sanitation and Flood Protection Facilities
3.3.1 Drainage Facilities

The existing drainage facilities are commonly installed in the limited urban
areas. Furthermore, even if in such areas, the facilities are partial and
wastewater discharged from houses does not necessarily reach to nearby

channels/rivers.

In general, existing drainage facilities play a role to collect sullage and
supernatant from pour-flush toilet and rain water in the service area, and

discharge the wastewater into nearby rivers/khlongs.

Existing drainage pipe is mainly made of concrete with a diémeter of 400~
1,500 mm and usually installed along the boundary between roadway and side-
walk with a shallow earth cover. In addition,'the'siope of pipes is ar-
ranged to suit for flat topogrephy. Accordingly, it seems that actual flow
capacity of pipes is restricted in comparison with capable flow in applica-

tion of an adequate slope under respective pipe diameters.

2-11
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A general drainage system in the surrounding area of the house is illustrat-

ed in Figure 3.3.1 (1) and Figure 3.3.1 (2).

Table 3.2.1 SUB-STUDY ARFEAS BY PROJECT AREA

1

! Project Area \ Area & ! Present  |Future Exp. ! Sewerage | Other Area | DTCP Area |
H | Population | Munici./SD | Area I W/P Avea | H H
l“--_wnnn_"_”_"-““" ““““““““““ e e e | e —— [, b e ]
3 l L} L] 1 1
11, Chai Nat ! Area (km2) | 6,06 | G.84 H 6.90 H 49 .54 H 56.49 H
H tPop. in 1991 13,983 H - i - i . H
femmmm oo ommmme e o tmm e o R o mmemnen :
12. Sing Buri | Area (km2) |} 9.02 H 2.8% ) 1.9 H 19.42 : 31.33 H
H iPop. in 1991} 22,570 ! - H - H |

L e e e e e o o o o | e e e e 2 e e e e | | U I e ———— | [ I [
1) L} 1 ] L} 1) L} B L]
13. Lop Buri { Area {km2) | 6.85 ! 3.38 ! 10.23 H 2.62 H 12.85

: {Pop. in 1991! 36,832 ! - : - ! ' :
b e e v e ve s e e | | [ | | b e e 1
' ' i 3 A ) I 1 I
14. Ang Thong | Area (km2) 3.73 H 1.45 H 5.18 i 18.80 i 23,98
! 1Pop. in 1991} 9,607 H - H - H H H
| o e e o o e Y o i e | . e | | N T e 1
1 1 1 1 1 L] 1 1
15, P2 Mok ! Area (km2) | 6.89 i 0.24 ! 7.3 ! 19.73 H 26.86 H
H i i (iz.000) i : : H
H iPop. in 1991, 10,686 | - | - ' H i
b e e b e e | 1] 1 e L 1
[ 1 [ttt [ ettt [ Bt ahat [Eaint [y - ]
16. Sena y Area (km2) | 1.20 ! 0.79 H £.99 ! 24.11 H 26.10 H
' ' iPop. in 1991} 4,607 ! - : - ! ' ;
R | I | I b e | L L 1
1 E [} 1 3 ) ' 1
i7. Rangsitv ! Area (km2) | . 33.30 H [¢] H 33.30 H Y H 33.30 '
| Prachatipat !Pop. in 1991} 100,500 : - ! - H ' '
! Fu Ehot i i i i i i i
b e e e e e | TR T e b e e | b e e b = 1
1 L] ] 1 1 1 1 1
18. Bang Bua Thong! Area (km2} | 1.60 H 11.90 H 13.50 1 .00 1 13,50 )
H ‘Pop. in 1991! 45,786 ! - ! - H i H
R e EE Tt fmmmmmmm e et Jm e formmmmemmm it e i
H Total ! Area (km2) |  68.65 | 21,49 | 90.14 ! 134.27 1224041 H
H ‘Pop. in 1991 244,871 H 0 H 0 H 0 H 0 H
]

1) Present populatioﬁ out of the municipality area is estimated based om the current population
density (20 persons/ha). ]

2} Population in Rangsit area is estimated in consideration of non-registered population
(30 % of registered population).

3} Other area : Subject area for sanitation improvement without sewerage systems.

3.3.2 Toilet Pacilities, Safe Water Supply and Refuse Disposal

Pour-flush latrihes are obligatory for houses and buildings. A common
~toilet facilities installed at each house are pour—flush latrine with soak-
away or pour-flish toilet with septic tank and soakaway as shown in Figure

3.3.1.
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While, a standard septic tank provided with leaching tank is recently en-
forced by the Government, as shown'iﬁ'Figure 3.3.2 (1), to the newly con-
structed houses. This type of toilet facilities basically employ same
treatment and on-site disposal methods as the old prevalent type shown in
Figure 3.3.2 (2), although some improvement may be expected in its
effluent{leaching water quality. Accumulated sludge is usually removed by
means of vacuum car fof both types. Present installation status (1991) of
such toilets by respective study areas in addition to the information on

safe water supply and refuse collection is referred to in Chépter 4 Part T.

Desludging services of cesspool/septic tank once one-two year are provided
either by local government units or private companies by means of each one-

two units of wvacuum truck.

-~ Health Division of Municipality : five (5) municipalities, Chai

Nat, Sing Buri, Lop Buri, Sena and Bang Bua Thong

- Private companiés : Ang Thong, Pa Mok and Rangsit area (Khu Khat

and Prachatipat)

Desludging charges are collected in different two manners; sludge.amount
removed with a pay of 100 Baht/m3 - 200 Baht/m3 and every desludging work
base with the pay ranging from 200 Baht to 400 Baht.

Dumping and backfilling are adopted as the final.disposal of the collected
sludge for three (3) municipalities of Chai Nat, Sena and Bang Bua Thong.
Comppsting system is applied for municipalities of Sing Buri and Lop Buri
and the sludge is sold to farmers in the Prachatipat $.D. While in Khu Khot
.5.D., collected sludge is disposed of at the pohd in Pathum Thani municipal-

ity which is 20 km far from the center of the $.D.

Table 3.3.1 shows the existing desludging and disposal conditions of toilet

sludge in each municipality and sanitary district.
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3.3.3 Flood Protection Facilities

It is concluded that flood problems are mainly caused by water releases from

the upstream dams, torrential rainfall under insufficient drainage facili-

ties and tidal effect.

Flood protection facilities along the Chao Phraya river are managed by the
RID in provision of Chao Phraya Dam, Rama VI bérrage, regulators and gates
and dike alang the'Chao-Phraya river (defailé'gn such facilities are re-
ferred to in Section 2.4, Chapter 2 Inundation and Flood Control, Part I).
However among eight study areas, dike is not provided along the main river
for Pa Mok and part of Sena municipalitieé (Bang Bua Thong aﬁd Rangsit areas

are not faced directly to the main river).

The dike of irrigation canals under the control by the RID are designed and

constructed referring to the water level of the Chao Phraya river.

Pump stations for the purpose of flood control is only installed in Chai Nat

and Sing Buri municipalities. However, the facilities have not been operat-

ed for the last 20 years.
3.4 Whtet Supply at Present and in the Future

Water Supply for domestic and industrial usés in the future is studied in
Chapter 8, Unit wastewater quality and quantity, Part I. The following are

the summary of the study results.

Domestic water is defined in a broad sense comprising those for household,

business, institutional and cottage induétry'uses.

The urban areas of the study areas excepting Bang Bua Thong municipality are
served by the PWA (Bang Bua Thong is under service by the MWA). Water
sources of these waterworks are either surface water or groundwater. Sup-

plementary water supply systems in small size also exist in the rural areas.

Unit water consumption rates at present and in the year 2011 by classifica-

tion of municipality/S.D are projected as follows:



Class Present 2011 Municipality/S.D

Class A 280 360 Rangsit area and
(30%) Bang Bua Thong
Ciass B 180 280 Chai Nat, Sing Buri, Lop Buri,
(402 Ang Thong, Pa Mok and Sena
Class C 120 220 None in the study area
' S (20%)

Note: unit water consumption rate; lpcd on an average base
( ) 3 percentage of other water consumption to
household water consumption

With regard to industrial water consumption, unit quantity per employee was
projected by categorized type of industry in the water pollution control
plan. However, industrial areas have been develo?ed out of the municipal
areas excepting Rangsit area. Due to high land acquisiticon cost in the
urban area, factories seem to be iocated out of the municipal area through
the future. 1In this connection, water consumption rate only for Rangsit
area is studied in the following section. While, water consumption for
cottage ihdustries is considered for all study areas as a part of business

water.
3.5 Frame Values and Land Use for Sewerage Master Planning

Freme values of the identified wastewater sources to be accepted by the
public séwerage systems are reguisites for estimation of design flow.
Domestic and industrial wastewater (limited to Rangsit area) was confirmed
to be subject wastewater sources. Accordingly, population and number of

employees only for Rangsit area are studied.

Registered population is the basis for the prejection of seven study areas
except for Rangsit area. Non-registered population is considered for Rang-
sit area to méet the actual situation in the industrialized area. Table
3.5.1 summarizes sewerage master planning area and design population by
respective study areas. kNumber of employees for Rangsit area is referred

to in its sewerage plan)



Table 3.5.1 Sewerage Master Planning Area and Population

i Area & H
i i

Population

Present
Muniei./SD

. Rangsit

Prachatipat
¥u Khot

13
1
[}
]
L}
3
! Area (kmZ)
1
[}
t
+
1
1
1

“1Pop.

Area (km2)} |
op. in 1991}
op. in 2011'

=T~ 1

H
Pop. in 1991;
Pop. in 20!1:
____________ t
Area (km2) |
in 1991,

tPop. in 2011|

Arvea (km2) |
Pop. in 199}
Pop. in 2011

in 1991
in 2011

]
1
L}
H
1
1
H
Pop. H
Pop. H
____________ 1}

L3
Area (kmZ2} |
tPtop. in 1991}
{Pop. in 20]1:
_____________ =t
Area (ka) H
op. in 1991}
op. in 2011!
____________ '
Area {km2) |
Pop. in 1991!
Pop. in 2011}
____________ 1}

Ll
Area (km2) |
{Pop. in 199%!}

]
1
]
v
t
1
1
1
]
i
1
1
1
1
)
]
]
I
[l
i

“1Pop. in 2011}

6.06
13,983
19,765

6.89
(12.000)
10,686
12,857

33.30
100,600
154,000

68.65
244,671
369,991

1
i
1
)
1
¥
]
1
1
i
¥
]
]
1
]
b
1
i
]
H
)
'
|
1
1
1
]
'
]
1

]
3
)
'
]
r
]
1

Puture Exp.
Avoa

Sewarage

M/P Avea

2}

Present population vut of the municipality area is estimated based

on the'curreqt population density (20 persons/ha) and assumed to be

constant through the futurs

Populatlon in Rangsit area is estimated in consxderatlon of non-

registered population (30 % of registered populatlon)



(1) Present lLand Use

Existing land use map and its relevant data/report covering study eight
municipalities/S5.Ds were prepared by the DTGP bétween 1985 and 1992. 1In the
information, land use is categorized into six (6) types; (1) commercial and
high population density area, (2) medium population density area, (3) low
population density area, (4) institutional area (government‘office. school,
religious space and hospital), (5) industrial area and (6) other area ({paddy

field, open space, river area, etc.).

The area and composition of land use types at present and the year 2011 are

summarized for the eight (8) areas in Tables 3.5.2 (1) and (2).
Features of the land use are enumerated below:

The shares of land use for commercial and high population density area range

from 1.92% in Pa Mok to 6.12% in Bang Buz Thong with an average of 4.27%.

Commercial and high population'density area is mainly located at the center

of each municipality area and sanitary district.
Shares of residential use consisting of high, medium and low population
density areas range from 23,497 of Prachatipat to 41.712 of Sena with an

average of 30.29%.

Institutional use shares from 0.77Z of Khu Khot to 14.95% of Lop Buri with

an average of 4.36%.

Industrial area exists only in Sena and Rangsit areas. The industrial use

occupies 0.72% in Sena, 3.5%7 in Prachatipat and 2.742 in Khu Khot.

Shares of other area range from 48.397 of Sena to 71.1% of Khu Khot with an

average of 61.54%,

2-30
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{2) TFuture Land Use

The latest land use plans for the target year of 2005 were obtained from the
DTCP covering study areas, which were prepared between 1985 and 1992, These
plans in terms of land use pattern in 2005 may be used for those in 2011.
Population densities in 2011 by land use type for the study areas are fig-
ured out referring to land area by land use type in the year 2005 aﬁd pio—

jected population in 2011.

Land Use Type . Ppp. Density by Group
A B
Commercial & High population 200 120
density area
Medium population density area 100 60
Low population density afea 30 20
Note:’

Group A i Sing Buri, Lop Buri, Sena, and Bang Bua Thong
Group B : Chai Nat, Ang Thong, Pa Mok and Rangsit

The composition by land use type at present and for the year 2011 is summa-
rized in Table 3.5.2 (3) and (4). Salient features of the future land use

in eight (8) sfudy areas are summarized as follows:

1} The share of residential use consisting of commercial & high
population density area, medium populatioh density area and low
population density area of each study area increases up to an

average of 69.78% from the present average of 30.29Z.

-The highest share of the residential use of 70.83% is projected

in Sena, while the lowest of 50.02% in Pa Mok.

2} The share of institutional land use of 5.98% is not much differ-

‘ent from the 4.36% at present.

3) Deveélopment of industrial area is-limited to Sing Buri and

Rangsit area.
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4) Other areas are still remained in each study area. The shares
of other areas ranpge from 3.37Z of Sena to 43.38%Z of Ang Thong

with an average of 22.96%.
3.6 Wastewater Collection Method

Plan and design of wastewater collection systems are different depending on
the employed collection method. Two alternative collection systems; sepa-
rate and combined systems are comparatively studied. The characteristics of

the two systems are summarized as follows;

(1) Separate Syétem

A Separate system has parallel collection systems for sanitary sewage and
stormwater run-off, respectively. This system is advantapeous to the sur-
rounding sanitation envirenment and water pollution control. It is also
recommendable in the areas where conventional drainage facilities are main-
tained in relatively good conditions, and only collection and treatment of
.éanitary sewage are required for completion of a sewerage systém. On the
contrary, the collection of sanitary sewage needs construction of house

connections and lateral sewers.
(2) Combined System

A combined system refers to a system to collect sanitary sewage and storm
water run-off by means of combined sewers. This system may be employed to
extend sewerage service areas in low cost investment under the following

conditions.

1) Discharge of wastewater into public.water body is acceptable during

rainy season.

2) Existing drainage/channels presently collecting rain water and sullage
can be used as combined sewers and or receiving water courses for the

overflow water from diversion chamber.



There is no sanitary sewers in the study area. The stormwater drainage
systems are constructed and operated in the built-up areas under the resgpon-
sibility of the municipalities. However, construction activities are limit-

ed to annual budget available.

Nightsoil is separately disposed of at the generated site (fecal disposal},
"while sullage from kitchen and shower is connected with a separate pipe to
the stormwater drainage system. Under these conditions, major factors to be

taken into account for selection of wastewater collection method are as

follows:

1) Usilization of existing drainage facilities to achieve low cost con-
struction under the current wastewater (sanitary sewage and storm-

water) collection method

2) In consideration of staged construction of the system andfprevailing
countermeasures/facilities, practical use of relevant existing facili-

ties
3) Staged improvement in collection method setting up final target system

In addition to the principal factors mentioned above and findings through
exchange of opinions between JICA study team and officials concerned in

Thailand, major considerations are enumerated below.

1) With reference to sewerage projects in Thailand, investment priority
is given to drainage facilities. There is no idea to construct sani-
tary sewers in ahead of drainage, even if in the area where no drain-

ape facilities exist at present.

2} Saving of construction cost for sewer networks is a major .concern of

the Government, utilizing existing channels in the built-up area,

3) Separate on-site disposal of nightsoil from the sullage is governmen-

tal policy and such facilities are widespread in the study area.



4) Combined wastewater collection method sometimes with a partial sepa-
rate method is employed for most of existing sewerage systems except
tor those in the resort beach. Thus, construction of interceptor is

ma jor concern of the PWD.

5) Although under the combined collection system, water pollution in the
channels caused by the discharge of sullage from houses would not be
improved in use of current drainage system, water quality in the main
rivers/khlongs downstream of the built-up area will be considerably
improved. During dry season wastewater reached to the rivers/khlongs
can be intercepted fcr treatment and substantial dilution of waste-
water is expected in tropical rainy season (strong intensity and short
time duration). Therefore, direct contribution to the sanitation
improvement can De expected iﬁ the rivers/khlongs where people use

water for multiple purposes (especially bathing and washing).

With an emphasis on the low cost'constfuétion to realize sanitation/water
quality improvements on the se%vice level affordable at the present time in
Thailand, the following are recommended. However, periodic review and modi-
fications of the master plan are requisites in the future to upgrade sewer-
apge systems for further improvement of sanitation conditions in the service
area. Collection of generated wastewater (Step 3 and step 4 in Figure
3.6.1) may be future targets to meet future needs supported by economic

development and policy.

(1) In general, combined wastewater collection method shall be adopted
‘using existing drainage systems in the built-up areas. Interceptors
shall be constructed and overflow water shall be discharged into

existing rivers/khlongs during rainy season.

(2) Nightsoil shall be disposed of at generated sites. For the future
imprbvement, effluéﬁt_from septic tank may be introduced to the inter-
ceptor. Figure 3.6.1 shows illustrated staged improvement in use of

existing channels applying combined collection method,

Design of the collection system for the master plan aims at Step 2, but Step

2’ may be taken into.account for future improvement. .
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Limitations to utllize existing drainage systems, and problem areas and

required countermeasures in application of the selected method is discussed

as follows:

(1)

(2)

1)

2)

1

Limitations on the utilization of existing nightsoil and drainage

systems
Separate treatment and disposal of nightsoil (on-site)

a) The invert level of existing drainage is too shallow to receive
wastewater from existing toilet facilities without change of house-

hold drainage systems.

Utilization of existing drainage facilities limited to lateral sewers

collecting rainwater and sullage.

a) The slope of existing pipes is quite minimal due to the economical
arrangements under flat terrain, resulted in limited flow capacity
and velocity with a natural water level in the pipes; requirements

of newly construction of intercepting pipes.

b) Structural conditions of street sewer/drainage do not allow for

introduction of nightsoil, especially with reference to its shallow
installation and without a cover on the connection box thereof

causing offensive odor.

Problem area and required countermeasures to supplement/complete

recommended systems

Improvement and expansion of existing drainage systems
Existing khlongs and channels are functioning as drainage facilities,

although these are not necessarily sufficient at the present time

“against Storﬁwater run-off. ‘Such waterways may be used as the receiv-

ing water bodies of overflow water from diversion chamber in the
sewerage service areas. However, improvement (dredging and widening
of channels/khlongs, etc.) and expansion of existing drainage facili-

ties shall be done in accordance with the arrangements by the local



2)

3)

4)

government units as practiced in Thailand, Plans for staged construc-

tion are requisites to be prepared by each municipality.

Proper operation and maintenance of septic tank/cesspool and solid

waste disposal

The adopted sewerage system cannot be completed without proper treat-
ment and dispdsal of nightsoil. Information dissemination and legis-
lative measures to the inhabitants on‘'the design and construction of
the facilities are requisites for the local goﬁerﬁment units, Ar-
rangements on desludging from the facilities shall also be provided
properly as well as éound disposal of sludge. 1In addition, refuse
collection and disposal at present shall be -improved to cover sewerage

service areas and to perform sanitary landfill/composting.

Maintenance of overflowfdiversion chamber to keep the function of

adopted sewerage systems

Aside ffom'design of the contrived chambers, periodic maintenance of
the facilities, especially systematic solid waste removal is essen-
tial. The function of the sewerage system is depending on adequate
arrangements by concerfned agencies and cooperation of the benefici-

aries.

Provision of house connections to connect to overflow pipes of night-

soil treatment facilities

Wiéh reference to planned grade of sewerage facilities, it is diffi.
cult for the beneficiaries to realize upgfading of living conditions
resulted in the difficulty of séwage charge collection:. Collection and
treatment of overflow water from septic tank/cesspool could contribute
to the improvement of water quality ofHChannelslkhlongs in the urban
area/sewerage service area. Giving priority to specialized areas in
the sewerage sérvice area, installation of such connéction'pipeé to
interceptors shall be proceeded thfough the futﬁré to hélp promote

collection of sewage charges.



	Cover
	Title Page
	TABLE OF CONTENTS
	List of Tables
	List of Figures
	Abbreviations
	PART II SEWERAGE MASTER PLAN FOR THE EIGHT MUNICIPALITIES/AREAS
	CHAPTER 1 INTRODUCTION
	CHAPTER 2 BASIC POLICY AND COMMON CONDITIONS TO THE AREAS FOR PREPARATION OF SEWERAGE MASTER PLAN
	SECTION 1 PREVIOUS STUDIES RELEVANT TO SEWERAGE PROJECT
	SECTION 2 WATER POLLUTION STATUS AND FUTURE PROSPECTS IN THE LOWER CHAO PHRAYA RIVER BASIN
	2.1 Present Status of Water Pollution
	2.2 Future Prospect of Water Pollution

	SECTION 3 DESIGN CONDITIONS, ASSUMPTIONS AND FUNDAMENTALS FOR SEWERAGE MASTER PLANNING
	3.1 General
	3.2 Design Year and Area to be Sewered and/or in Provision of Sanitation Improvement
	3.3 Existing Sewerage/Sanitation and Flood Protection Facilities
	3.3.1 Drainage Facilities
	3.3.2 Toilet Facilities, Safe Water Supply and Refuse Disposal
	3.3.3 Flood Protection Facilities

	3.4 Water Supply at Present and in the Future
	3.5 Frame Values and Land Use for Sewerage Master Planning
	3.6 Wastewater Collection Method




