3.16 Environmental Impact by the Sewerage Projects and Recommended Counter-

measures

With reference to the construction of sewerage facilities, adverse impact to
nature and community was studiled by stage through implementation of the
project. Figure 3.16.1 illustrates a total view on the causes and impact

rélated to major sewerage facilities.

Among potential nuisances, several factors screened are summarized in Table
3.16.1 based on the experiences in this sector. Among environmental prob-
lems mentioned above, further descriptions are made on the compléins by the
inhabitants in surrounding area of WWIP. A questionnaire survey conducted in
Japan covering 526 WWTP nationwide revealed that major complains were offen-
sive odor, injurious insects, effluent quality'and noise problems. In con-
sideration of potential wastewater and siudge treatment for this master
planning (wastewater; SP, AL, OD, AS and sludge; dry bed, dewatering equip-
ment), the causes and impacts, and countermeasures thereto are described as

follows:
(1y Offensive Odor

Causes: Ma jor facilities causing the problem; grit chamber,
screen, primary sedimentation tank, aeration tank, sludge
thickener, sludge dry bed/dewatering equipment and sludge

incinerator

Countermeasures: provision of cover over the unit facility, appropriate
operation of facilities and ensuring distance from resi-
dential areas as much extent as possible {(more than 100 m
is taken into account)

(2} Injurious insects

Causes: - stagnant water exists in the WWTP

Countermeasures: Especially for the ponds with long detention time and for

the facilities utilizing natural land, an adequate mainte-

nance could minimize problems
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Table 3.16.,1 Fnvirommental Problems and

Countermeasures

Actions Affecting Environmental
Resources and Valves

Daiage to Environment

Recommended Feasible
Protection Heasures

A.Prablems Related to Siting of

Facilitles )

1.Interference with other utilities/
Street, traffic/blocking of access
to buildings

2.Niisance hazards to ne1ghﬁor1ng
areas

3. fnadequate resettiement provisions

4. Inpairpent of historicalfcultural
movements/areas

1.Huisances/disturbances to pubiic

2.Neisances/hazards to worker and
neighbors
3.50cial inequities

4.loss or impairment of these values

1.Alignment of sewer routes to
minimize interference with other
utilities

2.Careful planningfdesign/0 L H
and adequate buffer areas

3.Adequate planning and
budget ing

4.Carefult planning and off:etting
measures

B.Problems During Design Stage
1.0verf Yow/bypassing hazards

2.Inadequate management of
industrial wastewater discharge

3.Hazards of sulfide corrosion

4.0dors &nd noise from treatment
process ar studge disposal
operations

1.Potlutien and flooding
2.Damage to sewers/treatment plants

3. ~ do «
4. Nuisance to pudlic

1.Proper design/0 & M and
operat ion monitoring

2.Careful planning/design and
aperat ion monitoring

3. - do -

4.5%te treatment works only near
compat ible land use

Select appropriate technology

Inctude odor control and low-
noise equipment

C.Problems During Construct fon Stage

1.541t runoff from construction
operat fons

2.0ust fodors/funes

3.Prolonged periods of sewer
construction
4.Mol1se and vibrations

-1.5e{1 erosion, damage to water duality

f1and values

2.Hazards to workers and nearby
residents

3.Traffic congestion/blocking of
access to bullidings

4.Hazards to workers or nearby
residents

i.Proper resurfacing and
cagnstructfon monitoring
2.Appropriate controis

3.Careful construction schediling

4.Appropriate controls

k. Problems Dﬁr1ng Operat ion Stage
1.Mazards to health/safety of workers

" a) Toxic gases in sewers and
hazardous materfals in sewage
b) Communicable disease hazards

¢} Sewer trench cave-in menitoring
2.Inradequate operation stage

monttoring
3.0verflow from sewers

a) Seriousfhealthfsafety hazards
b) . - do -
) - do -

2.O0&M 1ike]y.to.deprecfate

3.Kuisance/public health hazard

1.Careful O & M and operation
monitoring
a) Careful O & M program with
- of emergencies
b} Careful @ & ¥ pregram and
manitoring
c) - go -

™~

.Losses in overall system
functioning

.Routinely, inspect sewers for
illegal connections and
obstruct lons

[+

Clean sewers as required

Provide monitoring system with
alarms for pump station failure

Educate public to prevent
disposal of solid waste in sewers




(3) Ef fluent quality

Causes: color of effluent, high contents of suspended solids and

bubble by detergent
© Countermeasures: control of industrial wastewater and detergent use

Reduction of bubble in the aergtion'tank would be performeéd by an appropri-
ate 0&M. The conditions on recéiving waterways for the.effluent from WWTPs
in quality and quantity are summarized in Section 3.8, Chapter 2. Planned
effluent quality (BOD) 20-40 mg/l is expected to be diluted with sufficient
flow of receiving river/channel (ranging from 3 - more than one thousand

times of effluent volume) at least to meet present water quality (1.2-35

mgfl).

3.17 Recommendations on the Sanitation Improvement in the DTCP Areas

Improvement of public health and the quality of life of the rural popula-
tion, within the DTCP aréa but out of sewefage service area, depends in part

on the provision of an improved water supply and sanitation services.

Present situation and fundamental problems on sanitation related components
in the rural area are summarized in Chapter 4, Part I covering water éupply,
refuse disposal, aﬁd nightsoil treatment/disposal. The'investigatién results
on water supplf revéaied the needs of reduction in bacteria levels. Domestic
vector control program initiated by the DOH, MOFH is not yet realized as of
the present time. 1Insanitary living conditions make lower the productive

potential of the people,

In this section, wastewater especially'nightsoil disposal in the rural area
is the main theme. Other components are discussed in the previous section
with reference to the requirements of. sanitation improvements for the sewer-

age planning areas.
In the urbanized area the standard solution for the sanitary disposal of

human excreta is sewerage with flush toilet, which are designed to maximize

user convenience rather than health benefits at substantial economic and

2~158



énvironmental costs. OSome clusters with comparatively higher population
density in the subject area may introduce sewerage system in the future.
However, accomplishment of a significant reduction in the transmission of
excreta-related diseases is a major objective in the rural area. Low-cost
sanitation facilities for health benefits shall be provided for the majority

of the population.

Sequential Improvement of Nightseil Treatment

A particular series of improvement experienced in developed countries take a
long time to reach to more sophisticated solutions such as conventional
waterborne sewerage. Users decide the time frame over which improvements are
to be made and is thus able to provide higher levels of convenience, keeping

pace with increasing income.

Most appropriate'technology is more time intensive than that of traditional
feasibility analysis. Sanitary toilet, water sealed toilet is wide spread,

which is the minimum requirement being promoted in the developing countries,

The ventilated improved pit latrine (VIP), acceptable in the rural area
would be upgraded to pour flush system, which can include a low-volume
cistern-flush toilet with water seal for added user convenience. The im-
provement is an equally high standard sanitdtion system as conventional
sewerage; It is substantially cheaper and ‘it can be reached by staged'im—

provement of several different sanitation technologies.

The prevalent types of cesspool and septic tank with a standard desigﬁ are
referred to in Section 3.3.2. The upgrading of toilet facilities would be
achieved from aforementioned VIP, a basic low-cost facility to such on-going

toilet type.

Improvement of Current-Use Tank

Pour-flush latrines are obligatory for houses and buildings in Thailand. The
Government has been encouraging this.on—site disposal of nightsoil supported
by sludge removal services. The effluent is released to a seepage pit/leach-
ing tank. However, overflow of wastewater may be confronted, especially

during rainy season under impermeable soil condition. A pollution problem to



groundwater may also occur which affects drinking water, In this connection,
collection of overflow water shall be put into practice in the future in
provision of appropriate overflow pipes to the septic tank, Furthermore, a
periodic control to check the conditions of the septic'tank shall be intro-

duced as well as adequate desludging services.

Institutional Improvement

Tneremental sanitation requires municipal activity in sanitation programs to
be spread over a considerably longer time fame, since the users have the

option of whether and when to proceed to the next higher level of conven-

ience.

Community participation is different depending on respective one. Therefore,

personal contacts and dialogue are important to support the activity.

The long-term objective of community participation in sanitation program is

to ensure that the level of the facility matches the preference and resource

constraints of users.

Institutional support by the central and local governments is needed to
supply technical expertise and support services not available in the commu-
nity, such as provision of revolving funds, training of officials and re-
search and development; investigation on the efficiency of existing facili-
ties, measures in the area with impermeable soil condition, sullage treat-

ment, septic tank up-grading, sludge removal and disposal, etc.
User education entailing water pollution control and institutional develop-

ment programs will generally form an essential part of sanitation program-

ing.
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CHAPTER 3 SEWERAGE MASTER PLAN FOR RESPECTIVE MUNICIPALITIES/AREAS
SECTION 1 CHAT NAT MUNICIPALITY
1.1 Description of the Study Area

The DTCP area (about 56.5 km2) covers present municipality area (6.06 km2)
and its surrounding Tambols; Thapra, Ban Kruai, Chai Nat, Thachai, Had
Thasao and Thamakul. The subject area, about 195 km far from Bangkok, is

located in the east bank area of the Chao Phraya river.

The area is affected by north-eastern monsoon with annual rainfall of 1200
mm and average temperature of 28.1 OC. General topography is characterized
ag plain plateau excepting hilly northeast areé (15 m amsl) where bhird
gardens and recreational areas are developed. Soil bearing capacity is

reported to be about 8-10 ton/m2.

Trunk roads are constructed along main rivers both for transportation and
flood protection purposes. Road conditions are comparatively good and only
about 10Z of existing roads need to be improved for vehicle use. A bridge is
installed at the southeast of the municipality crossing the Chao Phraya
river té connect with other districts and provinces. The commercial area is
concentrated aiong National Road No. 1 across the central area from east to
west., While, about half of houses/buildings exists outside of the municipal-

ity area {within the DTCP area).

The cottage industry exists in the municipality area comprising food and
drinks, furniture, equipment repair'shop and printing. Industrial develop-
ment will be gradually proceeded, although still being conservative. A
slaughterhouse is operated at Phomprasert R.D., Muang district (2 rai area
and 8 m3/d water consumption), 250 m far from the municipal boundary. There
are two fresh ﬁarkets; municipal market at Kong Thamn road and private one at
Chainarong road. Electric power supply covers most of households in the DTCP

area (99.37%),.



1.2  Existing Sanitation/Sewerage and Flood Protection Systems
1.2.1 Existing Sanitation Facilities

The municipal government serves for refuse collection and disposal covering
~about 30 percent of the population in the DTCP area k532 in the municipality
area and 10Z in the outside of the muhiCipality). Generated garbage out of
the service area is usually disposed of by means of burﬁing or bury. The
municipal government uses two trucks for the services to collect an amount
of 80 m3/d. Refuse disposal site (67 rai) is situated at Klao Phong, Tambol
Thapha. On-site treatment and disposal of nightsoil is common either provid-
ed by septic tank or cesspool as described in Section 3, Chapter 2 (refer to

standard facilities in the same section).
‘1.2.2 Existing Sewerage Facilities

Drainage facilities, working as combined sewers,'are provided along major
roads (about 902 of municipal road extensidn), which are made of reinforced
concréte pipe (RC) ranging from ¢$4060 mm to ¢1,000 mm. The composition of
pipes is shown in Table 1.2.1. Area coverage and conflguratlon of the facil-

ities are shown in Figure 1.2.1.

Table 1.2.1 Existing Drainage Faciiities

Size (mm) Length (m) Type Drainage Area (ha)
dia. 1,000 5,100 RC. Pipe 45,8
dia. 600 4,150 . RC. Pipe 42.4
dia. 500 1,250  RC. Pipe 8.6
dia. 400 2,550 RC. Pipe 19.4
Total 13,050 116.2

There are four discharge points, details of which are shown below.
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Receiving Water Body/

Approximate Location Discharge Point _ Pump Facility
North, Chainarong.road Chao Phraya river Pump station

. _ . (movable type)
Behind the municipal hall ~do- ~do~-
South, chailnarong road ~do- -do-

East, Wong Toh Road Public land - None

A large amount of wastewater flows into the drainage channel across the
center of the municipality. The channel seems to play a role as a stabiliza-

tion: pond and is connected to the river at the southern boundary of the

municipality.

The municipality has been undertaking improvements and expansion of the

drainage facilities using its own budget.
1.2.3 Flood Protection Facilities

There are lots of RID's dikes around the community area. Flood problems in
‘the area farely'occur protected by such dikes in addition to strategically

installed roads along main rivers.
1.3 Water Supply

The total of 32% of population in the DTCP area enjoy drinking water supply
services by the waterworks of the PWA (60Z in the municipality). People out
of the service area use different water sources: rain water, well and river

water.

Chao Phrays dam, a major facility to control the flow of the Chao Phraya
river, is located in Chai Nat and operated by the RID mainly for irrigation

use, Sub-systems constructed for irrigation purposes are as follows:

Proﬁiﬁcial irrigation projects : 5ix f6) projects for a total
area of 619,815 rai

Middle size projects | : 87,902 rai

Small size projects - more. than 22 sub-pfojedts

covering 119,580 rai
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1.4 Population and Land Use

Features of houses/buildings by land use type at present are summarized as

follows:

Land Use Type Features with Approximate Percentage

Residential area single story house, 75%

(private ownership; wooden house, 75%

70%Z} : zinc roof, 85%

Commercial area : single story building, 40%
(wooden building, 35%;
concrete building, 40%)
two-story building, 60%

Industrial area singleftwo story wooden

{private ownership; building, 602

100%) '

Residential aréas will be developed slowly but steadily with a plan of
housing estate (370 ha), however, commercial area is expected to be de-
veloped-steeply. The municipality has a plan for road extension (six roads
with the width of 9-13 m). Land use at ptéSent and in the future (2011) is
referred to in Section 3, Chépter 2 and Figure 1.4.1 presents the projection
in the year 2011. The foilowing are projected features of land use by sub-

area,
- West bank area of Chao Phraya river:

About half of houses were built more than 20 years ago. Houses are
being. constructed along the river and Highway No.3183. Moderate devel-

opment as a residential area is expected.

- Center of the municipality in the east bank area of Chao Phraya river:
Area expansion.is expected as commercial and institutional area with

high populatibn density.
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Northern portion of the municipality:

Medium population density area with sufficient land available for

further development

Eastern portion of the municipalityi
Low population density area

Southern portion of the municipality:

Because of locational advantage provided with access roads for neigh-

boring communities, development for business activities is expected.

Study area and population are as follows:

Area & Present Future Sewerage  Other DTCP
Population Municipality Exp. Area M/P Area Area Area
Area (km2) 6.06 0.84 6.90 49,59 56.49
Pop. in 1991 13,983 2,035 16,018

Pop. in 2011 19,765 2,035 21,800

1.5 Quality and Quantity of Wastewater

1.5.1 Unit Wastewater and Pollution Load on a Discharpged Basis

(1)

Domestic Wastewater

Unit quality (BOD) and quantity on the daily average basis at present
and in design year are tabulated breaking down into sullage and toilet

waste.

Domestic wastewater discharge is assumed at 80% of water consumption.
Toilet waste is treated by septic tank with assumed treatment effi-

ciency of 50Z%.



Year Unit Wastewater (lped) Unit BOD Load (gpcd)

Sullage Toilet Total Sullage Toilet Total

Waste _ Waste
Present 100 12 112 33.6 5.5 39,1
Design Year 136 24 160 35.1 5.5 40.6

(2011)

(2} Business Wastewater

Those for business wastewater (commercial and institutional) 'is as-
sumed to be 30% and 407 of domestic wastewater for the present and

design year (2011}, respectively.

Unit Wastewater Unit Pollution Load
(1ped) (BODs gped)
Present 32
Design Year (2011) 64 7.7

1.5.2 Discharged Wastewater and BOD Load

(1) Domestic Wastewater

Wastewater quantity and BOD load on a discharged basis are estimated -
for the present and design year (2011) multiplying service population

by unit wastewater quantity/BOD load. The following are the estimation

results.
Present ‘ Design Year (2011)
Item -
Sullage Toilet  Total Sullage Toilet Total
~Waste ' Waste
Wastewater _ : :
Quantity 1,602 192 1,794 2,965 523 3,488
(m3/d) ' '
BCOD Losad 538.2 88.1 © B626.3 . 765.2 1i9.9 885.1
(kg/d) '
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(2) Business Wastewater

Discharged wastewater quantity and BOD load are estimated in the same

procedure as domestic wastewater.

ITtem Present Design Year {2011}
Wastewater :
Quantity 513 ' 1,395
{m3/d) _
BOD Load 97.7 167.9
(kg/d)

(3) Total Wastewater Quantity and BOD Load

Total discharged wastewater quantity and BOD load (daily average
basis) at present and in the design year (2011) for Chai Nat Sewerage

Development area are figured out as shown below.

Ttem Present Design Year (2011)
Wastewater _
Quantity 2,307 4,883
(m3/d)
BOD Load 724.0 1,053.0
(kg/d)

1.6 Proposed Sewerage System
1.6.1 Service Area

The service area with 690 ha is situated on the left bank area of the Chao
Phraya river. Pregent population in the area is about 16,000 and design

population is projected to be about 21,800.

The area is generally flat with a mild slope from east toward west. A single
sewerage system is recommended covering the whole service area as shown in

Figure 1.6.1.
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Location of WWTP is recommended in the area near the southern boundary of
the municipality, where the existing drainage is crossing and the land
elevation is relatively low. Treated wastewater may be discharged into the

drainage channel,
1.6.2 Wastewater Collection System

Wastewater collection system in application of the combined collection
method is designed taking into account of the factors such as possibilities

for construction and availability of land for sewer systems.

Distribution of population and wastewater gquantity was made in use of popu-
lation density assumed by land use type (refer to calculation table in

Supporting Report 3.1.6).

Alignments of main interceptors and pump stations are proposed as indicated
in Figure 1.6.1 and their profiles are shown in Figure 1.6.2 (refer to
liydraulic calculation in Supporting Report 3.1.6). The following are brief

descriptions on the sewer systems.

- Five (5) systems of interceptor mains are planned in consideration of
elevation of the road along Chao Phraya river (high along urban center)
and flow direction of existing drainage pipes in the central area. Sewer

No.: 1/1 - 1/6, 21 - 2/5, 3/1, 4/1 and 5/1.
- The longest main (1f1 - 1/6) starts from northern end of the service area
and is connected to the treatment plant via the center of the municipali-

ty, Prom Par Sert road.

- Interceptors 2/1 - 2/5 start about 600 m east of irrigation dike No. 2

and connect to the upstream of the 1/5 interceptor.
- 3/1 interceptor is along road No 3039 to connect to 2/3 interceptor.
- 4]1 interceptor starts from road No 311 to connect to 2/4 interceptor.

- 5/1 interceptor starts from the crossing point of road No. 3039 with a

channel .
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- Inflow of wastewater from existing drainage pipes; Interceptors 1/2, 1/3

213 and 2/4.

Table 1.6.1 shows composition of collection facilities. Specifications of
pump stations and siphon and river crossing are included in Supporting

Report 3.A.6, 3.8.6 and 3.C.6.

Table 1.6.1 Wastewater Collection Facilities

Interceptor Manhole Pump Station
Pia., by Material TLength Kind Humber Less than 5 wi/m Hore than 5m3/m
() {m) Capacity (m3fm) Capacity {m3/m)
RCP 300 4,750 Ho.l 238 No.2 0.78 Ho.lk 9.12
RCP 400 1,320 No.2 19 e
RCP 506 1,560 No.3 3 Total ) 1
RCP 600 1,850 Ho.4 ) -
RCP 800 590 Special -
Total 10,700 Totral 260

Hote : RCP; Reinforeed Conerete Pipe
1.6.3 Viastewater Treatment and Sludge Disposal System
(1) Wastewater Treatment and Digposal Method

The wastewater discharge in the sewerage developmént area of Chai Nat munic-
ipality is estimated to be 4,883 m3/d in the year of 2011..Groundwater
infiltration at 20Z of wastewater discharge i1s assumed. The design waste-
water to the treatment plant is estimated to be 5,900 m3/d. The treated

water quality is expected to be less than 40 mg/l as BOD.

The following three (3) treatment systems are applicable to meet the above

reguirements in quality and qﬁantity.

1) Stabilization Pond
2) Aerated:Lagoon
3) Oxidation Ditch



{2) Comparative Evaluation

The above three (3) treatment systems are compared in terms of required
construction and O&M costs, required land area and easiness of O&M as shown

below (Details are included in Supporting Report3.1.6.2).

i

H +
‘(1) GConstructicn Cost H 8.%91 ! 14.96 H 35,63 H
: {nillion Baht) |} i H '
1 {2} Land Cost H 14.25 H 6.75 | 3.75 '
: (miliion Baht} ! : : ;
{3y OH Cost - H 0.13 H 0.50 H 3.46 H
; "(willion Baht/year) ! o ' i '
1(4) Required Land Area ! 7.6 ! 1.6 : 2.0 !
: (ha) 1 ' ! ] !
1{5) Emsiness of O/M ) H ' ! i
! - Adaptability of overload : A : A ! B ;
' - Required technology level H A ' A ! B '
H ~ Sludge disposal H A H A i C H
o e e e e e e e e e e e e e e e e e e e e e o e it e o 2 2 ot b i e +

Here : 1)} Construction cost : direct construetion cost excluding land acugisition, engi-
neering adminiétration costs
2) O/M cost @ wages, electrie chaige, chemical and others

3) Adaptability of overlead : 4: high, B: middle, C: low
4) Required rechnology level : A: low, B: middle, C: high
3} 5ludge disposal : At easy, Bt medivm, C: hard

As evident from the above table, construction and land acquisition coét of
aerated lagoon system is the most eéonomical. While the annual operétion
and maintenance cost of stabilization pond system is 0.37 million Baht
cheaper than that of aerated lapoon system. Then, these two (2) systems are
compared by Net Present Value (NPV) of construction and land_acquisitibn
cost, and operation and maintenance for 30 years (refer to Supporint Report

3.1.6.3).

Stabilization Pond Aerated Lagoon

NPV 47.82 million Baht 98.15 million Baht

Thus, stabilization pond syétem is proposed for the treatment plant of Chai

Nat.
(3) Plan of Treatment Plant

The proposed location of the wastewater treatment plant for Chai Nat is the



existing pond in Tamboel Ban Klaui.

The pond 18 now used as the irrigation

reservoir with a total area of 15.4 ha (98 rai}. The proposed treatment

plant of stabilization pond with a capacity of 5,900 m3/d requires a net

space of 7.6 ha,

This occupies a half of the existing pond area.

The flow sheet of stabilization pond system and the capacity dimension and

other relevant details of each treatment facility is shown below.

—-

Influent Inflow | |Anaerobic | [Faculiative Maturation | Effluent
Pump Pond ] Pond | Pond
Dryiry Bed
Flow of Stabilization Pond System |
Inflow Pump : Design capacity

Grit Chamber

Anaerobic Pond

: Capacity

e

S5ize

-

Surface leoading

Retention time

9,200 m3f/d (dry, hourly max.)

: 27,600 m3/d (wet, hourly max.)

6.39 m3/min. with 7.6 m
hydraulic.head {dry, houfly max, )
19.17 m3/min. with 7.6 m
hydraulie head (wet, hourly max.)
1,769 m3/mZ2/d (dry weather)

2,654 m3/m2/d (wet weather)

29 sec {dry), 20 sec (wet)

1 0.8 m{¥W) x 6.5 m(L) x 0.6 m{D) x 2 units

(1 unit for dry weather)}

Constructed with R.C

:  Design capacity

: Pond capacity

3

Pond surface area

: Retention time

5,9
29,
Q9,6

00 m3/d (daily ave. dry)
500 m3
00 m2

5 days

Dimension 60 m(¥W) x 80 m(L) x 4.0 m(D) x 2 units

‘Embankment protected by masonry

During F/S stagé. study on the sewage characteristics shall be further made

to determine whether anaerobic pond is emplo;nd or not. Polishing pond may

be added insﬁead
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Facultative Pond : Pond capacity 29,500 m3
Pond surface area 16,800 m2
: Retention time 5 days
Dimension 70 m(W) x 120 m(L} x 2.0 m(D} x 2 units

i Embankment protected by masonry

Maturation Pond :  Pond capacity 29,500 m3
: Pond surface area 20,920 m2
Retention time 5 days
Dimension 63 m(W) x 83 m(L) x 1.5 m(D) x 4 units

Embankment protected by masonry

Drying Bed : Drying area 192 m?
: Detention time 15 days

: Dimension &6 mx 8 mx 4 units

The treated water is discharged te Chao Phraya river. Layout of the treat-
ment plant and hydraulic profile of the treatment preocess are shown in

Figure 1.6.3, and Figure 1.6.4, respectively.

i.7 Cost Estimates

1.7.1 Construction Cost

In the previous chapter, cost functions for interceptors, pump stations
(more than 5 m3/min.) and wastewater treatment plants are developed. Land
acquisition cost is also considered to come up with the total construction

cost. The following are cost requirements (million Baht) for the design

year 201l.

(1) Direct Cost

1) Interceptor 111.7

2) Pump station 4.7
3y WW.T.P. 8.61
Total of Direct Cost 125.31
(2) Contingency 25,06

{20% of Direct Cost)}



Wastewater Treatment Plant Main Facilitie's
1) Inflow Pump Submerged Pump

Wastewater Treatment method | Stabilization Pond System (Dry Season) | g200m/mx3.0m?/minx7.6™Hx2units
— ' | (Wet Scason) | ¢250m/mx6.0m3/minx7.6™Hx2units
Plant Space Area (ha) 7.6 '2)  Grit Chamber Constructed with R.C.
Treatment Capacity (m’/d) 3900 0. W 6,550,672t
(inclusive of G.W) {1 unit for dry weather)
Chao Phraya River 3} Anacrobic Pond | Enbankment protected by masonry

- Dimensicn
60 Wx80MLx4.0mDx 2units
Retention Time 5 days
4) Facultative Pond | Enbankment protected by masonry
Dimensicn
TOW x 120mLx2.0m D5 2units
Retention Time 5 days
5)  Maturation Pond | Constracted with R.C,
Dimension
63mWx83mLx 1.5 Dx4units
Reiention Time 5 days
6) Drying Bed Dimension
6" xBMx4unils
Detention Time 15 days

Discharge Point

/ - Operation
’ Bullding
Pl

v T4

“ TnfLow L SIS
fr Pump

Facultaklive

4
. i 3 ! Pond
a— An;e:obic \ B A B 0 (v x1zom 1) a2 Omidl)
pond -

(60m|w;xsamtl)xd.0m(d)) .

Faculrative ¥
Pond

B Anaeroblc [EEN
- - Pond S

S SILDY D8 MASTER PLAKHIHG FOR THE SEKERAGE
FIGURE Layout of Sewage Treatment DEVELGOVENT PROJECY FOR LOKER CIUG FHRAYA RIYER DASIH

1.6.3 Plant (Chai Nat) ) JAPRN THTERRATICNAL CECPERATICH ACENCY o
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(3) Total of Construction 150.37
Cost ((Ly+(2))

(4) Engineering & Construction 25.56

Supervision (17% of (3))

(5) Land Acquisition
1) Pump Station 0.09
2) WW.T.P. ' _ 14.25
Total of Land Acquisition .14.34
Grand Total (Millibn Baht) 190.3

1.7.2 Operation and Maintenance Cost

Annual Operation and Maintenance cost (thousand Baht) is estimated using
cost functionsfunit cost studied in the previous chapter.

(1) Interceptor 632

(2) Pump Station 190
(3) W.W.T.P. 130
Total of O&M Cost 352

1.8 Implementation Plan

The provision of a complete sewerage system for the entire study area with
its increasing population will require a great investments of capital fund
as estimated in the .previous section. Some areas within the study area is
presently undeveIOped land and environmental conditions of such areas are
different from built-up areas. Although'fhe study area needs to be sewered
in early stage, the urgency of sewerage requirements is different depending

on land use features of areas.

Staged construction will be advantageous to minimize the excessive initial

investment and capital expenditures,

Implementation program is prepared for first 20 years, dividing into 4
stages of five year each, taking the design period up to the year 2011 into

account. The assumed schedule giving priority'to deVanped/being developed



areas is shown below.

Stage Period _ Works with Priority
1st 1991-1995 Preparatory work & design of facility
2nd 1996-2001 Construction for central area
3rd 2002-2006 Construction for northern area
4th 2007-2011 Construction for southern area

1.9 Administrative and Financial Study
1.9.1 General

As mentioned above, Thailand has a centralized political system. The cen-
tral government controls local governments to details. The staffing size
and assignments of local government are decided by regulations of Ministfy

of Interior.

There is little room for municipalities to play with their management capac-
ities in order to improve the present conditions. the officials working in
municipalities are not well aware of sewerage system, nor capable to deal

with it effectively.

The sewerage system requires careful operation and maintenance. OCtherwise
it will fail short of successful management. Such examples can be found in
many countries. Though a sewerage system has been completed, it cannot
deliver expected performance due to lack of appropriate routine maintenance.
Collection pipes are clogged without proper cleansing. Treatment plants can
not work well without proper maintenance activities.

1.9.2 Existing Administrative System

The present administration is as follows (see Figure 1.9.1):

- Legislative body: Municipélity assembly

- Executive body : Five divisions

The five divisions are doing their duties and functions:
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- Administration Division

Treasury Division

I

- Health Division
-~ Technical Division

-« Education Division

There are a total of 142 officials and employees working in those divisions
under the mayor and chief officer. Seventy-two (72) teachers are working

for schools within the municipality.

Maunicipality
Assembly

i

- Municipality Mayor

; Vice Mayors

Chief Officer

Internal Auditor

Vice Chief Officer

Administration | Treasury Healih ‘Technical Education
Division Division Division Division Division

Figure 1.9.1 Administrative Structure of Municipality of Chai Hat
1.9.3 Recommendations
The duties and functions of the municipality are basically regulated by'.the
Municipal Government Act (1953), and the room is limited to include the O&M

activities for the sewerage system.

The implementation plan is explained in the previous section. Now the

staffing requirement is calculated as follows:



Stage
ist

2nd
3rd
4th

‘Period

Staffing requirement

1991 - 1995
1996 - 2001
2002 - 2006
2007 - 2011

4
7
13

25

The proposed sewerage system is new into this municipality. Two options are

possible:’
- (A) to include it in the municipal organization
- (b) to create an independent organization with liaison with the

municipality.

Option (A) and option (B) are shown in F'igure'l.9.2 and 1.9.3 respectively,

Mumicipalicy
Asscurbly
Municipatity Mayor
} Vice Mayors
Chicf Officer -
I Internal Auditor
Vice Chief Officer
| l l I | i
PP S
Adminisoation Treasvry Health Technical Education E Sewecrage 5
Division Division Division Division Division : Division !
;

,,,,,,,,,,,,,,,,,

!....) 1 Proposed division

Figure 1.9.2 Option {A) for Muncipality of Chai Nat

Chai Nat
Municipality
- (PWD)
Health division :
: ;
: :
------------ rerreeverrres Frtevescreebrerreccrr oy
: ’ ’ i
: Sewerage i : Local Sewage
:  subdivision } Works Authority

loassnsassrssssiseonsnrealt



The staff number of the municipality is 72, excluding teachers. The staff-
ing requirement is estimated at 25 in full capacity (2011). It is estimated
at 7 until 2nd stage, because the treatment capacity is so small as 4,883

n3/d in 2011.

The Study Team recommends that option (a) be implemented. But in the future
the possibility of Option (b) should be open, because the nationwide organi-

zation for sewerage system will be implemented in the future.

There are two types of trainings: on job training and off job training. On
job training can be given to new comers. Off job training should be better
given in the central training center, because the municipality is so small

and the number of operators is so small as 15.

1.9.4 Financial Considerations

The relative burden, as defined as the ratioc of 25Z land acqﬁisition cost to
fixed investment on land and'construétion, was 2967, While the amount of
fixed investment varies with fiscal year, this figure of 296% was the high-

est among eight municipalities.

Chai Nat has not yet developed social infrastructure, compared with that of
Rangsit and Bang Bua Thong. The proportiOn of public fixed investment to
total expenditures was oﬁly 5.4 in 1991, the second smallest among eipght
'municipalities. This appears to reflect that the'gfeater the portioh of
public fixed investment, the smaller the relative burden of land acquisition
cost. For example, when public fixed investment increases to, say, 407 of
tbtal expenditures, the relative burden'pf land acquisition cost becomes
also 407. Thus, the relative burden of 2987, while extremely high, éhouid
be interpreted in a framework not only of fixed investment but also of total

expenditures.

Nevertheless, when the relative burden exceeds a certain figure, say, 10%,
it will add substantial burden on local muﬁicipality. This is due to
limited capability of increasing local revenues in financing a large public

investment project as the sewerage project.

Chai Nat is not exception. Financing options that are available are (1)



municipality development fund, (2) environment fund, or (3) increasing local

revenues.

Environmental fund is available to local agencies in the form of grant
and.or loan. It is recommended that Chai Nat explore loan financing to
allocate financial burden into the future, compared to raising local reve-
nues or utilizing municipality development fund whose objectives are more

general than those of environmental fund.

The average houséhold user cost in 1ltem 4.3 of Table 1.9.1, is well below
one percént of low household income in 2011 for Chaj Nat. The user cost,
however, could be administratively increased by two factors, one is the
interest rate of the local that Chai Nat would transféer to the user, and the
other, the loss of the sewerage reévenue collection that could be compensatéd

for and would be included as part of the user charge.

The household users were estimated on the basis of the project service area
in Zbll. The household is assumed to have 4.1 persons on the average. We
have also assumed that household users as.sewerage users for simplicity.
The average sewerage user cost was calculated on O&M cost divided by

{(0.7+0.2x1.240.1x2) (number of household users)}.

The average rate of non houseﬁold users could be assumed to pay as high as
the highest progressive rate of the household user rate structure. The
progressive rate structure is 1.0 to 1.3 to 2.0 for low, medium, and high
household income group respectively. A summary is shown in 4.4 of Table

1.49.1.

Finally, affordébility will be considered. The affordability level is
defined as the ratio of the average household user cost to low household
income level of 96,571 Baht in 2011 in the Central Region. With available
data on household income by Chai Nat, the figure indicated in 4.5 of Table
1.9.1, would then be updated and could also be modified with allocation of

loan cost among the users.



Table 1.9.1 Selected indicators for Chai Nat

1.1 Service Pop in 2011 21,800
1.2 Household Users in 2011 5,317
2.1 Total Expenditures, 1991 (Thousand Baht) 22,111
2.2 Investment on Land & Const., 1991 1,211
{Thousand Baht) :
2.3 Land Land Acquisition Gost 3,584
{Thousand Baht)
2.4 Relative Burden {2.3/2.2) in Z 298
2.5 Sanitation Expenditures, 1991
{Thousand Baht) na
3.1 Total Revenues, 1991 (Thousand Baht) 24,587
3.2 Central Government Support, 1991 10,041
{ Thousand Baht)
4.1 Treatment capacity (m3/d), in 2011 5,900
4.2 Unit O&M Cost of 4.1, in 2011 0.44
4.3 Household Users Cost/Year, in 2011 179
without loan
4.4 Progressive Rates: 1:1.3:2.0 in 2011 154
201
309
4.5 Loan Cost/H User/Year - 57
50% Local, 50% Foreign Loan, 25 Years
4,6 Affordability. (4.3 4 4.5) for Low Income 0.25%

Household, 96571 bsht, 20i1
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SECTION 2  SING BURI MUNICIPALITY
2.1 Description of the Study Area

The DTCP area extending about 31.33 km2 covers the present municipality area
of 9.02 km? and its surrounding Tambols; Bang Mal, Bang Krabue; Thonpho and
Muang Moo. Sing Buri is located in the central region about 142 km north of
Bangkok. The province is about 841 kmZ aﬁd is connected to five other prov-
inces. The topography of the province is generally flat. with a gentle slope
from north to south and with an elevation of 2-19 m above the mean sea water
level, whereaé the mﬁnicipality has an elevation of 10-16 m amsl. The prov-
ince consists of two different areas; flood plains in most parts of the
province and low terraces. Sandy soil, which is suitable for agriculture, is
common in the study area. The Noi river, the Lop Buri river and some tribu-

taries flow across the area.

‘The area falls in both west-eastern monsoon zone and south-eastern monsoon
zone making summer and winter quite extreme with the maximum temperature of
39.9°C and the minimum temperature of 106.0°C. The average rainfall 1is

1,139.8 mm/year.

The study area has 5 irrigation projects serving a total area of about
80,000 ha. Its major water sources are the Chao Phraya river, the Noi river
and the Lop Buri river, while the secondary water sources are Lum Maeka, Lum
Karong, Cheing Rai canal and Pd'Chai canal. The institutional and business
areas are mostly located in the west bank area of the Chao Phraya river,
where car or motorbike repair shops are the major type of small industry.
Commercial area is concentrated at Khun Swan, Néi Thong Men and along Prom-
satit road. Most of the commercial shops existing in the municipal area deal

with food and beverages;

A slaughterhouse is located in Tambol Thon Po, Amphoe Muang about 2 km from
the boundary of the municipality with a water consumption of 20 m3/d. About
40-45 pigs, 1-3 cows and a buffalo are slaughtered daily thére. The waste-
water is discharged to the public ditch. There is no wastewater treatment
plant installed in the area. Two fresh markets are available in the study
area; the Tesabal 1 and Tesabal 2 with each market occupying an area of 1
rai. The electricity supply is provided by PEA. There is one office of PEA

in the area and its services have reached quite a wide area not only within
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the municipality but also outside of the municipality. The study area has
about 2,000 telephone lines available and a limited lines for long distance

call service.

There are two public hospitals of which one has a wastewater treatment plant

in application of the rotating biological contécthI(RBC).
2.2 Existing Sanitation{Sewerage and Flood Protection Systems
2.2.1 Existing Sanitation Facilities

The municipality operates A'trucks; each-with a éSpacity'of 55 m3; to col-
lect 110 m3 of refuse 8 times.per day and dispose them at a dumping site
located in the wéét side, It is about 4 km dway from the municipality and
.has an area of 12 rai. At this site; landfill and partial burning are prac-

ticed.

On-site treatméent and disposal of nightsoil is practiced as mentioned in

Section 3, Chapter 2.
2.2.2 Existing Sewerage Facilities

The study area uses three systems for'dfainage; digscharge to natural ditch,
"discharge to sewers and percolation. Sewers laid on the west bank of the
Chao Phraya river are too small. On the ther hand, the east bank which is a
residential area has no drainage system yet especially along the Sunkaraj
road. It causes social and health problems. Cdmposition of existing drainage
facilities is summarized in Table 2.2.1. Area coﬁerage and location of

sewers are shown in Figure 2.2.1.

Table 2.2.1 Existing Drainage Facilities

Size (mm) Length (m) Type of Pipes Draiﬁage Area (hd)_
dia. 600 12,700 ~ RC. Pipe 121.3
dia. 800 250 _ RC. Pipe 1.6 -
dia. 400 5,200 ‘RC. Pipe : . 43.6
Total 18,150 R 166.5




"OYHD

YAYYH

——— ¥3A

‘DIAMETER {mm)
LEGEND @ 8600 '
PRt DR_A{NAGE PIPE —#=0OUTFALL SCALE 1%15,000
E1GURE 'EXISTING DRAINNSE SYSTEM t MASTEfR PLANNING FOR THE SEWERAJE
2.2.1 ‘
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2.2.3 Flood Protection Facilities

Flooding'occurs during the rainy season especially in the north area of
Tambol Bangkrabue, Tambol Bang Mun and along the river bank due to the
unavailability of flood protéction facilities. Only in the west bank of Chao
Phraya river, dikes are installed starting from Bang Rajan Bridge point
through the south upto the municipality boundary. There are two pump sta-
fions for flood control with pipelines (41000 mm) along the river. However,

the pumps have not been operated for more than 20 years.

2.3 Water Supply

Water is supplied by PWA to three districts; Amphoe Muang, Thachang and
Bangrachan with a production capacity of 6,000 m3/d and is ample to meet the
demand. The other communities use water supply from Sanitary District and

from water supply developed at about 145 schools by a Rural Health Project.
2.4 Population and Land Use

The average population density is.about 10 persons/ha in the DTCP area,
while it is 24 personsfha in the municipality, The growth rate of the munic-
ipality between 1985-1990 is 2.03% per year. High'populétion density area is
extended along both sides of Nai Muang road. A common type of houses is sin-
gle-story houses which are about 10-20 years old and mdstly owned private-

1ly. About 95% of the land is used mainly for agricuiture with rice, peanuts,

fruit, vegetables and flowers as the main products.

Land use at present‘and in the future (2011) is referred to in Section 3,

Chapter 2 and Figure 2.4.1 presents the projection in the year 2011,

Study area and population are as follows:

Area & Present 'Future Sewerage Other DTCP
Population Municipality  Exp.‘Area M/P Area Area Area
Area (km2} . 9.02 2.89 11.91 19.42 ©31.33
Pop. in 1991 22,570 - s5,727 28,297
Pop. in 2011 35,973 5,727 41,700
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2.5 Quality and Quantity of Wastewater
2.5.1 Unit Wastewater and Pollution Load on a Discharged Basis
{1) bomestic Wastewater

Unit quality (BOD) and quantity on the daily average basis at present and in

design year are tabulated breaking down into sullage and toilet waste.

Domestic wastewater discharge is assumed at 80% of water consumption.

toilet waste is treated by septic tank with assumed treatment efficiency of

50%.
Year Unit Wastewatér {lpcd) ' - Unit BOD Load (gpcd)
Sullage Toilet Total Sullage Toilet Tetal
Waste Waste
Present 100 12 112 © 33.6 5.5 39.1
Design Year 136 24 160 35.1 5.5 40.6
{(2011) ) :
(2) 'Busiﬁess Wastewater

Those for business wastewater (commercial and institutional) is assumed to.
be 30Z and 40X of domestic wastewater for the present and design year

(2011), respectively.

Unit Wastewater Unit Pollution Load
{Lped) {BODs gpcd)
Present 32 . 6.1
Design Year (2011) 64 ' 7.7

2.5.2 Discharged Wastewater and BOD Load
(L) Domestic Wastewater

Wastewater quantity and BOD load on a Discharged basis are estimated for the
present and design year (2011) mﬁltiplyiﬁg-service population by unit waste-
water quantity/BOD load. fThe following are the estimation results for the

two sewerage development areas as studied in Section 2.6.



Sing Buri East Sewerage Development Area

Present Design Year (2011)
Item :
Sullage Toilet  Total Sullage Toilet Total
Waste Waste
Wastewater
Quantity 768 92 860 1,537 o271 1,808
(m3/d)
BOD Load 257.6 42,2 299.8 396.6 - 62.2 458.8
(kg/d) '
Sing Buri West Sewefage Development Area
Present ) Design Year (2011)
Item - : -
Sullage Toilet  Total Sullage Toilet Total
Waste Waste
Wastewater :
Quantity 2,067 248 - 2,315 4,134 730 4,864
(m3/d) :
BOD Load 693.1 113.5 806.6 1,067.0  167.2  1,234.2
(kg/d) '

(2) Business Wastewater

Discharged wastewater quantity and BOD load are estimated in the same proce-

dure as domestic wastewater.

Sing Buri East Sewerage Development Area

Item Present Design Year (2011)
Wastewater
Quantity 246 723
(m3/d)
BOD Load 46.8 87.0
(kg/d)
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Sing Buri West Sewerage Development Area

ITtem Present Degign Year {2011)
Wastewater
Quantity - 661 1,946
(m3/d)
RO} Load 125.8 234.,1
(kg /d)

(3} Total Wastewater Quantity and BOD Load

Totél discharged wastewater quantity and BOD load {daily average basis) at
present and in the design year (2011) for Sing Buri East/West Sewerage

Development area are figured out as shown below.

Sing Buri East Sewerage Development Area

Item Present Design Year (2011)
Wastewater
Quantity 1,106 2,531
(m3/d) '
BOD Load 346.6 545.8
(kg/d)

Sing Buri West Sewerage Development Area

Item Present Design Year (2011)
Wastewater
Quantity 2,976 6,810
(m3/d)
BOD Load 932.4 1,468.1
(kg/d}

Z.6  Proposed Sewerage System
2.6.]1 Service Area

A total service area of 1,191 ha with a present population of about 28,300
is divided into two areas by the Chao Phraya river. Under the topographic
conditions and no bridge available crossing the Chao Phraya river 'in the
gsouthern portion of the service area, two sewerage systems; East and West
bank areas are recommended in the economical reason as shown in Figure

2.6.1.
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The topography in the both area is generally flat with a mild slope from
north to south.along the Chao Phraya river. The east bank area is separated

by the main irrigation canal flowing from north to south,
Location of WWIP by the sewerape system is recommended as follows:
East Bank Area: southern tip of the service area

West Bank Area: west side of the slaughterhouse, out of the

present municipality ared, but within DTCP area
2.6.2 Wastewater Collection System °

Wastewater collection system employing the combined collection method is
designed considering existing drainage facilities, main roads, topography

and land availability for sewerage facilities.

Distribution of population and wastewater quantity was made based on popula-
tion density assumed by land use type (refer to .calculation table in Sup-

porting Report 3.2.6).

Alignments of main interceptors and pump stations. are proposed as shown in
Figure 2.6.1. The profile of sewers is presented in Figure 2.6.2 (refer to
hydraulic calculation in Supporting Report 3.2.6). The following are brief

descriptions on the sewer systems.

East Bank Area: 685.9 ha, population 7,700 in 1991 and 11,300 in 2011

- Two (2} major systems are planned; one is along Chao Phraya river (inter-
ceptors 1f1 - 1]7) and the other along main irrigation'canal (intercep-

tors 2f1 - 2/4).

- Service population in the sewer system, 1/2 - 2/4 is limited. Thus, this

sewer system is connected to the upstream of interceptor 1/6.

West Bank Area: 505.1 ha, population 20,600 in 1991 and 30,400 in 2011

- Three (3) sewer systems are planned.
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- The longest main is planned along the Chao Phraya river (3/1 - 3/7).

- Interceptors 4f1 - 4/2 are arranged along road No. 309 to connect to

interceptor 3/3.
-~ Interceptor 5/1 connects to 3/5.

Table 2.6.1 summarizes planned collection facilities. Details on pump

specifications and siphon are included in Supporting Report 3.A4.6 - 3.C.6.

Table 2.6.1 Wastewater Collection Facilities

Intercaptor Manhole Pump Station
Dia. by Material Length Kind Number Less than 5 mifm  More than 5u3/m
{mm) {m) Capacity (m3/m) Capacity (m3/m)
RCP 300 8,700 No.1 350 No.l 0.72 No.3 8. 76
RCP 400 1,000 Ho.2 13 No.2 4.56 No.6 21.90
RCP 500 1,630 Ho.3 35 No.4 0.66
RCP 600 2,860 Ho.4 - No.b ©0.78
RCP 500 2,693 Special I et T T
------------------------------------------------- Total 4 2
Total 16,883 Total 401

Note : RCP; Reinforced Concrete Pipe

2.6.3 Wastewater Treatment and Sludge Disposal Method

for Sing Buri East Area
(1) Wastewater Treatment and Disposal Method

The future wastewater discharge in the sewerage development area of Sing
Buri East area is estimated to be 2,531 m3[d in the year of 2011. Ground-
water infiltration of 207 of wastewater'discharge is assumed. The design
wastewater to the treatment plant becomes to be 3,000 m3/d. The treated

water quality is expected less than 40 mg/l as BOD.

The following three {3) treatment systems are applicable to meet the above

requirements in quélity'ahd gquantity.

1) Stabilization Pond

2) Aerated Lagoon
1) Oxidation Ditch
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(2} Comparative Evaluation

The above three (3) treatment systems are compared in terms of required
construction and O&M costs, required land area and easiness of 0&M as shown

below (Details are reffered to in Supporting Report 3.1.6.2).

[
f=N
il
[
-
[=}
=
o
-
r
O
-

.
____________________________________ :
1 (1) Construction Gost H 4,53 H B.34 H 18.72 1
H (million Baht) | ! H 1
t{2} Land Cost H 6.00 ! 3.25 H 1.71 H
. {million Baht) ! H H H
1(3) O/H Cost ! 0.07 ! 0.31 ! 1.75 :
v {million Baht/fyear) | i ! g
1(4) Required Land Area H 4.8 ! 2.6 H 1.37 H
H {ha} | : i H
'{5) Easinass of O/M H ! i d
t - Adaptability of overload . ; A : A H B !
i~ Required technology level H A H A H B H
' ~ 8ludge disposal ' A H A H € '

Note: }) Construcrion cost : direct comstruction cost excluding land acquisition, engineering
and.administration CosTs
2) OfH cost i wages, electric charge, chemical and others
3) Adaptability of overload : A: high, B: middle, G: low
4) Required technGlogy lavel: A: low, Bt middle, C: high
5) Sludge disposal t A: easy, B: mpediuvm, G: hard

As evident from cost comparison in NVP, stabilization pond system is the
most economical. Cost comparison in NVP is included in shpporting Report

3.1.6.3.

(3) Plan of Treatment Plant

The proposed wastewater treatment plant of Sing Buri East is now being used
for fish-culture by fishery department. The proposed treatment plant of
stabilization pond with a capacity of 3,000 m3/d requires a net space of 4.8

ha.

The flow sheet of stabilization pond system and the capacity dimension and

other relevant details of each treatment facility is shown below.

Employment of anaerobic pond shall be further studied during F/S stage to

consider updated information on sewage quality.
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Influent Inflow Anaerobic Facultative] [ Maturation | Effluent
Pump [ |Pond | Pond Pond ®
Dryiry Bed

Flow of Stabilization Pond System

Inflow Pump : Design capacity "t 4,700 m3/d (hourly max. dry)
: 14,100 m3/d (hourly max. wet)
: Capacity : 3.26 m3/min. with 8.5 m
hydraulic head (hourly max. in dry)
9.79 m3fmin. with 8.5 m

hydraulic head (hourly max. in wet)

Grit Chamber : Surface loading + 1,567 m3{m2/d (dry weather)
¢ 2,350 m3/m2/d (wet weather)

Retention time : 33'sec(dry), 22 sec (wet)

Size 0.6 m(W) x 5 m(L) x 0.6 m(D) x 2 units
(1 unit for dry weather)

Constructed with'R.C

Anaerobic Pond : Design capacity 3,000 m3/d
Pond capacity 15,750 m3’
: Pond surface area 5,400 m?
Retention time = 5.25 days
Dimension 45 m(W) x 60 m(L) x 4.0 m(D) x 2 units

Embankment protected by masonry

Facultative Pond : Design capacity 3,000 m3/d
Pond capacity 15,560 m3

an

Pond surface area 9,000 m2
Retention time 5.19 days

: Dimension 50 m(W) x 90 m(L.) x 2.0 m(D) x 2 units

-

Embankment protected by masonry
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Maturation Pond ¢ Design capacity 3,000 m3/d
:  Pond capacity 15,500 m3
:  Pond surface area 12,000 m2
Retention time 5,17 days
Dimension 40 m(¥W) x 75 m{L) x 1.5 m{(D) x & units

Embankment protected by masonry

Drying BRed : Drying area 240 m?.
Detention time 15 days

Dimension 6 m x 10 m x 4 units

The treated water is discharged to irrigation canal. Layout of the treat-
ment plant and hydraulic profile are shown in Figure 2.6.3.(1}) and Tigure

2.6.4.{1), respectively.
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Wastewater Trealmentplant

Bast T.P TRest T.0.
Wastewaterﬁ'v[';;;tment wethod Slﬂhriririﬁrartiol.l -P;)-uci""&-y.stem Acrated Lapoon Sy\;te:_n
Plant Space Area (ha) 4.8 T g.85 o
Treatment Copacity (n*/d) 3.000 o 8. 200
(inclusive of G.¥
o Discharge Point [rrigation Canal ?Ehlong

30400 20y

e
Aetated
Ligoen

Lagoon

Layaut of Sewage Trealment
Plant {Sing Buri ¥West)

FIGURE
263 (2)

Main Facilitie's

D 1nflow Punp

,_,_,

—t

(Dry Season}
(fet Season)
2Grit Chasber

Iherated Lagoon

4)Facultative

Aeraied Lagoon

B)Polishing Pond

§)Drying Bed
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1)Inflow Puap
{Bry Season)
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236rit Chanber

Dhnaerobic Pond
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FIGURE | ayout of Sewage Treatment
2.6.3(1} Plant {Sing Buri East}

STLOY (4 WASTER FLAMHIKG FIR T}E SEMCRAE
CEVELOPIENT PROECT FOR LMER CHAD FHRAYA RIYVER 8A81

B)Drying Bed

IAPAN IHTERKATICHN. EXTRERATIC MEHCY

fest T. V.
Subserged Puap
@ 200n/mx 4. 150 /ein> 4. B7HX 2units
@ 300m/nx §. dn /ninK 4. 8°H < 2units
Constructed vith KC
Size
1. 0707 5L 0. 67D 2units
{lunit for ¢ry weather)
Enbanksenl protected by masonry
Dinension
50~ % 80”1 x 4. 00> 2uni ts
Retention Time 3 days
Enbapksent protected by sascnry
Dimensicn
S0P X B0°LX 4. 07D X 2units
Retention Time 3 days
Pobankeent proiected by sascnry
bimension
457X TO7LX 1. 57D K 2uni ts
Retention Time 1 days
Dimension
107 X 157 X Buni ts
Detention Time 1b days

Bast T.P.
Submerged Puop
@ 1500/ k. be®/min 2 8. 57H < Juni Ls
@ 2002/2x 3. 20° /minx 8. 57H X Zuni ts
Constructed with R.C.
Size
0. 6705, 0°LX0.6"Dx 2units ;
(tunit for dry weather)
Fnbankment protected by masonty ;
Fipension
45T XG07LX 4. 0°D % 2unjis
Retention Time 5 days ¢
Eabankoenl protecied by masonry
Dimension
0°Rx 907Lx 2. 00X 2units
Retention Time b days
Enhankaent protected by masonry
Dimension
40°T = 754L= 1. 57D duni tg
Retention Time § days
Dimension
6% 107X 4uni ty
Detention Time 15 days
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2.6.4 Wastewater Treatment and Sludge Disposal System
for Sing Buri West Area

(1} Wastewater Treatment and Disposal Methods

The future wastewater dischafge in the sewerage development area of Sing
Buri West area is estimated to be 6,810 m3/d in the year of 2011. Ground-
water infiltration_of 20% of wastewater discharge is assumed. The design
wastewater to the treathent plant becomes to be 8,200 m3/d. The treated

water quality is expected less than 40 mg/l as BODs.

The following three (3) treatment systems are applicable to meet the above

requirements in quality and quantity.

1) Stabilization Pond
23 Aerated Lagoon
3) Oxidation Ditch

(2} Comparative Evaluation

The above three (3) treatment systems are compared'in'terms of required
construction and O&M costs, required land space and easiness of O&M as shown

below (Details are included in Supporting Report 3.1.6.2).

F o e o e e o o e e e ettt e e e +
H Evaluation Item {Stabiliéation Pond] Aerated Lagoon | OGxidation Diteh !
§ T e e e e it e L e T :
1{1) Construction Cost ! 12.58 H 20.17 ' 49,55 H
i (mwillion Baht) | H H H
1(2) Land Cost H 10,47 1 4.99 : 2.39 !
H {million Baht) | i ' : i
1(3) M Cost H 0.17 ! 0.63 H 4.83 :
! _ (million Baht/year) | ' : : l :
1{4) Required Land Area H 9.85 H 5.70 i 2.25 H
i {(ha) ! H H i
1(35) Fasiness of O/M ! ; i i
{ - Adaptability of overload . : A ' A ! B :
i - Required technology level H A i A H B :
! - Sludge disposal ! A : A i 4 i
e O SO +

Hote : 1} Construction cost : direct construction cost exeluding land acquisition, engineering
and'administfation costs )
2) O/M cost ¢ wages, electric charga, ehemical and others
3) Adaptabilicy of overload : Aj high. B midéle, C: low
43 Reéuired technology level & A: low, ~ B: middle, Ci high
3) Sludge disposal i A: easy, Bi mediums, G: hard
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As evident from cost comparison by NPV (refer to NPV cost in Supporting
Report 3.1.6.3), stabilization pond system is the most economical. While
the required land space of 9.85 ha is quite large comparing with the avail-
able land area of 4.5 ha. Thus, the secondly economical system of aerated

lagoon is proposed for the treatment system of Sing Buri West.

(3) Flan of Treatment Plant

The proposed location of the wastewater treatment plant for Sing Buri West
is currently used as'the'paddy field. The proposed treatment plant of

agrated lagoon with a capacity'of 8,200 m3/d requires a net area of 4.70 ha.

The flow sheet of aerated lagoon system and the capacity dimension and other

relevant details of each treatment facility is shown below.

Influent Inflow | Aerated Tacultaive Polishing | Effluent
> Pump [ |Lagoon [ Aemated I pond & —
Lagoon
Drying Bed

Flow of Aerated Lagoon System

Inflow Pump * ¢ Design capacity 12,700 m3/d (hourly max. dry)
' | 38,100 m3/d (hburly max. wet)
Capacity of 8.82m3/min. with 4.8 m
hydraulic head (hourly max. dry)
“26.46 m3/min. with 4.8 m
hydraulic head (hourly max. wet )

Grit Chamber : Surface loading : 1,693 m3/m2/d (dry weather)
2,540 m3f/m2/d (wet weather)

Retention time : 31 sec (dry), 20 sec (wet)
Size ' : 1.0 m(W) x 7.5 m(L) x 0.6 m(D)
X 2 units

(1 unit for diy weather)

"3 Comstructed with R.C

3-49



Aerated Lagoon : Design capacity 8,200 m3/d (daily ave. dry )

1 Pond capacity 24,650 m3

Pond surface area 8,000 m2

Retention time 3.0 days

Dimension 50 m(W) = 80 m(L) x 4.0 m{D) x 2 units
:  Aerator 11 kw x 6 units/{lagoon

Embankment protected by masonry

Facultative/ : Pond capaéity 24,650 m3

Aerated Lagoon : Pond surface area. 8,000 mi
Retention time 3.0 days
Dimension 50 m(W) x 80 m(L) x 4.0 m(D) x 2 units
Aerator 3.7 kw x 5 units/lagoon

Embankment'propected by masonry

Polishing Pond : Pond capacity 8,200 m3
Pond $urface area 6.300 m2
Retention time 1.0 day
Dimension 45 m(W) x 70 m(L) x 1.5 m{D) x 2 units
Aerator 3.7 kw x 5 units/lagoon

:  Embankment protected by masonry

Drying Bed : Required drying area 760 m?
: Detention time 15 days
Dimension 10mx 15 m x 6 units (900 m2)

The effluent is discharged to Chao Phraya river through khlong. Layout plan
of the treatment plant and hydraluic profile are shown in Figure 2.6.3.(2)

and Fipure 2.6.4.(2), respectively.

2.7 Cost Tstimates

2.7.1 Construction Cost

In the previous chapter, cost functions for interceptors, pump stations
(more than 5 m3/min.) and wastewater treatment plants are developed. Land
acquisition cost is also considered to come up with the total construction

cost. The following are cost requirements (million Baht) broken down into

two sewerage systems for the design year 2011.
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Cost Item Sing Buri East = Sing Buri West Total

(1) Direct Cost

1) Interceptor : i11.2 89.5 200,7
2) Pump Station 1z2.1- 8.9 21.0
3) W.W.T.P, 4,53 20.17 24,72
Total of Direct Cost 127,83 118.57 246.4
(2) Contingency : - 25.86 23.7 49.3

{20% of Direct Cost}
{3) Total of Cbnstruction

Cost ((1)4+(2))  153.43 142,27 265.,7

(4) Engineering & Construction

Supervision 17Z of (3) 26.1 24,2 50.3

{5) Land acquisition

1) Pump Station 0.13 0.1 0.23
2) W.W.T,.P. . 6.0 4.99 10,99
Total of Land Acquisition © 6.13 5.09 11.22
Grand Total (million Baht) 185.66 171.56 357.22

2.7.2 Operation and Maintenance Cost

Annual Operation and Maintemance cost (thousand Bsht) is estimated .in the

previous chapter.

Cost Iﬁem _ . Sing Buri East Sing Buri West Total
1} Interceptor - 657 483 1,140
'2) Pump Station 559 411 970
3) WW.T.P. 70 630 700
Total of Q&M Cost 1,286 1,524 2,810
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2.8 Implementation Plan

The provision of a complete sewerage system for the entire study area with
its increasing population, will require a great investments of capital fund
as estimated in the previous section. Some areas.within the study area is
presently undeveloped land and environmental conditions of such areas are
different from built-up areas. Although the'study area needs to be sewered
in early stage, the urgency of sewerage requirements is different depending

on the land use features of areas.

Staged construction will have advantages to minimize the excessive initial

investment and capital expenditure.

Implementation program is prepared for the first 20 years, dividing into 4
stages of five year each, taking the design period up to the year 2011 into
account. The schedule is assumed giving priority to developed/being de-

veloped areas.

Stage Period Works with Priority
1st . 1991-1995 Preparatory work & design of facilities
2nd 1956-2001 Construction for central area of Sing Buri West

"~ 3rd '2002-2006 Construction-fof northern & southern area of
' Sing Buri West
4th 2007-2011 Construction for Sing Buri East area
2.9 Administrative and Financial Study
2.9.1 General
This municipality is also under strict control of ministry of Interior as
other ones, and has little room and capacity of play for the newly proposed
sewerage system. The duties and functions of the municipal government are
decided by the Municipal Government Act (1953). '

2.9.2 Existing Administration System

There are five divisions like other municipalities of this size (see Figure

2.9.1):
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~ Administration division
- Treasury division

- Health division

-~ Technical division

~ Education division
The functions of each division are explained in the previous section.

The staff number of the municipality is 225 at present, éxdluding teachers
of 125 at present. About 30Z of the staff numbers are officials who have
been recruited mainly by Ministry of Interior. They are appointed by DOLA.

The remaining stafi are employees, either permanent or temporary.

Municipality
Asseurbly
Municipality Mayor
Vice Mayors
Chief Officer
Internal Auditor
Vice Chief Officer
Administration Treasvry ' Health Technical - . Lducation
Division Division Division Drivision Division

Figure 2.9.,1 Administrativé Structure of Municipality of Sing Buri
2.9.3 Recomnendations

According to the implementation plan, the staffing requirement to treat

wastewater of 9,341 m3/d in 2011 is estimated as follows:'
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Stage
1st

2nd
3rd
4th

Period
1991 - 1995
1995 -~ 2001
2002 - 2006
2007 - 2011

Staffing requlrement

7
13
25
50

For administration two options are possible as follows:

- (A) to integrate it into the municipal organization (szee Figure

2.9.2)

- (B) to create an independent one (see Figure 2.9.3)

The present staff of the municipality are 100,

first stage of 1991 - 1995 will require only several staff for preparation

of the sewerage system.

excluding teachers.

Therefore Option (A) is more practical than option

(B).
Municipality
Assembly
Municipality Mayn{
Vice Mayors
Chief Officer —I
E Intemnal Aaditor
Vice Chief Officer
oo ;
Administration . | Treasury Health "Techntical Education : Sewerage
Division ~ Division Division Division Division : Division
,"r" . e
1.2t Proposed division

Figure 2.9.2 Option (A) for Muninipality of Sing Buri
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Sing Buri
Municipality
(PWD)
Healih division \
precrarnas evereerenens cevereens ;

crrEs s,

: T )
i Sewerage : Local Sewage

# A

g subdivision T Works Authority

R Y Arsssers R L PP s

LES
PN .

(Liaison)

Figure 2.9.3 Option (B) for municipality of Sing Buri

However as the sewerage system develops, the staffing requirement will in
increase. It is recommendable that Option (b) be considered in the future,

when an independent management is needed for sewerage system.
Z2.9.4 Financial Considerations

The relative burden, as defined as the ratio of 257 land acquisition cost to
fixed investment on land and coﬁstfuctibn, was 832. While the amount of
fixed investment variés with fiscal year, this figure of 83% was very high

among eight municipalities.

Sing Buri has.not yét.developed social infrastructure, compared with that of
Rangsit and Bang Bua Thong. -The proportion of publié fixed investment to
tétal expenditures was only 13.4 %7 in 1991, This appears to reflect that
the greatér the portion of public fixed invéstment, the smaller the relative
burden of land acquisition cost. For exémple, when public fixed inveétment
increases to, say, 407 of total éxpenditures, the relaﬁive burden of “land
acquisition cost becomes also 40%. .Thus, the relative burden of 83%, whiie
very high, should be interpreted in a framework not only of fixed investment

but also of total expenditures.

Nevertheless, when the relative burden exceeds a certain figure, say, 10Z,
it will add substantial burden on local municipality. This is due to limit-

ed capability of increasing local revenues in financihg a large public



investment project as the sewerage project.

Sing Buri is no exception. Financing options that are available are (1)
municipality development fund, (2) environment fund, or (3) increasing local

revenues,

Environmental fund is available to local agencies in the form of grant
andfor loan. It is recommended that Sing Buri explore loan financing.to
allocate financial burden into the future, compared to raising local reve-
nues or utilizing municipality development fund whose objectives are more

general than those of environmental fund.

The average household user cost in item 4.3 of Table 2.9.1, is well below
one percent of low household income in 2011 for Sing Buri. The user cost,
however, could be administratively increased by two factors, one is the
interest rate of the local that Sing Buri would transfer to the user, and
the other, the loss of the sewerage revenue collection that could be compeng

sated for and would be included as part of the user charge.

The household users were estimated on the basis of the project service srea
in 2011. The household ‘is assumed to have 4.1 persons on the average. We
have also assumed that household users as sewerage users for simplicity.
The average sewerage user cost was calculated on 0&M cost divided By

[{0.74+0.2x1.240.1x2) (number of household users)].

The average rate of non household users could be assumed to pay as high as
the highest progressive rage of the household user rate structure. The
progressive rate structure is 1.0 to 1.3 to 2.0 for low, medium, and high
household income group respectively. A summary is shown in 4.4 of Table

2.9.1.

Finally, affordability will be comnsidered. The affordability level is
defined as the ratio of the average household user cost to low household
income level of 96,571 Baht in 2011 in the Central Region.. With available
data on household income by Sing Buri, the figure indicated in 4.5 of Table
2.9.1 would then be updated and could also be modified with allocation of

loan cost among the users,



Table 2.9.1 Selected indicators for Sing Buri

1.1 Service Pop in 2011 41,700
1.2 Household Users in 2011 10,170
2.1 Total Expenditures, 1991 (Thousand Baht) 30,303
2.2 Investment on Land & Const., 1991 4,067
(Thousand Baht)
2.3 Land Land Acquisition Cost 3,375
{Thousand Baht) '
2.4 Relative Burden (2.3/2.2) in % 84
2.5 Sanitation Expenditures, 1991
{Thousand Baht) 3
3.1 Total Revenues, 1991 (Thousand Baht) 23,810
3.2 Central Government Support, 1991 7,813
(Thousand Baht)
4.1  Treatment capacity (m3/d), in 2011 11,300
4.2 Unit O&M Cost of 4.1, in 2011 0.68
4.3 Household Users Cost/Year, in 2011 276
without loan
4.4 Progressive Rates: 1:1.3:2.0 in 2011 238
' 309
476
4.5 Loan Cost/H User/Year 28
50% Local, 50% Foreign Loan, 25 Years
4.6 Affordability (4.3 + 4.5) for Low Income 0.32%

Household, 96571 Baht, 2011
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SECTION 3 LOP BURI MUNICIPALLTY
3.1 Déscription of the Study Ares

The DTCP area extending about 12.85 kmZ2 covers the presént municipality area
of 6.85 km2 and its surrohﬁding Tambols; Bangkhan Mak, Phrommas, Thahin,
Thalae Choopsorn, Samyod, Thasala, Kokkoh, Patal and Pohkaoton excluding
four military bases. The study area is in the central part of Thailand
about 155 km north of Bangkok along Phapholyothin road. The municipality
has three major areas; the old pommercial area in the vicinity of railway
station and Lop Buri river, the new commercial area near Sri Suriyothai

Circle and the institutional area around Sodej Pra MNarai Maharaj Circle.

The area is affeCfed by west-eastern monsoon with an annual rainfall of
1;139.8 mm/year. The climate is warm and humid, with an average maximum
temperature of 33.47°C, average minimum temperature of 23.52°C and average
humidity of 83.42Z. There are three seasons in a year with summer lasting
from March to June, rainy season from July to October and winter lasting
from November to February.-Dﬁring heavy rains, the western portion of the
DTCP area experience flooding with about 35% of the DTCP aréa subjected to
inundation. The eastern part is free of flood problems because it is ele-
vated sloping towards the west. The main topographic characteristics are
the mountainous terrain covering about 70Z of the total area in the north,
east and south, and the western plain occupying the remaining 30% of the

area.

Lop Buri has 4 national cbnservation areas. However, the forest cover has
been reduced to about 25,200 rai at present. ©On the other hand, the land
suitable for rice produciion is 257 of the total area. The water sources
for égricu}ture and other purposes are the Lop Buri river, the Pasak river
and the Phochai river. Lop Buri is also rieh in mineral resources; iron,

copper, lead, lime, etc.

Thé study area has many tourist spots offering natural, cultural and his-
torical attractions which are accessible from Bangkok. Road and railways
are comparatively good. There are six major roads connecting to the neigh-
boring provinces with a traffic volume of 3,000 to 5,000 vehicles/d for each

road. There are a total'of thirteen hotels to accommodate the tourists,

3-59



The electricity services cover all district areas. There are four telephone
centers and about 6,000 telephones have been installed. According to the
National Economic and Social Development Plan, Sara Buri province-is the
center of the Central Repion, and Lop Buri is a satellite'city to Sara Buri.

The Narai Maharaj road is the only main road between the two cities.’

The main source of living is agriculture. There are small scale factories
for processing agricultural products, which handles 26% of the central
tegion produce. Fishery and livestock are the other major sources of liv-
ing. Commercial and industrial activi;ies rank third. The cottage indas-
tries mainly compiise food products, clothing, printing,.plastic and rubber
and repair sﬁops; There are 5 fresh food markets; 4 are private (Bon Muang,
Tha Khun Nong, Ta Po and Talad Srakhaew) and 1 operated by the municipality,
each occubying an area of about 1 rai. There is a 6 rai slaughterhouse,
with a building area of 210 m2, along Ramdeachoc Rd. about 10 cows and buffa-
loes and 16-20 pigs are slaughtered daily. This place use water supplies

and drain the wastewater to nearby canals.
3.2 Existing Sanitation and Sewerage Systems
'3.2.1 Existing Sanitation Facilities

The municipality operates 7 trucks, each with a éapacity of 10415m3; to
collect 200 m3/d of refuse and dispose them at a dumping site at Tambol Tale
Chubsorn which is about 2 km from the municipality and has an area of:ll.75
rai. There are about 73 workers operating the waste disposal. The disposal
method is drying and burning. However dumping site is flooded almost every

year.

On site treatment and disposal of nightsoil is practiced as referred to in

Section 3, Chapter 2,

Water quality improvement has been carried out at Khlongs Sai Boa, Ruak,

Srakaen and Bangkrabhi provided by mechanical aerator.



3.2.2 Existing Sewerdge Facilities

Main drainage facilities (¢600, 800, and $1000 mm) are provided along the
three major roads extended from east to west, which are finally connected
to khlongs flowing from north to south. In addition, drainage pipes ($690 mm
- ¢800 mm) are insyalled under major roads in the commercial and the high
population density areas located in the western portion of the municipality.
The sewage (combined system) is discharged into nearby khlongs. Composition
of existing drainage facilities is summarized in Table 3.2.1. Area coverage

and location of drains are shown in Figure 3.2.1.

Table 3.2.1 Existing Drainage Facilities

Size (mm) Length (m) .  Type Drainage Area (ha)
~dia. 1,000 2,800 RC. Pipe 39.6
dia. 800 2,400 RC. Pipe 26.5
dia. 600 5,350 RC. Pipe 69.6
Total 10,550 135.7

3.3 Water Supply

Water supply is provided by PWA, the municipality and the private sector.
PWA operates three water works, Lop Buri, Piboon Songkram 1, and Piboon
Songkram 2 waterworks, which covers an area of 14 rai. PWA's soﬁrce'is
surface water from Cﬁinat Pasak Irrigation Canal (No 7) with a broduction

capacity of 26,000 m3/d and & supply rate of 16,000 m3/d.
The municipality’s.water supply source is 2 groundwater wells 22 m deep with
a generatiqg capacity of 1,500 m3/d and a supply rate of 1,000 m3/d. This

waterworks covers an area of 3 rai.

People without acqéss-tp'these water supplies are still using water from

khlongs, nearhy chanﬁels and rain.
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3.4 Population and Land Use

The average population density at present in the municipality is about 50
persons/ha which is higher than common local municipality. More than half
of the municipality area is vacant land being déveloped as residential
areas. There are some clusters out of the municipality area within the DICP
area. Land use and the percentage of types of structures within each land

use category are enumerated below.

Land Use Type o Features with Approximate Percentage
Residential area Single storied structures (90%)
(20.35%) o Wooden houses (80%)

_ Over ten years old (60%)

Commercial (5.162) ' Mostly two-storied structures
Industrial (2%) |
Government office - Excluding military offices
(15.382) ' '

: Uncultivgted and
Agricultural iand
(57.112)

L.and use at present and in the future (2011) is referred to in Section 3,

Chapter 2 and Figure 3.4.1 presents the projection in the year 2011.

Study area and population are as follows:

Area & Present Future Sewerage Other DTCP

Population Municipality Exp. Area M/P Area Ares Area
Area (km2) 6.85 3.38 10.23 2.62 12.85
Pop. in 1991 36,832 11,980 T 48,812
Pop. in 2011 49,320 11,980 . 61,300

3-63



2 OORMMERCIAL AND HIGH
" DENSITY AREA

[U]]]IU] MEDIUM POPULATION
DENSITY AREA _
“LOW POPULATION
=== OENSITY AREA -
'-f.msrrrumrm...m
INDUSTRIAL AREA
[: OTHER AREA

L] as 5

Bt = =
T ¥
iGURE FUTURE LAND USE —- YEAR 20i M.ASTFR PLANHNING FOR T.HE SEWERAGE
F3 4 ] (LOP BUR‘) DEVELOPHMENT FROJECT FOR LOWER CHAQ PHAATA RIVER DASIH
JAPAR INTERKATIONAL COOPERATION AGENCY




3.5 Quality and Quantity of Wastewater

3.5.1 Unit Wastewater and Pollution Load on a Generation Basis
Domestic Wastewater

(1)

Unit quality (BOD) and quantity on the daily average basis at present and in

design year are tabulated breaking down into sullage and toilet waste,

Domestic wastewater discharge is assumed at 80Z of water consumption.
Toilet waste is treated by septic tank with assumed treatment efficiency of
502.

Year Unit Wastewater (lpcd) Unit BOD Load {gpcd)
Sullage Toilet Total Sullage Toilet Total
Waste Waste
Present 100 12 112 33.6 5.5 39.1
Design Year 136 24 160 35.1 5.5 40.6
(2011)

{(2) Business Waétewater_
Those for business_wastewater (commercial and institutional) is assumed to
be 307 and 40Z of domestic wastewater for the present and design year

{2011}, respectively.

Unit Wastewater

Unit Pollution Load

(lpcd) {BOD gpcd)
Present S : 32 6.1
Design Year (2011) 64 7.7

3.5.2 Discharged Wastewater and BOD Load

(1) Domestic Wastewater

Wastewater quantity and BOD load based on a dischdarge basis are estimated
for the present and design year (2011) multiplying service population by
unit wastewater quantitnyOD load. The following are the estimation re-

sults,
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Present _ Design’Year (2011)

Ttem -
Sullage Toilet  Total Sullage Toilet Total
Waste Waste
Wastewater _ .
Quantity 4,886 586 5,472 8,337 1,471 9,808
(m3/d) : '
BOD Load 1,640 268.5 1,908.6 © 2,151.86 337.2 2,488.8
(kg/d) . _ .

(2) Business Wastewater

Discharged wastewater quantity and BOD load are estimated in the same proce-

dure as domestic wastewater as shown below.

Item Present Design Year (2011)
W&stewater
Quantity 1,564 3,923
(m3/d)
BOD Load 297.8 ' 472.0
(kg/fd) '

(3) Total Wastewater Quantity and BOD Load

Teotal discharged wastewater quéntity and BOD load
present and in the design year (2011) for Lop Buri

figured out as shown below.

(daily average basis) at

Sewerage Development are

Item Present Design Year (2011)
Wastewater
Quantity 7,036 13,731
(m3/d)
BOD Load 2,206.4 2,960.8
(kg/d)
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