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1. WORK SCHEDULE AND IMPLEMENTATION OF PHASE 2 
WORK 

 
1.1 Work Schedule for the Entire Survey and Objectives of Phase 2 Work 
 
The Preparatory Survey for Bangkok Wastewater Treatment Project was conducted dividing the 
whole period (approx. 15 months) into two phases, i.e. phase 1 (6 months) and phase 2 (9 
months). The Survey flowchart is as shown in Figure 1.1.1. 
 
The objective of the phase 2 work is feasibility study for the priority project selected under  
phase 1 work. The phase 2 work was carried out from September, 2010 to April, 2011. 
 
“Interim Report (I)” in Figure 2.1.1 was changed to “Final Report (I)”, “Final Report” was 
changed to “Final Report (II)”. Date of EIA Stakeholder Meeting (I) was changed from 
November 2010 to February 2011, and Report Meeting (2) was cancelled. 
 

1.2 Project Area of the Phase 2 Work 
 
Phase 2 work was carried out for Nong Bon treatment area in BMA. 
 
1.3 Implementing Organizations in Thailand 
 
The implementing organization for the Survey is the Department of Drainage and Sewerage 
(hereafter refer to as “DDS”) of BMA. Water Quality Management Office of DDS is the 
counterpart organization for the Survey.  
 
1.4 Basic Policies for the Survey 
 
The Survey work was conducted based on the basic policies described in Inception Report (2). 
 
1.5 Survey Organization 
 
The Steering Committee established by BMA and chaired by Deputy Permanent Secretary 
continued to monitor the progress and give suggestions in succession of phase 1 work. A group 
of twelve (12) persons designated from Water Quality Management Office of DDS supported 
JICA Survey Team following the phase 1 work. Consultant Survey Team is composed of 4 
persons from Tokyo Engineering Consultants Co., Ltd., and 3 persons from Nippon Koei Co., 
Ltd. The Survey Team which carried out phase 1 work continued to carry out phase 2 work. 
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Figure 1.1.1  Flowchart of the Survey
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1.6 Implementation of Phase 2 Work and Final Report 
 
(1) Confirmation of Fundamental Items (Explanation and Discussion of IC/R) 
 
IC/R(2) was prepared based on IC/R, since major modifications to the IC/R submitted at the 
beginning of the Survey are not considered to be necessary.  
 
Kickoff meeting was held on 27th September with counterpart organization, i.e. DDS, and policy 
for the Survey, project area, Survey organization (deployment of counterpart personnel), policy 
for public awareness survey, policy for the stakeholder meetings and so on were confirmed 
(refer to the minutes of meeting in Appendix 1-1) 
 
The second Steering Committee meeting was held on 30th September, and the consultant 
explained the study items of phase 2 work (refer to the minutes of the second Steering 
Committee in Appendix 1-4). 
 
Request to Prawet District Office was made on 22nd October at the office for data collection 
about the existing drainage network, restrictions of city planning, and support to stakeholder 
meetings (refer to minutes of the meeting in Appendix 1-5). 
 
(2) Implementation of Phase 2 Work 
 
IT/R(2) was prepared based on the results of third on-site work. The fourth Working Group 
meeting was held on 26th January, 2011, and contents of the IT/R(2) were explained to DDS. 
Opinions and views on treatment process of Nong Bon WWTP, wastewater inflow, wastewater 
characteristics, and environmental and social considerations were exchanged at the meeting 
(refer to the minutes of the fourth Working Group meeting in Appendix 1-9). 
 
The third Steering Committee was held on 31st January, and the contents of IT/R(2) were 
explained by the consultant. Views were exchanged on opinions from committee members on 
various matters, it was agreed that these opinions would be reflected in the Survey (refer to the 
minutes of the third Steering Committee Meeting in Appendix 1-10). 
 
The fifth Working Group meeting was held on 30th March, and contents of the DF/R were 
explained. Views were exchanged on opinions from committee members, it was agreed that 
these opinions would be reflected in F/R (refer to the minutes of the fourth steering committee 
meeting in Appendix 1-16). 
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(3) Stakeholder Meetings 
 
The first stakeholder meeting was held on 17th February to the representatives of the 
communities in Prawet District. Senior officers of DDS explained BMA policy for improvement 
of water environment, current status of sewerage projects in BMA and implementation of 
sewerage project for Nong Bon treatment area. A number of requests and questions were 
expressed from the participants. Comments and answers were presented courteously by senior 
officers of DDS. Intensive discussions were held at the meeting (refer to the minutes of the 
stakeholder meeting in Appendix 1-11). 
 
The second stakeholder meeting was held on 29th March. Representatives of Suan Luang and 
Bang Na Districts were invited in addition to representatives of Prawet District (refer to the 
minutes of the second stakeholder meeting in Appendix 1-15). 
 
(4) Final Report (II) 
 
This Final Report (II) has been prepared to put together results of the phase 2 work, including 
F/S for Nong Bon treatment area. 
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2. OUTLINE OF NONG BON TREATMENT AREA 
 

2.1 Present Condition of Nong Bon Treatment Area 
 
2.1.1 Outline of the Treatment Area 
 
Nong Bon treatment area is bordered with the motor way and airport link to the new airport and 
Pattaya on the north, with densely inhabited Klong Toei treatment area where sewerage system 
is to be developed on the west, and with Samut Prakan Province on the east and south. 
 
In the city planning land use in Nong Bon treatment area is categorized as medium-density 
residential and commercial areas in south-western part and low-density residential areas in the 
remaining parts. Airport link has been put in operation in the northern part of the area, and an 
elevated railway is planned on the Srinakharin road in the western part. These two 
transportation systems are located in low-density residential areas. Population growth and 
development pressure are envisaged in future because the area is located in between developed 
urbanized area in the west (Klong Toei treatment area) and Suvarnabhumi airport in the east. 
 
New housing developments have been progressed by private developers recently in Nong Bon 
treatment area, and many new housing estates are located as shown in Figure 2.1.1.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JST 

Figure 2.1.1  New Estate Developments in Nong Bon Treatment Area 

Location of Housing Estate 
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2.1.2 Klong Network and Drainage Network 
 
Klong network in the east Bangkok and flow directions of flushing conducted by DDS are 
shown in Figure 2.1.2. Major klongs which flow from northern and eastern suburbs through 
urban areas and to Chao Phraya River are shown in the figure. Among them, Klong Phra 
Khanon which run through northern part of Nong Bon treatment area plays important role in 
transportation, water environment and drainage. Flushing water is introduced from upstream of 
the klong and circulated in the treatment area, and again returned to the klong. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JST 

Figure 2.1.2  Klong Network and Flow Direction of Flashing in BMA 
 
Klongs in the treatment area are rather small except for Klong Phara Khanon. These small 
klongs and their flow directions are shown in Figure 2.1.3. Gates are provided along Klong Phra 
Khanon to raise water level for flushing. Gates are also provided at important points and it can 
be understood from this that water levels are controlled. 
 
Figure 2.1.4 shows the existing drain pipe networks in Nong Bon treatment area. Characteristics 
of the drain pipe networks are as follows. 
 

(1) Drainage pipes in lanes (soi) connect to larger diameter pipes installed under 
main roads 

(2) Drainage pipes directly discharge into main klongs (those in south-western 
part of the area, to Klong Khlet). 

0 5 10 km

NNong Bon Treatment 
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Source: JST 

 
Figure 2.1.3  Khlong Network and Flow Direction in Nong Bon Treatment Area 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Prawet District 

 
Figure 2.1.4  Drain Pipe Network in Nong Bon Treatment Area (as of 2010) 
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2.1.3 Flooding Condition and Storm Water Drainage Plan in Nong Bon Treatment 
Area 

 
(1) Flooding Condition 
 
Flood prone areas in BMA are shown in Figure 3.4.5 in Final Report (I). One of them is an area 
along Srinakharin road (between Klong Ta-chang and Klong Ta-sat, refer to Figure 2.1.6). 
Srinakharin road is an important main road running in north-south direction in the urbanized 
western part of the Nong Bon treatment area. 
 
Recent flooding near Srinakharin road occurred on 13th and 14th October, 2009. Intensive 
rainfall was recorded from 7:00 to 12:00 on 13th and a total rainfall was 222.5 mm 
(continuously approximately 9 hours), (187.5 mm at Nong Bon storm water reservoir). 
 
Water levels in the surrounding klong started to raise as rain started, and kept the high levels 
until 15th, and went down to usual level on 16th or 17th  (refer to Figure 2.1.5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JST 

Figure 2.1.5  Water Level of Klong Nong Bon in the Flood 
 
Flooding situation and emergency countermeasures are shown in the following photos. 
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Photo 2.1.1  Flood along Srinakharin Road 

 

Photo 2.1.2  Emergency Countermeasures (Mobile Pump and Sand Bags) 
 
(2) Storm Water Drainage Plan 
 
(A) Nong Bon Storm Water Reservoir 
 
Catchment area of Nong Bon storm water reservoir and situation of the surrounding areas are 
shown in Figure 2.1.6 and Figure 2.1.7 respectively. Catchment area of the Nong Bon storm 
water reservoir is approximately 40 km2 and forms a part of catchment area of deep tunnel 
which is described in the latter section. Almost all of Nong Bon treatment area is included in the 
catchment area of deep tunnel. 
 
As shown in Figure 2.1.7, Nong Bon storm water reservoir receives water from Klong Nong 
Bon and Klong Plat Priang when water levels in these klongs raise to prevent flooding in the 
surrounding areas. 
 
Water retained in the reservoir is pumped up to Klong Nong Bon by the existing pumping 
station (capacity 20 m3/sec) when water level in Klong Nong Bon goes down. Water from the 
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reservoir is also drained to the deep tunnel after completion of the tunnel to assure safety of the 
surrounding areas. Table 2.1.1 shows outline of Nong Bon storm water reservoir. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: JST 

Figure 2.1.6  Catchment Area of Nong Bon Reservoir 
 

 
Source: JST 

Figure 2.1.7  Nong Bon Reservoir and Its Vicinity 
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Table 2.1.1  Outline of Nong Bon Storm Water Reservoir 
 

  Remarks 

Completion of reservoir      Year 1992  

Completion of pumping station      Year 1999 Partially completed in 1992 

Catchment area (final)        40 Km2 
Less than this at present because of 
non-availability of drains 

Water surface (HWL)         0.92 km2  

Water surface (LWL)         0.36 km2  

High water level (HWL)         0.00 m  

Low water level (LWL)        -7.00 m  

Storage capacity     5,430,000 m3 Between HWL and LWL 

Pumping capacity           20 m3/sec  

      Source: JST 

 
(B) Klong Nong Bon 
 
Klong Nong Bon flows on the west side of Nong Bon storm water reservoir to Klong Phra 
Khanon, and its total length is approximately 6.1 km. In addition to the function to drain storm 
water runoff from surrounding areas, this klong discharges water from Nong Bon storm water 
reservoir to Klong Phra Khanon.To complement function to drain to Klong Phra Khanon, a 
route from Klong Nong Bon to Klong Phra Khanon through Klong Ta Chamg and Klong 
Kwang exists. When water level in Klong Nong Bon raises, Klong Ta Chamg pumping station 
and Klong Kwang pumping station are put into operation and storm water is discharged from 
Klong Nong Bon. Klong Nong Bon, Klong Ta Chamg and their surrounding areas are shown in 
Figure 2.1.8. Outline of Klong Nong Bon is shown in Table 2.1.2. 
 

Table 2.1.2  Outline of Klong Nong Bon 
 

Item Description Remarks 

Start point Klong Plat Priang  

End point Klong Phra Khanon  

Total length Approximately 6.1 km  
Cross section (at end 

point) 
Rectangular (with hunch) 

Surface width: 10.0 m, bottom width: 8.0 m, depth: 
2.3 m, area:  22.5 m2 

Cross section (2.6 km 
from start point) 

Trapezoidal 
Surface width: 7.5 m, bottom width 4.0 m, depth 
1.5 m, area: 8.6 m2 

Nong Bon reservoir 
pumping station 

Inflow at 3.6 km from start point 
Operation: high water in the reservoir 

Klong Ta Chamg 
pumping station 

Outflow from 2.3 km from start 
point 

Operation: high water in Klong Nong Bon, 
capacity: 4 m3/sec 

Klong Kwang pumping 
station 

Outflow from 3.9 km from start 
point 

Operation: high water in Klong Nong Bon, 
capacity: 2 m3/sec 

Source: JST 



 
 

 

12 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JST 

Figure 2.1.8  Klong Nong Bon and Its Vicinity 
 
(C) Nong Bon Drainage Tunnel Plan 
 
Nong Bon drainage tunnel will be constructed to aim at providing countermeasures for flooding 
around Srinakharin road which runs through Nong Bon treatment area. The tunnel connects 
Nong Bon storm water reservoir and Chao Phraya River. Catchment area totals approximately 
85 km2 as shown in Figure 2.1.9, and entire catchment area of Nong Bon storm water reservoir 
is included in it. 
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Total length of the tunnel is approximately 10 km, and 6 storm water inlets and one pumping 
station which discharges to Chao Phraya River will be constructed. The first inlets receives 
water from Nong Bon storm water reservoir and the second inlet receives water from Klong 
Nong Bon. With completion of the tunnel, water from Nong Bon storm water reservoir will be 
discharged safely without passing through the existing Klong Nong Bon. Storage capacity of 
Nong Bon storm water reservoir, i.e. approximately 5.4 million m3, can be utilized fully. 
Flooding condition of the Nong Bon treatment area which is a part of tunnel catchment area is 
expected to be improved significantly. 
 
Flow capacity of the tunnel is 60 m3/sec with catchment area of approximately 85 km2. Detailed 
design of the tunnel is currently being carried out by DDS and construction is expected to be 
completed within 5 years. Outline of the plan is described in Table 2.1.3, and catchment area is 
illustrated in Figure 2.1.9. 
 

Table 2.1.3  Outline of Nong Bon Drainage Tunnel Plan 
 

  Remarks 

Expected completion 2015 (Target year) Detailed design in preparation 
Catchment area Approximately 85 km2 Entire Nong Bon treatment area is included 

Length of tunnel Approximately 10 km  
Diameter of tunnel 5 m  

Flow capacity 60 m3/sec  
Depth of tunnel (center of pipe) -30 m At Nong Bon storm water reservoir 

Inlet 6 locations 
At Nong Bon storm water reservoir, Klong Nong 
Bon, and Srinakharin road etc. 

Pumping capacity 60 m3/sec Located near Chao Phraya River 

Source: JST 
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Source: DDS and JST 

Figure 2.1.9  Catchment Area of Nong Bon Drainage Tunnel 
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2.2 Treatment Area and Design Criteria 
 
2.2.1 Target Year, Planning Area, Wastewater Collection System, Reuse of Treated 

Effluent and Sludge 
 
(1)  Target Year 
 
The target year of M/P for Bangkok Wastewater Treatment Project is set at 2040, and its aim is 
to treat 80% of all wastewater generated in BMA by that time. The target year of the priority 
project, Nong Bon Wastewater Treatment Project is set at 2020. However, for design of 
interceptors which is difficult to expand its capacity by stages, wastewater flow in 2040 is used. 
On the other hand, for design of mechanical and electrical equipment of the WWTP which can 
be expanded easily by stages, wastewater flow in 2020 is used. 
 
(2)  Planning Area 
 
Nong Bon treatment area was determined in updated M/P, is composed of tree districts, i.e. 
Bang Na, Prawet and Suan Luang Districts, and totals 6,385 ha. The treatment area is composed 
of residential, commercial, institutional and industrial land use areas according to land use plan 
2020 prepared in 2006 by City Planning Department of BMA. Figure 2.2.1 shows land use areas 
in the treatment area, and Table 2.2.1 shows area of each land use area. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: JST 
Figure 2.2.1  Land Use Plan in Nong Bon Treatment Area 
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Table 2.2.1  Area of Land Use Category in Nong Bon Treatment Area 
(ha)  

Low 
Density 

Residential 

Medium 
Density 

Residential 

 
Commercial 

 
Industrial Institutional 

Vacant, 
Park etc. 

Road, 
Klong 

Total 

4,671 1,207 87 35 55 205 125 6,385 

Source: JST 

 
(3)  Wastewater Collection System 
 
Combined system (interceptor sewerage system) is adopted to utilize effectively the existing 
drainage system. 
 
An exceptional new housing area where wastewater can be directly connected to interceptor 
without septic tank is proposed to be developed in the treatment area. Estimation of cost for the 
new system is presented in Appendix 11.  
 
(4)  Reuse of Treated Effluent and Sludge 
 
Treated wastewater is effectively used for sprinkling trees and for beautification of scenery in 
BMA. Reuse of treated effluent from Nong Bon WWTP for these purposes in adjacent Rama IX 
Park is to be considered. 
 
Whole sludge produced in all WWTPs in BMA is to be treated at Nong Khaem WWTP. Reuse 
of sludge by composting and generation of electricity by digestion gas have been experimented. 
Sludge produced at Nong Bon WWTP is also planned to transfer to Nong Khaem WWTP. 
 
2.2.2 Design Frame 
 
Planning basis for Nong Bon sewerage system is summarized below. Rationale for planning 
basis, please refer to Chapter 5 Conceptual Master Plan in the Final Report (I). 
 
(1)  Design Population 
 
Design population of Nong Bon treatment area is shown in Table 2.2.2 Two of three districts 
which formulate Nong Bon treatment area, viz. Prawet and Suan Luang show population 
increase. 
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Table 2.2.2  Design Population of Nong Bon Treatment Area 
                                                   (person) 

 2020 2030 2040 

Bang Na 27,432 27,432 27,432 

Prawet 191,670 203,770 216,470 

Suan Luang 19,762 20,371 20,981 

Total Nong Bon 238,863 251,574 264,883 

Source: JST 

 
Design population and population density in land use category are as shown in Table 2.2.3. 

 
Table 2.2.3  Design Population and Population Density by Land Use Category 

(a) 2020 
 Low 

Density 
Residential 

Medium 
Density 

Residential 
Commercial Industrial Institutional Others Total 

Area (ha) 4,671 1,207 87 35 55 330 6,385 
Population (person) 154,918 68,851 12,853 55 2,186 0 238,863 

P. Density (person/ha) 33 57 148 2 40 0 37 
(b) 2030 

 Low 
Density 

Residential 

Medium 
Density 

Residential 
Commercial Industrial Institutional Others Total 

Area (ha) 4,671 1,207 87 35 55 330 6,385 
Population (person) 164,060 72,277 12,853 60 2,324 0 251,574 

P. Density (person/ha) 35 60 148 2 42 0 39 
(c) 2040 

 Low 
Density 

Residential 

Medium 
Density 

Residential 
Commercial Industrial Institutional Others Total 

Area (ha)) 4,671 1,207 87 35 55 330 6,385 
Population (person) 173,625 75,873 12,853 63 2,469 0 264,883 

P. Density (person/ha) 37 63 148 2 45 0 41 
Source: JST 

 
(2)  Design Wastewater Flow 
 
(A)  Unit Water Supply per Person 
 
Unit water supply per person for residential and non-residential uses in Nong Bon treatment 
area is shown Table 2.2.4. 
 
Water supply for industrial use is considered to be a part of non-residential use. However 
industrial wastewater from large scale factories located in industrial estate should be treated by 
factories and is excluded from wastewater to WWTP. The discharge standard of industrial 
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wastewater is presented in Appendix 12. 
 

Table 2.2.4  Unit Water Supply per Person for Residential and Non-residential Uses 
                                                           (lpcd) 

 Residential Non-residential Total 
2020 186 279 465 
2030 197 296 493 
2040 200 300 500 

Source: JST 

 
(B)  Sewage Return Ratio 
 
Sewage return ratio from water supply to wastewater flow is 0.80. 
 
(C)  Sewer Coverage Ratio 
 
For the Conceptual Master Plan, current sewer coverage ratio was determined to be 80 % based 
on the analysis of the inflow data to the existing WWTPs. Sewer coverage ratio is expected to 
be raised to reach 90 % in 2040. Nong Bon treatment area is a new treatment area and 
interceptors are to be provided in future. Current sewer coverage ratio is thought to be lower 
than those of the existing service areas. Taking into the situation of the existing drainage pipes, 
sewer service ratio is determined to be slightly lower figure, i.e. 70 % in 2020. Sewer coverage 
ratio is assumed to be raised to 80 % in 2030 and 90 % in 2040 as brunch sewers are expected to 
be provided gradually in the future. Sewer coverage ratios are shown in Table 2.2.5. 
 

Table 2.2.5  Sewer Coverage Ratio in Nong Bon Treatment Area 
 

 2020 2030 2040 

Sewer Coverage Ratio 70% 80% 90% 

Source: JST 

 
(D)  Infiltration Flow 
 
Infiltration of groundwater and back flow of klong water from interceptor chamber are assumed 
as 40 % of wastewater flow. 
 
(E)  Design Wastewater Flow 
 
Design wastewater flow in Nong Bon treatment area is as shown in Table 2.2.6. 
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Table 2.2.6  Design Wastewater Flow in Nong Bon Treatment Area 
 

Unit Water Supply (lpcd) 
 

Population 
(person) Residential Non-residential Total 

Water 
Supply 

(m3/day) 

Return 
Ratio (%) 

Wastewater 
Generated 
(m3/day) 

2020 238,863 186 279 465 111,071 80 88,857 
2030 251,754 197 296 493 124,026 80 99,221 
2040 264,883 200 300 500 132,442 80 105,953 

 

 
Wastewater 
Generated 
(m3/day) 

Sewer 
Coverage 
Ratio (%) 

Wastewater 
Collected 
(m3/day) 

Infiltration 
Ratio 
(%) 

Infiltration 
(m3/day) 

Design 
Wastewater Flow 

(m3/day) 
2020 88,857 70 62,200 40 24,880 87,080 
2030 99,221 80 79,377 40 31,751 111,128 
2040 105,953 90 95,358 40 38,143 133,501 

Source: JST 

 
(3)  Design Characteristics of Wastewater 
 
Design characteristics of wastewater flowing to Nong Bon WWTP is determined as shown in 
Table 2.2.7. The characteristics of wastewater are the same as those of all WWTPs in BMA 
except for Rattanakosin WWTP. 
 

Table 2.2.7  Design Characteristics of Wastewater to Nong Bon WWTP 
 

Parameters Design Value 

Biochemical Oxygen Demand (BOD) 150 mg/l 

Suspended Solids (SS) 150 mg/l 
Total Nitrogen (T-N) 30 mg/l 

Total Phosphorus (T-P) 8 mg/l 

Source: JST 

 

(4)  Design Characteristics of Treated Effluent 
 
Design characteristics of treated effluent of the existing WWTPs and effluent standards for 
discharge are shown in Table 2.2.8. Design characteristics of treated effluent for Nong Bon 
WWTP were determined as shown in the most right raw of the Table taking into account these 
characteristics and standards. 
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Table 2.2.8  Design Characteristics of the Existing WWTPs and Effluent Standards 
 

Parameters Unit 
Design of 
Existing 
WWTPs 

Effluent 
Standards 1 

Effluent 
Standards 2 

Design for 
Nong Bon 

WWTP 
pH -  5-9 5.5-9 5.5-9 
Biochemical Oxygen Demand (BOD) mg/l 20  20  20  20  
Suspended Solids (SS) mg/l 30  30  30  30  
Total Nitrogen (T-N) mg/l 10  10  20  10  
Ammonia Nitrogen (NH3-N) mg/l 5  5  -  5  
Total Phosphorus (T-P) mg/l 2  2  2  2  
Dissolved Oxygen (DO) mg/l 5  5  5  5  
Oil and Grease mg/l -  -  5  5  
Effluent Standards 1: stipulated by BMA 
Effluent Standards 2: National Standards approved by NEB and came into effect on 2nd June, 2010 
Source: JST 

 
2.2.3 Outlines of the Nong Bon Treatment Area and Nong Bon WWTP 
 
Outlines of Nong Bon treatment area and Nong Bon WWTP is shown in Table 2.2.9 and Figure 
2.2.2. Construction site for WWTP is located adjacent to Rama IX Park in the neighborhood of 
storm water reservoir constructed under Monkey Cheek Project.  
 

Table 2.2.9  Outlines of Nong Bon Treatment Area and Nong Bon WWTP 
 

  Remarks 

Area of the Treatment 
Area 

6,385 ha Including areas of parks, vacant lands and water surfaces 

Planned Population 265,000 persons Year 2040 
Design Capacity of 

WWTP 
135,000 m3/day  

Area for WWTP 

 
3.5 ha 

(22 Rai) 
1.1 ha for above 
ground facilities 

In neighborhood of Rama IX Park and adjacent to storm water 
reservoir constructed by Monkey Cheek Project. 
Compact biological treatment should be adopted.  
Most of the treatment facilities are to be constructed 
underground, and administration facilities are to be constructed 
above ground. 

Source: JST 
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Source: JST 

Figure 2.2.2  Location of Nong Bon Treatment Area and WWTP 
 

Site for Nong Bon 
WWTP 

Rama IX Park 

Storm 

Nong Bon 
Treatment Area
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2.3 Site for Construction of WWTP 
 
Outline of the site for Nong Bon WWTP is shown in Figure 2.3.1. 
 
Site for construction of WWTP is located in the neighborhood of Rama IX Park and in the site 
of storm water reservoir constructed under Monkey Cheek Project which is administrated by 
DDS. Water sports center which is managed by Culture, Sports and Tourism Department of 
BMA was constructed and a part of the reservoir is opened to the public. Construction of an 
administration building of DDS (Mechanical Division and Drainage Control Structures System 
Division) and workshops has been started in a part of DDS administration site. 
 
Only a remaining part of the site, with an area of approximately 3.5 ha can be used for 
construction of WWTP. Out of 3.5 ha, only 1.1 ha can be used for above ground facilities. This 
area is very narrow for the WWTP with design capacity of 135,000 m3/day. Compact type 
treatment facilities are to be adopted, and efficient use of underground and above ground is 
required. 
 
According to the results of geotechnical survey, there exists a layer with N value more than 40 
at 30 m depth and bearing layer with N value more than 50 appears at 40 m depth. 
 

 
Source: JST 

Figure 2.3.1  Proposed Site of Nong Bon WWTP 
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3. PRELIMINARY DESIGN OF INTERCEPTOR 
 

3.1 Facilities Designed 
 
In this Chapter, preliminary design of interceptors and their related facilities mentioned below is 
carried out. Outlines of these facilities, i.e. capacity, and number and location of facilities are 
determined. 
 

- Interceptors (trunk and lateral) 
- Interceptor chambers 
- Pumping stations 

 
3.2 Design Criteria 
 
Design criteria are determined as follows by reference to F/S Reports for Klong Toei and Bang 
Sue Projects since no clear BMA design criteria is available. 
 
Minimum diameter of pipe 
 
Basically minimum diameter of pipe is 300 mm. 
However, pipe diameter can be expanded to 600 mm if pipes are to be laid as shallow as 
possible to reduce number of pumping stations, even if flow capacity is more than actual flow. 
 
Flow friction formula 
 
Manning formula shown below is used. 

  

 Where 
  v: velocity (m/sec) 
  n: Manning’s friction factor 
  R: hydraulic radius 
  I: pipe gradient 
 
Manning’s friction factor n is taken as 0.013 assuming that all interceptors are concrete pipe. 
 
Minimum and maximum velocity 
 
Generally flow in a sewer is gravity flow. Minimum velocity is determined not to accumulate 
sediments in pipes. Maximum velocity is determined to prevent erosions of pipes and manholes 



 
 

 

24 
 

by excessively high velocity. Proper diameter and gradient should be determined considering 
minimum and maximum velocities. For preliminary design, minimum and maximum velocities 
are determined as follows. 
 
 Minimum velocity = 0.6 m/s,  Maximum velocity = 3.0 m/s 
 
Diameter and gradient of an interceptor are determined assuming v = 1.0 m/s in full flow. 
 
Minimum covering depth and minimum clearance to the existing structure 
 
Minimum covering depth and minimum clearance are determined as follows. 

- Minimum covering depth at upstream end manhole of interceptor = 2.0 m 
- Under-crossing of klong, minimum clearance = 2.0 m 
- Minimum covering depth under highway = 2.5 m 

 
Arrangement and interval of manholes 
 
Manholes are necessary for workers to go into a sewer for inspection, cleaning and repair and 
maintenance works. Manholes are provided at the following points. 
 

- Starting point of sewer 
- Meeting point of sewers 
- Changing point of diameter, gradient and direction 

 
Manholes should be provided for maintenance work at a straight line with the following 
maximum intervals shown in Table 3.2.1. 
 

Table 3.2.1  Maximum Intervals of Manhole 
 

Diameter (mm) Maximum interval (m) 

D 300 100 
450 = D < 800 150 

800 < D 200 

                        Source: JST 

 

Other design criteria 
 
Other design criteria used for preliminary design are as follows. 
 

- Gradient of sewer between manholes is constant. 
- In a manhole, crown of outlet sewer is leveled with the lowest crown of inlet 



 
 

 

25 
 

sewers. 
- Diameter of downstream sewer is equal to or larger than that of upstream sewer. 

 
Intercepting rate 
 
Combined sewerage system (interceptor sewerage system) is adopted in all the existing 
treatment areas in BMA, and this system is also adopted in Nong Bon treatment area. Therefore, 
intercepting rate significantly influences the capacity of sewer networks and treatment plant. For 
the existing seven treatment areas, intercepting rate of 5 has been adopted and all interceptors 
have been designed to flow 5 times average dry weather flow (5DWF). 
 
On the other hand, varied intercepting rates (2 to 5, 3.5 on an average) have been adopted for 
Bang Sue Project which is under construction and Klong Toei Project for which F/S was 
completed. The reasons for adoption of varied rates described in F/S report for Klong Toei 
Project are as follows. 
 

- Construction cost is very high when all interceptors are designed for 5DWF. 
- If interceptors are designed for 2DWF, hourly maximum flow in dry weather can 

be carried. 
- If 5DWF is intercepted at interceptor chamber in wet weather, down stream pipes 

are pressurized. However, it is confirmed by unsteady flow analysis that overflow 
to the surface does not occur. 

- Difference of annual amount of pollutant loads discharged to the water body is 
only 0.6 % in cases of 2 to 5DWF varied rates and 5DWF rate. 

- Literature investigation revealed that varied rates are adopted in many foreign 
countries  

 
Above reasons are judged appropriate, and Bang Sue and Klong Toei Projects have been 
implemented based on the thought, varied rates should be adopted for the future projects. 
Therefore, intercepting rates for design, 5DWF at interceptor chamber and 2 to 5 for 
interceptors are adopted. 
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3.3 Design of Interceptors 
 
3.3.1 Design Wastewater Flow 
 
(1) Division of Catchment Areas by Existing Outlets 
 
Wastewater from households and buildings is partially treated by septic tank and discharged into 
klongs through drainage pipes as explained in the former Section 2.2.1 Klongs and Drainage 
Pipes.  
 
There are 136 outlets which are discharging points to klongs exist in Nong Bon treatment area 
(refer to Appendix 3). Interceptor chambers are to be constructed before outlets to intercept 
wastewater not to be discharged to klongs (interceptor sewerage system). The treatment area can 
be divided into small 94 catchment areas by each of these outlets or a group of outlets which are 
located at both sides of the road or klong or closely each other as shown in Figure 3.3.1. A total 
of wastewater generated in these 94 small catchment areas is design wastewater in Nong Bon 
treatment area. In addition, it is necessary for DDS to confirm the location of existing outlets in 
the stage of detail design by surveying. 
 
(2) Wastewater by Small Catchment Areas 
 
Design population and design wastewater flow is presented in the former Section 2.1.2 Design 
Frame. Design wastewater flows by small catchment areas are estimated based on the design 
frame. Results of the estimation are shown in Table 3.3.1. 
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Source: JST 

Figure 3.3.1  Catchment Areas of the Existing Outlets 
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Table 3.3.1 (1)  Design Wastewater Flow by Small Catchment Areas (1/2) 
 

2020 2030 2040 2020 2030 2040 2020 2030 2040
km2

1 1.76 641.09 799.38 940.65 0.015 0.019 0.022 0.037 0.046 0.054
2 0.37 132.77 165.59 194.83 0.003 0.004 0.005 0.008 0.010 0.011
3 0.26 93.31 116.37 136.92 0.002 0.003 0.003 0.005 0.007 0.008
4 0.51 183.85 229.28 269.78 0.004 0.005 0.006 0.011 0.013 0.016
5 0.42 154.16 192.25 226.20 0.004 0.004 0.005 0.009 0.011 0.013
6 0.53 192.62 240.25 282.66 0.004 0.006 0.007 0.011 0.014 0.016
7 0.82 292.72 365.13 429.55 0.007 0.008 0.010 0.017 0.021 0.025
8 1.13 372.02 463.64 545.68 0.009 0.011 0.013 0.022 0.027 0.032
9 1.33 884.89 1129.22 1359.65 0.020 0.026 0.031 0.051 0.065 0.079
10 1.60 1959.34 2521.45 3059.25 0.045 0.058 0.071 0.113 0.146 0.177
11 0.81 295.17 368.46 433.24 0.007 0.009 0.010 0.017 0.021 0.025
12 0.66 238.90 298.22 350.65 0.006 0.007 0.008 0.014 0.017 0.020
13 0.95 346.77 432.87 508.99 0.008 0.010 0.012 0.020 0.025 0.029
14 1.18 343.87 427.92 503.05 0.008 0.010 0.012 0.020 0.025 0.029
15 0.33 407.87 524.92 636.87 0.009 0.012 0.015 0.024 0.030 0.037
16 0.47 573.94 738.64 896.17 0.013 0.017 0.021 0.033 0.043 0.052
17 0.75 939.67 1209.35 1467.23 0.022 0.028 0.034 0.054 0.070 0.085
18 0.65 789.13 1015.50 1232.10 0.018 0.024 0.029 0.046 0.059 0.071
19 2.10 2570.35 3307.64 4013.14 0.059 0.077 0.093 0.149 0.191 0.232
20 1.61 1960.00 2523.00 3060.00 0.045 0.058 0.071 0.113 0.146 0.177
21 0.37 446.00 573.91 696.34 0.010 0.013 0.016 0.026 0.033 0.040
22 1.00 1574.26 2026.16 2457.76 0.036 0.047 0.057 0.091 0.117 0.142
23 1.09 1792.49 2307.12 2798.44 0.041 0.053 0.065 0.104 0.134 0.162
24 0.07 133.70 172.10 208.73 0.003 0.004 0.005 0.008 0.010 0.012
25 0.44 538.62 693.19 840.96 0.012 0.016 0.019 0.031 0.040 0.049
26 0.52 639.80 823.42 998.94 0.015 0.019 0.023 0.037 0.048 0.058
27 0.54 656.07 844.43 1024.52 0.015 0.020 0.024 0.038 0.049 0.059
28 0.76 926.31 1192.06 1446.19 0.021 0.028 0.033 0.054 0.069 0.084
29 0.56 738.75 950.47 1153.76 0.017 0.022 0.027 0.043 0.055 0.067
30 0.57 749.87 964.78 1171.20 0.017 0.022 0.027 0.043 0.056 0.068
31 0.12 150.74 193.97 235.35 0.003 0.004 0.005 0.009 0.011 0.014
32 0.16 195.28 251.29 304.90 0.005 0.006 0.007 0.011 0.015 0.018
33 0.12 152.37 196.07 237.89 0.004 0.005 0.006 0.009 0.011 0.014
34 0.10 122.76 157.96 191.66 0.003 0.004 0.004 0.007 0.009 0.011
35 0.15 187.13 240.80 292.17 0.004 0.006 0.007 0.011 0.014 0.017
36 0.82 1002.86 1290.47 1565.77 0.023 0.030 0.036 0.058 0.075 0.091
37 0.91 1116.01 1436.07 1742.43 0.026 0.033 0.040 0.065 0.083 0.101
38 0.53 646.04 831.33 1008.76 0.015 0.019 0.023 0.037 0.048 0.058
39 0.54 653.33 840.68 1020.20 0.015 0.019 0.024 0.038 0.049 0.059
40 0.17 211.18 271.73 329.81 0.005 0.006 0.008 0.012 0.016 0.019
41 1.12 1371.62 1765.28 2141.66 0.032 0.041 0.050 0.079 0.102 0.124
42 0.95 1165.46 1499.96 1819.73 0.027 0.035 0.042 0.067 0.087 0.105
43 0.99 1213.80 1562.28 1895.45 0.028 0.036 0.044 0.070 0.090 0.110
44 0.25 608.62 783.29 950.36 0.014 0.018 0.022 0.035 0.045 0.055
45 0.15 368.24 473.94 575.02 0.009 0.011 0.013 0.021 0.027 0.033
46 0.48 699.86 900.65 1092.77 0.016 0.021 0.025 0.041 0.052 0.063
47 0.30 371.71 478.31 580.35 0.009 0.011 0.013 0.022 0.028 0.034

No.
Area Daily  Average Fry Weather Flow (DWF) Hourly Maximum Dry Weather Flow (2DWF) Intercepting Wet Weather Flow (5DWF)

m3/day m3/sec m3/sec

 
Source: JST 
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Table 3.3.1 (2)  Design Wastewater Flow by Small Catchment Areas (2/2) 
 

2020 2030 2040 2020 2030 2040 2020 2030 2040

km2

48 0.76 930.81 1197.80 1453.45 0.022 0.028 0.034 0.054 0.069 0.084
49 1.73 1870.10 2407.29 2920.06 0.043 0.056 0.068 0.108 0.139 0.169
50 0.10 125.52 161.56 196.01 0.003 0.004 0.005 0.007 0.009 0.011
51 0.42 1026.70 1321.35 1603.19 0.024 0.031 0.037 0.059 0.076 0.093
52 1.15 2815.87 3624.16 4397.15 0.065 0.084 0.102 0.163 0.210 0.254
53 1.84 2243.17 2886.05 3502.08 0.052 0.067 0.081 0.130 0.167 0.203
54 1.79 2187.13 2814.28 3415.62 0.051 0.065 0.079 0.127 0.163 0.198
55 0.57 701.74 903.01 1095.63 0.016 0.021 0.025 0.041 0.052 0.063
56 1.77 2162.27 2782.53 3376.38 0.050 0.064 0.078 0.125 0.161 0.195
57 2.99 3503.90 4510.64 5472.91 0.081 0.104 0.127 0.203 0.261 0.317
58 0.09 214.77 276.41 335.36 0.005 0.006 0.008 0.012 0.016 0.019
59 0.10 238.72 307.22 372.75 0.006 0.007 0.009 0.014 0.018 0.022
60 0.11 276.26 355.55 431.39 0.006 0.008 0.010 0.016 0.021 0.025
61 0.10 239.65 308.42 374.21 0.006 0.007 0.009 0.014 0.018 0.022
62 0.08 185.79 239.11 290.11 0.004 0.006 0.007 0.011 0.014 0.017
63 0.09 207.69 267.29 324.30 0.005 0.006 0.008 0.012 0.015 0.019
64 0.18 443.37 570.62 692.33 0.010 0.013 0.016 0.026 0.033 0.040
65 0.13 312.63 402.38 488.18 0.007 0.009 0.011 0.018 0.023 0.028
66 0.03 62.53 80.48 97.64 0.001 0.002 0.002 0.004 0.005 0.006
67 0.85 2085.27 2683.81 3256.24 0.048 0.062 0.075 0.121 0.155 0.188
68 0.30 734.08 944.81 1146.28 0.017 0.022 0.027 0.042 0.055 0.066
69 0.16 421.12 518.95 603.82 0.010 0.012 0.014 0.024 0.030 0.035
70 0.26 409.00 526.18 638.32 0.009 0.012 0.015 0.024 0.030 0.037
71 0.31 539.72 694.44 842.47 0.012 0.016 0.020 0.031 0.040 0.049
72 0.07 159.28 205.01 248.73 0.004 0.005 0.006 0.009 0.012 0.014
73 0.12 291.74 375.49 455.58 0.007 0.009 0.011 0.017 0.022 0.026
74 0.30 439.58 565.45 685.95 0.010 0.013 0.016 0.025 0.033 0.040
75 0.41 831.89 1070.56 1298.83 0.019 0.025 0.030 0.048 0.062 0.075
76 1.02 2185.76 2813.17 3413.04 0.051 0.065 0.079 0.126 0.163 0.198
77 0.61 1496.73 1926.39 2337.17 0.035 0.045 0.054 0.087 0.111 0.135
78 0.30 416.58 536.07 650.33 0.010 0.012 0.015 0.024 0.031 0.038
79 0.17 423.36 544.89 661.08 0.010 0.013 0.015 0.025 0.032 0.038
80 0.31 758.26 975.93 1184.04 0.018 0.023 0.027 0.044 0.056 0.069
81 0.70 858.73 1105.20 1340.83 0.020 0.026 0.031 0.050 0.064 0.078
82 1.81 2227.77 2866.84 3478.48 0.052 0.066 0.081 0.129 0.166 0.201
83 0.71 964.93 1241.65 1506.66 0.022 0.029 0.035 0.056 0.072 0.087
84 3.06 3937.58 5067.48 6149.06 0.091 0.117 0.142 0.228 0.293 0.356
85 1.61 1989.54 2560.43 3106.85 0.046 0.059 0.072 0.115 0.148 0.180
86 0.86 1070.98 1295.86 1479.98 0.025 0.030 0.034 0.062 0.075 0.086
87 0.74 1914.71 2316.99 2646.18 0.044 0.054 0.061 0.111 0.134 0.153
88 1.89 633.04 766.03 874.84 0.015 0.018 0.020 0.037 0.044 0.051
89 0.61 210.38 254.53 290.69 0.005 0.006 0.007 0.012 0.015 0.017
90 0.60 207.04 250.47 286.05 0.005 0.006 0.007 0.012 0.014 0.017
91 1.13 397.75 481.17 549.53 0.009 0.011 0.013 0.023 0.028 0.032
92 0.83 292.58 353.94 404.22 0.007 0.008 0.009 0.017 0.020 0.023
93 0.88 305.75 369.89 422.44 0.007 0.009 0.010 0.018 0.021 0.024
94 0.43 1125.22 1361.64 1555.09 0.026 0.032 0.036 0.065 0.079 0.090

No.
Area Daily  Average Fry Weather Flow (DWF) Hourly Maximum Dry Weather Flow (2DWF) Intercepting Wet Weather Flow (5DWF)

m3/day m3/sec m3/sec

 
Source: JST 
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3.3.2 Structure of Interceptor Chamber 
 
In Nong Bon treatment area, interceptors will be constructed either under the klongs or under 
the roads. Disposition of a new interceptor and interceptor chambers with the existing drain 
pipes, in both cases of road and klong is illustrated in Figure 3.3.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Source: JST 

Figure 3.3.2  Disposition of Interceptor and Interceptor Chamber  
with Existing Drain Pipe 

 
Lateral interceptor runs in parallel with the existing drain pipe in case 1 when wastewater is 
intercepted to new interceptor (trunk) which is constructed under klong. On the other hand, 
lateral interceptor crosses new interceptor (trunk) constructed under road which is shown in case 
2. Taking into account this, structures of interceptor chamber for both cases are considered as 
shown in Figure 3.3.3.  
 
There are many places in Nong Bon treatment area as well as in the other treatment areas, where 
level of outlet of the existing drain pipe is lower than water level in klong. A flap gate is 
provided in the interceptor chamber to prevent backwater from klong. 
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(Case 1: Intercept to interceptor under klong) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(Case 2: Intercept to interceptor under road) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Source:  JST 

Figure 3.3.3  Structure of Interceptor Chamber 
 
Wastewater currently generated in Nong Bon treatment area flows into the existing drain pipes 
and is discharged from 136 outlets to klongs. It is necessary to construct interceptor chambers 
which fit to shapes and sizes of the drain pipes and to water level in klongs to intercept 
untreated wastewater from all of the outlets. The followings should be noted for the design of 
interceptor chamber. 
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1) Weir height and diameter of the interceptor should be designed so that level of the 
weir is the same as level of water in an interceptor chamber when flow from the 
existing drain pipes is 5DWF. An orifice should be provided, if necessary. 

2) A flap gate should be provided to prevent back flow from klong. It does not function 
properly when clogged with garbage. Level of weir should be designed higher than 
high water level in klong, if possible. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 Source: JST 

Figure 3.3.4  Points to be Noted in Design of Interceptor Chamber 
 
3.3.3 Laying of Interceptors (Under Klong or Road) 
 
Most of the interceptors in the existing 7 treatment areas in BMA were laid under roads, in 
particular roads running along klongs. It is general practice in not only BMA but also in other 
countries to lay sewers under the roads. Easy access by vehicles for maintenance work of sewers 
is the advantage of this practice. However, adverse effects on traffic in construction and 
maintenance work are disadvantage. On the other hand, for Bang Sue and Klong Toei Projects 
an idea that interceptors are laid under klongs as well as under roads was adopted. For Bang Sue 
Project, which is now under construction, 75 % of interceptors are laid under klongs. An 
advantage that adverse effects on traffic in construction and maintenance work can be 
significantly reduced when interceptors are laid under klongs can be expected. A disadvantage 
that a boat must be used to access to a manhole for inspection or bringing in of equipment and 
materials is envisaged. For construction of interceptors under klong, pipe jacking method or 
shield tunneling method with vertical shafts in klong should be adopted because open cut 
method can not be applied. Construction of a vertical shaft in klong in BMA is shown in Photo 
3.3.1. 

← Inlet Pipe 
(Existing Drainage Pipe) 

← Outlet pipe 
(Existing Drainage Pipe) 

Klong H.W.L.≦Level of Weir 
Level of Weir = Water Level in case of 5DWF Inflow 

Orifice as necessary 
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Source: Website “2Bangkok.com, 14th Dec. 2002” 
Photo 3.3.1  Vertical Shaft Constructed in Klong 

 
There are advantages and disadvantages for both cases of laying interceptors under roads and 
klongs. Optimal routes of interceptors have been selected regardless of whether laying under 
roads or klongs for the on-going project in BMA. Taking into account the present practice, in 
this F/S the same idea should be applied for Nong Bon treatment area. 
 
3.3.4 Pipe Laying Method 
 
In general, pipe laying method is selected among three methods, viz. open cut, pipe jacking and 
shield tunneling depending on depth of pipe, working environment and construction cost. 
Features of the three methods are described below. 
 
Open cut method 
Pipes are laid in a trench excavated manually or by machines and earth is backfilled. In many 
cases, bracing and sheeting are used. All works can be done in the open air. It is the easiest 
method and most economical when pipe laying depth is shallow. However, pipe laying depth is 
deep it is not an economical method. Also influence to the traffic is largest. 
 
Pipe jacking method 
This is a method that a pipe is pushed by jacking machine set in a vertical shaft, excavated earth 
is removed and a new pipe is added. Works which is done in the open air is limited in a vertical 
shaft. There are various jacking methods which can be applied to almost all soil types. An area 
required for construction of a vertical shaft is smaller than that for shield tunneling. However, 
this method is not applied for long distance construction exceeding 1 km or sharp curve 
construction. 
 
Shield tunneling method 
A vertical shaft provides working space for constructing a tunnel the same as pipe jacking 
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method. Instead of pushing a pipe in case of pipe jacking method, shield machine equipped at 
the head of tunnel excavates earth and advances by fabricating segments which form a pipe later. 
This method is suitable for long distance construction or for a structure with large cross section. 
This method is often applied for construction of metro line. This is the most expensive method 
among the three methods. 
 
Comparison of the three methods is described in Table 3.3.2. 
 
Open cut method should be used as much as possible because of its easiness and economy. 
However, this method can not be applied for various reasons mentioned below, and pipe jacking 
or shield tunneling method is adopted. 
 

- Heavy traffic condition at construction site and influence is expected to be very 
significant 

- Road under which pipes are laid is very narrow and houses are congested 
- Pipe laying depth is very deep and cost for open cut method becomes high 
- Pipes cross under klongs, rivers, railways, large diameter water pipes and other 

underground structures 
 
Interceptors constructed under klongs account for 70 % of the total length in Nong Bon 
treatment area.  Also pipe laying depths at upstream and downstream end of the pipe line are 
very deep because pipe line crosses klongs. Taking into account these conditions, open cut 
method can not be adopted for construction of interceptors in Nong Bon treatment area. 
 
Appropriate construction method is selected from pipe jacking method or shield tunneling 
method depending on pipe diameter and length of construction. Generally cost for pipe jacking 
method is less expensive than that for shield tunneling method if pipe diameter is less than 
2,000 mm. Pipe jacking method can be applied for pipe laying distance less than 1 km. Pipe 
diameters of all interceptors in Nong Bon treatment area are less than 2,000 mm as described 
later in Section 3.4 Routing of Interceptors. Manholes are provided at maximum interval of 200 
m for collecting wastewater from scattered interceptor chambers and for maintenance work. 
Therefore, there are many vertical shafts and consequently pipe laying distance becomes shorter. 
Taking into the above, pipe jacking method is applied for pipe laying. 
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Table 3.3.2 (1)  Comparison of Pipe Laying Methods (Open Cut) 

Diagram

Description

･ It is the most cost-effective when the depth of cover is small.  In Japan, for
example, if the depth of cover is smaller than approximately 4m and large
structures do not disturb the construction, open cut method is generally more
economic than trenchless method.

･

･

If the construction site is a road with much traffic, it affects transportation
significantly.
Noise and vibration by excavation works often affect living conditions around the
construction site.

･
･

･

It is the most common and easy method of pipe installation.
It is easy to accommodate the changes of the construction conditions and newly
revealed conditions after construction commencement such as soil condition,
groundwater level, and existence of underground structures.
If the groundwater level is much higher than excavation depth,  lowering of
groundwater level is difficult resulting in deteriorated working conditions.

･ Generally construction term is shorter than trenchless method, if there are no large
structures to be removed and re-constructed.

･

･

If the construction site is a newly constructed road, open cut method is difficult to
allow.
If it crosses under rivers or large structures which are impossible to move, open
cut method can not be applied.

Others

Cost

Impact on Environment

Difficulty of
Construction Works

Construction Term

Diameter Range Up to 3,000 mm

Maximum Length No limit

Items Open Cut Method

Outline

Open cut method is to install pipe in the trench by manual or mechanical excavation.
Excavation work is carried out by slope open cut or with earth retaining wall such as
sheet pile.  All construction works are done above ground.

http://www.asahikensetsu.co .jp

http://park6.wakwak.com/~shokaisaku /

http ://hume-pipe.jp

Installed Pipe

Bracing Wall Sewer Pip e

http://www.asahikensetsu.co .jp

http://park6.wakwak.com/~shokaisaku /

http ://hume-pipe.jp

 
Source: JST 
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Table 3.3.2 (2)  Comparison of Pipe Laying Methods (Pipe Jacking) 

Diagram

Description

･
･

･

If depth of cover is large, it is more cost-effective than open cut method.
If the face ground is unstable or groundwater level is high, soil reinforcement work
such as chemical grouting is necessary, which often requires much cost.
Generally, if pipe diameter is under 2,000mm, construction cost is lower than
shield tunneling method under the same conditions.

･

･

･

It can minimize adverse affect on traffic, because excavation work is confined to
the vertical shaft sites.
It can prevent vibration and noise except those generated by excavation to prepare
vertical shafts, which is confined to limited sites.
If the ground is soft, it sometimes causes ground subsidence.

･
･
･

Amount of excavated soil is smallest among the pipe construction methods.
Required area for vertical shafts and plant is smaller than shield tunneling method.
It is difficult to accommodate unexpected condition, such as local adverse soil
condition and existence of structures revealed after commencement of
construction.

･ Construction term is shorter than shield tunneling method, because it uses
prefabricated pipe.

･ Jacking method for pipes with diameter of under 800 mm is called microtunneling
method.  Jacking method for pipes with diameter of over 700 mm can be classified
into open type and closed type. Closed type includes slurry type, earth pressure
type and mud pressure type.

Others

Cost

Impact on Environment

Difficulty of
Construction Works

Construction Term

Diameter Range 150mm - 3,000mm

Maximum Length Approximately 1,000 m by one drive
(150 m to 500 m is common)

Items Pipe Jacking Method

Outline

Pipe jacking method is a trenchless technology method to install a prefabricated pipe
through the ground from a drive shaft to a reception shaft.  The pipe is propelled by
jacks located in the drive shaft.  Excavation work is necessary in shaft construction
time.

http://www.daiwakiko .co.jp

http://www.mizunotec.co .jp

http://www.city.takamatsu.kagawa.jp

http://www.kouhounavi.com

http://www.icm.co.jp

Jacking Pipe

T BM (T unnel
Boring Machine)

Gant ry  Crane

Strut
P ush  P late

Jack

Drive Shaft

Installed Jacking P ipe

P lant  (for Jacks, Slurry
T reatm ent , et c)

Chamber

Int ermediate
Jacking Stat ion

T hrust  React ion
Wall

Cut t ing Wheel

Jacking Floor

http://www.daiwakiko.co.jp

http://www.mizunotec.co .jp

http://www.city.takamatsu.kagawa.jp

http://www.kouhounavi.com

 
Source: JST 
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Table 3.3.2 (3)  Comparison of Pipe Laying Methods (Shield Tunneling) 

Diagram

Description

･ Generally, construction cost is higher than open cut method and pipe jacking
method.

･

･

･

It can minimize adverse affect on traffic, because excavation work is confined to
the vertical shaft sites.
It can prevent vibration and noise except those generated by excavation to prepare
vertical shafts, which is confined to limited sites.
If the ground is soft, it sometimes causes ground subsidence.

･
･
･

･

Amount of excavated soil is larger than pipe jacking method.
Required area for vertical shaft and plant is larger than pipe jacking method.
It is difficult to accommodate unexpected condition, such as local adverse soil
condition and existence of structures revealed after commencement of
construction.
Long distance and sharp curving drives are possible.

･ Construction term is longer than pipe jacking method.

･ Shield tunneling method is classified into open type and closed type.  Open type
includes manual type and mechanical type.  Closed type includes slurry shield and
earth pressure balanced shield.

Others

Cost

Impact on Environment

Difficulty of
Construction Works

Construction Term

Diameter Range
1,350 mm - more than 10,000 mm

(14 m maximum in Japan)

Maximum Length Approximately 2,000 m by one drive
(Longer drive is possible with special machine)

Items Shield Tunneling Method

Outline

Shield tunneling method is a trenchless technology to construct tunnel at the work
station of vertical shaft as well as pipe jacking method. In this method, a shield is
advanced in accordance with excavation of face ground, and progressly pre-built
sections of tunnel wall, so-called segments, are assembled to formulate the complete
tunnel structure.  This method is suited to long distance drive and large diameter pipe
construction works.

http://www.icm.co.jp

h tt://pwww.matsuken-web .com www://kouzou-kaikaku .com

http://www.mizunotec.co.jp

Slurry Plant

Slurry P ipe
Chamber

Assembled SegmentCutting Wheel

Slurry P ump

Gant ry  Crane

Segment

T BM (T unnel
Boring Machine)

Driving Shaft

http://www.icm.co.jp

h tt://pwww.matsuken-web .com www://kouzou-kaikaku .com

http://www.mizunotec.co.jphttp://www.icm.co.jp http://www.mizunotec.co.jphttp://www.icm.co.jp http://www.mizunotec.co.jphttp://www.icm.co.jp http://www.mizunotec.co.jphttp://www.icm.co.jp http://www.mizunotec.co.jp

 
Source: JST 
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3.3.5 Sites for Pumping Stations 
 
(1) Necessity of Pumping Stations 
 
Newly constructed interceptor gradually increase its depth since wastewater intercepted flows 
by gravity to the WWTP in dry weather. In case interceptor is excessively deep, a pumping 
station is to be provided to raise the interceptor. Provision of a pumping station requires 
construction, operation and maintenance costs for equipment which is not necessary for gravity 
interceptor. Therefore, number of pumping stations should be minimized. 
 
(2) Possible Sites for Pumping Stations 
 
Manhole type pumping stations which can be constructed under roads can be applied in 
upstream portion of interceptor network in Nong Bon treatment area. However, in downstream 
portion of the network, where wastewater flow and depth of interceptor increase, manhole type 
pumping station can not be applied and a sizable site is required for construction of pumping 
station. Since Nong Bon WWTP is located near Rama IX Park, pumping stations are most likely 
to be located near Rama IX Park. Possible sites for pumping stations are shown in Figure 3.3.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Source: JST 

Figure 3.3.5  Possible Sites for Pumping Stations 
 

WWTP 
Site 

On Main Road 

Rama IX Park 

Mini Golf Course 

In Klong 
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(3) Selection of Sites for Pumping Stations 
 
Possible sites for pumping stations near WWTP are on main road (Charon Phrakiat Ratchakan 
Thi 9 Road), in klongs, in the mini golf course and in Rama IX Park. Problems for each site are 
as follows. 

1) There is heavy traffic on the main road, and traffic jam occurs every time. Construction 
of a pumping station and maintenance work will worsen traffic condition. It is 
 therefore considered not appropriate to construct a pumping station on main road. 

2) Klongs near WWTP site are very narrow in width, and it is difficult to construct a 
pumping station in these klongs. 

3) There is enough space for pumping station in mini golf course. However, this land is 
privately owned and acquisition of land may hinder smooth implementation of the 
project. This site is not considered appropriate for pumping station. 

 
Taking into account the above, appropriate site for pumping station is found only in Rama IX 
Park. Since Nong Bon WWTP is located adjacent to Rama IX Park, pumping station is provided 
in WWTP and no pumping station is planned near WWTP site. 
 
3.3.6 Current and Future Plan of Other Large Underground Structures 
 
Public utilities other than drain pipes are constructed under roads and klongs in Nong Bon 
treatment area. Also future plan of these public utilities exists. Public utilities such as water 
supply, telephone, electricity are laid underground in Nong Bon treatment area. Construction of 
a deep drainage tunnel in future is planned. Mass transportation system, Yellow Line is planned 
in the area. However, this line is not metro but elevated rail in the area. Locations of these 
existing and planed large underground utilities are shown in Figure 3.3.6. 
 
Under the main roads in Nong Bon treatment area, such as Srinakharin Road, On Nuch Road, 
Phat Thanakan Road, Chaloen Phrakiat Ratchakan Thi 9 Road and Udon Suk Road, the 
following large underground utilities are laid. 
 

- Water supply pipes: depth less than 2 – 3 m 
- Telephone cable: depth less than 2 m 
- Electricity cable: depth less than 2 – 3 m 

 
Depths of interceptors planned in this Survey under these main roads are 8 to 18 m. Therefore, 
these existing underground utilities are not obstruction for pipe laying. However, attention 
should be paid to these underground utilities to determine locations of vertical shafts at detailed 
design stage. 
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A deep drainage tunnel is planned near Klong Nong Bon. Depth of the tunnel is 20 to 30 m. 
Depths of interceptors near Klong Nong Bon are 5 to 10 m. Therefore, tunnel will be 
constructed more than 10 m deeper than interceptors, and interceptors are not obstruction. 
 

 
Source: JST 

Figure 3.3.6  Location of the Existing and Future Large Underground Utilities 
 
3.3.7 Wastewater Collection Method for Direct Discharge to Klong 
 
In Nong Bon treatment area, most of wastewater from households is discharged to klongs 
through the existing drain pipes installed along the road same as in the other existing treatment 
areas in BMA. However from households and apartment houses built in adjacent to klongs, 
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wastewater is discharged to the klongs directly not through the drain pipes. There are many 
houses along Klong Khlet which runs in the western part of the treatment area (refer to Figure 
3.3.7 and Photo 3.3.2). 
 

 

 
 
 
 
 
 
 
 

 
Source: JST 

Figure 3.3.7  Location of Klong Khlet 
Photo 3.3.2  Direct Discharge from 

Houses along Klong Khlet 
 
Combined system (interceptor sewerage system) is adopted in Nong Bon treatment area as well 
as in the other treatment areas in BMA. An interceptor chamber is constructed at upstream of 
outlet to intercept wastewater to interceptor. Construction of an interceptor chamber is difficult 
at the point where wastewater is discharged from a house to klong directly.  
 
It is proposed that a method to collect wastewater by exposed pipes installed along a klong and 
intercepted at downstream be adopted, which is often seen in the mountainous areas in Japan. 
Pipe materials which is robust against external impact, such as polyester pipes should be used. 
An image of exposed pipe is shown in Figure 3.3.8.  

K
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Example of Instllation behind a House 家屋背面へ 
Source: JST 

Figure 3.3.8  Example of Installation of Exposed Pipe 
 
3.3.8 Reduction of Number of Interceptor Chamber 
 
Topographical features of Nong Bon treatment area is flat and low-lying as well as other 
treatment areas in BMA. Many submerged outlet pipes are observed even in dry weather among 
136 outlets in the area. Interceptor chambers are to be constructed to intercept wastewater in 
Nong Bon treatment area. It is the same system adopted in the other treatment areas in BMA. A 
flap gate is to be provided to prevent backwater from klong as shown in Figure 3.3.2. Level of 
the weir in an interceptor chamber is to be designed above water level in klong if possible. 
However, if a flap gate is not closed completely by clogging with garbage, back flow from 
klong can not be stopped. Therefore periodical cleaning of interceptor chambers are required. 
 
Although periodical cleaning of interceptor chambers is conducted in the other treatment areas, 
it takes considerable time and effort because of number of interceptor chambers and heavy 
traffic on main roads. It is therefore important to reduce number of interceptor chambers by 
integrating them in order to make operation and maintenance easy and to solve problems such 
as klong water back flow and untreated wastewater discharge.  
 
The method to reduce interceptor chamber is that a few of interceptor chambers closely located 
are integrated into one chamber and close all the outlets of the remaining chambers. Seven 
places where this method can be applied in Nong Bon treatment area are shown in Figure 3.3.9. 
Explanation how to reduce interceptor chambers in there seven places is shown in Figure 3.3.10. 
 
Total number of interceptor chambers can be decreased from 136 to 121 by this method. 
However, since the existing drain pipes and outlets are under the responsibility of PWD, 
consultation and coordination with PWD would be required to apply this method. 

Example of Installation in 

Klong 
Pipe Support 

Exposed Pipe 

Example of Installation behind House 

Exposed Pipe 
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Source: JST

Figure 3.3.9 Seven Places Proposed for Reduction of Interceptor Chambers

No. Method of Reduction Explanation

1

1) Close outlet No.1

2) Change wastewater flow

from outlet No.1 to outlet

No.2 by replacing the

existing drain pipe or

installation of new pipe.

Figure 3.3.10 (1) Methods to Reduce Interceptor Chambers
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5
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No. Method of Reduction Explanation 

2 

 
 
 
 
 
 
 
 
 
 
 
 
 

1) Five outlets discharge  
wastewater from 
households. New exposed 
pipes are installed to 
collect wastewater. 

2) A new interceptor chamber 
is constructed to collect 
wastewater from exposed 
pipe. 

3 

 
 
 
 
 
 
 
 
 
 
 
 
 

1) Close outlet No.1. 
2)  Change wastewater flow 

from outlet No.1 to outlet 
No.2 by replacing the 
existing drain pipe or 
installation of new pipe.  
 

4 

 
 
 
 
 
 
 
 
 
 
 
 

1) Close outlet No.1. 
2) Change wastewater flow 

from outlet No.1 to outlet 
No.2 by replacing the 
existing drain pipe or 
installation of new pipe.  

Figure 3.3.10 (2)  Methods to Reduce Interceptor Chambers 
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No. Method of Reduction Explanation 

5 

 
 
 
 
 
 
 
 
 
 
 
 

1)  Seven outlets discharge  
wastewater from 
households. New exposed 
pipes are installed to collect 
wastewater. 

2)  A new interceptor chamber 
is constructed to collect 
wastewater from exposed 
pipe 

6 

 
 
 
 
 
 
 
 
 
 
 
 
 

1) Close outlet No.1. 
2) Connect to the existing 

drain pipe correctly. 
3) Change wastewater flow 

from outlet No.1 to outlet 
No.2 by replacing the 
existing drain pipe or 
installation of new pipe. 

7 

 
 
 
 
 
 
 
 
 
 
 
 

1) Close outlet No.1. 
2) Change wastewater flow 

from outlet No.1 to outlet 
No.2 by replacing the 
existing drain pipe or 
installation of new pipe. 

Figure 3.3.10 (3)  Methods to Reduce Interceptor Chambers 
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