3.4

Nong Bon 4
9
3.4.1
1)
)
®)
@ (2) 333
®)
2
Option 1
Option 2
2 34.1. 342 2
@ Option 1 66 km
Option 2 78 km 12 km
(2) Option1
Option 2
Option 2
Option 1
Option 3
Option 3 1 2 Option 4
34.1 Option 3  Option 4 DDS
Option 4
Option3  Option 4 343 344
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34.1 Optionl
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3.4.2 Option2
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3.4.3 Option3
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3.4.1

Option3

Option4

3.4.4 Option4
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341 Option3 Option4

Option 3 Option 4
63.70km 64.27km

109m 10.3m

GL-21 22m GL-20 21m
3,732 Baht 3,667 Baht
Option 4
Option 3
O
Option 3 Option 4
Option 3
Option 4
Klong Toei F/S

C={3305.9H-7738.1 + D (987.72H + 19580)} L

Baht

r O I O
3

km

3.4.2

Option 4

DHI MOUSE

3.4.3
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3.5

3.5.1

136

(mm)
300 480 0 0 6.9 -
450 0 1,455 11 - 7.8
600 4,970 24,900 36 172 7.5 8.1
800 4,025 9,720 27 50 14.9 10.0
1,000 4,270 755 22 5 11.7 13.3
1,200 1,595 4,125 11 23 16.7 14.8
1,500 4,970 2,645 21 19 19.0 15.6
2,000 385 0 3 0 20.6 -
20,665 43,600 124 280 - -
121
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3.6

(1)
Nong Bon 64 km
Bang Sue 30 km 2
Nong Bon 4
36.1 3.6.1
3.6.1 Nong Bon 4
(km)
(e ™ () (m
North 9.8
Nong Bon 20.2 811 1,010 | 81,000 42
10.4
South 8.6
Nong Bon 18.2 707 1,768 | 79,000 45
9.6
9.0
Prawet 17.6 684 1,913 | 75000 39
8.6
- 7.3
Dokmai 8.3 266 794 | 30,000 38
1.0
34.7
64.3 2,468 6,385 | 265000
29.6
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South Nong Bon
ERR R

Dok Mai
R RE
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3.62

North Nong Bon

South Nong Bon Bang Na

North Nong Bon South Nong Bon
Prawet DokMai 2 2
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3.7

Nong Bon

FIS

3.7.1

Nong Bon

( 371

3.7.1 Nong Bon

Nong Bon
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1)

2) 2 5
3)
4) DDS
Prawet
DDS
PWD DDS PWD
3.7.2

3.7.2

3.7.2

100%
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1 2 12 1/3
PWD DDS
3.7.3
DDS
DDS
PWD FIS
Nong Bon
3.7.1
PWD
3.7.1
F/S
PWD
PWD
TV
5DWF
PWD
5DWF
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4.1

4.1.1 Nong Bon

Nong Bon 411

4.1.1 Nong Bon

6,385 ha
265,000 2040
135,000 m*/ 2040
Rama 9 Monkey Cheek Project
3.5ha 1.1 ha

4.1.2

Nong Bon 412

BMA

2040

Nong Bom
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4.1.2 NongBon

2040 M/P | 2020  F/S
pH 55-9
BOD 150 mg/l 100 mg/I 20 mg/l
(SS) 150 mg/l 100 mg/I 30 mg/l
30 mg/l 20 mg/l 10 mg/l
- - 5 mg/l
8 mg/l 6 mg/l 2 mgl/l
- - 5 mg/l
- - 5 mg/l
4.1.3
2020 2040 Nong Bon
41.3
413
2020 2030 2040
87,100 m*/ 111,100 m¥ 133,600 m*/
174,200 m¥ 222,200 m¥/ 267,200 m¥/
45,000 m¥/
3
Nong Bon 411
414
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150,000

125,000

100,000

m’ )

75,000

50,000

25,000

0
2010 2015 2020 2025 2030 2035 2040 2045

— :Nong Bon

= :Nong Bon

4.1.1 Nong Bon

4.1.4 NongBon

- 2021 3 2 90,000 m*
2022 - 2031 3 2.5 112,500 m¥/
2032 - 2040 3 3 135,000 m*/
4.1.4
Nong Bon
1)
2) Nong Bon 5
3
2 2
3)
4)



5)

6)

Nong Kheam

62

BMA



4.2

421
Nong Bon
42.1
42.1
Pseudomonas Micrococcus
Achromobacter Bacilius
1)
2) 1
3)
4) BMA Chatuchak Din Daeng

Nong Khaem Thung Khru
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4.2.2

Nong Bon
MBR
CAASP
Nong Bon 4.2.2
- Recycled nitrification denitrification process: RNDP
- Oxygen activated sludge process: OASP
- Oxidation ditch process: OD
- Extended aeration process: EAP
- Sequencing batch reactor: SBR
- Membrane bioreactor: MBR
- Carrier added activated sludge process: CAASP
422
MBR
MLSS 8,000 mg/I 15,000 mg/I
MBR
CAASP
CAASP
CAASP
OASP
oD EAP
Nong Bon
oD EAP
4.2.1 4
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|
|
|
RNDP — —E— —
|
|

AR

SBR

AL

v

MBR

- e —— — — — — a4

— AL

CAASP
R

421

4.2.3

1)
2) 15 m

3) 15m
4) Nong Bon

5m
5)
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i 3l —>




6)

RNDP

RNDP

SBR

MBR

CAASP
RNDP

10 m
12m

RNDP

RNDP

422

SBR

MLSS

66

14m

CAASP
CAASP

55 m



RNDP

-

A

SBR

100m

MBR

100m

CAASP

100m

422
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4.2.4

CAASP
1)
2)
3)

CAASP
4)
5) CAASP

4.2.3

68

RNDP

BMA



4.23 (1) (112)
RNDP SBR
RNDP
RNDP MLSS SRT
Svi
RNDP MBA SBR MBA
SBR
MLSS
CAASP MLSS SBR
MLSS
ASRT
RNDP
MLSS

10m MLSS

9 7

MLSS 4,000 mg/l

MLSS 2,000 mg/I

BOD-SS 0.11 kgBOD/kgM LSS/ BOD-SS 0.40 kgBOD/kgMLSS/
8.6 6 /
15 m¥m% 1/3
15mW>=<8mL><10mD><12 25mW>=<44mL>=<5.5mD>=<12
15mW>=<19mL><10mD>< 12
7.5mW>=<25mL><3.5mD>=<2 <24
Din daeng , Chong Nonsi ,
BMA Bang Sue Chatuchak
2,473 Baht 109 % 2,999 Baht 132 %
77.1 Baht/ 102 % 81.7 Baht/ 108 %
3,670 Baht 105 % 4,362 Baht 125%
2 3
4% 30
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4.23(2) (212)
MBR CAASP
SS
RNDP
RNDP
MLSS
RNDP
CAASP
RNDP
MLSS
ASRT CAASP
MBR
MLSS CAASP
MBR
MLSS
20 10
MLSS 10,000 mg/I MLSS 2,000 mg/l
BOD-SS 0.08 kgBOD/kgMLSS/ BOD-SS 0.37 kgBOD/kgMLSS/
49 53
25 m¥/m?/
15mW><13mL ><5.5mD > 12

7.3mW>< 57mL ><5.5mD > 12 15mW>< 17mL><5.5mD > 12

( 15mL / 42mL) 7.5mW ><30mL ><3.5mD > 24

BMA

3,898 Baht 172%

2,267 Baht 100 %

268.4 Baht/ 355 %

75.5 Baht/ 100 %

8,145 Baht 234 %

3,478 Baht 100 %

4

1

4% 30
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4.2.5

423 CAASP
MBR  CAASP

MBR

4,500.0
4,000.0
3,500.0
3,000.0
2,500.0
2,000.0
1,500.0
1,000.0
500.0
0.0

Baht

4.2.4 MBR
CAASP MBR
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4.25 CAASP

9,000
8,000
7,000

6,000
% 5,000

4,000
3,000

2,000

1,000

RNDP SBR MBR CAASP

425
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4.3

4.3.1

DDS

BMA Bang Sue
Sue

Nong Bon
DDS
3

DDS

1)

2)

4)

73

JICA
Bang
Nong Bon
BMA
DDS 1
Bang Sue
DDS
431 43.2



100 m

100 m

431
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5 15
1! i
g n 5
.. Eels
o1 - Tt LT it
| 12 |
1 o1y B
-15 -13 [N
432
4.3.2
431
431
3,316 Baht 4,369 Baht
1,989 Bah 2,621 Bah
5,305 Baht 100 % 6,990 Baht 132 %
107.7 Baht/ 100 % 1175 Baht/ 109 %
7,259 Baht 100% 9,109 Baht 125 %
1% 30
4,33
32% 1,685 Baht
170%
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117%

Baht

8,000.0
7,000.0
6,000.0
5,000.0
4,000.0
3,000.0
2,000.0
1,000.0

0.0

=

433

4.3.4
9% 9.8 Baht/
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4.4

4.4.1

DDS

4.4.2

1)

2)

3)

4)

5)

4472

SCADA

44.1

441 Nong Bon
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442

DFW

DWF

2DWF

2DFW

A NE T A

T

-
3WE — AL

v 4

AW

HLFR A

1w

MY REF -k

3DWE AL

Fins%

30

LDWE

ADWE

CIRSL Y ]

TR

L B e &

F% 5 T R

R I

| AWE

WAl

:>I

LR,

W E{ e

fF - EAL
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Nong Bon

2
4.4.3

Nong

Bon Nong Bon Nong Bon Nong Bon

Nong Bon Nong Bon 21
Nong Bon Nong Bon
Nong Bon
)
Nong Bon Nong Bon
Nong Bon
Nong Bon
Nong Bon Rama IX
44.1
3DWF 2DWF 2DWF
ﬁh Nong Bon
2DWF
1DWF
1DWF |
2DWF  3DWF |J
5DWF

441
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SDWF

3DWF
3DWF
5DWF
2DWF
4.4.4
443 (2040 ) 2020
4.43 NongBon
2040 (M/P 2020 (F/S)
BOD 150 mg/l 100 mg/l
SS 150 mg/l 100 mg/l
BOD 164 mg/l 109 mg/I
SS 164 mg/l 109 mg/l
4.44
4.44 Nong Bon
2040  (M/P) 23,014 kg-DS/ 2,877 mY 0.8%
2020  (F/S) 9,107 kg-DS/ 1,138 m¥ 0.8%
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4.4.5

Nong Bon
4.4.5
4.45 NongBon
No

1.
1-1 1,800 m¥m%
1-2 3,600 m¥m¥
1-3 0.3 m/
1-4 HRT 30-60

2.
2-1 MLSS 2,000 mg/I
2-2 3.0 mygl
2-3 HRT 5.3
2-4 SS 08 %
2-5 33 %
2-6 147 %
2-7 SRT 2.2

3.
3-1 25  mim¥
3-2 40 m
3-3 150  m¥m/

4,
4-1 400 m/

5.
5-1 SS 08 %
5-2 80 %
5-3 80 kgDS/m
5-4 N %
5-5 14 %

4.4.6
4.4.6
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4.4.6 Nong Bon

North Nong Bon -15.280m

1 DWF Prawet -18.392m

North Nong Bon -14.790m

3 DWF Prawet -17.202m

North Nong Bon -5.081 m

> DWF Prawet -4.275m

H.W.L +1.000 m

Non Bon LW.L - 0.500 m

H.W.L 0.000 m

LW.L - 7.000 m

SDWF
-1 / /
-2 / /
1)
2)
3)
4) Nong Bon

4.4.7
1)
2)
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4.4.7

il = Henw hon
U il
N e e T =
AR ﬁ;\ [;

filgs
e

wAME_| Bk
FeF ER BT

9,590,000 kwh/ 7,183,000 kwh/
(134) (100)

27.3 Baht/ 20.5 million Baht/
(134) (100)

o

442

1)

2)

3)
4)

5)

Nong Bon

84



WI. 151

WL +43

SR

W 1135

2

&

A

W +1.3

— LR

—> LR MR

WL 43

R
Y

HWw.l.+1.0

TR

HWI.-00

AT R

Nong BongFif

4.4.7

1)
2)

3)

4)

5)

4.42 Nong Bon

85
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Nong

4.43 Nong Bon

BMA

4.4.8

Nong Khaem

Khaem

Nong Khaem

Nong Bon
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4.48

1) BMA BMA

2)
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4.4.8 (1) (1/3)

2
80 %
80 kg DS /m
90 %
14%
3.0m
6 1
562 m?
8,000
Chatuchak / Chong Nonsi / Din Daeng
BMA Nong Khaem / Rattanakosin
Si Praya / Thung Khru
50.8 Baht
28.1 Baht

78.9 Baht 100 %

1.0 Baht/
20.0 Baht/
3.7 Baht/

24.7 Baht/ 100 %

844.9 Baht 100 %

30
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4.48(2)

13)

80 %
30mY
95 %
1.4%

30 m¥

546 m?

20,000

10

BMA

45.0 Baht
27.3 Baht
72.3 Baht (92 %)

6.6 Baht/
20.0 Baht/
5.1 Baht/

31.7 Baht/ 127 %

1,036.4 Baht 123 %

4%

30
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4.4.8(3) (1/3)
80 %
2.6 kgDS/
90 %
1.9 %
800 mm
6 1
370 m?
14,000
6-8 1
30
BMA
69.8 Baht
18.5 Baht
88.3 Baht (112 %)
0.5 Baht/
27.1 Baht/
2.6 Baht/
30.2 Baht/ 123 %

1,034.6 Baht

122 %

4% 30
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4.4.9

Nong Bon 135 m¥

SCADA Supervisory Control and Data Acquisition System
SCADA

1)
2)
3)
4)

SCADA PLC

Programmable Logic Controller

SCADA
PID

SCADA

100

4.4.9
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449 SCADA

DO MLSS

4.4.10

BMA

Nong Bon

CO,

4.4.10
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4410

Nong Bon
Nongkaem
Nong Bon
Nong Bon
N0 Nongkaem
IX
Nong Bon
Nongkaem
1)
4411
4411
3 VVVF
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2)

Nong Bon

{14
7B

S
G

A H

T EUR

COx

CEsktas

|

wIHE R
TIEIM
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4412




4412 CcoO,
135,000 m¥
11.0 m
6 2
20 kw =72%
788,000 kWh/
2,246,000 Baht/
407,000 kg-CO,/ 0.517 kg-CO,/kWh
4.4.11 Nong Bon
Nong Bon
445 4.4.13
>
|
: i Nong Bom
| | || T | | = |
] | | v |
SC A BB MW H
_____________________ | : T*—l | :
| |
—p MM
L{ |_’|+ |i>| |_>N0ngkeam E}
445
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4.4.13

Nongkeam

4.4.12

4.4.6

4414

6-2
4.4.6 4.4.7 448
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4.4.14 Nong Bon

No / / M/P F/S
1-1 2.5m 3 2
1-2 94m®  x 38m x 800kW 3 1 1
1-3 32m¥  x 38m x 280kW 3 3
1-4 94m3/  x 25m x 540kW 3 1 1
2-1 2.0mW x 9.5mL 6 4
2-2 1.4m 9 6
2-3 7.5m% 2
2-4 3.0m% 2
3-1 15.0mW x 13.0mL x 5.5mD 12 8
3-2 15.0mW x 17.0mL x 5.5mD 12 8
3-3 160m%  x 6500mmAq x 260kW 9 3 2
34 12 8
3-5 8m%  x 17m x 45kW 12 8
4.
4-1 5.0mW x 30.0mL x 4.0mD 24 16
4-2 2 1 12 8
5-1 47m®  x 8m x 110kwW 7 1 1
5-2 12m? 3 2
6-1 3.0m 6 1 1
6-2 40m® 2 1
7-1 2,500kVA
7-2 20kW
8.
8-1 240m°/
8-2 760m?/
8-3 380m*/ 1 0
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51

511

1)

2) L.C. FC.
3) 2%
4) 10%
5) 10%
6) 3.3 %/ 2.4 %] 52.1
7) 2010 10 1Baht=2.76 1 =83.63
8)
9) JICA
/ 0.65% 40
10

10) L/A 0.1 %

11) 5%
7%

5.1.2

1)

2) EU

3)

101



BMA

5.1.3
FIS 511
Baht 216 7,198 Baht
199 7 Nong Bon M/P
-7
511
No.
1,000 Baht 1,000 Baht 1,000 Baht
1.
A
Al 155,811 294,995 450,806
A2 52,109 123,513 175,622
A-3 215,634 480,650 696,284
A-4 287,992 167,506 455,498
A-5 113,862 73,907 187,769
A-6 96,858 111,363 208,221
A-7 177,909 11,697 189,606
A-8 20,257 173,179 193,436
(A) 1,120,432 1,436,810 2,557,242
B
B-1 1,609,424 0 1,609,424
B-2 721,165 0 721,165
B-3 137,000 0 137,000
(B) 2,467,589 0 2,467,589
(1) 3,588,021 1,436,810 5,024,831
2. 100,497 0 100,497
3. 358,802 143,681 502,483
4, 404,732 158,049 562,781
5. 696,347 195,584 891,931
6. 63,587 23,393 86,980
7. 20,320 7,683 28,003
8. 366,261 270,787 637,048
(2-8) 2,010,546 799,177 2,809,723
5,598,567 2,235,987 7,834,554
5,232,306 1,965,200 7,197,506
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Nong Bon 511
Nong Bon 51 % 49 %
49% 51%
]
511
Nong Bon 512
25 %
52 %
8 % 15%
8%
8% °
7% [l
O
7% o
[ ]
o
[]
O
512
513
65 % 29% 6%
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6%

513

514
65 % 35 %

7%

6%

O OB OO @B O

514

5.14

F/S
512

Baht/ 309 /

104

112.1



512

Baht/

14.8

515

20.0

4.8

13.8

4.0

N|jo|g|lMwNIE

3.1

1121

Nong Bon im

2.11 Baht/m®

Din Deng

5.15

BMA

Nong Bon

105

3.41 Baht/m®

F/S

2.91 Baht/m®
100 mg/I



51.3 Nong Bon
23% 1,193.2 Baht
5.13
Baht Baht
3,316.2 5,203.9 100 %
759.0 1,193.2 23 %
2,557.2 4,010.7 77 %
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5.2

521
JICA
JICA
L/A 52.1
72 6
5.2.1
1 2 3 4 5 6 7
L/A - v
12 1
12 |
12 —
36 | _
12 —
36 I
24 | | | “
JICA
522 5.2.3
5.2.2
12|34 |56 | 7|8/ 9]10
RFP I
RFP ——
JICA RFP |
RFP —
N
]
JICA ]
JICA
|
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523

1123 4|5 |6]|7]s8 10 | 11 | 12
I
JICA ]
——
JICA -
1
=
JICA "]
[ ]
JICA [ ]
524 525 36 DDS
4
2 2 (3.6
5.2.6
5.24 4
1 2 3

North Nong Bon _#-M

South Nong Bon hﬁ-ﬂﬁ

Prawet M—ﬁd

Dok Mai
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525

526

North Nong Bon

South Nong Bon

5.2.2

Prawet Vﬁ
Dok Mai ﬁ
—— o
2 DDS

527
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527

Baht
2 3 4 5 6
L.C. 0 0 0 373.5 373.5 3735 | 1,1204
F.C. 0 0 0 478.9 478.9 4789 | 1,436.8
0 0 0 852.4 852.4 8524 | 2,557.2
L.C. 0 0 0 822.5 822.5 8225 | 2,467.6
F.C. 0 0 0 0 0 0 0
0 0 0 822.5 822.5 8225 | 2,467.6
L.C. 0 0 0| 1,19.0| 1,196.0 | 1,196.0 | 3,588.0
F.C. 0 0 0 478.9 478.9 4789 | 1,436.8
0 0 0| 16749 | 16749 | 16749 | 5,024.8
L.C. 0 71.8 71.8 71.8 71.8 71.8 358.8
F.C. 0 28.7 28.7 28.7 28.7 28.7 1437
0 100.5 100.5 100.5 100.5 100.5 502.5
L.C. 2.2 14.8 17.9 306.6 354.9 404.7 | 1,101.1
F.C. 0 4.3 5.0 101.3 114.7 128.4 353.6
2.2 19.1 22.9 407.9 469.5 533.1 | 1,454.7
L.C. 24 4 30.6 30.5 163.7 155.2 146.3 550.7
F.C. 2.1 45 4.5 100.6 96.9 93.2 301.9
26.5 35.1 35.1 264.2 252.2 2394 852.5
L.C. 26.7 117.1 120.2 542.0 581.8 622.7 | 2,010.5
F.C. 2.1 375 38.3 230.6 240.4 250.3 799.2
28.8 154.7 158.5 772.6 822.2 873.0 | 2,809.7
L.C. 26.7 117.1 1202 | 1,738.0 | 1,777.8 | 1,818.7 | 55986
F.C. 2.1 375 38.3 709.5 719.3 729.2 | 2,236.0
28.8 154.7 158.5 | 2,447.6 | 2,497.1 | 25480 | 7,8346
% 0.4 2.0 2.0 31.2 31.9 32.5 100.0
5.2.3 2
2 1 Nong Bon North  Nong Bon South 2 2
Prawet Dokmai 2 5.2.8
5.2.9
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5.2.8 2
No.
1,000 Baht 1,000 Baht 1,000 Baht
1.
A
Al 155,811 294,995 450,806
A2 52,109 123,513 175,622
A3 215,634 480,650 696,284
A4 287,992 167,506 455,498
A5 113,862 73,907 187,769
A6 96,858 111,363 208,221
A7 177,909 11,697 189,606
A8 20,257 173,179 193,436
A 1,120,432 1,436,810 2,557,242
B
B-1 1 981,052 0 981,052
B-2 444,825 0 444,825
B-3 1 91,000 0 91,000
B-4 2 628,373 0 628,373
B-5 276,340 0 276,340
B-6 2 46,000 0 46,000
(B) 2,467,590 0 2,467,590
1) 3,588,022 1,436,810 5,024,832
2. 100,497 0 100,497
3. 358,802 143,681 502,483
4. 404,732 158,049 562,781
5. 810,791 195,584 1,006,375
6. 123,881 59,035 182,916
7. 25,020 7,825 32,845
8. 378,822 273,292 652,114
(2-8) 2,202,545 837,466 3,040,011
5,790,567 2,274,276 8,064,843
5,411,745 2,000,984 7,412,729
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5.29 ( )
Baht
2 4 5 6 7 8 9

L.C. 0 0 0| 3735| 3735| 3735 0 0 01,1204
FC. 0 0 0| 4789 | 4789 | 4789 0 0 01,4368
0 0 0| 8524 | 8524 | 8524 0 0 0| 2,557.2
L.C. 0 0 0| 5056 | 505.6| 5056 | 3169 | 3169 | 316.9 | 2,467.6
FC. 0 0 0 0 0 0 0 0 0 0
0 0 0| 5056 | 505.6| 5056 | 3169 | 3169 | 316.9 | 2,467.6
L.C. 0 0 0| 8791 | 879.1| 879.1| 3169 | 3169 | 3169 | 3,588.0
FC. 0 0 0| 4789 | 4789 | 4789 0 0 0| 1,436.8
0 0 01,3580 | 1,358.0 | 1,3580 | 316.9 | 316.9 | 316.9 | 50248
L.C. 0 718 71.8 71.8 71.8 71.8 71.8 0 0| 3588
FC. 0 28.7 28.7 28.7 28.7 28.7 28.7 0 0| 1437
0| 1005 | 1005 | 1005 | 100.5| 1005 | 1005 0 0| 5025
L.C. 2.2 148 179 | 2309 | 267.3| 3049 | 1126 | 1257 | 139.2 | 1,2155
FC. 0 4.3 50| 101.3 | 114.7 | 1284 0 0 0| 3536
2.2 19.1 229 | 3322 | 3820 | 4323 | 1126 | 1257 | 139.2 | 1,569.2
L.C. 25.0 315 315 | 1527 | 147.0| 1410 334 33.2 329 | 6282
FC. 2.1 47 47| 113.0| 109.6 | 106.0 0 0 0| 3402
27.2 36.1 362 | 2657 | 256.6 | 247.0 334 33.2 329 | 9684
L.C. 27.3 118.0 121.2 455.4 486.1 517.6 145.9 158.9 172.1 | 2,202.5
FC. 2.1 377 384 | 2431 | 2530 | 263.1 0 0 0| 8375
294 | 1557 | 159.6 | 6985 | 739.1 | 780.8| 1459 | 1589 | 172.1 | 3,040.0
L.C. 27.3 118.0 121.2 | 1,3345 | 1,365.2 | 1,396.7 462.8 475.8 489.0 | 5,790.6
FC. 2.1 37.7 384 722.0 732.0 742.1 0 0 0| 2,274.3
294 | 1557 | 159.6 | 2,0565 | 2,097.2 | 2,138.8 | 462.8 | 4758 | 489.0 | 8,064.8
% 0.4 19 20 25.5 26.0 26.5 5.7 5.9 6.1 | 1000
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5.3

DDS
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5.3.1
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5.4

54.1
(1)
Nong Bon JICA FIS BMA  DDS
NESDB
3
BMA BMA ODA
DDS DDS DDS
BMA BMA BMA
MOl MOl MOI
BMA
(BMA ) (BMA ) (ODA )
\_ 2N AN
BMA
54.1
10 Baht
BMA ODA
BMA
2
(n 362 3.6.10
BMA DDS
WQMO PSMS PSMS
PSMS 4
3 PSMS
Nong Bon
Nong Bon PSMS/DDS
DDS
2 Thon Buri ~ Min Buri
DDS 3 5
3 6
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DDS BMA

5
DDS ““e- 77
Bang Sue 3 3
DDS 5 6
Bang Sue DDS
BMA 5
Bang Sue DDS ““Bang Sue 7z
8 DDS
WQMO 3
1 2 1
DDS 3
Nong Bon
Nong Bon
[ = vns rmezns | [ zemszzas |

BHoL YAy Mk ':"’
B

L
HWEEFBREEAS ITHEMERESES

IS THER

B

DDS, BMA
5.4.2
3
DDS
BMA JICA ODA
DDS 2
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Klong Toei

““Bang Sue i 8
/ ““Bang Sue 7z
Bon
541
JICA
ODA JICA
ODA DDS JICA
/
5.4.2
(1)
1 2 3 3
Nong Bon 2
7 5
2 DDS Nong Bon
(2
DDS 5
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€

Chatuchak Nong Bon
Chatuchak
BMA IBC Construction and Development 2006 5
26 54 2010 11 28 BMA GUSCO-GEM
150,000m*/
5Q
750,000 m*/ 181 13
199 37.5km
= +A><Q1+B><Q2+ C><Q3
A B C Qi Q Qs
CPI
40%
4 46
1,000 3~6
/
6
Chatuchak Nong Bon
2020 49 2030 52 2040 55 MWA 2009
1,000 2.13
BMA 2
BMA
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(4)

() 4.2 43 PPP
BMA
BMA
PI
(5
() 4.2 4.1 (6) PI
IWA 2003
PI 2007 1SO PI
) 4212
BMA PI
DDS
PI DDS
DDS Pl
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Pl

DDS
5.4.2 (PIs)
PI
/ x100
/ x 100
1km /
im /
/
x100
(BOD) / (BOD)
(BOD) X100
(SS) (SS)/ (SS)x100
(T-N) (T-N)/ (T-N) x100
(T-P) (T-P)/ (T-P)x100
/ x100
( )/
/
(BOD) /
(BOD) (BOD) x 100
(T-N) /
(T-N) (T-N)x100
(T-P) /
(T-P) (T-P)x100
( ( )/
) ( )x100
(10 / x100,000
(10 ) / x100,000
) ( )/
( 4 /
100 m® ) 1,000,000
(BOD) (1- BOD / BOD ) x 100
/ x100
/ x100
1 CO; /
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(6)

WQMO

DDS 5
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5.5

55.1

)

(2)
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DDS

JICA

DDS

123



DDS JICA JICA

JICA

JICA DDS
JICA
DDS JICA

5.5.2

BMA
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Pl

542

3.7.1

3.7.3

125

3.7.2
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6. IEE

6.1

6.1.1

DDS

6.1.2

1)
2)
3)
4)

5)
6)
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6.2
6.2.1
1992 Enhancement and Conservation of

National Environmental Quality Act
NEB: National Environmental Board

NEB ONEB: Office of the National
Environmental Board (MONRE: Ministry of Natural Resources and
Environment MONRE 3 NEB

(NEB)
> (MONRE)
> (ONEP)
> (PCD)
> (DEQP)
6.2.1

- ONEP: Office of Natural Resources and Environmental Policy and
Planning

- PCD: Pollution Control Department

- DEQP: Department of Environmental Quality Promotion

PR
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6.2.2

1992 Enhancement and Conservation of National Environmental Quality Act
7 115
(MONRE
1
2
3
4
5
6
7
3 4
(1)
46
47 48
49
6.2.1
6.2.1
1 1 m
15km?
2 8 12,800 ha
3
1)
2)
3) 2%
4)
5) 50m
4 500
5
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6
7
8 1B *x
9
1)
100t/
2)
3)
4) 100
5) 100 / 1 24
6)
) 50 /
8) 50 /
10
11
12
13
1)
2) 20 /
14
15 10 MW
16
1)
2)
17
18 80
19 80
20 23m
10,000m?
21 500 100 16ha
22
1) 1) 30
2)
2) 60

Kk

: Environmental Impact Assessment in Thailand (2007), ONEP, MONRE
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(2)

47

49

NEB

6.2.2

Government Agency, State
Enterprise

d

NEB

v
Prepare EIA at the stage of

conducting Feasibility Study

!

ONEP makes comment

.

Expert Review Committee

|

National Environmental Board

submits comment

|

The Cabinet

Decision to Approve or

disapprove EIA

ONEP

ONEP approves Term of Reference

Expert person or institution submits opinion

: Environmental Impact Assessment in Thailand (2007), ONEP, MONRE

6.2.2
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)

Enhancement and Conservation of National Environmental

Quality Act 3 32
32
55
55 PCC (NEB)
BMA
1 322
(4)
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6.2.2

Environmental Quality
Promotion and Prevention
Act, 1992

Factory Act, 1992

MOIn : Ministry of Industry

Navigation in Thai Water
Act, 1913
1992

Hazardous Substance Act,
1992

BMA Service Administration
Regulations Act, 1985
1996

BMA
) BMA

( 1977

Building Control Act, 1979

1992

Code of Law (1994)

PCD

Effluent Quality Standard

The Land Development Act,
2000

(5)

EIA

1992
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EIA
EIA




JICA

6.2.3

)

64 km® 80 %

Bang Na Districts

Klong Phra Kanong

213 Klong Phrakanong
Klong Bang Na
Im 2 2m 16m
< >
35°C  39°C
12 2 20°C 6.2.3
< >
2004 2009 6
5 1
200 mnv 6.2.3
< >

133

Prawet District

DDS

2011

Suang Luang

Klong Phrakanong

1/3
Samut Prakarn

1,160 mm 2,272 mm

50% 70%



60% 6.2.3
>
10 1 2 9
6.2.4
6.2.3 2004 2009
() ) y | ey | () (. %)
(mm/ )
1 35.5 18.5 27.4 27.9 2 26.7 63.2
2 36.3 19.3 28.5 36.2 3 21.1 68.8
3 37.4 22.9 30.1 24.9 4 17.7 69.6
4 38.5 23.6 30.8 162.4 9 85.8 69.8
5 36.8 23.8 29.6 275.2 18 63.1 74.4
6 36.2 22.8 29.5 219.9 19 58.1 74.2
7 35.5 24.1 29.1 199.6 18 441 73.6
8 35.9 23.9 29.2 194.8 18 457 73.4
9 36.1 23.3 28.8 296.1 22 75.7 76.6
10 36.2 23.4 29.0 255.3 15 70.9 74.0
11 36.7 21.0 28.5 29.7 4 195 64.4
12 35.3 19.9 27.6 1.6 1 1.9 60.6
- - - 1,723.5 133 - -
: Thai Meteorological Dept.
2009 6 2011 4
1 2 4 6 7 8 10 11 12
: Windfinder
150
6.2.3
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IBA: Don Hoi Lot |

© .'\{ Nong Bon

I- 0 50 100 km
N ———
: National Parks in Thailand (2006) , National Park, Wildlife and Plant Conservation Department, MONRE
6.2.3
Important Bird Area: IBA
Don Hoi Lot (Samuthsong Kram 6.2.3 30 km
Nong Bon
1) Nong Bon
2) Prawet district Nong Bon
Samut Prakarn 7km Nong Bon
3) Nong Bon 1km 0.8km
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4)

(2)

Klong Phra Kanong

Klong Phra Kanong

Samut Prakarn

DDS

50dB

20

500m

3/
90dB 500m

Klong Phra Kanong
Klong Phra Kanong
2/3
1/3 Klong Bang Na

Klong Phra Kanong Klong Bang Na
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l I/
1181 @
463. 1091 @
1 G 1081O O ‘1102 461
Q ™~ 1171 083 /.1101 \
271
1112 ‘ N
1151 1082
\ 1121. 1111
1141 1131 j
1361\
281
© / ~ LEGEND
— @) 282 Waterquality (BOD)
. morethan 20 mg/l
O from 16 mg/l to 20 mg/l
O from 11 mg/l to 15 mg/l
. 10mg/l and below
:DDS
6.24 Klong 2009 BOD
6.2.5 5
PMyo
PMy
District 6.2.6
6.25
PMyo
(24 (8 1 (24 (1
(24 mg/m?) m b b) b)
i) g PP PP PP PP
2003 0.04 0.48 0.013 0.209 0 130 0 145.0 0.7 22.0 0 166.0
2004 0.01 0.77 0.022 0.225 0 106 0 143.0 04 236 0 172.0
2005 0.01 0.72 0.012 0.216 0 82 0 110.0 0.0 37.3 0 170.0
2006 0.03 0.80 0.010 0.206 0 86 0 137.0 1.0 18.6 0 182.0
2007 0.03 0.76 0.010 0.243 0 94 0 102.0 0.4 19.0 0 150.0
0.33 0.120 9 100 120 170

: Bangkok State of The Environment 2006-2007, Department of Environment, BMA
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6.2.6 District

TSP (mg/m?) PMy (mg/m°)

Bang Na Bang Na-Trad in front of Bang Na | 2007 14 0.332 0.973 0.113 0.261
1 Hospital 2008 10 0.218 0.486 0.082 0.255
2009 11 0.161 0.411 0.077 0.197
2010 36 0.138 0.542 0.052 0.192
2011 14 0.127 0.421 0.068 0.166
Sukhumvit Rd. Police box, 2008 3 0.201 0.334 0.075 0.130
Udomsuk intersection 2009 14 0.280 0.433 0.119 0.216
2010 39 0.093 0.623 0.036 0.297
2011 14 0.140 0.499 0.071 0.371
Bang Na-Trad 2008 6 0.218 0.390 0.067 0.154
Bang Na intersection 2009 8 0.213 0.430 0.081 0.409
2010 39 0.142 0.494 0.058 0.183
2011 14 0.153 0.285 0.088 0.230
Soi Bang Na-Trad 21 2009 5 0.184 0.341 0.098 0.172
2010 39 0.073 0.355 0.043 0.184
2011 14 0.131 0.411 0.054 0.137
Prawet On-nut Rd.-Police Box 2007 14 0.132 0.409 0.063 0.132
Prawet Police station 2008 7 0.206 0.308 0.103 0.199
Srinakarin Rd. 2007 14 0.089 0.243 0.042 0.132
Police box - Seri center 2008 7 | 0.248 0.305 0.140 0.194
Srinakarin Rd. Land office- 2008 2 0.123 0.159 0.067 0.089
Prakanong branch 2009 6 0.172 0.219 0.090 0.123

Chalerm Prakiat Rama 9,
Soi 73 Shell gas station 2010 30 0.060 0.248 0.031 0.150
Chalerm prakiat Rama 9 Park 2010 44 0.090 0.370 0.050 0.199
Rachawadi gate Shell station 2011 14 0.141 0.281 0.073 0.159
Suan Luang | Onnut Rd. - Police box 2008 3 0.117 0.290 0.057 0.094
Suan Luang intersection 2009 6 0.149 0.281 0.077 0.145
2010 30 0.058 0.155 0.031 0.091

: Department of Environment, BMA
6.2.7
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6.2.7

dB
2002 62.7-83.7
2003 66.2 - 86.3
2004 63.8 - 80.6
2005 60.8-90.3
2006 58.4-88.1
2007 54.5-83.3
70

: Bangkok State of The Environment 2006-2007,

Department of Environment, BMA

6.2.8 2009

District (dB) %)
Wong Thong Lang Bodindecha School 51.2 73.0 2
Bang Kapi Khlong Chan- National Housing Authority 53.4 63.4 0
Yan Nawa Nonsi Witthaya School 51.3 83.9 25
Bang Kun Thien Sing-racha Pitthaya School 53.2 68.8 0

- (dB)

District %)
Huai Khwang Huai Khwang-NHA Stadium 63.5 70.6 0
Pom Prap Sattru Phai Wongwien 22 66.0 81.9 98
Thon Buri Thonburi Power Substation 65.8 74.6 58
Bang Kapi Chokchai Police Box 70.2 73.9 100
Din Daeng Din Daeng-National Housing Authority 66.7 84.8 99
Phra Nakon Pha-hu-rat 74.4 78.9 100

70dB( )
:PCD
District 6.2.9 6.2.10 District
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6.2.9 District
(dB) (dB)
Bang Na Bang Na-Trad in front of | 2007 14 79.5 81.7 87.3 125.7
Bang Na 1 Hospital 2008 10 76.1 77.1 86.4 117.7
2009 11 727 79.7 83.6 113.1
2010 36 76.1 78.0 83.1 111.0
2011 14 76.6 78.0 85.6 113.2
Sukhumvit Rd. Police box, 2008 3 75.3 82.0 90.4 105.2
Udomsuk intersection 2009 14 78.9 80.2 92.2 111.2
2010 39 76.4 80.4 86.3 114.3
2011 14 775 80.9 90.5 113.2
Bang Na-Trad 2008 6 76.8 78.9 84.5 109.5
Bang Na intersection 2009 8 754 78.8 88.8 110.9
2010 39 72.4 80.3 78.8 116.1
2011 14 76.4 78.6 88.2 114.9
Soi Bang Na-Trad 21 2009 5 77.1 78.6 85.2 110.5
2010 39 75.0 815 83.0 112.6
2011 14 76.8 78.1 86.2 112.9
Prawet On-nut Rd.-Police Box 2007 14 71.6 72.9 81.1 111.8
Prawet Police station 2008 7 714 72.3 83.6 107.6
Srinakarin Rd. 2007 14 73.6 75.9 85.7 111.1
Police box - Seri center 2008 7 734 74.0 86.6 108.4
Srinakarin Rd. Land office- 2008 2 774 77.5 85.8 108.3
Prakanong branch 2009 6 77.1 77.9 87.9 122.7
Chalerm Prakiat Rama 9,
Soi 73 Shell gas station 2010 30 73.0 76.2 83.9 110.5
Chalerm prakiat Rama 9 2010 44 70.2 76.0 81.3 110.4
:;i:‘oia‘:hawad' gate Shell 15011 14 740 76.8 86.2 1100
Suan Onnut Rd. - Police box 2008 3 716 71.8 82.7 105.2
Luang Suan Luang intersection 2009 6 72.0 78.1 82.7 103.1
2010 30 70.3 77.4 79.0 112.4
: Department of Environment, BMA
6.2.10 Prawet District
(dB)

2010 5 31 20010 6 4 56.3 59.7 n=75

2010 8 17 2010 8 20 55.7 575 n=49

2011 3 14 2011 3 18 57.1 615 n=71

: Department of Environment, BMA
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()

BMA  Prawet District 2 District Suang
Luang Bang Na District BMA

Bang Na District

2.11
1960 1990
1990
6.2.11
6.2.11
) 008 2030 2040

1,569.9 6,586,947 7,322,390 7,626,000
Prawet District 52.49 176,089 203,770 216,470
Suan Luang District 23.68 133,872 145,170 149,510
Bang Na District 18.17 115,887 115,950 115,950
Nong Bon Project Area 63.85 222,293 251,574 264,883
Project Area (Prawet District) 52.49 176,089 203,770 216,470
Project Area (Suan Luang District) 6.69 18,787 20,372 20,981
Project Area (Bang Na District) 4.67 27,417 27,432 27,432
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Prawet District

142

( 6.2.12 )
6.2.12

2004 3.4 3.2

Baht/ 101,304 283,780

2005 % 5.4 33

15 2005 Less than primary (%) 34.6 19.4

Primary (%) 19.7 15.6

Lower secondary (%) 16.4 15.6

Upper secondary (%) 12.1 18.4

Diploma (%) 3.3 4.4

University (%) 8.0 22.5

2005 % 1.3 1.9

2004 , Baht/ 14,778 29,696

2004 , Baht/ 10,885 19,841

2004 % 66.4 45.8

2004 , Baht 157,439 351,000

, % 99.8 100

, % 99.2 99.9

, % 98.9 99.7

, % 23.9 51.2

, % 36.7 59.3

, % 12.0 25.9

: Thailand Human Development Report 2007, UNDP

Prawet District 6.2.13




6.2.13 2008

BMA Prawet District A
District
7.134 4112 17.123
0.666 0.312 2.212
0.036 0.045 0.245
0.022 0.028 0.092
A 0.004 - 0.031
B 0.048 0.062 0.238
A B 0.009 - 0.044
0.072 0.028 0.248
0.374 0.261 1.315
0.713 0.466 2.431
0.021 0.011 0.113
0.676 0.505 1.791
0.140 0.136 0.431
1.587 1.459 2.605
0.001 - 0.018
0.018 - 0.055
1.109 1.159 2.188
0.360 0.352 1.270
0.452 0.216 1.453
: Annual Epidemiological Surveillance Report 2008
6.2.4
(1)
BOD 10 mg/l

(BOD) 20 mg/I
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(BOD) 20 mg/l

4.2 4.3

(2)

Nong Bon 6.2.14

6.2.15
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6.2.14

HIV
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6.2.15

DDS

2011 2 3

6.2.6

6.2.5

1)

2)

6.2.1

10

11

12

HIV/AIDS

HIV/AIDS

13
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14 B
15 D
16 D
17 D
18 D

C

Nong Bon
Nong Bon Nong Bon
2.1.3 443
19 D
20 D
6.2.2
Klong
21 D
22 D
23 D CO,
klong

24 B

D

147




25

Klong

26

27

28

29

30

31

0O w>

IEE

EIA

HIV
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Klong
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6.2.1 Nong Bon

6.2.2 Nong Bon

(3)

6.2.16
6.2.17
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6.2.16

HIV/AIDS
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6.2.17

< L}
>
< > .
.
< > L)
< > L)
L)
.
< > .

* Phra Kanong

(4)

Ta Cham, Kwang
Klet

Kwang

6.2.18

1999 JICA
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(5)

6.2.19
DDS
115dB *1
- WWTP DDS
- =70dB *1
TSP 0.33 mg/m®
TSP Pbs *2
- WTP , DDS |,
TSP PMyy PMys

*1: Notification of Environmental Board No. 15 B.E.2540 (1997) under the Conservation and Enhancement of
National Environmental Quality Act B.E.2535(1992)
*2: Notification of Environmental Board No. 10 B.E.2538 (1995) under the Conservation and Enhancement of
National Environmental Quality Act B.E.2535(1992)
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6.2.20

s pH BOD COD DO BMA
DDS 1 3.25
pH BOD SS
4 DDS
pH BOD SS BMA
DDS 1 3.2.2
4 DDS 115dB
=70dB *1
15
(
4 DDS
)*2
As: 0.005
Cd: 0.0005
Hg: 0.0002
4 DDS | Ni:0.03
Cr:0.05
Pb: 0.01
unit: mg/dry-g *3

*1: Notification of Environmental Board No. 15 B.E.2540 (1997) under the Conservation and Enhancement of

National Environmental Quality Act B.E.2535(1992)

*2: Ministerial Regulation, Prescribing the Industrial Air Odor Test Standard and Process B.E. 2548, Ministry of

Industry
*3: 2000 10

(6)
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6.2.21

DDS

30km

Nong Bon
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6.2.22




6.2.22

Yes: Y
No: N Yes/No )
(a) EIA (a) N (a, b, )
) (b) N EIA
(b) EIA (ON
(1EIA (d)N
(c) EIA JICA
(d)
(d
(@) (@Y (a)
(2) (o) Y 2
(b)
(b)
(@) (@Y (a)
(3)
(a SS BOD (@Y (a)
COD pH ()N BMA
(b) 1 322
(a (@Y (a)
@) Nong Khaem
(a @Y (@
(3)
(@ @Y (a
4)
(a @Yy (a
(5)
(a (AN (@
(1)
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Yes: Y
No: N Yes/No
(@) (AN (a)
(b)N
(o N
(dN
(b) (b)
2 30 km
(0 (©
(d)
(d)
(@) (a)N (ab,cdefghi.j)
(b) N
(©ON
(b) (d)N
(e)N
(HN
(c) (9N
(hN
()N
(d) ()N
(1) (e)
(M
(9)
(h)
(i)
)]
(@) (AN (a)
(b)N
(b)
(2
(b)
(@) (a)N (a)
(3)
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Yes: Y
No: N Yes/No )
(@) (AN (a)
(4) 2
DDS
(a) (@N (a,b)
(%) (OIN
(b)
(a @Y (a, b, c, d)
(b)Y DDS 7
(b) ©Y
(d)Y
Nong Bon
(6) (© DDS
(d)
(@) @Y (a)
(b) N
Y
(b) (d)Y
(0
(b)
(1) (d)
(©
(d)
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Yes: Y
No: N Yes/No
(a @Y (@
(b)Y
©Y
(b) (@Y
(b)
(0
(2 ©
(d) DDS
7
Nong Bon
(d)
(a (N (@)

1

2)
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6.3

6.3.1
F/S
2010 11 12

a)

b)

c)

d)

350
6.3.2
[ 1
49
8,700 Baht/
1%
1,965 Baht/ 29 Baht/
14% 57% 0.1%
[ 1
94%
59% 32%

160

50

34,300 Baht/

489 Baht/



9%

350 B/

14%

1%

20%

22%

78%
73 B/

/

161

6%

1 32% 2
48%

3%

54% 32%

20%

37%
33%

5%



6.3.1

W (NN W

12

25

50

6.3.2

(Baht/ )

Baht/m®

1,000

0.25

10,000

600

5,000

2.0

1,650

320

227

6.3.3

- FIS Nong Bon

10,000

162

1.5




73Baht/
1/7
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6.4

Nong Bon 2011 2 17 3 29
Nong Bon
2
2
6.4.1 1
1 Nong Bon 56
12 113 Prawet District Office
DDS Nong Bon
- 2
Din Daeng
6.4.2 2
2 119
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Dusit Princess Hotel  Prawet district)

DDS Nong Bon
- Srinakarin
- Saen Saep
6.4.3
2 Nong Bon Din Daeng
Srinakarin
DDS
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7.1

BMA DDS

7.1.1 BMA

BMA 2006 2008 3

10 9 (2010 2009.10 2010.9)

BMA
2009
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7.11 2006 2008
(Baht)
2006 2007 2008
39,874,864,585| 45,181,212,030| 42,542,457,253
473,521,901 78,689,166 40,524,747
262,515,368 225,325,630 330,781,144
9,748,705| 1,579,706,018 40,498,860
40,620,650,559| 47,064,932,843| 42,954,262,003
545,237,000 545,237,000 545,237,000
30,827,183,376| 32,334,507,281| 34,643,724,827
15,289,783,570| 18,107,640,406| 22,178,018,401
59,776,541 100,039,880 110,234,029
13,082,584,334| 15,534,122,003] 19,731,995,354
59,804,564,821| 66,621,546,570| 77,209,209,611
100,425,215,379| 113,686,479,413| 120,163,471,614
669,162,545 254,757,513 370,590,182
141,688,596 215550,739 58,573,576
18,940,701 12,511,948 14,128,701
- 1,967,865,507 626,283,066
751,028 2,509,978 5,221,348
2,486,366,072 1,346,539,201 995,646,141
3,316,908,941| 3,799,734,887] 2,070,443,015
599,306,149
368,516,520 521,711,055 547,929,954
3,734,991,092| 4,473,041,570] 6,039,388,611
4,103,507,612 4,994,752,625( 7,186,624,714
7,420,416,552 8,794 487,512 9,257,067,729
38,948,031,472| 38,948,676,075| 38,979,690,615
18,185,010,601| 25,249,623,140 31,675,848,412
BMA 35,871,756,754| 40,693,692,686] 40,250,864,859
93,004,798,827| 104,891,991,901| 110,906,403,886
100,425,215,379| 113,686,479,413| 120,163,471,614
2006 2007 2008 Average
1225% 1239% 2075% 1513%
93% 92% 92% 92.4%
64% 64% 70% 65.8%
8.0% 8.4% 8.3% 8.2%
:BMA
BMA 772 Baht 93  Baht
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712 2006 2008
(Baht)
| 2006 | 2007 2008 |
BMA 43,682 516,282 43,659,933,561 45 483,599,386 44,275,349, 743 72.94%
BMA 7,114.700,000 0 4,621 247,890 3,911,982,630 6.44%)|
971,931,997 1,110,395,217 569,363,385 883,897,033 1.46%
10,827,790 540 11,843,664,717 12,202,752,079 11624,735,779 19.15%
0 1,863,382 4,552,142 2,138,508 0.00%
62,596.938,819 56,615,856,877 62,881,515,382 60,698,103,693 100.00%
10,665,471,984 11,570,106,577 12,880,759,362 11,705,445,974 25.34%
15,797,252 011 16,804,115, 114 19,831,300,833 17,507,558,986 37.90%
937,172,752 905,391,919 814,107,958 885,557,543 1.92%
2,586,047,737 3,097,248 171 3,746 922,590 3,143,406,166 6.81%
5283712 0 0 1,761,237 0.00%
1,176,359 236 1,668,941,178 2,555,084,881 1,800,128,432 3.90%
861,906,916 1,047 241,843 484,028,302 797,725,687 1.73%
8,876,968,868 11,044,139 001 11,119 371,652 10,346,826,507 22.40%
40 906 463 216 46.227,183,804 51,431,584,576 46,188,410,532 100.00%
21 690,475,604 10,388,673,072 11,449,930,805 14,509,693, 160
1,173,814 5,268,092 4,705,646 3,715,851
21,689,301,789 10,383,404,980 11,445,225,160 14505,977,310
2006 2007 2008
34.6% 18.3% 18.2% 23.7%
153%) 122 122 133%
ROA
(ROA) 21.6% 9.1% 9.5% 13.4%
(ROE) 23.3% 9.9% 10.3% 14.5%
:BMA
BMA 607 Baht 19%
462 Baht
23.7% ROA ROE 10% BMA
BMA
6.8%
BMA
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7.1.2 BMA

713 BMA

7.13

BMA

5

BMA
6%

2007—2011

2010

2009
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94%

7.18
BMA
2008
BMA
7.14



0LT

7.1.3 BMA

(Baht)

2550 2551 2552 2553 2554

2007 2008 2009 2010 2011
Annual Revenue of BMA
1. Tax 40,258,080,841 42,639,532,397 36,032,286,541 42,283,310,000 44,133,000,000 41,069,241,956 93.6%
2. Fees, Permission Charge, Fines and Services 968,463,438 988,537,793 960,549,224 950,480,000 1,150,000,000 1,003,606,091 2.3%
3. Property Management 1,495,457,361 1,304,242,503 681,426,191 302,280,000 323,000,000 821,281,211 1.9%
4. Commercial Infrastructure and etc. 35,202,866 41,805,544, 34,870,470 30,650,000 34,000,000 35,305,776 0.1%
5. Miscellenous 643,629,846 496,515,115 793,131,696 2,483,220,000 360,000,000 955,299,331 2.2%

43,400,834,353 45,470,633,352 38,502,264,123 46,049,940,000 46,000,000,000 43,884,734,365
BMA
7.1.4 BMA
(Baht)

2550 2551 2552 2553 2554

2007 2008 2009 2010 2011
Annual Expenditure of BMA
1. General Administration 8,359,262,200 9,738,893,800 9,140,100,500 8,695,308,000 10,343,264,100 9,255,365,720 21.3%
2. Cleansing and Tidiness Management 6,945,997,700 7,063,651,400 7,694,338,800 6,781,565,400 6,528,033,500 7,002,717,360 16.1%
3. Civil Engineering and Transportation 6,310,388,600 7,824,462,700 9,502,949,300 6,839,042,500 9,247,871,600 7,944,942 940 18.3%
4. Drainage and Wastewater Management 4,327,169,300 3,403,212,200 4,392,755,400 4,162,919,900 3,863,689,700 4,029,949,300 9.3%
5. Social Services and development 4,268,172,600 7,568,494,200 4,900,007,800 5,005,342,300 5,536,988,100 5,455,801,000 12.6%
6. Public Health 4,560,127,100 4,877,101,300 5,440,200,900 5,331,121,400 5,710,355,500 5,183,781,240 11.9%
7. Education 4,228,882,500 4,524,184,400 4,929,647,300 4,184,700,500 4,769,797,500 4,527,442 ,440 10.4%

39,000,000,000 45,000,000,000 46,000,000,000 41,000,000,000 46,000,000,000 43,400,000,000
4. Drainage and Wasterwater Management DDS

BMA



5 BMA 9% BMA

Composition of BMA Revenue

o1 Tax

B 2. Fees, Permission Charge,
Fines and Services

O 3. Property Management

0 4. Commercial
Infrastructure and etc.

B 5. Miscellenous

93.6%

7.11 BMA

Compositon of BMA Expenditure Budget

O 1. General Administration

10.4%

W 2. Cleansing and Tidiness
Management

0 3. Civil Engineering and
Transportation

0 4. Drainage and Wastewater
Management

Bl 5. Social Services and
development

@ 6. Public Health

11.9%

126%

18.3% B 7. Education
7.12 BMA
7.1.3 DDS
(1) DDS
DDS 5 2007—2011
7.15-6
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[4A}

7.1.5 DDS 2007 2011
(Baht)
2550 2551 2552 2553 2554
2007 2008 2009 2010 2011
Annual Budget of DDS
1. General Administration 27,714 400 41,286,200 41,241,600 71,209,300 62,731,200 48,836,540 1.5%
2. Drainage System Development 1,351,714,200 517,832,800 675,557,400 374,933,100 416,328,500 667,273,200 20.1%
3. Drainage Management and Flood Protection 1,495,572,700 1,684,136,300 1,919,903,600 1,920,235,900 2,037,003,700 1,811,370,440 54.7%
4. Water Quality Management 706,220,300 354,428,300 977,039,300 1,214,282,700 673,887,600 785,171,640 23.7%
Total 3,581,221,600 2,597,683,600 3,613,741,900 3,580,661,000 3,189,951,000 3,312,651,820 100.0%
BMA
7.1.6 DDS 2007 2011
(Baht)
2550 2551 2552 2553 2554
2007 ( ) 2008 ( ) 2009 ( ) 2010 2011
Annual Budgete of DDS
Salaries 457,078,471 497,174,462 473,531,942 532,284,500 446,714,700 481,356,815 15.6%
\Wages 57,790,566 58,042,668 59203773.52 88,306,000 46,253,800 61,919,361 2.0%
Office supplies and materials 423,764,630 461,946,772 444,839,125 518,065,300 604,200,200 490,563,305 15.9%
Utilities 207,250,283 192,203,349 178,116,713 264,552,700 198,257,500 208,076,109 6.8%
Land and Property (*Investment Cost) 1,875,374,343 884,139,632 913,356,698 1,171,004,000 870,834,600 1,142,941,855 37.1%
Subsidy 7,886,500 8,144,500 8,263,000 9,533,000 10,016,000 8,768,600 0.3%
Other expenses 557,863,724 316,505,394 568,881,538 996,915,000 1,013,674,200 690,767,971 22.4%
Total 3,587,008,516 2,418,156,778 2,646,192,789 3,580,661,000 3,189,951,000 3,084,394,016 100.0%

2007 2009
BMA



2,000

1,800

1,600

1,400

1,200

800

1,000 \‘//

600 -
%/‘74/4 T a

400

R /\
200

—=—  Salaries
Wages
Office supplies
and materials
—>*— Utilities
—e— Land and Property|
(*Investment Cost)
—+—  Subsidy

—— Other expenses

2007(actual) 2008(actual) 2009(actual) 2010

7.13

5 37%
Sue 1,297

(2)

BMA

1)
BMA

DANIDA(Danish International Development Agency)

2005 11
us 4.3%

DDS

31

Baht
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Other Expenses

2008-10

10

Bang
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F/S

(Ministry of Interior Affairs)

(Cabinet) NESDB MOF
BMA DANIDA
2)
BMA Klong Toei
Thon Buri
7.1.7
The U.S. TDA (Trade and Development Agency)
2000 8 CDM (

Klong Toei ) (BMAG0 %: 40 %)

(FIS)

5
2005 305,000 DDS

m¥/ Thong Buri
Thon Buri (F/S)
7.1.4
(1)

7.1.8
Klong Toei 40%

100% Nong Bon

174




BMA

2 3
7.1.8 BMA
() m% ) BVMA: )| (  Ba ( Baht)
1. Si Praya 120,000 30,000 1994 BMA 100 % 464
2. Rattanakosin 70,000 40,000 2000 100% 883
3. Din Daeng 1,080,000 350,000 2004 25:75 6,382
4. Chong Nonsi 580,000 200,000 2000 40 :60 4,552
5. Nong Khaem 520,000 157,000 2002 40:60 2,348
6. Thung Khru 177,000 65,000 2002 40:60 1,760
7. Chatuchak 432,000 150,000 2005 60 : 40 3,482
8.
12 25,700
2,979,000 1,017,700 19,871
3,287 4,584
0 : ;
. Bang Sue 250,000 120,000 2012 BMA 100 % (2011 ) 2008 10
1,297
. Klong Toei 485,000 360,000 - 60 : 40 11,046 (F/S) BMA 6,628
- Thon Buri North 400,000 | 148,000 : Tobe 5,871 (F/S)
discussed
To be
. Nong Bon 265,000 135,000 . 7,834 (F/S)
discussed
. Min Buri 275000 | 140,000 Tobe 5,760 (M/P)
discussed_
33,798
1,675,000 903,000 (2011 )
2011 10 5
338 Baht
Klong Toei 40% 6,628 Baht
Thon Buri North  Nong Bon Min Buri
BMA 3,523 4,700 3,456 Baht 10 BMA
216 Baht 21.6 Baht 7.16
5 11.4 Baht 10.2 Baht
89%
Bang Sue BMA

Thon Buri North  Nong Bon Min Buri
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10 29.4 Baht 5 114 Baht
25
(2
DDS 7 192 km?
DDS NHA 12
Makkasan Pond Rama IX Pond 3
Si Praya, Rattanakosin
DDS 5 Chong Nonsi Nong Khaem Thung
Khru Din Daeng Chatuchak 5
7 2008-2010 7.1.9
2010 238 m® 653,000 m*¥/
445 Baht 1m 2010 1.87
Baht 2008 2010 2.11 Baht/ m® 2010
DDS 12.4% 7.1.5
7.14 Si Phraya
Din Daeng
3
7.19 7 2008-2010
(m)
Rattanakosin Si Phraya Chon Nonsi Chatuchak Din Daeng Nong Khaem | Thung Khru
2008 10,482,917 4,856,796 39,653,020 45,378,505 74,641,150 48,400,876 22,188,627 245,601,891
2009 10,508,806 6,647,563 27,451,318 43,971,579 74,799,819 48,696,632 23,352,601 235,428,318
2010 9,839,002 5,985,496 41,975,259 44,730,297 72,633,361 42,850,230 20,231,074 238,244,719
(Baht)
Rattanakosin Si Phraya Chon Nonsi Chatuchak Din Daeng Nong Khaem | Thung Khru
2008 20,396,005 15,816,624 102,651,954 65,492,251 226,426,946 105,338,029 51,074,817 587,196,626
2009 21,499,635 18,958,369 59,798,424 63,595,725 224,059,193 63,802,596 32,209,401 483,923,341
2010 20,999,303 18,804,784 52,738,003 69,172,296 195,555,513 57,238,117 30,899,776 445,407,792
(Baht/m®)
Rattanakosin Si Phraya Chon Nonsi Chatuchak Din Daeng Nong Khaem | Thung Khru
2008 1.95 3.26 2.59 144 3.03 218 2.30 2.39
2009 2.05 2.85 2.18 145 3.00 131 1.38 2.06
2010 213 3.14 1.26 1.55 2.69 134 1.53 1.87
3 2.11
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2008
211

350
—— Rattanakosin
- P— 5 P
\'>\ —=— Sj Phraya
250 4\-;/—- Chon nonsi
2.00 |.> — Chatuchak
150 S —*— Din Daeng
100 —e— Nong Khaem
—+— Thung Khru
050
—A— Total
0.00 : :
2008 2009 2010
714
2011 DDS 2012 2020
7.1.10
2010 3 7
Baht/m® 2 2011
DDS 2012 2020
7.1.10 2020
m¥ ) (m¥ ) Baht
2008 1,017,700 672,882 627
2009 1,017,700 645,009 524 545
2010 1,137,700 652,725 485
2011 1,137,700 748,083 576
2012 1,137,700 843,441 650
2013 1,497,700 938,799 723
2014 1,497,700 1,034,157 796
2015 1,497,700 1,129,515 870
2016 1,657,700 1,224,873 943
2017 1,657,700 1,320,231 1,017
2018 1,657,700 1,415,589 1,090
2019 1,747,700 1,510,947 1,164
2020 1,747,700 1,606,309 1,237
2008 2010 545 Baht 127% 1,237 Baht
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7.15 DDS
7.16

2,000,000
1,750,000
1,500,000
1,250,000
1,000,000
750,000
500,000
250,000

0

Nong Bon(F/S) (90,000mi/day)
Min Buri(M/P) (140,000m /day)

| Thon Buri Notrh (148,000m/day)

| Klong Toey (360,000rri/ day)

- Bang Sue (120,000m /day)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

7.15 2020

OM cost & DDS budget
(million THB)

OM cost projection
(Awv. cost = 2.11 THB/M®)

4,000

3500 [

3000 [ O OM cost

2500 [

2,000 [

O DDS

10 r budget

1,000

500

& 8 8 8 8 8§ 8 8 8 8§ §8 8 8 §
N (39 39 39 39 [3Y [3Y 39 (39 39 (39 39 [3Y 39
Year

7.1.6 DDS 2020
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(3) DDS

7.1.5 5 DDS 3,312 Baht
4 0 1,020
1,800 Baht
2020 692 Baht
10 52% 75%
7.1.11 2020
( Baht)
(2020 )
1,140 545 3,312
2012-2022 4 2,160 +1,020 1,037 +692 5,024 | +1,712 (+52%)
0 2,940 +1,800 5,804 | +2,492 (+75%)
4
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7.2

7.2.1 BMA
BMA BMA 2004
BMA ordinance: Collected Wastewater Tariff 2004
BMA
BMA BMA
MWA
@ (2 MWA
(3) BMA
@ 2008
(2 MWA
(MWA)
1 10 Baht
3.5 Baht 42 Baht BMA MWA
2011 1
2.0 Baht/m® 4.0 Baht/m® 4.0 8.0 Baht/m®
10 m
3 1Baht/ i 6 0.25Baht/
i 5 2.0Baht/ i
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721

(Baht/m®)
10 m¥ 2.0
2.0
2.0
4.0
4.0
4.0
4.0
100 m? 2.0
100 m? 4.0
4.0
/ 100 m? 2.0
100 m? 4.0
4.0
200 m¥ 4.0
200 500 m¥ 6.0
500 m?/ 8.0
4.0
Wastewater Tariff Code of Law, BMA, 2004
2004
723 MWA
(3) BMA BMA  WQMO
PC
2010 BMA
7
7.2.2
216 m® 495 Baht
19.5 % 51 %
2.0 Baht/m® 10 ui/
2007 1
MWA
Report) 2005 2009 5

181

(2009 Annual



2.0%

2007 4 8.2%
2011 234 m? 536 Baht
71.2.2
(m’fyear) (Baht/m®) (Baht) (%)
1. Residential 10m*/ 48,232,776 2.00 96,465,552 19.48%
2. Government, State Building 18,190,655 2.00 36,381,310 7.35%
3. Religious, Public Building 6,768,662 2.00 13,537,324 2.73%
4. Hospital 3,856,063 4.00 15,424,252 3.12%
5. Hotel 7,223,524 4.00 28,894,096 5.84%
6. Commercial Store 4,184,597 4.00 16,738,388 3.38%
7. Market 181,654 4.00 726,616 0.15%
8-1. Restaurant 1 100m? 3,080,498 2.00 6,160,996 1.24%
8-2. Restaurant 2 100m? 2,401,504 4.00 9,606,016 1.94%
9. Massage Parlor 367,127 4.00 1,468,508 0.30%
10-1. Commecial Building 1 100m° 108,348,669 2.00 216,697,338 43.77%
10-2. Commecial Building 2 100m? 9,099,940 4.00 36,399,760 7.35%
11. Factory 4,147,620 4.00 16,590,480 3.35%
Total 216,083,289 2.29 495,090,636
2010 (The study of wastewater treatment tariff in Thailand and foreign countries, 2010)
7.1.9 7
445.4 Baht

O&M 2007 11 DDS

3,084 Baht 234 m°

13.18 Baht/m®
2.29 Baht/ m®
13.18 Baht/ m® 17 %
7.2.2 MWA
2
2009 15,474
Baht 1,250 m? 12.4Baht/m® MWA
BMA MWA
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723

(m% Baht/m’ (m®) Baht/m®
0-30 8.50 0-10 9.50
45 Baht 90 Baht
31-40 10.03 11-20 10.70
41-50 10.35 21-30 10.95
51-60 10.68 3140 13.21
61-70 11.00 41-50 13.54
71-80 11.33 51-60 13.86
81-90 12 50 61-80 14.19
91-100 12.82 81-100 14.51
101-120 13.15 101-120 14.84
121-160 1347 121-160 15.16
161-200 13.80 161-200 15.49
200 14 .45 200 15.81
t MWA
7.2.3
PCD Pollution Control Department PPP
Polluter Pays Principle PCD

Handbook of wastewater treatment charge, 2010

20
O&M

Enhancement and Conservation of National Environmental Quality Act (NEQA, 1992)
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48% 21
BMA
7.2.4
Pattaya Saensuk Hatyai
4
m’ 2.0 Baht 3.0 Baht
(1
(A) Phuket  Patong
Patong
7.2.4 Phuket Patong
1. 500 Baht/
5 2 500 Baht/
' 3 1,000 Baht/
3. 100 Baht /m?
4. 600 Baht/

184
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(B) Chonburi

Pattaya
7.25 Chonburi Pattaya
1. 672.00 Baht/ 67.20 Baht/
2. 360.00 Baht/ 36.00 Baht/
3. 36.00 Baht/ m? 3.60 Baht/ m?
4, 6.00 Baht/ m2 0.60 Baht/ m2
5. 3.60 Baht/ m2 0.36 Baht/ m2
6. - -
7. 40Baht/ Ko/ 26 Baht/ Kg/
(2)
(A) Chonburi
Chonburi  Saen Suk 7.2.6
BOD
7.2.6 Chonburi  Saen Suk
(Baht/ m®)
200 mg /| | 200-500mg/|
1 2.00
2.
1) 3.00-3.50 ( ) 4.50
()
®3) 3.00-3.50 ( )
() 3.25-3.50 ( )
®) 3.00-3.50 ( )
(6)
(7
(8)
3. 3.00-3.50 ( ) 4,50
4. 3.50 4.50

185




(B) Songkhla  Hatyai

Songkhla  Hatyai Saen Suk 7.2.7
BOD

7.27 Songkhla Hatyai

No Baht/ m®
' BOD 200 mg /| | 200-500mg /|

1 20m° 2.00
@ 3.00-3.50 ( )
@)

3.00-3.50

O) 3.25-3.50 ( )

2 4.50
(5)
(6)

3.00-3.50

@ ( )
(8)

3 3.00-3.50 ( ) 4.50

4 350 4.50

7.2.5 WTP ATP
WTP ATP
(D WTP
BMA 7.2.8
39.2 100.8 Baht
73.3 Baht/ /
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7.2.8

JICA 2010 Nong Bon 350 73.3 Baht/ /

BMA 2010 7 2,300 3 41.4 Baht/ /

BMA 2006 Ban Sue 326 39.2 Baht/ /

IDRC 1999 6 1,100 100.8 Baht/ /

JICA
350
WTP 73.3 Baht/ / 49.6 Baht/
CVM 2 2
Logit Linear
2 2

2
729 1

2 5

(logit-linear) WTP
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7.29

1 2(%) YY YN NY NN | Total
1 10 Baht/ / 20 or 5 Baht/ / 32 22 3 13 70
2 20 Baht/ / 40 or 10 Baht/ / 32 28 7 70
3 40 Baht/ / 70 or 20 Baht/ / 16 34 10 10 70
4 70 Baht/ / 120 or 40 Baht/ / 15 24 16 15 70
5 120 Baht/ / 200 or 70 Baht/ / 14 9 19 28 70
109 117 51 73 350
2 1
YY: 1 2
YN:1 2
NY: 1 2
NN. 1 2
100%
90%
80% \\
70% 496
\ Baht/  /
60% \
50% K
40%:| \ 73.3
30% \ Baht/ /
20% \
10%
0% 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220
Logit Linear
7.2.1 Baht/ /
2010 BMA WTP
BMA 2010 1 2 m® 05
-1.0Baht/m®, 1.0-15Baht/m®, 15-2.0Baht/m* 3
m® 0.88 Baht
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7.2.10

(%)
0.5-1.0 Baht/m? 1,746 79.9
1.0-1.5 Baht/m? 308 14.1 0.88 Baht/m®
1.5 -2.0 Baht/m® 132 6.0
2,186 100.0
:DDS
2010 2007 4,527
m°/ 96,131 47.1 m¥
41.4 Baht/ /
2006 WTP
WQMO 206 WTP (Bang Sue Environmental
Education and Conservation Project, Vol 2, 2006) Bang Sue
20 398
326
39.2Baht/ /
7211
Baht/  /
118 36.2% 0.0
198 62.7% 64.5
10 6.0% 0.0
326 100.0% 39.2
:DDS
1999 6 WTP
1999 IDRC Water Quality Improvement: A Cotingent Valuation Study
of the Chao Phraya River (Dec. 1999)
2 2 CVM
1,100 WTP

189



7.212

1) C )~ 2 ( )=
100.81 Baht/  / 115.03Baht/  /

JICA

100.81Baht/ /

70, 85, 100, 120 Baht / / 4

2 ATP
IBRD
1% PAHO (Pan American Health Organization) 15%
JICA
(ATP) 1.0 %
350 33,428 Baht
334 Baht
489Baht/ /
334Baht/ / 68%
(3)
MWA 47.1m
2.0 Baht/m® 94.2Baht/  /
73.3 Baht/ /
334 Baht/ / 94.2 Baht/ /
28 %
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7.213

94.2Baht/  /
73.3 Baht/ /
><1% 334.0 Baht/ /
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7.3

7.3.1
Project Without Project
EIRR
B/C
D With Project Without Project
With Project
Nong Bon Nong Bon
2017 90,000 m3/ FS
2021 2031 22,500 m3/
Without Project
Nong Bon

(2 2012 2017

2018 2047 30 36
(3 2010 10
(4) EIRR 10%

(NPV)
7.3.2
(1)

192

With

NPV

10%



(With Project)

5 5.2.7
2
1
7.3.1
( Baht)
2012 2013 2014 2015 2016 2017
24.4 103.5 103.3 1,446.2 1,435.1 1,423.5 4,536.0
2.0 33.7 33.6 571.1 566.8 562.4 1,769.6
26.4 137.2 136.9 2,017.3 2,001.9 1,985.9 6,305.6
7.3.2
( Baht)
CF 2012 2013 2014 2015 2016 2017
0.92 22.4 95.2 95.0 1,330.5 1,320.3 1,309.6 4,536.0
1.00 2.0 33.7 33.6 571.1 566.8 562.4 1,769.6
24.4 128.9 128.6 1,901.6 1,887.1 1,872.0 5,942.6
SCF:Standard Conversion Factor 0.92 Shadow Prices for

Economics Appraisal of Project :An Application to Thailand, World Bank Staff Working Paper,

Number 609. (Sadiq Ahmed)

2021
Baht
100%
50 15
(Without Project)

1,249.9

2031
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Baht

22,500 m’/

2045

15

15

100%

539.8




(2)

(With Project)

5 5.1.2 90,000 m*¥ 32,850,000 m*
112.1 Baht m® 3.41Baht
4 413 2041 MP
135,000 m*/
7.33 With Project
MP FS . (3.41B/m?
1.16 (SRR =< 0.92)
m’/ m/ m/ m% m’/ Baht/ Baht/
2018 90,000 82,270 30,028,550 82,270 30,028,550 102.40 94.21
2019 90,000 84,675 30,906,375 84,675 30,906,375 105.39 96.96
2020 90,000 87,080 31,784,200 87,080 31,784,200 108.38 99.71
2021 90,000 89,485 32,662,025 89,485 32,662,025 111.38 102.47
2022 112,500 91,890 33,539,850 91,890 33,539,850 114.37 105.22
2023 112,500 94,295 34,417,675 94,295 34,417,675 117.36 107.97
2024 112,500 96,700 35,295,500 96,700 35,295,500 120.36 110.73
2025 112,500 99,105 36,173,325 99,105 36,173,325 123.35 113.48
2026 112,500 101,510 37,051,150 101,510 37,051,150 126.34 116.23
2027 112,500 103,915 37,928,975 103,915 37,928,975 129.34 118.99
2028 112,500 106,320 38,806,800 106,320 38,806,800 132.33 121.74
2029 112,500 108,725 39,684,625 108,725 39,684,625 135.32 124.49
2030 112,500 111,128 40,561,720 111,128 40,561,720 138.32 127.25
2031 112,500 113,365 41,378,225 113,365 41,378,225 141.10 129.81
2032 135,000 115,602 42,194,730 115,602 42,194,730 143.88 132.37
2033 135,000 117,839 43,011,235 117,839 43,011,235 146.67 134.94
2034 135,000 120,076 43,827,740 120,076 43,827,740 149.45 137.49
2035 135,000 122,313 44,644,245 122,313 44,644,245 152.24 140.06
2036 135,000 124,550 45,460,750 124,550 45,460,750 155.02 142.62
2037 135,000 126,787 46,277,255 126,787 46,277,255 157.81 145.19
2038 135,000 129,024 47,093,760 129,024 47,093,760 160.59 147.74
2039 135,000 131,261 47,910,265 131,261 47,910,265 163.37 150.30
2040 135,000 133,501 48,727,865 133,501 48,727,865 166.16 152.87
2041 135,000 135,738 49,544,370 135,000 49,275,000 168.03 154.59
2042 135,000 137,975 50,360,875 135,000 49,275,000 168.03 154.59
2043 135,000 140,212 51,177,380 135,000 49,275,000 168.03 154.59
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FS s
MP . (3.41B/m
116 (341B/M) | " 0.02)
m3/ m®/ m®/ m¥ m*/ Baht/ Baht/
2044 135,000 142,449 | 51,993,885 135,000 | 49,275,000 168.03 154.59
2045 135,000 144,686 | 52,810,390 135000 | 49,275,000 168.03 15459
2046 135,000 146,923 | 53,626,895 135000 | 49,275,000 168.03 15459
2047 135,000 149,160 | 54,443,400 135,000 | 49,275,000 168.03 154.59
(Without Project)
7.3.3
JICA
3
(1)
(WTP)
(ATP)
@ (WTP) (b)
(ATP)
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(a) (WTP) 1

Without Project

WTP
7.2.1 73.3 Baht/ /
4.87 |/ )
=< (WTP)
(b) (ATP) 2
7 2 IBRD PAHO
(ATP) 1.0% 1.5%
33,428 Baht/ /
1.0% 334 Baht/ /
> (ATP)
(2
3
30m
30m
7.3.1
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With Project

7.3.6



£ 7.3.4 ERER & S Ik imE

FAH T SIE R 1S Hisk oD g LS TR
(gL 72.4 km 60 m 4,344,000 m*
Rl (BEK X EBE) 27.2 km 30 m 816,000 m?
&Rt 5,160,000 m*
High ;A

JL#

I =313
A 7 Bk

il

H B FRA ]
X 7.3 EFEEEHX O EEER

HEMO MM L, EBRNEEMRBIOZOICAR L TWAEELUTFICE LD, #F
K ITALE T D EATIC BT, BB AZ LT 5 HiffiiE 2,500-10,500 Baht/m* & Kk &
RERND D, —BANZEEEESH O LH MRS IX, EEORGIFEE i L TX b 2~3#
RUVMEIZRESNTND EEDILTWD, KT —4%, BILOBHOARBIFESFIZIIT 51
HUNEERE A B L, A Ol IS 1 m® 72 9 5,000 Baht f4 &k L7z,
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735

No. Baht/m’ No. Baht/m’
1 |Flower Lee Garden Village 6,250 12 |Kotchathanee Village 5,000
2 |Sirin House Village 3,750 13 JCountry Villa Village 10,000
3 |Suan Nakarin Village 10,500 14 |KehaNakorn Village 8,750
4 |Suan Suay Village 5,000 15 |Sen Farm Garden Home 3,000 - 3,750
5 |Suan Luang Village 5,000 - 6,250 16 |Thung Sethi Village 3,750
6 |Suan Luang Nivate Village 7,500 - 8,500 17 JPrem-Ruthai Village 1, 2 3,000
7 |Ake Pailan Village 7,500 18 |Seri Village 8,750
8 |Seri Villa 8,750- 10,500 | 19 |Charming Town Village 2,500
9 |Soi Supapong 6,250 - 7,500 20 |Prawet Place Village 3,750
10 |Soi Wat Taglum 3,000 - 5,000 21 |Chatra Nakorn Village 6,250
11 |Kasemsan Village 5,500 22 |Chomdeun Village 4,250
,2010
With Project
BMA
15 %
2010
3 2020 2022 3
5%
2023 10 %
15% 1.5%
7.3.6
2 2
(mY)>= (Baht/m")
< %
3
BMA
2008 10 3.69 %
(Baht/ ) (m )= (%) >< (Baht/m®)
BMA 2012 5%
10% BMA
2013-17 7% 2018 10%
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MWA /
6.2 Baht/ m* 12.4 Baht/m® “Annual Report 2009” 7.3.6
7.36
Baht
A B
733Baht | 334 Baht/ 6.2 Baht/m® WTP ATP
5,000 Baht/m? A
2012 47,077 0.00 0.00 0.0% 0.0 5.0%) 0.0 0.0 0.0
2013 47,323 0.00 0.00 0.0%i 0.0 5.0% 0.0 0.0 0.0
2014 47,569 0.00 0.00 0.0%) 0.0 7.0%) 0.0 0.0 0.0
2015 47,816 0.00 0.00 0.0% 0.0 7.0%) 0.0 0.0 0.0
2016 48,062 0.00 0.00 0.0% 0.0 7.0%) 0.0 0.0 0.0
2017 48,309 0.00 0.00 0.0%) 0.0 7.0%) 0.0 0.0 0.0
2018 48,555 42.71 194.60 0.0%i 0.0 7.0%) 13.0 55.7 207.6
2019 48,801 42.93 195.60 0.0%| 0.0 10.0%) 19.2 62.1 214.8
2020 49,048 43.14 196.60 5.0%i 1,290.0 10.0%) 19.7 1,352.8 1,506.3
2021 49,309 43.37 197.60 5.0%) 1,290.0 10.0%) 20.3 1,353.7 1,507.9
2022 49,570 43.60 198.70 5.0% 1,290.0 10.0% 20.8 1,354.4 1,509.5
2023 49,831 43.83 199.70 1.5% 387.0 10.0%) 213 452.1 608.0
2024 50,092 44.06 200.80 1.5%) 387.0 10.0%) 21.9 453.0 609.7
2025 50,353 44.29 201.80 1.5% 387.0 10.0% 224 453.7 611.2
2026 50,614 44,52 202.90 1.5%) 387.0 10.0%) 23.0 454.5 612.9
2027 50,875 44.75 203.90 1.5%) 387.0 10.0%) 235 455.3 614.4
2028 51,136 44.98 205.00 1.5%i 387.0 10.0%) 241 456.1 616.1
2029 51,397 45.21 206.00 1.5% 387.0 10.0%) 24.6 456.8 617.6
2030 51,658 45.44 207.00 1.5% 387.0 10.0%) 25.1 457.5 619.1
2031 51,931 45.68 208.10 1.5%i 387.0 10.0%) 25.7 458.4 620.8
2032 52,205 45.92 209.20 1.5%) 387.0 10.0% 26.2 459.1 622.4
2033 52,478 46.16 210.30 1.5% 387.0 10.0%) 26.7 459.9 624.0
2034 52,751 46.40 211.40 1.5%i 387.0 10.0%) 27.2 460.6 625.6
2035 53,024 46.64 212.50 1.5% 387.0 10.0% 27.7 461.3 627.2
2036 53,298 46.88 213.60 1.5%) 387.0 10.0%) 28.2 462.1 628.8
2037 53,571 47.12 214.70 1.5%) 387.0 10.0%) 28.7 462.8 630.4
2038 53,844 47.36 215.80 1.5%) 387.0 10.0%) 29.2 463.6 632.0
2039 54,118 47.60 216.90 1.5% 387.0 10.0%) 29.7 464.3 633.6
2040 54,391 47.84 218.00 1.5%i 387.0 10.0%) 30.2 465.0 635.2
2041 54,664 48.08 219.10 1.5%i 387.0 10.0%) 30.6 465.7 636.7
2042 54,937 48.32 220.20 1.5%) 387.0 10.0% 30.6 465.9 637.8
2043 55,210 48.56 221.30 1.5% 387.0 10.0%) 30.6 466.2 638.9
2044 55,483 48.80 222.40 1.5%) 387.0 10.0%) 30.6 466.4 640.0
2045 55,756 49.04 223.50 1.5%) 387.0 10.0% 30.6 466.6 641.1
2046 56,029 49.28 224.60 1.5% 387.0 10.0%) 30.6 466.9 642.2
2047 56,302 49.52 225.70 1.5%i 387.0 10.0%) 30.6 467.1 643.3
1382.03 6297.50 13,545.0 772.6 15,699.6 20,615.1
NPV/(10%) 260.95 1189.07 3,000.6 131.0 3,392.6 4,320.7
7.3.4
(1)
8
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200

2,500
2,000 g
1,500 —

L 100 l:ﬁ:( —

% [ ]

m 500 ||

5 WU TR T TR I T LT

= e :uauzLOE%%u*umuwu“uwumuojé”umu*umDHN%%Ueu:us%ugejéz O

= slala Slolals Slslalslslalalsla Y Qi [P [ R ) i e [ g g o 9 S
-500 NN LN N LN ININITNIANININTININ LN NI LN NININININININININ | L N |
-1,000 ' ' ' |— i \ o

' [ | [ ‘.\\\\N I O
-1,500 = | | |
2,000 -
7.3.2 1: WTP
250000 -
2,000.00
150000
[ ]

4 100000 H

]

oM 50000 —1:(

5 i L (T T o

= |slalslelelssl2s ks 5wl 5zl g 8 SR B lelE s le o 5 S e [k (o] 5

S o BIEIE 3%8%7382838%88%?388873%828ﬁ8828§_&
-1,000.00 -
~1500.00 -
~2,000.00

7.3.3 2: ATP
7.3.7
EIRR NPV (D.R.=10.0%) B/C
1: WTP 4.0% -1,900 Baht 0.64
2:ATP 7.2% 972 Baht 0.82
EIRR WTP ATP 40 %
7.2 % NPV B/C (D.R) 10% -1,900 Baht




-972 Baht 0.64 0.82
EIRR 4.0% 7.2%
10 %
1 EIRR
2
(2
10 % 10 %
7.3.8
EIRR NPV (D.R.=10.0%) B/C
A 4.0% -1,900 million Baht 0.64
WTP B 10% 2.8% -2,240 million Baht 0.58
C 10% 2.9% -2,430 million Baht 0.58
D 10% 10% 1.7% -2,769 million Baht 0.52
A 7.2% - 972 million Baht 0.82
ATP B 10% 5.8% - 1,404 million Baht 0.73
C 10% 5.9% - 1,502 million Baht 0.74
D 10% 10% 4.7% - 1,934 million Baht 0.67
10 % 10 % EIRR NPV
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7.4

Without Project

With Project

FIRR NPV
7.4.1
D With Project Without Project
With Project
Nong Bon
2017 90,000 m3/ FS
2021 2031 22,500 ms/
Without Project
2 2012 2017 6
2018 2047 36
3 2010 10
(@] 2010 3.13%
2010 5.94 %
CPlI 2.72% Bank of Thailand
7.4.2
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)

(With Project)

2
7.4.1
JICA 7.4.2 5
7.4.1
( Baht)
2012 2013 2014 2015 2016 2017
24.4 1035 103.3 1,446.2 1,435.1 14235 4536.0
2.0 33.7 33.6 571.1 566.8 562.4 1,769.6
26.4 137.2 136.9 2,017.3 2,001.9 1,985.9 6,305.6
742
2015 17
BMA JICA *)
1 100% 0% -
2 40% 60% 40% -
3 60% 40% 60% -
4 O&M 0% 100% -
5 15% - 85%
* JICA : 40 :10 :0.65%
36 5
*
1,249.9 Baht 15 100%
2021 2031 539.8 Baht
15 100%
50 15 2045
(Without Project)

203




(2)

(With Project)

7.3.3

(Without Project)
PPP
BMA

30 2018 2037
Alteranative-6
30
710.5 Baht

PPP

3.41 Baht/m®

PPP  Public Private Partnership
1
BOT Build-Operate and Transfer BMA

BMA
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1 2 40%
Alternativel (Full Cost Recovery) Altemative2 (40% Subsidy)
(Milion Baht) (Milion Baht)
3,000.00 300000
2,000.00 2,000.00
1,000.00 1,000.00
0.00 0.00
-1,000.00 -1,000.00
-2,000.00 -2,000.00
-3,000.00 -3,000.00
3 60% 4
(Milon Bah) Alternative3 (60% Subsidy) Wil Baht) Altemative4 (Only O&M Cost)
3,000.00 3,000.00
2,000.00 2,000.00
1,000.00 1,000.00
0.00 0.00
~1000.00 100000 [=
-2,000.00 -2,000.00
-3,000.00 300000
5
(vilon Baht) Alternative5 (Full Cost Recovery, JICA Loan)
3,000.00
2,000.00
1,000.00
000
-1,00000
-2,000.00
-3,00000
74.1
7.4.3
MWA M/P
53.1 7.2.1 2010
2.00 Baht/m®
2.37 Baht/m® Nong Bon 2020
16,216,409 i 24,324,614 nt 2.22 Baht/m®
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2018

/ MWA 2010 10 ~2011 4 99.2%
2041
3
2012 BMA 5
10 30%
BMA MWA 3.5 Baht
42 Baht 10 Baht
2012 70,000
0.5%
7.4.3
5
1 10%/5 10%
2 20%/5 2012 20%
3 30%/5 30%
8 84
Average Tariff Increase
14.00 )
— f —e— Alternative
€ 12.00 1
E 10.00 ,‘—‘—h‘—z 10%/5Year
< 10.
[a1] {
_:E 8.00 / /- —=— Alternative
S 6.00 2
% 400 W . 20%/5Yeat
© o A—‘—‘W
< 200 —a— Alternative
0.00IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 3
SofzS 8388882888333 3ou/svear
N (V] (V] (V] N N (V] (V] (V] N [9V] (V] (V] (V] (V] (V] (V] (V]
Year
742 Baht/m®
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Prediccted Revenue Flow
800
700
_ O Alternati
8 600 vel
500 alfl
=
a 4/ | @ Alternati
= i ve2
S i
[l | O Alternati
ve3
g 3 8 3 8 8 3§ &8 8 8 8 3 8 8 g 3 g
& &8 & 8 &8 8 &8 &8 &8 8 & & & § & & 8
Year
743 ( Baht)
7.4.4
5 3 FIRR
0% 313 % NPV
8 85
7.4.4
Revenue
FIRR Alternativel Alternative2 Alternative3
10%/5years 20%]/5years 30%/5years
Alternativel BMA 100%, Subsidy 0% -5.7% -3.8% -L.7%
Alternative2 BMA 60%, Subsidy 40% -4.8% -2.6% -0.3%
Cost | Alternative3 BMA 40%, Subsidy 60% -4.2% -1.8% 0.8%
Alternative4 BMA 0%, Subsidy 100% -2.1% 1.6% 5.9%
Alternativeb BMA15%, ODA Loan 85% -17.7% -11.7% -5.5%
Revenue
NPV (Discount Rate =0%) Alternativel Alternative2 Alternative3
10%/5years 20%/5years 30%/5years
Alternativel BMA 100%, Subsidy 0% -7,675.7 -5,7435 -3,002.2
Alternative2 BMA 60%, Subsidy 40% -5,027.7 -3,095.5 -354.2
Cost | Alternative3 BMA 40%, Subsidy 60% -3,703.8 -1,7716 969.7
Alternative4 BMA 0%, Subsidy 100% -1,055.8 876.4 3,617.7
Alternative5 BMA15%, ODA Loan 85% -8,494.5 -6,562.3 -3,821.0

207




208

Revenue
NPV (D.R.=3.13%) Alternativel Alternative2 Alternative3
10%/5years 20%/5years 30%/5years
Alternativel BMA 100%, Subsidy 0% -7,125.3 -6,247.5 -5,033.4
Alternative2 BMA 60%, Subsidy 40% -4,783.4 -3,905.6 -2,691.5
Cost | Alternative3 BMA 40%, Subsidy 60% -3,612.6 -2,734.8 -1,520.7
Alternative4 BMA 0%, Subsidy 100% -1,270.7 -392.9 821.2
Alternative5 BMA15%, ODA Loan 85% -5,182.2 -4,304.4 -3,090.3
FIRR 60 % 3 5 30%
3 100 %
2 5 20 % FIRR
3 5 30 % 3.13%
15
NPV
BMA
5 10 20 %
BMA
BMA




8.1

)

NP

(2)

(ATP)

EIRR

Nong Bon

DDS

4.0 %

10%

60 %

100 %

209

7.2%

5

80%

(WTP)

20 30 %



FIRR

NPV
BMA
5 10 20 %
BMA
3
Nong Bon
(4
DDS
5
DDS 2
DDS
DDS
PWD

210



8.2
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(2)

BMA DDS
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Appendix-1
Record of Meetings

1) Manning Schedule

2) DDS Working Group Member List

3) 100927 Discussion Recordon FS

4) 100930 2" Steering Committee Meeting Report
5) 101022 Discussion Record on FS Condition at Prawet
6) 101102 Discussion Record 2 on FS

7) 101112 Discussion Record 3 on F/S

8) 110120 Discussion Record (1) on F/S

9) 110126 4™ Working Group Record

10) 110131 3" Steering Committee Meeting Report
11) 110217 Stakeholder Meeting Record

12) 110224 Discussion Record (2) on FS

13) 110310 Discussion Record (3) on FS

14) 110316 Discussion Record (4) on F/S

15) 110329 2" Stakeholder Meeting Record

16) 110330 5" Working Group Record

17) 110331 4™ Steering Committee Meeting Report
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3) Discussion Record on F/S
Time and date: 14:00, September 27 (Mon.)

Place: 6F, DDS

Participants:  (DDS Working Group) (JICA Survey Team)
Ms. Suthimol Kessomboon Mr. Masafumi Miyamoto
Ms. Katerachada Klankrong Mr. Haruki Takahashi
Mr. Chamaphan Masjorn Mr. Kunimasa Izumi

The following points were discussed on the Phase 2 Survey (F/S) from October.

1. Data collection on Nong Bon Treatment Area

Survey Team asked Working Group to cooperate in collecting data on Nong Bon Treatment Area,
as follows;
(1) Conditions on WWTP ssite (Dr. Pathan is in charge)

- Building control/regulation (height, underground and so on)

- Approach road to WWTP

- Effluent discharge route and water body (klong, pond or drainage tunnel: wet & dry season)

- Existing topographical and geotechnical investigation data (level data, boring data and

benchmark)

(2) Condition on WWTP design (Ms. Sripat in Information Center is in charge)
- Influent characteristics (Average BOD is 100 mg/l and Maximum BOD is 150 mg/l)
- Effluent characteristics (more stringent water quality in national and BMA standards are
applied)
- Operation and maintenance of WWTP (refer to attached “Request relating to WWTP”)

(3) Conditions on main roads, klongs and drainage system in the Area (Mr. Chamaphan is in charge)
- Topographical and geotechnical data of existing road and klong (level, water depth and boring
data)
- Existing drainage system (location on map, diameter, length, depth and so on)

- Large underground facilities data (electricity, water supply and so on)

(4) Cost and price data (Mr. Krichapat and Mr. Prada are in charge)
- Construction cost of interceptor and pipeline to make cost function, including jacking method
and shield tunneling method
- Cost and price data related to cost estimation (refer to attached “Price inquiry list” and ”Cost
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estimation”). This may be partly available via website of Ministry of Trade, Thailand.

2. Public awareness survey and stakeholder meeting (Ms. Sopa is in charge)

Survey Team explained the schedule of public awareness survey in October and 1% stakeholder
meeting at the beginning of November.

Ms. Suthimol suggested that the timing of the 1% stakeholder meeting is not suitable, because it is
necessary to explain the outline main facilities of Nong Bon Sewerage System at the first
stakeholder meeting.

Survey Team agreed to her suggestion and proposed the 1* stakeholder meeting will be postponed

in January 2011 with JICA’s consent.

3. Additional data collection on ITR (Dr. Pathan is in charge)

Survey Team asked Working Group to cooperate in collecting the following data to finalize
Interim Report.
(1) Budget and expenditure (settlement of accounts) of DDS/BMA in each field from 2001 to 2010
(2) Independent industrial water resource apart from water supply by MWA, which is own ground

water use in urbanized area and the outskirt in BMA.

Working Group will nominate some members in each theme mentioned above to cooperate with

Survey Team.
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4) 2" Steering Committee Meeting Report

4. Assist. Prof. Boonyong Lowongwat Commitiee

Sanitary Engineer Expert
5. Mz Darunee Supanai Commuittee in charge
0. VIS, SUNWHIIDNCE ISy L Ly

On behalf of Director of Legal and Litigation Office (Committee)
Office of the Permanent Secretary for the BMA

7. Ms Ammaraporn Jitpraphai Committee in charge
On behalf of Director of Drainage Information System Division (Committee)
Drainage and Sewerage Department

8. Mr. Chainat Nivomtooon Committee and Secretary
Director of Water Quality Management Office
Drainage and Sewerage Department

9. Ms.Suthimol Kessomboon Commitiee and Assist. Secretary
Water Quality Management Office
I-FI-!P'\“-; BN BERARE ML PRl WAL | NEE BT IRAS RASEARRAL W LSS, TR =gy

2. Mr. Sunya  Chinimit
General Director Department of Drainage and Sewernge Committee
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Survey for Bangkok Wastewater Treatment Project.” and the discussions are as follows.

1. The Steering committees suggest that the conventional (combined) Sewage
System is not suitable for BMA becouse the wastewater has low BOD concentration which
leads to high energy consumption and another question is how Japan can solve the problem of
low BOD in wastewater and the definition of 3W wastewater (WWW).
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optimum size of aeration tank, the problems of law BOD can be avoided. Also the optional
design for such low BOD and SS wastewater are design of WWTP without primary settling
tank, using limiting area SBR or Modified Activated Sludge or Membrane System but for the
Membrane designer must consider about the unstable of influent wastewater quality.

3. The steering committee suggested that the vicinity at outfall should be designed

_ e
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5) Discussion Record on Conditions of Feasibility Study
Time and date: 9:30, October 22, 2010 (Fri.)
Place: 4F, the Office of Prawet District
Participants:

(Prawet District) (DDS Working Group) (JICA Survey Team)
Mr. Supakit Patralarp Dr. Pathan Banjongproo Mr. Masafumi  Miyamoto
(Chief of Public Work — Pravate) Mr. Chamaphan Masjorn Mr. Haruki  Takahashi

Mr. Takeki Kajiura
Mr. Natjanapong Pimpin

The following points were discussed related to the condition of Feasibility Study.
1. Existing drainage network in Prawet District

Mr. Supakit gave study team the existing drainage network map which the team asked to

make.

2. Conditions of WWTP design

a. The height of WWTP should not be higher than 15 meters as mentioned in the Ordinance

of City Planning. The information can be reviewed from the reference at the end.

(Note) A building of four divisions (Machinery, Canal System, Drainage Control
Structure System and Sewer System Division) of DDS is under construction, which is
21 meters high. They got permission from the Foundation Suan Luang ROR9 together
with Public Park Office, Department of Environment, BMA.

b. The WWTP can be built underground and expanded to the area of Nong Bon Pond
without any reduction of pond volume.
Inlet pipe and effluent pipe can be laid down underground along the embankment.
These conditions should be consulted with Drainage Control Structure System Division,

DDS, who has responsibility for Nong Bon Pond.
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3. Dr. Pathan showed some drawings of buildings of Machinery Division, DDS under
construction and also the latest results of soil survey implemented by a surveying company,

Ten Consulting Company Limited.

4. Public awareness survey and stakeholder meeting

Survey Team explained about the public awareness survey related to environmental and social
consideration to the public in surrounding area of WWTP site.

Mr.Supakit informed that there are no legal measures related to the public hearings in the area.
The stakeholder meeting can be held at the district office or at the building in the RAMA9 Park.
For the neighborhood awareness, the survey team should pay attention to the users and joggers in

the park and the luxurious real estate area ‘Mai-Lom-Reoun’ managed by a politician’s family.

Reference

BMA Ordinance : The control areas to construct, renovate, use or modify the uses of the specific
buildings around the RAMAY9 Park in Nong Bon Sub-district, Prawat District, Bangkok 2532 (1989)
Article 3 - The controlling area comprised of 3 different areas.

The WWTP is located in Area 1. It covers from Klong Makamthed in the north, Klong Nong Bon in
the west, Klong Paladprieng in the East. It exempted the area announced in the decree in the Year of

1988.
Article 4 - Inthe Area 1, any buildings cannot be built or modified except the followings;

- Single houses

- Government offices

- Commercial buildings excluding row buildings or the big buildings

- Sport arenas for 750 audiences or less or the big buildings

- Roads, dams, bridges, tunnels, waterways or sewers, piers, fences, walls, gates, power
supplies, water supplies, governments billboards, billboards for elections and the

name plate of the businesses which are smaller than 5 square meters.

Those buildings cannot be higher than 15 meters from the nearest road or pavement level to the

highest point of the buildings.
Announced on November 10“‘, 1989
Major General Jamlong Srimeoung

BMA Governor
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6) Discussion Record 2 on F/S
Time and date: 13:30, November 2 (Tue)

Place: 6F, DDS

Participants:  (DDS Working Group) (JICA Survey Team)
Ms. Suthimol Kessomboon Mr. Masafumi Miyamoto
Ms. Katerachada Klankrong Mr. Haruki Takahashi
Dr. Pathan Banjongproo Mr. Takeki Kajiura
Ms. Sopa Burakrai Mr. Norio Tanaka
Mr. Chamaphan Masjorn Mr. Masahiro Kawachi

The following points were discussed on Feasibility Study

1. Major points of F/S
(1) Interceptor route
Study Team raised the following three types of route and recommended Plan 3;
Plan 1: Interceptors are laid down under klongs
Plan 2: Interceptors are laid down under roads
Plan 3: Interceptors are laid down under klongs and roads in a manner of most suitable

DDS will examine the Plan 3 and consider the most suitable route together with Study

Team.

(2) Facilities planning of wastewater treatment plant
Study Team confirmed planning basis of WWTP, such as capacity, design water quality,
projected dry weather flow and design concepts/requirements.

(3) Sewage treatment method
Study Team raised four sewage treatment methods, that is, Conventional Activated Sludge
Process (CASP), Sequencing Batch Reactor (SBR), Membrane Bio-reactor (MBR) and
Carrier Added Activated Sludge Process (CAASP).

(4) Comparison of four sewage treatment methods
Layout plan of sewage treatment facilities are shown by horizontal projection and profile
view, and also Cost Analysis of initial investment and O&M cost are shown.
As the results, Study Team recommended Carrier Added ASP.
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DDS requested more explanation on CAASP to examine the comparison because DDS have
no experience for CAASP which is new technology.

2. A pilot project of separate sewerage system
DDS proposed some sewerage system in housing estate of National Housing Authority as a
pilot project of separate sewerage system, which will be transferred to BMA in future, now
under negotiation between BMA and NHA.

3. Surveys by sub-contractors
(1) Progress of contract with sub-contractors
Topographic Survey: PENCO,
Geo-technical Survey: STS Instruments
Public Awareness Survey: Ms. Pakwimol Phienlumlert

(2) The supervisory framework during absence of Study Team from November to January
Mr. Kitchapat, Dr. Pathan and Mr. Chamapan will be nominated as the supervisory team.

4. Consideration on Stakeholder Meeting held in January 2011
DDS will consider the followings.
- Date, place, target participants, program and speakers
- Contents of presentation, documents distributed and article on display
- Budget covered by JICA
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7) Discussion Record 3 on F/S

Time and date: 15:30, November 12 (Fri)

Place: 3F, DDS

Participants:  (DDS Working Group) (JICA Survey Team)
Mr. Chainat Niyomtoon Mr. Haruki Takahashi
Ms. Suthimol Kessomboon Mr. Takeki Kajiura

Ms. Sopa Burakrai
Mr. Chamaphan Masjorn

The following points were discussed on Feasibility Study

1. Interceptor Route (Final Plan)

Study team proposed Option 4 which has two influent pipes to WWTP.
Option 4 has the lowest construction cost and the shallowest inlet depth (-18.85m).
And there is no relay pumping station.

Mr. Chainat, Director of WQMD, agreed the Option 4 is adopted as interceptor route
for F/S. DDS (Kitchapat team) will examine the route along road and klong.

2. Design flows were discussed, as follows;

(1) Design Wet Weather Inflow
Study team proposed 5 times of Average Dry Weather Flow as the Design Inflow.
That is; the intercepting rate at interceptor chamber is 5 ADWF, and interceptor pipes
will be designed to flow 3-5 ADWF by gravity.

(2) Design Pretreatment Flow
Study team proposed 3 times of Average Dry Weather Flow as the Design Inflow.
This means that the design flow for screen and grit chamber of WWTP is 3 ADWF
and excess of 3 ADWF will be discharged before pretreatment facilities.
And 2 times of Average Dry Weather Flow (Design pretreatment flow minus Design
secondary treatment flow) will be discharged after pretreatment facilities.
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(3) Design Secondary Treatment Flow
Study team proposed Average Dry Weather Flow as the Design Inflow.

DDS will review the design secondary treatment flow of Bang Sue WWTP if it is
Average Dry Weather Flow or more.

3. Design influent quality in the final and initial stage

(2) Design Influent Quality in the Final Stage
Study team proposed BOD/SS 150 mg/l, T-N 30 mg/l and T-P 8 mg/Il as the Design
Quality in the final stage.

Mr. Chainat disagreed about BOD/SS 150 mg/l, because it will not increase in future
even if we improve interceptor chamber. Then he gave instructions to his staff to
review the actual daily maximum influent BOD/SS of non rain day in rainy season.

(2) Design Influent Quality in the Initial Stage
Study team proposed BOD/SS 100 mg/l as the Design Quality in the initial stage.
Then T-N might be 15 or 20 mg/l and T-P 4 or 6 mg/I.

DDS will also review the actual daily maximum influent T-N/T-P of non rain day in
rainy season.

4. Discharge point and level of each effluent from WWTP
Mr. Chainat agreed about direct discharge of secondary treated wastewater to the
reservoir and also required to discharge the treated wastewater to Klong Nong Bon in
order to dilute klong water, where is 1.2 km away from.
DDS said eutrophication would not occur because T-N/T-P of effluent is regulated.
Study Team expressed an idea to consider setting of discharge pump to save
electricity.
Discharge points of pretreated wastewater and untreated wastewater should be

considered more.
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5. Wastewater Treatment Process
Mr. Chainat agreed the Carrier Added Activated Sludge Process (CAASP) is adopted

as wastewater treatment process for F/S in order to avoid underground structure and

reduce the construction cost.

DDS requests more information on CAASP such as possible suppliers, experiences,

patents and so on.
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8) Discussion Record (1) on F/S
Time and date: 14:00, January 20 (Thu)

Place: 6F, DDS

Participants:  (DDS Working Group) (JICA Survey Team)
Ms. Suthimol Kessomboon Mr. Masafumi Miyamoto
Ms. Katerachada Klankrong Mr. Takeki Kajiura

Ms. Sopa Burakrai
Mr. Chamaphan Masjorn

The following points were discussed on Feasibility Study.

(1) Environmental and social considerations
Study team should make an assessment using the specific facilities data of Nongbon area
especially about air pollution, noise and so on.
Study team should recommend the method to mitigate the impact of construction on the road
traffic. This impact will be the biggest problem of the project from DDS experience.

(2) WWTP
In DDS working group, they will discuss the 3 staged development plan of WWTP
recommended by study team.

(3) Interceptor rout plan
Regarding to major underground utilities, DDS will check the F/S data of the other flood control
project.

(4) Sewerage planning
Study team should write down the current wastewater generation of Nongbon area on the report
chapter 1.

(5) Steering committee and stakeholder meeting
Steering committee : the first week of February, stakeholder meeting : mid-February
Study team should add the pictures of Rama IX park to the presentation document.

DDS requests study team to translate the presentation document into Thai.
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9) 4™Working Group Meeting
on JICA Preparatory Survey for Bangkok Wastewater Treatment

Date and time: 14:00 — 15:30 on January 26 (Wed)
Place: 6F, DDS
Participants;
[DDS] Mr. Chainat Niyomtoon: Director of WQMD, DDS (Chairman)
Ms. Sutimol Kessomboon: Chief of Project and Sludge Management Section, WQMD
Working Group Members (12)
[Study Team] Mr. Miyamoto Masafumi, TEC (Team Leader)
Mr. Takahashi Haruki, TEC
Mr. Kajiura Takeki, NK
Mr. Tanaka Norio, TEC
Mr. Misawa Yoshinori, TEC
Dr. Nurul Islam, NK

Documents distributed;
Draft of Interim Report (2)

Issues discussed at the meeting;
1. Opening

The chairman gave opening remarks.

2. Explanation of Interim Report (2)

Mr. Miyamoto explained the contents of Progress Report by power point presentation.

3. Discussion

(1) New wastewater treatment process and effluent standard
- A wastewater treatment process that removes nitrogen to less than 10 mg/lI can comply with
effluent standard of BOD 20 mg/I.

- Conventional Activate Sludge Process (CASP) in this alternative comparison should be
Recirculating Nitrification/Denitrification Process.

- Study team was requested to give more information on new technologies such as CAASP and
MBR including their investment/O&M costs, as Japan has considerable O&M experiences on
these technologies .

(2) Influent quality
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- Target influent quality in 2040 is questioned due to the big difference from present influent quality.
Study team gave an appropriate explanation that the target influent quality is set expecting future
increase in value until 2040. The provisional influent quality is set as a practical value in 2020. In
this case the CAASP without carrier, that is Recirculating Nitrification/Denitrification Process, is

adopted in the provisional stage in 2020 and the carrier will be added at an appropriate time.

(3) Environmental and social considerations
- Study team is requested to make an assessment using the specific data of Nong Bon area such as
air pollution, noise and so on.
- Study team is requested to recommend the method to mitigate the impact of construction amid the
road traffic. This impact is expected to be the biggest problem of the project from DDS

experience.
4. Steering committee and stakeholder meeting

- Steering committee will be held on 31 January and stakeholder meeting in mid-February.

- Study team is requested to translate the presentation document into Thai.
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10) 3™ Steering Committee Meeting Report
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11) Stakeholder Meeting Record

The 1¥ Stakeholder Meeting for Nongbon Wastewater Treatment Project

17" February B.E.2554  09.00-12.00
7" Floor , Meeting Room at Prawet District Office

1.  Anumber of stakeholders (participants)

Organization A number of Stakeholders

1. Steering Committee 6
2. DDS officer 16
3. Prawet District officer 12
4. JICA Study Team and JICA (Thailand) 11
5. Representative from Communities 56
6. Business Representatives 12

Total 113

2. Suggestions from the Stakeholder

In the Nongbon Wastewater Project’s Stakeholder meeting, stakeholders can

spell their questions directly to the DDS administrator or write their questions and suggestions in the

leaflets.  All questions can be summarized as follows:

1

The wastewater treatment activities should be the co-operation between
stakeholder and government bodies. People should have their self respect on
water environmental protection while government bodies/ organizations should
prepare/implementation of long term environmental project. As they know,
the government bodies just work following their responsibilities as described in
the legal framework only and many things are not practically applicable.
Only when the governor joins the mission, then the canal water can be free
from garbage. The suggestions are as follows
- How can the communities share parts in the integrate wastewater
treatment activity
- People should take part in the work which makes the good cooperation
aspect. feeling
- Government Officer should think on integration model.
Answer: The Project is now under the feasibility study in the construction
stage, there will be some impacts but after the construction is finished, the

WWTP will be under operation 24 hr, now the project requires comments
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2)

3)

4)

5)

6)

7)

8)

9

from stakeholder to apply to the project. It is possible to let people

participate in some wastewater treatment activity.

Some real estate projects have directly discharge their wastewater to public
canal and have no wastewater treatment
Answer: wastewater should be drained into collection pipe (actually, it is the
drainage pipe included with rain water) exceeding rain water will pass through
to the public canal but wastewater will be separated to the wastewater
collection system.
A Request from the stakeholder is all the sewers should be rechecked the illegal
wastewater discharge into public canal.
Answer: The survey will be carried on intensively during the detailed design.
Suggestion: real situation and information should be obtained from local
resident, not only from the district office.

Answer: Accepted to be considered
Wiastewater is not solely originated from water consumption from water supply
but also other sources and not has to flow through sewerage network.
Answer: In principle, wastewater is originated from water supply but also some
sources such as leachate etc., the organization who is the source of this
should take care of the matter.
BMA Administrator or Officer should visit Tup Chang Canal Area because
several new real estate projects have been developed, and they still discharge
wastewater directly to the canal.
Answer: there will be additional survey later.
What is the impact of Sewer Construction in canal?
Answer: the impact may occur during rainy season. But we will apply better
technology to minimize the impact to people who use canal for transportation
or other proposes.
The community representative suggest that the DDS should select 2
representatives from each community along the canal to be the committee who
is responsible for the canal protection in their community and all over the
district area
Answer: DDS may inform the others organization who is in charge to take care
of this matter.
What can local people take part or benefit from the Nongbon’s WWTP

implementation.
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Answer: As the result, Surface Water Quality will be improved, but the canal
network is liked cross to other area outside the service area where without
WWTP so in some area may have effect from wastewater originated from
outside Nongbon Area. In the future after all areas have wastewater treatment
service, there will be complete improvement of canal water quality.

10) How long does it take for the project implementation?
Answer: The feasibility study takes about one year period.

11) The community member should have right to be the committee who is
responsible for canal protection.
Answer: To be Considered.

12) After the wastewater project finish, there will be also the collection of
wastewater tariff or not?
Answer: the answer can not be confirmed now identified, the central
government had policy to let MWA (Metropolitan Waterwork Authority) collect
the wastewater bills. At the present time, BMA has to pay annually about 550
Million Baht to cover the wastewater treatment expense. The wastewater tariff
will help subsidize these facilities.

13) What will be the application of the Effluent Water?
Answer: The Effluent will be partially reuse for road cleansing and plant
watering (non-crop irrigation)

14) How about the effluent water quality and control of water qualities?
Answer: The BMA effluent water has higher quality than Effluent Water
Quality Standard.

15) What should people adapt themselves to help water environment?

Answer: They should not litter in canal or public waterways.
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12) Discussion Record (2) on F/S

Date and time: 15:00 — 16:00 on February 24 (Thu)
Place: 3F, DDS

Participants;
[DDS] Mr. Thammanat Chunsano: Deputy Director General, DDS
Mr. Chainat Niyomtoon: Director of WQMD, DDS
Ms. Sutimol Kessomboon: Chief of Project and Sludge Management Section, WQMD
[Study Team] Mr. Miyamoto Masafumi, TEC (Team Leader)
Mr. Takahashi Haruki, TEC
Mr. Tanaka Norio, TEC
Mr. Misawa Yoshinori, TEC

The following points were discussed on Feasibility Study.

1. Facility Planning of Nong Bon Wastewater Treatment Plant
Mr. Thammanat made a comment on the following points;

Facility Planning of Nong Bon Wastewater Treatment Plant is planned based on only the
economic point of view. Study team should consider some alternative Facility Planning from the
view point of social impact.

People in Prawet District may request the underground structure and it is difficult for DDS to
reject such kind of request, because history of modernization, that is, underground structure has
been adopted by DDS.

Study Team explained that the surrounding conditions are quite different from those of Bang Sue
WWTP site, that there are office building/workshops and reservoir under DDS.

Also Study Team made a point that the idea of modernization history was risky in future
development of WWTPs. DDS cannot select above-ground structure anymore in everywhere in

future.

Then Mr. Thammanat requested Study Team to show an alternative of underground structure in
the report in order to keep room for underground WWTP.
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13) Discussion Record (3) on F/S

Date and time: 14:30 — 16:00 on March 10 (Thu)
Place: 2F, DDS
Participants;
[DDS] Mr. Thammanat Chinsano: Deputy Director General, DDS
Mr. Chainat Niyomtoon: Director of WQMD, DDS
Ms. Sutimol Kessomboon: Chief of Project and Sludge Management Section, WQMD
Working Group Members (3)
[Study Team] Mr. Takahashi Haruki, TEC
Mr. Izumi Kunimasa, TEC, Mr. Kawachi Masahiro, TEC

The following points were discussed on Feasibility Study.

1. Cost Estimation
Mr. Thammanat requested Study Team for the following cost comparison, since the estimated
cost, 7,835 million Baht, is so high.

(1) To explain the reasons why Nong Bon WWTP is higher than Bang Sue WWTP which is
underground structure and includes Environmental Education Building.
- Bang Sue WWTP: 2,475 MB/ 120,000m3/D=20,600 Baht/m3/D
- Nong Bon WWTP: 3,316 MB/ 135,000m3/D=24,563 Baht/m3/D

(2,700MB=135,000m3/Dx20,600 Baht/m3/D)

(6) To show necessary indirect cost without foreign loan, since the estimated cost is too high.

- In case of DDS in budget request there is no administration cost, 3% of engineering cost
and no contingencies.

(7) To explain the reasons why the cost of alternative plan, underground structure, is 32% higher

than the above-ground structure.

2. Facility Planning

(1) Mr. Chainat requested Study Team to consider the alternative plan lowering the roof level to +8m
above MSL. This idea comes from the slope setting to approach easily to the roof space which will
be utilized for sports/recreation of staff members working at the WWTP.
Mr. Thammanat supported this idea because the 15 m height wall is overpowering for visitors.

(2) Mr. Chainat also requested Study Team to consider the simple structure to enclose the sludge
hopper and truck..
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14) Discussion Record (4) on F/S

Date and time: 15:00 — 16:30 on March 16 (Wed)
Place: 2F, DDS
Participants;
[DDS] Mr. Thammanat Chinsano: Deputy Director General, DDS
Mr. Chainat Niyomtoon: Director of WQMD, DDS
Ms. Sutimol Kessomboon: Chief of Project and Sludge Management Section, WQMD
Working Group Members (3)
[Study Team] Mr. Miyamoto Masafumi, TEC (Team Leader)
Mr. Takahashi Haruki, TEC

References; Breakdown Sheets of Cost Estimation

The following points were discussed on Feasibility Study.

1. Cost Estimation
(1) Study Team explained the reasons why Nong Bon WWTP is higher than Bang Sue WWTP, as
follows;

- Additional cost of CAAS is 251 million Baht

- Additional cost of Emergency Generator and Energy Recovery is 258 million Baht

- Additional cost of Lift Pump for Direct Discharge (2DFW) is 128 million Baht

In addition to above;

- The structure and equipment cost for Dry Pit Pump System is higher than the Submergible
Pump System.

- The cost of blower/aeration system and sludge treatment facilities will be higher, because
the design influent quality BOD 150 mg/l is higher than the BOD100 mg/l of Bang Sue
WWTP.

Furthermore,
- The inflation rate 3.3%/year (an average for the last three years) is considered in the cost
estimation of Nong Bon WWTP.; that means 6.6% increase for two years

(Bang Sue WWTP: 2,475 MB/ 120,000m3/D=20,600 Baht/m3/D)
(Nong Bon WWTP: 3,316 MB/ 135,000m3/D=24,563 Baht/m3/D)

3,316 MB - (251 MB+258 MB+128 MB) =3,316 MB - 637MB=2,679 MB
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2,679 MB/ 1.066=2,513 MB; 2,513 MB/ 135,000m3/D=18,615 Baht/m3/D

(2) Study Team showed necessary indirect cost according to the request of DDS.
- The indirect cost of 2,810 million Baht will be lowered to 646 million Baht, under
condition of only 3% of engineering cost and tax/duty.
- Mr. Thammanat requested the necessary indirect cost will be indicated in the report. Study
Team answered that the team will consider it in manner of suitable way.

(3) Study Team explained the reasons why the cost of alternative plan, underground structure, is
32% higher than the above-ground structure.
- Civil & Architecture Work increase 650 MB
- Mechanical Work increase 241 MB
- Electrical Work increase 162 MB
- Total increase cost is 1,053 MB (32% of 3,316 MB)

2. Facility Planning

(1) Study Team explained that the proposed alternative plan lowering the roof level to +8m above
MSL is almost the same as the underground structure. The reasons are as follows;
- D-wall will be adopted for earth retaining instead of sheet pile.

- Effluent Pumps will be operated anytime, even in case of effluent discharge to reservoir.

(2) Study Team agreed the construction of requested simple building to enclose the sludge hopper
and truck.
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15) 2™ Stakeholder Meeting Record

The result of
2™ Stakeholder Meeting for Nongbon Wastewater Treatment Project
Date 29" March  B.E. 2554  09.00-12.00
Dusit Princess Hotel , Srinagarindra Road, Prawet District

1. Numbers of Stakeholder  total 119 participants

From Number of Participants

1. Member of Bangkok Metropolitan 5

Council and District Council
2. The Steering Committee 21
3. Department of Drainage and Sewerage (DDS) 20
4. District officer (Prawet, Suanluang, Bangna) 14
5. JICA Study Team and JICA (Thailand) 9
6. Representative from Communities 47
7. Business Representatives 3

Total 119
2. Stakeholder Suggestions

In the stakeholder meeting for Nong bon wastewater project, it is allowed for the participant to
ask directly to the DDS administrator and also to write out their questions and wait for the
answer.  The stakeholder suggestions can be summarized as follows:

1) A community representative has suggested: As he was informed during the first stakeholder
meeting and to join the group of community members from Nongbon wastewater treatment area
to visit the Dindang wastewater treatment plant and to see the operation and management of the
wastewater treatment plant. He has found that the operation is going on in the good manner
with high quality of services. After he asked the local residence near by Dindang WWTP, the
answers from the local residents indicated no negative effect from both odor and noise but he
want to give some suggestions:

- We should enhance public awareness to manage wastewater before dispose to

water sources and also we should.
- Empower law enforcement in the topic of canal area resonation.
- Enhance people’s self-discipline about water environment
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2) Prawet Community Member has suggested: It is his great pleasure to know about the
construction of Nongbon Wastewater Project which will lead to better water environment but he
would like to propose possible method to help improve water quality as he has experienced,
from Wan Community, that is dispose E.M. into canal twice a month each time 500 liters for 1
years continuously.

3) Ban Mar Community Member has asked: In case of heavy rain fall how can we protect rain
water to flow into the wastewater collection system?

Answer: The wastewater sewer is typical a combined system (rain water mixed with
wastewater) and is protected by weir and flap gate (for not to contaminate with canal water).
During rainy season, the wastewater collection system will accept only 5 times Dry Weather
Flow(DWF)only. The excess water runoff will overflow into the canal

4) What time this project will be completed?
Answer : In the next year will be 1 year of design and the next 3 years period will be the
construction and testing operation.

5) How long is the sewer to be constructed under Srinagarindra Road?
Answer: It can not be confirmed in this step because this is just preliminary design, not detail
design.

6) How much does it cost for the operation and maintenance and when will user being charged
for the wastewater fee?

Answer : Bangkok Metropolitan Administration is responsible for the operational expense of the
7 Wastewater Treatment Plants, under the Pollute-Pay-Principle policy of the government, but
practically the wastewater user charge still has not fix schedule.

7) How long is the project plan (at 135,000 cubic meters per day)
Answer: The beginning stage (2020) was designed to have capacity 90,000 cubic meter per
day but the maximum capacity 135,000 was targeted in the year 2040.

8) How much does it cost for the project construction?

Answer: The construction cost around 7,000 Million Baht. The first stage design is for with
the capacity close to 100,000 cubic meter per day but the next step will expand the capacity in
accordance with wastewater inflow.
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9) According to the information given during this meeting, the distance of sewer construction
under road is 43.8 kilometers long. Which Street and road are under the construction plan?
This will effect to people who pass on the street and other public utilities.

Answer : The sewer construction under main roads will not be done by open cut method but will
be done by pipe jacking method and the opening of manhole/pit will be during late night time
only with very small effect to traffic.

10) What is the impact during operation of wastewater treatment plant?

Is it possible to trap all of wastewater in to the treatment process?

Is the user charges are equal between the enterprise and normal local resident?

Answer: During dry season, all wastewater will be collected into the wastewater treatment plant
but during rainy season some parts of run-off water will dilute with wastewater and overflow
into the canal. The rate of wastewater use charge for business will be higher that the local
residents due to higher pollution load and sharing of some investment cost.

11) The sewer construction under the canal will effect to people/local residents or not?

Answer: The sewer construction will be done under the canal not in the canal and at depth about
10 meters underground with the size of diameter around 2-3 meters so it will not effect the
usage of Klong by local residents. Even it is the drainage tunnel, the tunnel line will lay more
deeper than wastewater sewers at about 20-30 meters under mean sea or ground level with pipe
diameter about 5-6 meters and also will not effect to usage of Klong by local residents.

12) When will this project finished?
Answer : The design will be during 2012-2013 and construction begin in 2014.

13) The canal bank in many areas have been occupied by illegal settlement. What will be the
solution for this matter? And How?

Answer : Normally, under existing law and regulations this people should be move out but the
operation can not be done practically and easily in many area. The gradually application of
law should be done together with budget in hand and also the construction of wastewater
collection system and treatment plant will help solve such problems by means of sustainable

solution.
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16) 5™ Working Group Meeting on JICA Preparatory Survey

Date and time: 10:00 — 12:00 on March 30 (Wed)
Place: 3F, DDS
Participants;
[DDS] (Acting Chairman)
Ms. Sutimol Kessomboon: Chief of Project and Sludge Management Section, WQMD
Working Group Members (10)
[Study Team] Mr. Miyamoto Masafumi, TEC (Team Leader)
Mr. Takahashi Haruki, TEC, Mr. Izumi Kunimasa, TEC, Mr. Kawachi Masahiro, TEC

Documents distributed;
Power point handout of Draft Final Report on Feasibility Study

Issues discussed at the meeting;
1. Opening
The acting chairman gave opening remarks.

2. Explanation of Draft Final Report on Feasibility Study

Mr. Miyamoto explained the contents of the Draft Final Report by power point presentation.

3. Discussion
(1) Interceptor Route
- Length of interceptor indicated in the pamphlet is wrong. The following is correct.
Length of interceptor under klong is 43.6 km.

Length of interceptor under road is 20.6 km.

- Depth of interceptor under Klong Nong Bon is sallow as 5-10m below MSL, while on the other

hand depth of Deep Drainage Tunnel is 20-30m below MSL.

(2) Designed wastewater treatment capacity

- The capacity of secondary treatment is designed by one Average Dry Weather Flow., but

hydraulically hourly maximum DWEF, that is, two times of DWF, can be received in secondary

treatment process in dry season.

(3) Reuse of treated wastewater

- The treated wastewater of Nong Bon WWTP is planed to use for water resource of Rama 1X

Park.
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17) 4™ Steering Committee Meeting Report

Meeting Report  2/2554
The Preparatory Survey for Bangkok Wastewater Treatment Project
Date March 31% B.E. 2554 10.00-12.00
Nopbhand Room, Drainage and Sewerage Department
3th Floor, Bangkok City Hall 2

Committees who has joined the meeting

1. Mr. Thammanat Chunsano Committee
Deputy Director General of Drainage and Sewerage Department
(for Water Quality Management Office)
2. Assoc. Prof. Sutchai Champa Committee
Sanitary Engineer Expert
3. Ms. Darunee Supanai Committee in charge
On behalf of Director of Economic and Fiscal Office (Committee)
Department of Finance
4. Ms. Suwannee Phusuwan Committee in charge
On behalf of Director of Legal and Litigation Office (Committee)
Office of the Permanent Secretary for the BMA
5. Ms. Ammaraporn  Jitpraphai Committee in charge
On behalf of Director of Drainage Information System Division (Committee)
Drainage and Sewerage Department
6. Mr. Chainat  Niyomtooon Committee and Secretary
Director of Water Quality Management Office
Drainage and Sewerage Department
7. Ms.Suthimol Kessomboon Committee and Assist. Secretary
Water Quality Management Office
Drainage and Sewerage Department
8. Ms.Kate-rachada Klankrong Committee and Assist. Secretary
Water Quality Management Office
Drainage and Sewerage Department

Participants who has joined the meeting
1. Mr. Miyamoto Masafumi JICASTUDY TEAM
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2. Mr. Takahashi Haruki JICASTUDY TEAM
3. Mr. Izumi Kunimasa JICASTUDY TEAM
4. Mr. Kawachi Masahiro JICASTUDY TEAM
5. Ms. Yukiko Tahira JICAThailand
6. Ms. Wandee Rojkarnwong JICA Thailand

Committees who was absent from the meeting

1. Mr. Chatinai Nauwaphut Chair Person
Deputy Permanent Secretary (For Department of Drainage and Sewerage)

2. Mr. Sunya Chinimit
Director General Department of Drainage and Sewerage Committee

3. Assist. Prof. Boonyong Lowongwat Committee
Sanitary Engineer Expert

Beginat 10.00 a.m.

Period 1 : Introduction for meeting

Acting Chair committee (Mr.Thammanat Chunsano) addressed to the Steering Committee
that Mr.Chatinai Nauwaphut (Deputy Permanent Secretary to BMA) and Mr.Sunya Chinimit
(Director General, DDS) are on other official appointment. Mr.Thammanat is assigned to be
the acting chairman in this meeting and will be the last meeting to summarize the project
contents within the Draft Final Report.

Result : The committee and participants noticed

Period 2 : Approval of the 1/2554 meeting report

1. The committee suggests to the secretary to correct line 2 page 3 from the last meeting report
to be “such as the comparison between in the case that BMA invest together with central
government and the case that BMA invest together with private sector and the case of soft

loan (different sources of loans)

2. Correction of writing in page 3 line 5 the word in Thai mean “economic” is not in correct
writing.

Result : The 1/2554 steering committee meeting report has been approved.
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Period 3: Consideration of the Final Report. “Feasibility Study : Nongbon Treatment Area” ,
the committee has suggestion on some topics as follows.

(1) Correction of Flow Diagram in the slide powerpoint presentation “Design Concept and
Requirements” should be reconsider because it can lead to misunderstanding such as: the receiving
water body should be “Klong Nong Bon” and “Storm Water Reservoir rather than “Primary
Treatment and Secondary Treatment” and at the Sedimentation Basin, there should be the line of
“Return Sludge” back to the aeration tank.

(2) The effluent outfall to Klong Nong bon, designers have to assess the adverse effect to the
recipient (Klong Nong bon) particularly the problem of hydraulics overload, higher water level
effect to people who lives on both sides of the canal. The detail should be written in the final
report.

(3) The design of aeration upon the sedimentation tank, designer has to consider the effect of
outfall aerosol, if necessary, there should be the cover structure to protect of wastewater aerosol.
The JICA working group explains that the cover structure is already designed for the aeration
basin to help solve the effect of aerosol.

(4) The project cost consideration, in the list of Foreign Cost (F.C.), there should be the detail of
calculation (back up sheet) for the heavy equipments from abroad country and also shows the
cost in Thai Baht currency.

(5) The committee suggests the working group to recheck the details of “Financial Status of
BMA” in the topic of “Current Liquidity Ratio” data between years 2006-2007 because the
printed out valve is higher than the aspect.

(6) The committee suggests the word “(Financial Analysis)” to change to be “(Economic
Analysis)” and in the final report should identify which alternative is the best.

(7) The JICA study team should estimate the additional cost for the upgrade installation of
equipment from the first phase WWTP around 100,000 cubic meter per second to be the second

phase at capacity 135,000 cubic meter per second

Result : The JICA study team will complete the project report content as suggested by the
steering committee.
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Period 4 : Others

(1) The study team will submit “Draft Final Report” to JICA on 15 April 2554 and JICA will
pass the document to BMA later.

(2) The secretary inform to the meeting that the representative from Department of Finance
suggestion for Draft Final Report that the study team should add some more Financial Analysis
which compare 5 alternatives. This is to add more private investment or PPP : Public Private
Partnership to be the sixth alternative and to cover all existing possibilities.

Result : The study team will add this analysis into the Appendix.

Meeting closed at 12.00

Recorded by (Mr.Chamaphan Masjorn)
Translated by (Mr.Pathan Banjongproo)
Approved by Ms.Suthimol Kessomboon)
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Appendix-2
List of Documents and Data

1) Summary of Documents and Data
2) List of Documents and Data
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List of Documents and Data

Water Quality Management Office — Annual Report 2551 (2008)
Performance Plan of BMA 2009-2012 (English Version)
Performance Plan of BMA 2009-2012 (Thai \fersion)

Statistical Profile of BMA (2008) (English \ersion)

Statistical Profile of BMA (2008) (Thai Version)

The study for the Master Plan on Sewage Sludge Treatment/Disposal and Reclaimed

o g~ W DN P

Wiastewater Reuse in Bangkok — Vol 1 : Executive Summary (1999)

7. The study for the Master Plan on Sewage Sludge Treatment/Disposal and Reclaimed
Wiastewater Reuse in Bangkok — Vol 2 : Main Report (1999)

8. The study for the Master Plan on Sewage Sludge Treatment/Disposal and Reclaimed
Wiastewater Reuse in Bangkok — Vol 3 : Supporting Report (1999)

9. The study for the Master Plan on Sewage Sludge Treatment/Disposal and Reclaimed
Wiastewater Reuse in Bangkok — Vol 4 : Data Book  (1999)

10. Bangkok Metropolitan Region Wastewater Management Action Plan and Feasibility Study —
Vol 1 : Executive Summary (1996)

11. Bangkok Metropolitan Region Wastewater Management Action Plan and Feasibility Study —
\ol 2 : Main Report (1996)

12. Bangkok Metropolitan Region Wastewater Management Action Plan and Feasibility Study —
\ol 3 : Appendices (1996)

13. Bangkok Metropolitan Region Wastewater Management Action Plan and Feasibility Study —
\ol 4 : WMA Corporate Plan (1996)

14. Bangkok Metropolitan Region Wastewater Management Plan — Main Report (1996)

15. Bangkok Metropolitan Region Wastewater Management Plan — Appendices : Part |

16. Metropolitan Water Works Authority — Annual Report 2000

17. Metropolitan Water Works Authority — Annual Report 2001

18. Metropolitan Water Works Authority — Annual Report 2002

19. Metropolitan Water Works Authority — Annual Report 2003

20. Metropolitan Water Works Authority — Annual Report 2004

21. Metropolitan Water Works Authority — Annual Report 2006

22. Metropolitan Water Works Authority — Annual Report 2007

23. BOD Loading in the Chaophraya River

24. Dindaeng Water Environment Control Plant — Annual Report 2009

25. Chatujak Water Environment Control Plant — Annual Report 2009

26. Nongkhaem - Tungkru Water Environment Control Plant — Annual Report 2008
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27.
28.
29.
30.
31.
32.
33.

34.
35.
36.

37.
38.

39.
40.
41.
42.
43,
44,
45,
46.
47.

48.

Bang Sue Feasibility Study Report Volume 1/5 - For executive summary (Thai \er.) (2006)
Bang Sue Feasibility Study Report Volume 2/5 - For executive summary (Eng. \er.) (2006)
Bang Sue Feasibility Study Report Volume 3/5 - Main Report (Thai Ver.) (2006)

Bang Sue Feasibility Study Report Volume 4/5 - Appendices (Thai Ver.) (2006)

Bang Sue Feasibility Study Report Volume 5/5 — Basic (2006)

Wastewater Tariff : Feasibility Study — Main Report  (Thai Version) (1998)

Feasibility Study of Klong Toey Wastewater Treatment Project Vol.1 :Executive Summary
(2001)

Feasibility Study of Klong Toey Wastewater Treatment Project Vol.2 : Main Report(2001)
Feasibility Study of Klong Toey Wastewater Treatment Project Vol.3 : Appendices (2001)
Feasibility Study of Klong Toey Wastewater Treatment Project Vol.4 : Preliminary Design
Drawings (2001)

Chatuchak WWTP : CD #1

Din Daeng WWTP: CD #7

Bangkok Wastewater project stage 1 (PART1) 1/2 AS-Built drawing

Bangkok Wastewater project stage 1 (PART2) 1/1 AS-Built drawing

Bangkok Wastewater project stage 1 (PART3) 1/4 AS-Built drawing

Bangkok Wastewater project stage 1 (PART3) 3/4 AS-Built drawing

Bangkok Wastewater project stage 1 (PART4) 1/1 AS-Built drawing

Bangkok Wastewater project stage 1 (PART5) 1/3 AS-Built drawing

Bangkok Wastewater project stage 1 (PART5) 3/3 AS-Built drawing

Nong Khaem WWTP : CD #4 As-Built drawing

Tungklu WWTP : CD #6

Questionnaire on Technical Survey

Presentation Sheet : Summary of Inception Report

Bangkok State of Environment Report  2006-2007

Water Quality Management Office — Annual Report 2550 (2007)

(CD #1) Water Quality Management Office — Annual Report 2549-2551 (2006-2008)
Major Public Park in Bangkok

(CD #1) Data of water consumption 2553 (2010) -Transition of water supplied population
and water consumption by use (domestic,commercial and industrial)

Operation and maintenance data in 2009

(@) O&M cost and utility consumption for personal, electrical power, chemicals, repair,

replacement

and so on

(b) Wastewater flow of influent and effluent
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(c) Treatment performance: Influent and effluent wastewater characteristic and target value
49. (CD #1) (a) Data of industrial activity, estimated wastewater volume
(b) Data of livestock
(c) Journal of infection diseases department
50. (CD #1) Factory BMA Sep 2009 (Industrial area)
51. City Planning BMA (Edit #2) and (CD #1) Map : landuse,transport and openspace.
52. (CD #1) BKK Comprehensive Plan (Regulation)
53. Map and (CD #1) (Land use 2006)
54. Long Term Plan 32 years (2010 — 2041) from PCD
55. (a) Wastewater Management in Thailand (Eng Ver.)
(b) Wastewater Management of community (Thai \er.)
56. Building Effluent Standards from PCD
57. (a) Water Quality in Chaophraya River (2009 : Jan.-July)
(b) Water Quality of Khlong in BKK
58. Map and (CD #1) Chaophraya River
59. (CD #1) Rainfall Data from BMA
60. Map of Nongbon WWTP
61. EIAin Thailand (2007)
62. Guidelines for participation of people and assessment the impact of social environment
(EIA)
(2006)
63. Strategic Environment Assessment : SEA (2009)
64. Guidelines for heath impact assessment (EIA) (2009)
65. (CD #1) Human Development Report 2007
66. (Brochure #3) MWA (a) History
(b) Water Treatment Plant-Bangkhen
(c) Water Treatment Plant — Mahasawat
67. (Draft) Summary of waterworks improvement project
And Demand for water and Capability to produce water
68. Metropolitan Water Works Authority — Annual Report 2009 (Thai Version)
69. Metropolitan Water Works Authority — Annual Report 2008 (Thai Version)
70. (CD #1)  (a) Strategic Environmental Assessment : SEA (Thai & Eng. Version)
(b) Announcement — guideline of EIA (Eng. Version)
71. Action Plan for Flooding Prevention (2010) (Thai \ersion)
72. Comparative study on Integrated Wastewater Management System Model for
Developing Countries under Rapid Urbanization (Eng. Version)
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73. BMA ordinance: Collection of Wastewater Tariff B.E.2547 (2004) (Thai & English \ersion)
74. Critiria for obstaing the service of sewerage in BKK.(Thai Version & Translation)
75. Geology of the lower central Plain. (Eng. \ersion)
76. (CD #1)(Power point) Solid waste management
77. History and organization chart of DDS 2542 (1999)
78. (Content) Regulation of environment health in 1992.
79. Fiscal Year 2007-2008 of DDS
80. BKK : primate city (area & population)
81. Data of Khlong in water environment control plant
82. Chart of Septic tank #5, Chart of drainage pipe elevation plan #1
83. Chart of the position of manhole, pipe and septic tank in household
84. (Drawing) Network Map of the existing Combined Drains in Din Daeng and Nongbon
85. AS Network Map of the existing Interceptor Pipes in Din Daeng
86. The Land development Act B.E.2543 (A.D.2000) (Eng. & Thai \ersion)
87. (Map) WWTP 7
88. Hydraulic Design
88.1&2.for interceptor route&point chamber at Banthad Thong Rd.,  (Vol.2/1)
And for throttle pipe at Rama 4 (Vol.2/2)
88.3. for throttle pipe (Vol.3) Khlong Suan Luang
88.4. for interceptor route & point chamber (Vol.4) Khlong Suan Oi
88.6. for interceptor route (Vol.6) Samsen Rd.,
88.7. for interceptor route (Vol.7) Si Ayutthaya Rd., - Ratchasima  Rd.,
88.8. Hydraulic Design (\ol.8) Pitsanuloh Rd.,
88.9. for interceptor route & point chamber (Vol.9) Klong Bang Lamphu
88.10. for interceptor route & point chamber (Vol.10) Krung Kasem Rd.,
88.11. for interceptor route & point chamber (Mol.11) Krung Kasem Rd.,-Luk Luang Rd.,
88.12. for throttle pipe (Vol.12) Krung Kasem Rd.,-Luk Luang Rd.,
88.13. for throttle pipe (Vol.13) Rama 4 Rd., - Nakonpathom Rd.,
88.14. for throttle pipe (\Vol.14) Klong Phadung Krung Kasem
88.15. for interceptor route (Mol.15) Klong Phadung Krung Kasem
88.16. for interceptor point chamber (Vol.16) Klong Mahanak-Rama 6 Rd.,
88.17. for throttle pipe (Vol.17) Klong Mahanak
88.18. for interceptor point chamber (Vol.18) Klong Mahanak- Klong Bang Lumphu-
Soi Bothitpimuk
89. (Map) Plan of Minburi WWTP (June 18,2010)
90. Database & Tariff Collection Section of WQMD
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01
92
03
94

95.
96.
97.
98.

BMA.

99.
100.
101.
102.
103.
104.
105.
106.

107.
108.
109.
110.
111.
112.
113.
114.
115.
116.

117.
118.

.(Map) DDS Sewerage Treatment Areas

. (Drawing) Water Supply Districts and Sewerage Treatment Areas

. Wastewater Treatment Tank (by AQUA Nishihara co., Itd.)

. STP Brochures (WWTP Chon nongsi, WWTP Si phraya, WWTP Dindaeng, WWTP

Thung Khru #2, UNEP, BMA)

DDS E-magazine

Budget Fiscal year of DDS (2006 — 2009) (Eng. & Thai \ersion)

Report of survey : Willingness for paid the tariff in wastewater treatment area (from DDS)
The study on wastewater treatment charge in Thailand and foreign countries, 2010 DDS,

(Eng. & Thai \ersion)

Project drainage tunnel construction in BKK area. (DDS,BMA)

Bangkok Four year Public Administration Plan, 2005 — 2008.

Information of the housing areas in Prawet District.

Canal network (West & East Bangkok)

Meeting report (Management about wastewater , garbage and tariff of wastewater treatment)
MWA Water Consumption (Dr.Pathan’s Thesis)

Chart of Prawet district (Cleaning drainage and manhole)

(Book) Maps of all administrative districts in Bangkok — separate district

(CD) district & Bangkok map

(Map #2) Maps of all administrative districts in Bangkok

Khlong Data in BKK. (Water Transportation Plan)

Profile of Bangkok City

Water Quality Management

Strategy to increase the efficiency of quality water management

Watergate and Pump station Chart

Network Map of the existing Combined Drains in Phra Khanong District

(CD) IPC Improvement Drawing of Rattanakosin and PCD (from DDS)

Final Design Report of Chatuchak District ( from DDS)

Bangkok Wastewater Project — YANNAWA (3 items - Interceptor Sewers Calculations

: KCN catchment, Rama 3 catchment, Rama 4 catchment Final design submission)

The survey and design the drainage system project in Bangkapi district — Main road ( # 1/10)
The survey and design the drainage system project in Bangkapi district — Bangkapi district

(#5/10)

119. The survey and design the drainage system project in Bangkapi district

—Wang Thong Lang District (#8/10)
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120.

DDS)

121.
122.
123.
124.

Regulation of the office of the Prime Minister in case of public consultation (2005) (From

Pipe Jacking Cost (From DDS)

Network Map of the existing combined drains in “Prawet” District

Bangna District — City Planning Map

Soil Boring Report — Project: DDS Building and Work Shop , Nongbon swamp, Prawet

(JUNE 2010)

125.
126.
127.
128.
129.

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.

Drawing of Buildings in Rama 9 Park

Drawings of the existing WWTPs

Catalogs of Screw Press Dewatering

CPD Brochure - Land use

The meeting document of the Master Plan for drainage system project in Lad prao area,
Bang khen area and the part of Chatuchak. (Document & Questionaire)
The Revenue and Payment report of BMA budget in 1997 - 2008
(MAP) Scope of the polder system for solving.

(Copy) Documents of Price Assessment of Bang Sue Project.

(Copy) Bangkok MRT of the dark yellow line, F/S Drawings

Bangkok MRT Master Plan

(DVD) WWTP- Bangsue VDO Representation

Nongbon Area Topographic MAP

Electricity Conduit Information Map of Nongbon Area

Draft Report of Public Awareness Survey (2 copies)

The Operation & Maintenance and management of WWTP — Chatuchak
Klong Toey Wastewater Treatment Project ,October 2010. (From DDS)
Location of pumping station installation at Prawet district

Drainage Project at Suwannabhumi Airport (Royal Irrigation Dept. ,Dec.2010)
Map show the area of south-Thonburi WWTP Project

(CD#1) Map of WWTP site (8 Feb. 2011 from DDS)

Drawing of Telecom Information at Prawet, On Nuch and Suan Luang

146. Annual Performance Report for the Fiscal Year 2009

147.
148.
149.
150.
151.
152.

(#1 sheet) Organization Chart of Finance Dept,BMA.

Credit News of BMA (Announcement No.742)

Balance Sheet of BMA as at Sep. 2008-2007 , Sep.2007-2006 and Sep.2006-2005
The Expenditure & Budgeting of BMA

(#1 sheet) Steps for Consultant Selection (Thai & Eng.\ersion)

Monthly Results of Water Quality Analysis in 2010 (From DDS)
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153. Expense for operating wastewater system of WWTP in 2010 (From DDS)

154. (Map) Klong Water Quality Improvement Project (From DDS)

155. Financial Assistance From the Danish International Development Agency

156. The Revenue and Payment report of BMA budget in 2007 - 2009

157. (Copy) AS-Built Drawings Installation Details (Manhole 171A-3/4 in Klong Sam Sen
and Manhole 1.60X in Klong Sen Sep)

158. (Copy) AS-Built Drawings Manhole and IPC Installation Details (Manhole Type | & II)

159. Profile of Klong Nongbon

B R R o e e o R R e R R R R e e R e ko
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Appendix-3
Existing Drainage Outlets in Nong Bon
Treatment Area
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