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ELEO AR OB, B 4605 K 410 [DRTHRERES B0
& 4.6 MRS (1) - BUUKEN BB BA

Section 1  along Chao Phraya River 3,400 meter

Section 5 aloug Klong Tub Chang Bon 1,700 meter

Total '_ 5,100 meter

#o4T OREMR O-K M

Kloag Phra Khanong 6 meter width, 1 set
Klong Saen Saeb 6 meter width, 1 set
Klong Lolae 6 meter width, 1l set
Klong Song 6 meter width, 1 set
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Pump Cépacity Pfoposed Existing New Works
. Stati Pump Caga“ Works
Pumping Stalion city (m/s)
‘Bang Khen 1. Bang Khen New _ g -
and- 2. Bang Khen Oldl 15 12 -
‘Bang Sue 3. Bang Sue 36 36 —
Polder :
Sub Total 51 57 - -
Phra 1. Phra Khanong 50 105
Khanong - 2. Lao _ 9 . 0 9
Polder 3. Huay Kwang 3 - -3
(*)  Sub Total 102 105 12
Bang Na 1. Jek o3 6 ~
_ 2. Bang Oa 12 18 -
Polder 3. Bang Na 15 15 =
4. BangNang Chine 9 - 9
5. Bang Lai ' 6 - 6
6. Klet -9 - 9
Sub Total 54 39 24
Total | 207 201 36

Note; Proposed pump capacities are not always the same as the
existing. : ' _
* including Ramkhamhaeng polder and west Huay Kwang

drainage area.

410



R4 MR ) -0l

{Unit: klong meter]

Retaining Wall

Polder or B Dredging
Drainage

Area Construction Existing

Phra Khanong* 9,895 3,005 18,600
Ramkhamhaeng 3,770 100 _ 7,240
Huay Kwang 900 200 15,870
Bang Sue 12,950 1,750 18,540
Bang Na 23,240 1,720 - 32,710
Total 50,755 6,775 92,960

* Klongs Phra Khanong, Tam and Saen Saeb

% 410 REHEZ (5)- M K B

Nawme . Length (m)

Phra Khanong Polder: -

Ramkhamhaeng Polder 200
Huay Kwang Drainage Area 900
Bang Sue Drainage Area 2,170
Bang MWa Polder 1,060

Total 4,330
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£} TypeA : R H2 T 22 16058

2)  TypeB @ #EUAI 0L (Hs 2.5m)
3) TypeC : PEHUNBREL ( 2.5<HS 3.5m)
4) TypeD : BB v 20— B CIRE

Type A SN 6~ 8 mEUFOR G2 0 — vz, $ 7 TypeB K tX C td
CHRELEOWDERO 2 o— @il Lty TypeD I3 MBEIDB oL 02 5% L T8
BUEA S.smBlEO 2 u— ISl L, (B 5,581
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& 5.4 Sy oo efE
Name of polder Phra Raﬁkham~' Bang West Bang Sue Total
or Drainage Area Khanong haeng Na Huay
(%) Kwang
L : S . _

Klong Length 18,600 7,240 32,710 15,870 18,540 92,960

Improved (m)

Dredging (m) 18,600 7,240 32,710 15,870 18,540 92,960
earth vglume 353 &1 337 169 184 1,084
(1,0004°)

Cbnstruction of

Retaining Wall(m) _
Type A - 5,470 29,680 - 21,700 56,850
Type B - - - 1,300 - 1,300
Type C & 440 - 12,700 - 2,400 19,540
Type D 4,940 - - - 600 5,540
Sub~Total 9,380 5,470 42,380 1,300 24,700 83,230

Reconstruction

of Retaining

Wall (m)

Type A - 2,070 1,400 - - 3,470
Type B - - - 500 - 500
Type C 2,850 - 2,700 - 800 6,350
Type D 7,560 - - - 400 7,960
Sub-Total 10,410 2,070 4,100 500 1,200 18,280

Utilizing

Existing Re- 6,010 200 3,440 400 3,500 . 13,550

taining Wall (m)

Trapezoidal ' .

' Shape Embankment 5’700 3f370 7,750 14,770 3,840 24,86Q

Land Acquisiti ' -

2 AuISILION 15,800 - 400 9,220 5,200 27,620

o .

(*) primry klongs only, i.e,, Klongs Phra Khanong, Saen Saep and Tan
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T — K

(Baht Million at 1985 price level)

Construction Cost

1,261.5

Facility _ Acquision Total
F/C L/c Total
A. Flood Barrier 19.6 20.7 40.3 40.3
B. Control Gate 31.3 16.9 48.2 48.2
C. Pumping Station 86.3 37.0 123.3 6.7 130.0
D. Klong Improvement  834.5 1,005.7 1,843.2 82.9 1,926.1
E. Drain 73.8 73.8 147.6 147.6
F. Flood Control 68.0 - 68.0 - 68.0
Operation System :
Sub~Total (A-F) 1,116.5  1,154.1 2,270.6 89.6 ' 2,360.2
G. Physical 100.4 103.8 204.2 2064.2
Contingency '
H. Engineering 44,6 46.2 90.8 - 90.8
/Supervision '
Total (A~H) 1,306.1 2,565.6 89.6  2,655.2
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Item - Year Total 1987 1988 1989 1990 1991
Flood Barrier (km) 5.1 - 5.1 - - -
Gate {place) 4 - 4 - B -
Pumplng Statxon 5 - 5 - - -
(station} :

Klong Improvement (km}

Primary Klongs 26.0 - 18.6 7.4 - -
Secondary/Tertiary 66.9 - - 14.5 33.6 8.8
" Klongs :
Drain Improvement (km) 4.3 - - 0.0 3.2 1.1
Flood Control Operatlon
Center (set) : 1 - 1 : - - -
Detailed Design 1 1 - - - -

Project Cost (million

Baht at 1985 price) 2,655 46 825 825 805 154
Foreign Portion 1,261 23 450 353 312 63
Local Portion 1,394 23 375 472 433 91
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& 6.1

o TR O S

Urban

and Master
Plan Area

3)

Prohibition of Infrastruc-
ture provision

" Classifi~ Scope of
cation Development Area Measures
Protection . Urbanized Master Plan 1} To form a polder
Area Area and :
Feasibility 2} To improve drainage capacity
. Promoting Study Area
Urbaniza-~ 3) To make retention pond, com-
tion pensating retention area
Area lost with urban development
&) Prohibition of ground water
withdrawal
5) Improve surface water supply
system
6) Provision of Infrastructure
. Retention ' Master Plan 1) Prohibition of landfill
Area and _ N o .
Feasibility 2) Prohibition of Infrastruc-
Study Axea ture provisicn
3) To éﬁCOurége flood-proofing
Retarding . Prbhibif“ Eést'half 1) Te adjust drainage condition
Area ing Urban- of eastern for agriculture and open
ization suburban space
Area Banghkok :
between 2) To encoyrage flood-proofing
Green Belt
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&6, N0 O AN

Flood GControl &

City‘Planning

Authority Flood Protection
in Charge Committee Operation Authoity
(Overall Flood Coutrol)  Authority
Current * Sub-Committee for # Construction of * Green Belt area as
Situation flood plain management Green Belt Dyke open space
(retarding area)
Short * Mobilization of sub- % Publicizing ¥ Projection of
Term committee observed flood population and
Action * Recognition of area "urbanized avea
Plan importance of flood * Establishment
plain management of flood
between relating control opera-—
agencies tion system
* Public education of
flood plain '
management
Inter- ' * Inter-governmental * Collectilon of * Approval or dig-
nediate recognition of zoning flood data approval of
Term system in accordance * Preparation of development -
‘Actionm with flood risk flood risk map applications based
Plan * Publicizing floed # Improvement of on building codes
risk map flood control * Construction of roads
oparation and water supply,
system compatible with
zoning system
* Guidance for
prohibition of land
reclamation in
retarding area
* Multi-purpose
retention pond in the
park
Long * Zoning regulation * Approval or dis—
Term * Property tax adjust~ approval of
Action ment, reflecting development applica-
Plan zoning tiotis based on zoning
* Surcharge to regulation
developers
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*Concrol of klong émvironmﬁntal

conditions

P}nle=of _ - Honitoring
Honitoring Coutenes of Monitoring Starions
‘Water level in Hain Kloogs ‘Main ¥longs
. “Main pumping statidn
Control of +Conttol of maintaining water level -Hain gates ar green beit &
- Maln in main klongs - . 2nd barrier
Facilities

Cbsecrvation of
Outer
Conditions

‘Hater level condiricn In green
‘Water level condition fn retarding

‘Water level in the Chao Phraya River

belt area

area

‘Main pumplng stations

-Main gates of green Helt &
- 2ud barrierv

1 Observation of
Inland -
Floading

“Watar level in swall kloag
«Drajnage operatiﬁn of small klongs

-Coutrol of wmalntaing ‘ater level in

small klongs .

«Small klong {n the heavy past

flood damaged arsa

*Puaping stations and gate
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LTRSS & AR

(Unit: Thousand yen)

Teem Unit Amgunt Rematks
(1) | MASTER STATTON 325,900 .
uifﬁﬁng*EEEEﬁter i ser (V 3,90 ) Without Back
up machine
2. Man-Machine sub-system | 1 unit
Color Copier,?0"projector
Mimic Panel TV Camera, VIR
Desk, etc.
3. Communication sub-systen 1 unit
4. Application Soft Ware 1 v
5. Power Supply Systew 1«
6. Cables 1 n
) OUT STATIONS (109,300}
' 1. OTY (5TC-1000) 15 sets
2. Cabinet 15w
3. Water Level Gage 28
4. Rainfall Gage 13 .
5. OTU Soft Ware 15 »
6. Cable 1 unit
7. Modification of Exist~ 1 =
ing panel
8. D¢ Battery charger 15 o
(3)] OTHERS (190,200) 190,200
1. HMaster Station T ¢ o
Installation
2. Sub-Master Installation
3. OTU Installation
4. Site Testing
5. Spare Partls
6. Test Equipments
7. OTU House
&, TOT Telephone Line
9. One year Maintenance
10. Opexration Training
(4} Total of Imitial Cost ¥ 625,600 thousand yen
68 Millioun ¥
(5)}| Operaticn & Maintenance (2 Million B/year)
1. Salary of Operator 2 Memb
2, Operating Expense l‘ "
. (TOT.ECAT.EIC)
3. Patroling Expense i
4. Office Work Expense 1




# 7.8 R BB (60)

Rainy Season

(July—DeCember)

Dry Season

(January-June)

Regulator Gate
of
Green Belt Levee

Closed as a general rule

‘Open with the direction of
the center

+Controlled to keep the mainte-
nance water level in klong

Regulator Gate
of
2nd Barrier

+Closed as a general rule

»(Opened with the direction
of the center and the water
level must be kept less than
maintenarice water level in
kleng

-Controlled to keep the main-
tenance water level in klong

Gate between
each polder

*Closed as a general rule
* Opened with the direction

of the center

*Opened as . a general rule
*Controlled for klong flushing
by the direction of the center

Gate at
pumping station

+ Opened when the condition of

ocuter water level is lower
than inner water lewvel

* Closed on other conditions
+ Closed in night as a general-

rule

'Controlled to keep the main-
tenance water level in klong

i'Controlledlfor klong flushing
by the direction of the center

Pumping Station

. Operated to keep the mainte-

‘nance water level in klong
polder

*Operated to keep the main-
tenance water level in klong

+Operated for klong flushing
by'phe direction of the center
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9.4 BMARRA D47 & T M

FIeM RO Y25 2 b5 2 9+ —YRAC G 3 MR R, R
BM A 0P A H T 32K 59 2 WO R NEA W S A C U oo = OEIT U
BMA QA AT RIS B0 K 9,512 2 B>V TOBMA A
RO T RIMARINT O B0 2RI S 2000 T C TO0TT T S — Y v
50014 Ji/S— Y OlE & » T d,

# 9.5 BMAMAM® 2 BN
| | - (55—
B 1987 1988 1989 1990 1991 1992  i993
N. { CR 388 412 436 4863 490 520 55
MB L Z 802 320 339 360 381 404 428
oot 690 732 775 823 871 924 979
BMA  1.390 8,120 8,942  9.836 10,820 11,902 13,002

1994 1995 1996 1997 1988 1999 2000
584 619 658 696 137 782 828
454 482 5100 541 573 Bi1 644

1,038 101 1,166 1,287  L.310  1.393  1.472

14,400 15,841 17,425 19,168 21.085 23,193 25.512

N, 1 CR=HRENS .
MBLZ =Bl B oS & 5 s
BMA = BMARAGG (oS % E80)

9.4.1 BMAEEATEOHNF

K DBIRI T AL S ICII85H 1251 5 B MA DAL LA, 6,006
VTR ="TCTHB, TDIH. 19.3% FMEIMACH Y 5520, 7% LN L)
BEL STV E, BNIEERADG0.2% 4 KB THEO., - T BA TR
DI 5% E LD BE T &I A, S

BUIZ BMARABLERIBLE S - THY . 2 hZho kIt 19.2
%M 0. 8% TH B, MATWRUUC KB BMAG. ZHREN13. 7% KT 8%
TH Bo MR ILA N RENNZ X » THINS R BIIRTH D 20 —i% BM
ACHAT 5 bDTHD. ABUIBINO KB E DB &I, A TR
DA B TOE, |
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WP o 12 mb)i?i-ﬁ} WELL A B s 894 A 2 &in s b,

3.4.2 BMARATHOTH

Lo 2 »oMBid. WEDEN., SR kiidhcvwiivniuvnbhTw
Bo TOESERRAIT S 100, EBMOMRK & HEO LA OE Ui 8B
RO TED SN TV S, TARZERITETL, T0HAD X IRILS
B S OWAN T <10 & LIKRHAT S bOEWMHIATHE, v asidio
GRDPEIERE % TIIXTZLDEMT Lo #>Ty BMAOBNZ 0o
WNAOHREMELLRBENFLTLIVTHSL D, IhoicbES0nTE 9.5%
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0)| 3,732.00 (100,

X968 BMARATRI (19831985
- AN -
{Baht wmillion: A
Item 1983 1984 1985
. Tax Revenue 3,266.00  69.8 | 3,732.00 58.8 | 4,294.10  71.5
(BMA Local Tax) ( 656.50) (14.0)1( 721.50) (11.4)]( 824.50) (13.7)
(Shared Taxes) (2,609.50) (59.8)[(3,010.50) (47.4)[(3,469.60) (57.8)
. Fee for Licencing & 100.17 2.1 105.93 1.7 119.53 2.0
Permits : . '
. BMA Property Revenue 183.31 3.9 | 224.69 3.5 255.65 -~ 4.3
. Business Revenue 8.90 0.2 10.30. 0.2 8.80 0.1
. Others 197.25 4.2 84.42 1.3 84.88 1.4
Sub-Total 3,755.63 ° 80.3 | 4,157.34  65.5 | 4,762.96  79.3
., Central Covernment 921.20 19.7 | 2,189.13.  34.5 | 1,243.07 20.7
Subsidy ' .
Total 4,676.83 - 100.0 | 6,346.47 100.0 { 6,006.03 100.0
Source: BMA Document
# 9.7  BMAHKTE (1983—198H)
| - BMNONR - |
: (Baht million; %)
" Item 1983 1984 - 1985
. BMA Local Tax 656.50 @ 20:1; 721.50  19.3 824.50  19.2
(House and Buildings Tax)| (585.85) (17.9)] (560.00) (15.0)] (660.00) (i5.4)
(Development Tax) (103.83) ( 3.2)| (110.00) ( 2.9)| (110.00) ( 2.6)
(Other Taxes) ( 33.18) ( 1.0)| ( 51.50) ( 1.4)| ( 54.50) ( 1.2)
. Shared Tax 2,609,50  79.9 3,010.50 80.7 | 3,469.60 80.8
{Business Tax) (1,454,81) (44.5)((1,925.00) (51.6)1{(2,200.00) (51.2)
(Vehicle Tax) (- 887.81) (27.2) |( 866.00) (23.2)[(1,026.10) (23.9)
(Other Taxes) (. 266.88) ( 8.2) |( 219.50) { 5.9)|( 243.50) ( 5.7
Total 3,266.00 (100, 0)| 4,294.10 (100.0)

Source: BMA Document
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NOTE: RQRD=vrequired costs; MN.ICR=natural’ increase of BMA revenue; MBLZ=

revenue to be newly penerated by mobilization of existing local taxes;
TTL=total; BLMC=balance (=TTL-RQORD) ; CM BLNC=cumulative balance

910

_ A 9.8
{ac 1985 prices) (Baht million)
Yoar 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996
RQRD 11.8  21L.2 283.9 289.9 126.0  80.2 78.3 . 76.6. 75.0 73.4
N.ICR 97.1  102.9 109.1  115.7 122.6 0.0 0.0 0.0 0.0 0.0
MBLZ 75.5 80.0 84.8 89.9 95.3 67.4 1.4 75.7 80.2 85.0
TTL 172.6 183.0 193.3  205.6 217.9 67.4 71.4 75.7 80,2 85.0
BLYC +160.8  -28.2  -89.%  -8.2  +91.9  -12.8 -6.8 -0.9° +5.2  #11.6
M BLNC +160.8 +132.6  +42.6  -4L.5  +50.3  +37.5  +30.6  +29.7 +34.9 6.5
Year 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
RQRD 72.6 84.9 93,2  10L.4 99.3 95.4  220.8 88.3 - 85.1 82.1
N.ICR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MBLZ - 90.1 95.6 101.3  107.4  107.4 187.4 - 107.4 107.4 107.4  107.4
TIL 99.1 95.6 101.3 . .107.4  107.4°  -107.4  107:4 107.4 107,64 107.4
_ BLNC +17.5  +10.7 +8.1 6.0 +8.1 +12.0  -113.4  +19.1 +22.3  425.3
€M BLNC  +64.1  +74.7  +82.8  +83.8  +96.9 +108.3 ~4.5  414.5 +36.7  +62.0
Year 2007 2008 2009 2010 20117 2012 2013 2014 2015 2016
RQRD 79.3 76.6 76.2 71.8 69.7 67.6 65.7 - 63.9 62.3  60.7
N.ICR 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
MBLZ 71.6 7L.6 71.6 - 7L.6 71.6 71.6 71.6 71.6 71.6 71,6
. TIL 71.6 1.6 71.6 71.6 71.6 71.6 71.6 71.6 71.6-  71.6
BLNC ~7.7 -5.0 -2.6 ~0.2 +1.9 +4.0 +5:9 47,7 +9.3  +10.9
CM BINC  +54.3  +49.3  +46.6  +46.4  +48.3  +52.3  +58.1  +65.8 +75.1  +86.0
Year 2017 2018 2019 2020
RQRD 59.0  18L.4 47.5 42.8
N.ICR 0.0 0.0 0.0 0.0
MBLZ 71.6 71.6 71.6 71.6
TTL 71.6 71.6 71.6 71.6
BLNC +12.6  -109.8 +24.1 +28.8
CY BINC =~ +98.5 -11.2 +12.8  +41.6
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X101 NPW, B/CKUGIRR

(Unit of NPW: Baht million)

Ltem NPW B/C

Value 425 1.24

# COMPUTATION OF IRR

DF=discount factor; CM BNFT=cumulative benefit;
CM COST=cumulative cost; CM CS¥FL=cumulative
cash flow

(Baht million) '

DF CM BNFT CM COST CM CSTL
1 © 17,954 © 3,895 - 14,059
2 14,590 3,553 11,037
3 12,005 3,275 6,729
4 9,997 3,046 6,950
5 8,420 . . 2,855 5,565
6 7,167 2,691 4,475
7 6,162 2,551 - 3,611
8- 5,346 2,427 2,919

9 4,679 2,318 2,360
10 4,126 2,220 1,905
1Y 3,665 2,132 1,533
12 3,277 2,052 1,225
13 2,948 1,978 969
14 2,666 1,910 756
15 2,424 1,847 576
16 2,213 1,788 425
17 2,029 1,732 297
18 1,868 1,680 187
19 1,725 1,631 94
20 1,599 1,585 14
21 1,486 1,540 -53
IRR = 20.2

10~3



BNFIT=henefit; COST=cost; CSFL=cash flow (=BNFI-COST);

K102 SEITHEN O RO 70—

CM BNFT=cumulative benefit; CM COST=cumulative cost;

cM CSFL=cumulative cash flow

(Baht willion)

Year

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
12009

. 2010

2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026

BNFT COST CSFL CM BNFT CM COST . €M CSFL
0 39 -39 0 39 -39
108 786 ~678 108 825 -717
226 795 ~569 334 1,621 -1,286
358 789 ~430 693 2,410 -1,717
405 185 219 1,098 2,596 -1,497
430 42 388 1,529 2,638 -1,109
455 42 413 1,984 2,680 ~695
481 42 439 2,465 2,722 -256
506 42 464 2,972 2,764 207
531 42 489 3,503 2,806 697
556 42 514 4,060 2,848 1,212
581 42 539 4,642 2,890 1,751
607 42 565 5,249 2,932 2,317
632 42 - 590 5,881 2,974 2,907
632 42 590 6,514 3,016 3,497
632 42 590 7,146 2,058 4,088
632 171 461 7,778 3,229 &, 549
632 42 590 8,411 3,271 5,139
632 42 590 9,043 3,313 5,730
632 42 590 9,675 3,355 6,320
632 42 590 10, 308 3,397 6,910
632 42 590 10,940 3,439 7,501
632 42 590 11,572 3,481 8,091
632 42 590 12,205 3,523 8,681
632 42 590 12,837 3,565 9,272
632 42 590 13,470 3,607 9,862
632 42 590 14,102 3,649 10,452
632 42 590 14,734 3,691 11,043
632 42 599 15,367 3,733 11,633
632 42 590 15,999 3,775 12,224
632 42 590 16,631 3,817 12,814
632 171 461 17,264 3,988 13,275
632 42 590 17,896 4,030 13,866
632 42 590 18,528 4,072 14,456
632 42 590 19,161 4,114 15,046
632 42 590 19,793 4,156 15,637
632 42 590 20,425 4,198 16,227
632 42 590 . 21,058 4,240 16,817
632 42 590. 21,690 4,282 - 17,408
692 42 650 22,382 4,324 18,058
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