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Three Major Factors Governing Regional Characterization
in Hydrology-Water Resources System

Climatic Factor I

Hydrological Cycle Human Intervention to
Y Y the Natural Environment

Geomorphological Factor

« Hydrology-water resources system in the river basins
should be considered in a dynamic interaction among
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@ EFEWEREF  Basic construction system

Project Proposals

Feasible Study Report

Preliminary Design

Construction Preparations

Construction Implementation

Operational Readiness

Completion and Acceptance

Post Evaluation
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» 1.2.4 TIHBBEEE WH" project Construction and Manageuent “Four Systen’

o TEEAFRES The system of legal person responsibility

LR (<07 2z | The system of public bidding
o B The system of construction supervising
- BREES The system of contract management

« 1.2.5 BT Construction Management

« KILEMMEIRERE, HETEEMHHEHR. . SEEEERT
HREHE,

+ After completing of Yangtze dike reinforcement, its
management still run by the provinces, cities, counties, which
is responsible for the management of watercourse management.

+ 1.2.64i Conclusion

© ZEEKMERKITEN, REXIHER1054FRR KNI,

« After full reinforcement, Yangtze dike has now reached the
standard of resisting the floods of 1954.

KITRFMBETENREY (KIIRESSMR) (1990565
) FTERHEIEEI1954FRMOK, FERITKE L TR,

Yangtze Dike reinforcement works for the standard of
resisting the floods of 1954 defined in” Yangtze Basin
Master Plan ” (1990 Revision). Designed mainly water level
table below.

KITRTREEMRRRKER (B :n)

the water level for resisting the flood of main locations of the middle & lower
reaches of Yangtze River (m

P4 BMKErhighest level

R BWRIKE  ERUKEE BIKE in the history
location alert Warning design Kbz RERFEtime
level level level level happened
Wi 42.00 43.00 45,00 45,22 1998. 8.17
&M 32.50 33.50 34.82 36. 05 1998. 8. 20
oA 25. 00 27.30 29.73 29.73 1954.8.18
AT 17.00 19.50 23.25 23.03 1998. 8. 2
RK 13.69 16. 08 19. 34 18.74 1954.8.1
B 8.50 10. 60 10. 22 1954, 8.17
=3 4.7 5.86 5.74 1981.9.1
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MRBHRIIZBI S 40 405, TERITRUABRER, FH—.
Design of the Yangtze dike has 4 grades.
principles is to ensure keystone and take into account the general.

The main design

ST T TRIER %% Middle and Lower Reaches of Yangtze embankment category

2R % Fidike

name
HAHITIR

TEEMNT
7
JHIT KR

Ev e
A KIF
7

RIHE

dike name
.
FITR
EEKT
Fiz
AT
Fi2
WREKIT
Fi2
KT
-3
HAMR
IHEEK
ITE
[SEZ S

Rk
THRHFT
#

RHE
TR
EhRIR
JETIR

AR
FRL
12
4 T

2
X 8 T
]
75 M 7T
2
73 T
2

A7 REHF Y #8@ (m) over #E
location dike grade the hight level remarks
ALt 24 15
ARSI 3% 1.0
SRALTEIM . HEF 1% 2.0
AR 14 34 WP
12
WEALTERR, AR, BE . BARRRER
., i 22 2580 20m
TR T T IR Z 3= viddle and Lover Reaches of Yangtze r embankment category
FREH EIHEY BE (m) i
location dike grade over the high level remarks
f ! WIENHEETIR, BEE
EEEED L6 =3 20 (KD R £ B0 SM,
HFEME. n#ET 1. 2% 20
MAEFEA . BT, RE 2~3% 15
ALk, R 2% 15
AL R 1~3% 15~20
MALERT 1% 20
TEATH, AL - -
#am. @o. wen | 1~20
RWER. T, HT 2% 15
RBRRH 1% 2.0
RERIK. R, BB 24 15
KIIRTHTRIEHEERT
mitest s o wx
RS, iR 2~3% 15
RWEN. 1% 20
RYEHT. KEL 1~34 15~2.0
RE@FL 24 15
SIAERM. M. IT. A& 1~2% 15~2.0
STHAE. P, STER 24 20
SLAEW. TP Bl 24 2.0~25
TR, % =5 :
zehii R Kﬁﬁ 24 2.0~25 fteiey
SLUpFIE. IS BN, I, g - hlok
2 24 20~25 &
LR, W B H, = 20

LiEHT
#

41

BREFD 7 L— R TT, FHEE G CIIRILOE
B5ix 4 2O 7L — Rl bnTnE
T, REPOJRANT, BEHS O LR L,
FIEFIC R DOFTICOWTH R E VWS Z &
TY, ZOFTDORIZ, %, EDOLX D HmT
ED LI BRERITIR > TODDOMDNRREN
TWET, Bl 2 IEHHTREEBHIZ OV T 1k
DT VL —RERoTVET, TORBEIT
2.0m TF, FIFRIIANER I 2 #7 L—
RFTT, RBEICHOWTIZ L5256 2m, 1.5
162 & LTWHEHBIZOWTIR, 2O
IXRFBNC AR O KL N H 5720 TF, THE
BINEERF T, 2k 3 k7 L—RTd, =
DOEEFH I & g L CENIFE EEE T
WOT 3R & L TWET,

WIZHRILBIRH Y 9, RETOLEEST
T ZHUT LB 3mAH Y £, dATE
BFCd, Zah 1#TT, ILHEE R T
T ZAUTIIL T 1 #k,. 2SO R DR
BHlZoOWTIE 2 205 4 # T,

T O, Z X 1Rk LM 2 6k,
RIS NRDHY 3m Lo TWVET, £
DIFFNZ DWW TR FE DO 72 D JRIZ K 2 &
WEDORBEEEBET DD T,



design water level .0m
KA o
K water ™ - 11-,3 - st L3 6.0m
0 - & Platform
dike.
l‘¥ 1]
Bt Hokig —"

WILR BT R T, KERAVBRAKT. 85508, R,
FILE M MAKRARK T I, RIETHIRR. RWESHE, B2
bl SR, Sk, . 8 EEISREEN T, Bk
TEEEYUHE. BRERL. B, MANAE. HRNSFREIE
FHAR, URTTERME. EHREIBHE . KELREME F#
WAL S STAORHE VTR B R R B TR T AR
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T AT 1 RRERERS o BRIy e Wi X T3, AED
X 13, SR EIT R om & LET, IR
TEWE L 8m, L&A 6m LA EDRFIZIT % A2/
AR ET,

WRIE, B, Frdre, i LiEOYE & &S]
\ZDOWNWTTY, RIS O TIEIERIZZ
< Obie TAHALE Lz, £< O
Br N, T LEEZICH L E Lic, LEHEY
Rrmmd, i LAEom b, REEfTVE L
7o, GiEiyris, W7 T 7 vE, IRENDIAE A,
FAEFENANA 22 BERG IERED T5F T3k
DEASNFELE, 2027V —F7 U %y R
MRS LA, MM 77 70 74— A
B oAFEEOERE TIENREAINE L,
LOLETEMME, 77 ATy 7ar7 ) —
NMZBERG IR L, & 2 > b IV T ZedRMA
L WA WAIRRFM B RITEEDIZ BV T,
FRICHBAEED IR L OSSR L E
L7,

CHITRERERIE O TIRDL T, 2k
ROFEMOTEI T,
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WA B KSR R Bl ki T

TR RRAREREE L 5

WL MR TR T

TR By B3 S Kk T

WA EESMLERT
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WAEFEE R D52 31T 2 KL DO RB ;1D
il TR T, W0 ORI SRS T D BRIk
OIZFE B IEBE D Jife TARIL T,

WAEE DA E TO, B4 MOAEEDkE TR
T, A TOMLERL oAM=
7 — ORI T,

WitB oo, a7V —h, U xx
A hary ) — NS ORI T, 26

bhar s U — k0GB IEEEDFKED
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(e A RFEIKE) AK19885F @
“Water law of The People’s Republic of China”by the National People’s Congress in 1988
(rhi AR SEHIER3E) AX19985EE T
“Flood Prevention law of The People’s Republic of China’by the National People’s
Congress in 1998

(e A A HEIRGARS) EEB1991F Kk
“Flood Control Ordinance of The People’s Republic of China” the State Council
in 1991 released

(ERPFARENATIR) E5BE200651 A KA

“State Flood Control and Drought Relief contingency plans” State Department
in January 2006 issued

(ERZRBEHSENIINR) ESBE200657A KA

“National emergencies overall contingency plan” State Department in July 2006 released
(KT FRBANBER) KTk E200747 A RA

"Yangtze flood contingency plan” CFCDRH in July 2007 released
&4, mEREANKERRR,

Appropriate laws and plans were formulated by provinces and municipalities.

RFATEE S :  Essential of Emergency plans

® BN—BM. &iE. EAEE. TERUSE
General rules—aim, gist, effect scope, work principle
© HALHRIERRRIFT —MARFEKAT
Organization command structure and responsibilities— The head of the local
government take the responsibility
® TRFTENG-—mE. A&, TIHHE

Prevention and early warning mechanism—Information preparation action plans

@ NAMIN. Emergency response
BRI EREMGE, BNBRNTEISAES,

According to the severity and scope of flood of the emergency
response operations is divided into four

I Zpamp.  Emergency response |

HRATIMRZ—&, X1 EMN

Any of the following situations, is in response to the Level 1

(1) FBRERRHK ;

Serious flood occurred in the drainage area

2) FREEABRREHRERD ;
Breaches occurred in the main stream of important sections of
dikes

(3) ERARBKERESI,

Key large reservoirs collapse
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I E N RIEFEK L, BOKBEEE, KBS
B, KRS I REEE S R G, 25 D
T SRR OBGS G, BILOKEFN LGSR
FHEl, ROMSAE ., TAHIET D58, HHIE
OFHMEENH Y 4,

WITHE KB 1L FEHEE © 7, EZKRER LR
e SR HAAER . RV D K E R 1 Rk A

. A OKRER; LR RS, &
VR DK ERG 1 B SRR M TV E 7, IR
(CIERR AN E D 72 K E B 1k O % A il
OFHETT, K OXHSFHEOE R TT, i
WINZRRAL, B, Ko Txen & 2 A, WHD
P, (EEOIRAENRENET, TO%M
ik ROV TOREIC OV THRE
SNTWET, MBI OKEROBEENTR
SNTWET, Pl IFEE, THTHOF
T, HUTIEREH, M, TR R S
NTHET,

PR St E PR C 7, s B ORIz
WTIX 4 DODORFITH TN TWET, £
Lk DEFNZ SN T LET, ATFD 35
D H 1 ONFAE LTI LIRIEHI & 7220 %
T FPL WU RUAKDIFEAE LT2KE, 2D
FIIAN CTHEREPIREN B LR, 3
DHIXERERDRIL LOPIENFEA L
77 g,



I &MEMN4T3)  Response Action in level |

(1) BRM , BB ASM. ERSEDGTIR
MITMRREE, e HF R R ITRIAE, FE24/A
iR MBEARET. EREEAMEEAR, o WED
AR R . ERGBSLENRERBFESR ;B
%, Zl. RMEBIAMARE YR EmiEet E&WH&H

o DAEMITRERESE, Rt R bhah
FERE ST BAREATIH AT, Igﬁaﬁﬂﬁﬁﬁﬁﬁﬂmﬁﬁl

IFARIAE

Q)&EM%%EM&&E&E i HERR AR
PIHEE SR L,

(3) AR, Eﬁﬁmmﬂm%ﬁﬁﬂm #. ERHHOHARRE
EHRES) | ZMp, FEKE B (PEAR
HAERGFE) MHERIE, o R QMEHAE
R EMEOALLE ; RENE

AL ERMBR 0, KB o SEUHLRX RIS FRhA
EEAMATA, RARMAHA, NREHIEIN ERE LSS A
It BUHERRGHMERRMGIHALE. &4, BETRRARELN

N TR LR UM ARBARNER . 8X4, mETHRMRhREEL
HIRL R Ff 2 h R A R AR R R T4,

0 %N 2MS. Emergency response Il
HIATIER2—&, X I EWH
(1) FEREREK ;
(2) KIFTR—BABRREIEZRIBHRERD ;
3) HE (B, M) 4 () RETEHHR ; 4
) —RERFREIKEE R £,

| 123473 Response Action in level 1T

(1) ERFREISEEIRSE, FHANTERE, o
FFRAIEES. T2/ AR LRESREIERERNG
BRARG, BRHEIGRER SFYRIAL, TEM
REZE, BIFAETNGER, BFERIEMEE, F
ZE24/N i RIRHE ERBA B AR SR AR TAR4H ., LTR4L#E
—&ETHA. BERBEDAEFEHAERRBENERT
FEER. REEIIRNRBIRE, T4 TIRHEES A
R—REMET Y. BRGREMER RGBT S
I, #FERTE.
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1 R AT O fec kA BETH R O TENILA T D KL 95
2720 £7°, 3 DO DEFAKER; LK
HPRREABBLET, 3 2OMikE LT 1
SHIXEZOf., 2 2 IZIZEILOF.
3 D0 BICIAA BEE S D /K FER Ak
TY, EFEBRILETREARE L, ko
Wit & THEORIIZOW TR A INE LE
fbZBER L ET, ERMTIE 24 FFRELINIZ
HPFELHE -HRIIRELET, T L THE
DNBZ LU E T, MBI X
BT 2 EeRMEORERE EH L £, BFRY
FATHSK X A~ DORERYE & el L £, $
B, A, BATER PR E T % B o
MR L E 7, RABMIIHE RO %
TV E T, FaAE PR R AR S b A URiE L
F 9, RILOKER ILHPIIMERRIZE U Tt
KRFE ATV E T, RIRFICEERR, HME
TN—T KEEMIFICIRE LET, FHE
BEHI DB AT IEIC RS DB ATV E T,
HE O KR E R IR EOFLEIZFE-S W TR L
£9, BEIEZR L E9, HERICE U Tt
KA EAT, KERGIE T EZITVET, G
I EESW TR X OFER T H 2 BE) S
HFET, PO AL L ET, ik
PLUZ DWW THIE L £9,

EDHIZONTIL 28k, 38k, 4 FZL~ULD
fERSEBRHI N H U £, 2 HD L%
LRI L TR oo Tk §, RERIITA IS
LET,



(2) KIRFAEENMBEN LR RBREL, i
KPR, RHITIEH, TRA, SBMAHULIER
#gﬁﬂﬁﬁﬁmﬂ~M%IE;%Eﬁﬁéﬁﬁﬁﬁﬁ
WE M,

(3) #x4. BAR. HEMARENAATRES
R, EEETABEEARSPAY TEAERNN. R
W, EIEHEA R, MFEEHE. BHTURENARERER
ATAE, REHPRFEBKF, PitIE REBRHARM
MEPATRE, RINEGIRE RALUDEREI . 2R
R B ZRATIEENMATTA . BUABMATTA, D&
BIRFRHS TR SALIEEHA T, HXELEAE
FEHAANT TR L 30 A REF E ESSHE R
Mo XA, BAR. EFMAMMTERENMER LS
NEEMEFHANRRMRIA,

M%&NSMEN  Emergency responselll

HATIER 22—, IR

(1) #H& (B, M) RFRERERE ;

(2) —4& (X, M) REBKHK :

(3) KIIFHIZHHAEBRR ;

(4) KepBKEEH = (et /N RUK R S 33T,

MZEMN T3 Response Action in level IIT

(1) BRBEEBEKEHSE, EHANTAERE FUWHAR
REZE, MEFATENES, E2/NEREHER ERESREFERE
zg%gﬁ$ﬁoEfﬁﬁﬁﬂiﬁﬂmﬁﬂﬁﬁlﬁﬁ.?ﬁﬁ,ﬁ

Ao

(2) KILBFRSEFNAMBEAMSA, MEFEKTINTR, HHirE
RIBAE, IR IIEL, ERUZB—KNBIBRA.

(3) X4, BAK, ERTREARELARERERALE
REARAEKF, BFRTHE  BEWELARGARK, TRHIEAL,
LRAB—LEFEBBARRETE FEHAREHITEME LRY
MARBHSEASHNEREL . SZARENRESSBRINA KM
AGER  RERESIIRANBBIRE. TEBITALETIN—&TFRT
EPETE, HhEIRRRFRLIT, FRIE,

VENANN  Emergency responselV
HITAIRRZ —&, AV
(D BH (R, 1) FRRAE—BHEK:
(2) KILFHI2E5 IR
(3) KA EKEEHIAKE.

IV mIM4TE]  Response Action in levelIV
(1) ERPIRHPAEFESBIEEERHFLE, EHHN
Tesedk, InsRXHASS FMNATR BF R TR S, I
R LR E 55 Bt FEAE R ] 3R A 3R B
(2) KICRFAIEEA AR R, HEF KT
], FEERENRERGEDIAE,

(3) fAX&. BARK. EETHMETRENRRERER
AIE; RBBRIEBEAKF, T ; REHERR
HENRAFETE ; IR KA —LIBSHATIE ; F+7
FAMI{ERA LRUARBENERERDAE,
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® NEHRE—ER. XE. AR, Tl BA E
7. BE, BE BAR

Emergency  endurance—information, support.
personal, traffic, electricity. medical treatment
. finace, equipment, technique
® EFFJIIEI—ER. HI. R

Propagandizing training and exercises —
information, training, exercises
® ERFIF—MR. #F;. BE, Mz, BEE. it
#r

Remedial work —— relief, complementarity,
restoration, compensation, rehabilitation,
evaluation
® M—ARiE, %E

Supplementary articles—glossary, rewards and
puni shment
@® 4 Accessories

19984F ML IR RAIR AR OZEH 1998 Jivjiang urban dike burst accident

(1) =#4ER General situation of the accident
19984, AIRBTHERBHRARIRE, F=28
AT, KTk prs0.83K, hRXRh#HN4—55mORMABRR
. REXERE, HZBEHR ROTERTRKER62K, £RF
R, BSREEXNET, EXORKEFERERNEET, 2325
§§§¥~ KHER, TATHRALER, WEH. AXAERNE
A °
(2) KIBRORA Cause of the levee burst
BIEES, 4. HAFMIIERETRI, ALTHEIERR
OREF= : —BKIKRERKE, KA EIMRAE, 19985 A%
. hiTHBREAKAI23. 03k, EBEMAKAIIAR, HbEGELRES
FKEIE 40K, —RBiZREBAF— 1 oimE, RABMR—13%
FHOKEE, ARZEE, RMELE ; =R19964F L35, ERMA
AEXREDKESEMBIEBE EXRIKENOHESESENS
EMSEET, ERBSRARIARIER RREMRO,
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Yefii, FT L W o 72 b DB RFE L F 4, AR,
AR & ATV E T, IR OXR E LT
. KPAEEE OMiFE, B, mifE. gk
HOFE, FMEEEZITWET, & &I THIE
L0 ET,

WIZTLIZ BT D EH 2R LE T, 1998 4,
JUTHIXIZ B W TR O BN E L F L

77 1998 EJLIL Tl 100 FIZ—EH D78
WD RPK SO E T A UE Lic, FF
W28 A 7T HIZIZRITOKNMITBEERKREI Y &
0.83m #ih Lk L7z, iUtk P ILEE 4
MO 55 TIERA VIR RAELE LTz, 22
RANA B ZIT7 DR RE L E Lz, Ik
LRI R&WIZIZ2n iIZ2E L E L,
R REBREOBEEN RSO L & SO
By e 52 EMfThbilE Lz, 2

T Lo REFES KFIFMAZE, £ L T—
WeDNxDBHFELTERMT S22 LI2ED., 5
H 5 BB S REZEET L2 LITRIILE
U7z, $EBEREE L2 JRIANE, EI23 280
£9, 1 DHORRK & L TIERILOE DK
N3 < BFRERIEERI N KICIR STz b
W9 ZETY, 1998 FEKkHIC BT A ILIL
H1 S D e AKALIE 23, 03m T V) i KN %
I L72DH 94 B, 0D 9 HLEEE R RKAL
otk L7-HARIIE 40 HIZELE L2, 2 0
H& LT, WELEEINLNR Y Vs
T, T OERENOIERONEIZ 3m DS DK
WEONRHY, BENARELTWlzd, AL
A FEEHK TOHETATLEZ, 53 DS
LT, 1996 4E BT, B D mmattn
W ORBICH VUV AZ L ROWME 7
ZEERR L. AU, KDSRT- IR B IR
DR EEEST L2 LICER -0 )
ZETT,



ZHUEED & EOFEEOKYTEB) ORI E
RLTWDHHDOTY, ZHUFILIZEB TS b
DT, RESFEE N NI EOfREE &
EfHoTnET,

f

JULOWREEIIIEFICEHERFHE LD EL
i y | 7. 1998 4ELAKE, HEBFORBEEO BT
(3) Ef5%R Propagandizing and caution FEE LA LT A B S T b 284

20045 AT HBATER L KITKRRA~52 DE L
Oit, EEREBRTHAETRESN, —& °
T BB B OB R,

KIS, B 050K KRR 0L

WES, KAEAIFAERATHIRNED

f8, ARENRSE DR RELRE AL

MESAR, —BHTETHA, HATEEX

ARERIFIRS, BXEFHLNRBRAE

%, SHEBEBUGATENREAEE, B
REFRBFKHIENEERS, RIKHT

BOEHET,

E2bbHONnL)TINELE,

KABKILAKNZER BB EERR Ke
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6. mhE T ERUREREKLF RAOTZE
RIERFRER AT

BIpEZ N AITHIE, ETROEKHE DT=OHIT

oh [E] 1 h 4 B & SR BE 4 £ #o R B {81 % [ > T IE 7= TR BFIE T 0 85 4 1 ek
PORIEE 329/ §: 02 0] BELET, 4B D CREAELIDIZLET
Land Institution of China and the Impacts blE LW & TY, 4 BIETE O L i &
of the Land Use on Flood Storage OV BEIH O L HIFIH & 9 B T THE &

in DongTing Lake ECIHE 20 & BNET,

2007-9-28 Fu Xiang Wuhan University 1
China

SHOHREDOHNEITIZDOLH7: 5 HAMND

B RERLSNTUWET, 1% B b E L s
1 ] A B ) A BEOBEEL, 2 3% BB AR O 2 1 7
T, 3 % B IR R o 1 i
@2 Vi EEwWI Hh R 2R T ARG &\ D O HRICHI L &
F & 4 E Tl O LC BT LT
@3V EEHIAE AT X+ H A +HiA . 1998 AEDOUKLABEITIHIC R Lz &
WO EKRTT, 2R BAEW E SbhTn
w4 I B E HEIK 0 B F9, 4 F BITIREH OMKFE 0 EICH
WTOGHTTT, 53 BITHK & NKEZ
b PRV ICE R L A F A 2R T 5 72 0D O M IR T

2007-9-28 Fu Xiang Wuhan University ot
China

IR &3, T A RS KON el 1

1ch[E 1 th & TR 4| E FEEGDELHOTY, 2004 FICYIES

. Jit NES £ N - ) N
+ T HOHIE RAE T AT FIA R 5 2 4V 40 £ i ELHERIEGE 2 RICRUTOL S ERE
FAHIEE A 10, SHTWET, e NRIREITES T8O
o0t By a e TRAHREEETLES, 0% 0 R AR
RAHET L2 CARE, Marsa (LTI £ SRETARIL T, &
N SRR A o LA 8 S OBIE TIRAR T O i

O +HHIT A TEZFEIC LKL

SENEHE TR BT ERRA ) DREETERICRL T, BT 8
AEHORML, REEEuEBRTERFAmn 0O O LHBEREABET S EX

Us, BT RESAEMA SEMmME &, B FTAICET 2 b DOLUAME, ERIZE L TEH
e TH Lk, A R R R
2007-9-28 Fu Xiang Vgﬁ;:;n University 3 )r%]' LT%T@T%‘ L/SE —g—o
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Drainage System

® Polder System

P Dike
P Drainage (canals & pipes)
» Pumping Statien (pumps & regulaters)

® Sub Polder System

[Polliler Syslem
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Operation and Maintainance
of Drainage System
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* Dike along the Chao Phraya River
(Flood Barrier)

e Inland Dike along the BMA Boundary
(mainly road)
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Other Activity
in
Bangkok Flood Control System
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Nen Structural Measure

» Flood Forecast

Ferecasting Flood
due to Rainfall for the Eastern Bangkek Area
Within the King's Dike
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Sample : Fleed Ferecast
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Fawrra 0.60 113 079 0.7z
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DDS Policy, Year 2005-2008

Strategy 1 : fellewing Geverner Pelicy

Strategy 2 : fellewing BDS Duties

Strategy 3 : fellewing Central Gevernment Birection
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Strategy 1 : following Governor Policy
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Strategy 2 : following DDS Duties
Infermatien-Technelegy:

Movement of Rainfall : From BMA RADAR
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NEGATIVE EFFECTS
OF DIKE HIGHTENING

SMALL FLOODS
MEDIUM TO LARGE FLOODS

INFLUENCE OF FUTURE DEVELOPMENT TO
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To Prevent spilling over Bangkok Dike

ALT 1 : STORAGE IN THE FLOODPLAIN
BACK TO THE ORIGIN

oAPPLICATION MEASURES

2RETARDING & RETENTION
FUNCTIONS

MO NKEY-GHEEK-CONCEPT-

DIVERT TO THE SEA
s APPLICATION MEASURES

DIVERSION CHAMNMNEL
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e AhM
FUB/NE | 104 19 92 172 468 | 641 033 | 1351 625 81. 46
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Land Institution of China and the Impacts of the Land Use on Flood
Storage in DongTing Lake
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Table3-1 General planned situation of the project of restoring lake on farmland in the Dongting

Lake area

mE TR | W RE BRSY | WO 8 | TAR | FRAE | TR | FiRES

# W (km®) | FR Eitit

(km*) (17, m*»
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2
AR E 196 24 102 36 654 135 372 | 165 90 3.3
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ABSTRACT

The polder system for flood protection of urban area of the Bangkok Metropolitan Area (1565
km2) and some challenging drainage alternative inside the polder area utilizing klongs, retention
reservoirs and pumping stations have been discussed. Owing to the human intervention (greatly
changed in land use) in the last 3 decades, the hydrological and hydraulic water balance have greatly
changed and external (river) flooding together with internal (storm) flooding have frequently recorded
either in the urban area or in the border area of the Bangkok Metropolitan Area. A water balance of the
polder area (Internal Drainage Capability) under the present and future conditions shows that,
without the additional retention reservoirs, the existing capacities of klongs and pumping stations are
not sufficient to avoid inundations during the first 6 hours of a design storm. While a study of flood
management in the Chao Phraya River Basin (external flood) under the future condition shows that,

without the additional retention in paddy field (floodplain of the river) the highest flood level of the
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river will spill over the existing flood barrier of Bangkok Area.

KEYWORDS

Polder system, external flood, internal flood, klongs (canals), retention ponds, pumping stations

and gates, retention in paddy field, flood barrier.

1. GENERAL DESCRIPTION OF THE AREA

1.1 Existing Drainage System (See Figure 1)

At present storm runoff from the area is drained to the Chao Phraya through or along the city
core. Due to the ongoing land subsidence and settlements, in general the drainage conditions tend to
deteriorate. To counteract such developments landowners apply landfill, which usually has an adverse
effect on the drainage conditions in the neighbourhood. Where secondary drains exist, these often are
not meeting the requirements of the 1:1, 1:2 or 1:5 year design storm runoff. Capacities of existing
pumping stations are capable to drain the area but are already nearing the capacity of the klongs and
increase of the stations would only marginally improve the drainage conditions. It would be difficult
to increase the width of existing drainage klongs, in particular in the densely urbanized areas where an
increase would be most needed. Both the existence of structures and the need of land acquisition are

unfavourable conditions for any intended increase of width.

1.2 Klongs & Retention reservoirs

Klongs in the area convey both stormwater and sewage and discharge either by means of
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pumping or by gravity through gate into Chao Phraya River. Some of the klongs are old natural tidal
creeks but most of the klongs have been dug during the previous centuries as a means of
communication and to enable transportation of goods. The klongs can be classified as main and
secondary klongs, where as the main klongs are large open drains with cross-sections varying in width
from 10 to 35 m. and with water depths from 1.5 to 4.0 m. These klongs play a predominant role in the
conveyance of storm runoff . The main klongs in the project area have total length of 500 km. The
remaining klongs are classified as secondary klongs. In the whole of the project area these klongs have

a total length of approximately 1,000 km. In most cases they are tributaries to the main klongs.

Retention reservoirs are in general considered as useful elements in a drainage system where
they reduce the need of high capacity conveyance canals. By storing stormwater temporarily in the
retention pond it is possible to reduce storm run-of the peak discharge in a klong, so that the capacity
of the receiving klong is sufficient to convey the water, where otherwise the capacity would be

insufficient and flooding would occur.

1.3 Hydrology

1.3.1 Rainfall

The characteristic of rainfalls in the area can be summarized as :

e average annual rainfall is about 1450 mm.

the wet season, 88% of the total annual rainfall extends from May through October.

wettest month are September

e shower rain type, high density rainfall occurs on a period of a few hours (1-3 hrs)

Tr Rainfall depth (mm.) for duration

(years) 3 hrs 1 day 2 days 3 days
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1.3.2 Flood level (See Figure 2)

The characteristic of the historic flood levels can be summarized as :

e the southern and the northern boundary of the area is between 23 km. and 59 km.

from the mouth of the river

e flood level is governed by river discharge in the North boundary and by the tidal

effects in the South boundary.

e flood discharges are difficult to establish, observation in 1995 and 2004 is probably in
the range of 3,500 m®/sec and 1,600 m°. /sec during low tied and high tide

respectively at RID Samsan.

e flood levels with a frequency of about 1: 100 yr along the area are vary from +1.9

m.MSL. to +2.4 m.MSL.

e the highest flood levels is considerable increase, the confinement effect dued to

heightening dike along the river banks is remarkably observed.

Flood Protection

The summary of flood protection system (to prevent flood from outside) are :

e BMA s suffering from inundation by overbank flow from the Chao Phraya River

e at present major part of the BMA area are bounded by ring closured dike (flood barrier)
e |evel of survice of ring closured dike is not uniform, normally equal to 1 in 100 yrs.

e various types of flood barrier are applied, to fit with field condition.

Drainage Condition
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1.6

The summary of drainage system (to prevent flood from inside) are:

klongs (canal) is primary drainage system (L>1,500 km., width 8 m to 35 m)
large underground drainage tunnels are occasionary applied as a part of primary drainage
system to reduce traffic disruption (Dia. Varies from 3.4 mto 6.0 m)
underground sewers is secondary drainage system (L>10,000 m)
main klongs are extended beyond BMA Area into the Irrigation schemes of RID
when klongs pass through the enclosured flood wall, regulators and pumping stations are
provided.
along the Chao Phraya river.
+ the eastern area, 22 pumping stations, capacity 420 m*/sec.
+ the western area, 15 pumping stations, capacity 250 m®/sec.
capacity of the klongs is reducing by ongoing eccroachment
klongs in the dense urban areas are heavily polluted.
primary drainage system has capacity less than 1:5 years storms.
secondary drainage system has capacity less than 1:2 years storms.
local flooding usually happens when rainfall > 40 mm. in 1 hrs.

mobile pump or small pumping station are oftenly applied for relief of local powdage in the

low depression area.

Operations and maintenance of flood protection and drainage system, consist of.

flood control center
+ real-time moritoring stations of water level and raingauges in the area.
+ real-time weathering radar for monitor of rainfall

+ automatic flood forecasting and warning has provided for internal drainage
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e more than 40 flood fighting team in rainy season.
e more than 40 operating teams, 24 —hrs in charge at major pumping stations.

e 24 hrs services for flooding complaint

2. PROBLEMS IN BMAAREA

To deal with flood protection and drainage in Bangkok Metropolitan Area, the following

problems are generally concerned :

1. Landuse is hardly controlled : increasing density, higher runoff, little formal retention

2. Landfill is generally practiced : concentrates and obstructs storm runoff

3. Land Acquisition is considerably limited : difficult expropriation for widening canals and

acquisition of retention areas.
4. Land subsidence is still continued : invert pumping stations too high, increasing energy
cost for pumping

5. Confinement effect of the river upstream is observed : increasing river flood levels

6. Encroachment along the internal klongs is increasingly noticed. : reduced capacity fo
canals, difficult
construction of retaining

walls.

3. PAST RECORD OF ELOOD DAMAGE

The past record of severe flood, causes of flood and their damages are summarized below.
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year Causes of flooding Damage cost (million baths)
(approximate)
1975 from the river (external flood) > 500 (?)
1978 from the river > 1000 (?
1980 from the river > 1500 (?)
1983 from the river > 6000
1986 storm inside the area (internal flood) > 1000 (?)
1990 storm inside the area > 1000 ?
1995 from the river > 3000 (?)
1996 from the river > 1500 (?)
2000 from the river > 1000 (?
2002 from the river and storm inside the > 2000 (?)
area
2005 storm inside the area > 1000 (?
2006 from the river and storm inside the > 3000 ?
area

POTENTION SOLUTIONS

The following measures are presently going on actioned.

e Suggestion level of road and landfill

e Landuse planning and enforcement

e | egal reform in respect of land acquisition

e Solve encroachment problem

e Improve water supply, ban use of ground water

e Improve drainage system (primary and secondary) inside the area.

e Construction of waste water collection facilities
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e Raise flood barrier alongs the Bangkok Metropolitant Area. and
e Basin flood management : coordinate and enforce with other agencies, (RID) Reduction of

the highest flood level by an additional retention of flood volume in the paddy field

(floodplain of the river) is specifically ongoing discussed.

ONGOING PROJECTS

There are many projects concerned with flood protection and drainage. Here are the sample of

the projects. :

1. improvement and finishment of flood barrier along the Chao Phraya river

e incrased crest level of flood barrier high than 1 in 100 year flood
e provide walkway along the river banks/canal banks.
2. improvement of primary drainage system
® improve capacity to 1:5 years storm.
Components of system.
¢ Kklongs
¢ retentions
¢ pumping stations & requlators
¢ pumping station with underground tunnel
3. improvement of secondary drainage system.
] improve capacity to 1:2 years storms
. components of system
° small klongs
° sewers

° retentions
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° pumping stations & regulation

° pumping stations with forced-main pipe

L mobile pumps or small pumping station for low depression area.
4. improvement of operation and maintenance

e improvement on flood forecasting and flood warning system.

e improvement of capabilities of flood fighting team and operating team.

5. construction of wastewater collection system and treatment plant

6. CHALLENGING DRAINGE AND FLOOD ALTERNATIVE AND RESULTS

6.1 Drainage study alternatives considered

During the formulation of the Drainages study (inside polders), various scenarios have been
developed and simulations have been carried out to test their peoformance. For all those alternatives
the nodes, branches, (potential) reservoirs and tunnels (depending on the alternative) were modeled.
For each of the alternatives improved klong bottoms have been adopted as considered necessary for

that specific case.

6.2 The selected case

After the comparison of the alternative solutions, the configuration of the scheme to be further
detailed and elaborated has been selected. The selected scheme is a mixture of the klong improvement,
storage reservoirs, tunnels and pumping stations. It comprises the increase of capacity of the klong
system by deepening, the construction of a tunnel and the incorporation of storage reservoirs, (in
particular in the north and east of the study area). The depths of the klongs have been limited in order
to reduce the cost of retaining walls. On the other hand the volumes (depths) of storage reservoirs

have been increased in order to compensate for the reduced conveyance.
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The adopted scheme has been elaborated and has been tested. The situations which are
considered critical, being the periods during and just after 1:5 year design rainstorms, have been
calculated and presented. For these storms it has been assumed that the storage in the klongs could
be used. This is arrived at by setting the initial water level in the klongs during the wet season at -1.0
m.MSL. This water level should be maintained in the system as an initial condition by operating the
reservoirs, pumping stations, etc., which is essential to avoid flooding of the study area once the
design storm would occur.  The effects of the adopted critical rainfall spreading over the study area

are reflected on the output plots with water levels in the main klongs of the system.

From the moment that the rain causes klong levels to increase beyond a certain level, the
reservoirs start operating (i.e. storing and evacuating water, subject to certain operation rules). After
the reservoirs have filled up, the water levels in the reservoirs will follow the levels of the connected
klongs. When after the rain the water levels in the klong system (and the reservoirs) have
sufficiently dropped, the gates of the reservoirs will be closed and the pumping stations will start
pumping the water into the klongs. One after the other the pumps will be activated, depending on the

water level in the adjacent klong or at a remote location.

6.3 River flood study alternatives considered

During the formulation of the Chao Phraya River Flood Study (External Flood Study) varies
scenario using both structural measures and non-structural measures have been developed and
simulations have been carried out to test their performance. For all those alternatives, the potential
retention storage using the paddy field in the river basin floodplain were modelled. After the
comparison of the alternative solutions, the scheme which is a mixture of the storage reservoirs, river
improvement, retention storage in the paddy field and polder of the urbanized area is proved to be the

most-effective and flexible for investment to reduce the highest water level at Bangkok Area.
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7. CONCLUDING REMARKS

e External flood protection

The present and proposed flood control measures, refereed to as polder
system, to protect high river stages of a 1 in 100 year recurrence flood proved to be effectively flood
control strategies for protection the city from the external flood. Since the progression of land use in
the Bangkok Area in hardly control, the polder concept can gradually more one by one to protect such

valuable area and the storm water management inside the area can be easily and efficiently operated.

However the negative effect (confinement effect) due to improper development of the dike
along the river banks of area around the Bangkok Area together with area upstream in the Chao
Phraya Delta is still progressed. The integrated flood control measures in the lower Chao Phraya
delta combined using the potential retention storage of the paddy field in the river basin floodplain is

therefore urgently required to save the Bangkok Metropolitan Area.

e |Internal flood protection or stormwater management in the BMA Area.

The challenging drainage alternative analysis show that with the proposed alternative
mixture uses of klong improvement, storage reservoirs, tunnels and pumping stations, the klong water
levels can be maintained below the level needed (+0.00 m.MSL..) to drain the secondary drainage

systems.

In case some of the reservoirs cannot be acquired and also replacing storage volume would

not be available in the vicinity, it could be decided to make provisions for additional storage in the

141



secondary system, to deepen or widen the main klongs or to resort to the construction of a tunnel to
offset the reduced storage volume. A tunnel has the same effect as temporary storage of the runoff
volume in a reservoir.  The advantage of a tunnel would be the fact that in would not be required to
later discharge the volume through the main system to the Chao Phraya River. However, the cost of

a large diameter tunnel is likely much higher than reservoir with the same immediate effect.
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