%@7#7%3K35%n
mm i f Ty RS T4 -

ﬁ~n1982¢b¢{#7k[3jj§jg X*&Hz%%

19883 10.
%— %E%iﬂ)ll Ry . i*ﬂf”ﬁﬁﬁ |
EI I%S 1h j] %ﬁ% BI

T

JR .

82':_3__1







KT S THEC BT
%*%@N4nv~z&74m.'

*Nwﬁfﬁm%@: xﬁii_.

" N LIBRARY

- (M

83[7] -

1983. 3. 10.

BRETNR - LAWRF
BB W F g
:ﬁ&%??*%Va%w%Vﬁm



(B F 58

A '84.6.19 e |

6.7

. A )\}:LN ' [ ] "
R 10383 | rre




g b4 »n &

| EMARERSORME K S AN AKTH RIS (B0 5 T CREEINE
'5bk%®)K%i%l?%&ﬂ%afzﬂﬁiéhfl9?QEIOEK%@ﬁlﬂw@m%
Nz, A@d%smﬁmiéo_
. KBMEosmMER, ﬁﬂ%7/@B@ﬂ@liTa&hfhfﬁ@ﬁmmﬁﬁhiw%&ﬁﬁ
BRI LRI K E (Ro> T bo 2T, AHIAONRAS% (. HEMA LS
NAE bRNREAE LAY Th S HBAL LTHA0RHANE LR - & 2508EN
OPCHIOTER C, LA, BATFHEEZOTRNLL S L0 ATh bo HEOK R
f@%ﬂ@ﬁ@ﬁ&%¢v¥_rkﬁﬁh1m5ﬁ.H@Ewﬁﬁtféﬁﬁﬁ@#mm%im
_%@ﬁ%ﬁkéﬁ%#%&@ﬁ&ﬁ@&mc&T@éﬁoLﬁL ETCHEDOH LnF®Rs
EmEA, ﬁ@%D@NM@ %Komf%%?%&¢éﬂé&&%ié@f,CCK%@%% _
AETHRBTH B, | |
hE, TOMmE LT, $m@£ml¢m@mom1 %@ﬂM(%¥E)K$HéﬁK%$K
OMfeﬁwﬁ%&%ﬁt%ﬁﬁ%ﬁbﬁo






L. e a ‘;23\107%5? e e e,

2. Tﬁ%#?’m%%%

&'H&JufyA : ; e 7 o :

i W B ﬁ .............. i reeesienereienane .......... e
4 -1 Wan Quan Lm (The People § Repubhc of Chma) - |

4 — 2‘ .Sa.chaWattanasarnvechakul (Thadand) ..?............--........i... ...... ........._......'. ..... .

4 ‘___ 3 Watcharee V]_rapun (Thadand) S T LT TY TP PP h e tenernaee [P TN BT
4~ 4 EmilioB. Alvarez (RePuth of the Phﬂlpplnes) cerieentiree et eedeieenieeereeend S
45 .Zulkeﬂl Bin Hassan (Malyasm) B PR SRPURUPUN A

5. %@'ﬂl}. ( EPEI@]‘{%E%&%@ﬁ»E )






'R mw:hXﬁﬁoﬂﬁj' | . . . . | |
CRET VTR f,#AM&K%%ﬁK@?&ﬁmﬁ%@%ﬁwﬁwﬁﬁ<ﬁoﬂt&%
'om1a.lﬁvffxyﬁﬂﬁ&ﬁﬁa%@mmP)mﬁgﬁaAmﬁﬁéoﬁﬁmow'
CENAEEAHPBNERENE, L
| Amﬁaﬁm,zsss KX@T/T@Am$§m%wﬁﬁfav¢um$¢)r.mm'
ﬁ@%i@xﬁ K, @%@?m, ﬁKlof%ﬁ%*ﬂ&&%@fﬁ*@&%&ﬁ%tL
-ﬁ%&ﬁﬁ&&%ﬁ&ﬁ%%ﬁ&f5D%ﬁﬁ&9<biHﬁC&K%%%LTMéO%ﬁﬁ
ElD@%E%MkMT %@@@%l@ mwﬁﬁé%ﬁﬁ%%¢L®m,%$&ﬁL%%
FHEE SICHBEE € %—ﬁ&G%%&ﬁafékg m%a%«@Mﬁlﬁlgss¢'
Eﬁﬁﬁéﬁ"%ﬁ,?vM/T 7%@£?Q&4J;fz,ab%A 72—, i, |
'EZ}I®10)3I”CZE>Z:O ' ".. S _ | 8
197 8% K%E%%Eloﬁﬁﬂz chif@iﬁéﬁﬁ®ﬂ%%%bﬁwb bl
Ammgfamﬁm@ﬁzfmaﬁﬁﬁﬁwﬁu SHEOEE T R BBk TS m&wﬁ '
LA L HET Vo =3 v a v pGEAR, EHSRR,
vu:~s;/aj@%&%u,1qésﬁloﬂ@Am;aﬁm%ménTﬁgnkoc7
DREFCHABOERERRO ALHMEER LT BEBE LT, cngfloﬂﬁeﬁm'
?%%ﬁ/ﬂvAK@?%béﬁLm%E%$ii.%m%ﬁmmﬁﬁm%ﬁﬁ&MKﬁ%A
‘m&m%%@ﬁ%&%mfac&@M%ﬁ# AT N Bs : -
AREASE, C@HEOE%ﬁ% .m&%ww&w A%O%ﬁ@zﬁ&ﬁ&?ét:
CLELRS. FFFE LSRR BRI B LA R A RO A A R
=%%b66&&bﬁoﬁm&@%%KﬂA@@ﬂ&&mb@éﬂ—b&%*ﬁ%ﬂ,%@T@”
FEEHTO SO TS b, ch%@ﬁ%ﬁfﬁAﬂha&u ~m§sé@ﬁ%¢§§bﬁ%
TR E D HETA S DR OREE PO LT AT L L. E R, RRBRT O
Kﬁhéﬂk%&ﬁ@@ﬁﬁk%ﬁﬁT Tébﬁﬁﬁ%@%b%hf%&bfgﬁéhﬁﬁ_
DEERONBo | o o o |
%Eﬁrlmﬁ¢5%mm&¢t Eas @ﬁ@tg%Améaﬁegﬁﬁ%@@ STHb,
_BKT%%@B%%LTM&HMl%H“RE@%Améﬁéeﬁa@ BT 1978
EOBRZRKTE, BANWZKEHENRICET 58 - BREDLRET BICN D, 20
ﬁbmﬁﬁﬁﬁj%W@@%%KO%T%%%#H@% AR C ICHIET 5 € & 5
L ﬁbﬁf$%qth#197S&K@®T$%@ﬁ@3-zm%ELkﬁﬁTé%D3
AW e~ 2 EARI [ CA~—2THbh, SnEEEAERSNEEIIKEHRLF, &<
P A B S N, ' - : | |



RISl (BIg ‘WRIUL

SunsomBuy A -

eisde[epy ‘108urpag ‘reseg

puerduy ouiy, uodp ‘B¢ ‘a0afoag 108ueeg IneT rereg
ANJ2L ‘yEquuay, Busped verel- - AISIIPATUL SPISEOMEN susuireda uonedury pue sfeurery o .
| ensg mg vewe) 17y 08~ LL6T S ‘rosmBug K't4 | UESSEL WIE IFANINZ NN TsAepEp S
SRR Supssutdug Tan V§VOyg
somddiiyg ‘A30 uozend) vRwINg £a3s33AT00) [RUOIIEN AsudBy rearBororoagam o : .
‘¢ 2a7y “999mg TIOF URPURY (33 - €L—E96T ‘aspdooroarep 5¢ L ZRYEATY g SIUT TN saurddnryg ¥
o ) .uo.ﬂmum::EEoU. 30 Anstumg
) puEfeyy, ) SINTWAIEW fhBororomop o juswpredag
'0IEOT Aoqdueg Buemyy-my - Ksuakan rewduoryy m;om.ﬂ\.om 20180010039 WOIPAL
PROY ‘IBNBUDEIY ‘peR YL ~0LET ‘is13o(0I00I0pN 0¢€ undemnp 297G SN - PUTTEML c
UOHERSTUIWpY
. weqyedonidajy yoyBuey
puEgey] *yoydueg - Zunesuiduy pard FIURUAIUTEN .Huq.nﬁu 1o3BM
“deydueg ‘pory oB}d P Aszeatun) rEwdusiy) Jo ucHoag Summury pue dundsamg
'z8 0=l P TI0§ Ipwseg o..:.m.v . SLTLGT . ‘Iarmgug 1D 8¢ [P PyYIaaLIRSTUTITM UG5 "IN PuzrEy 2
. ) furresutdug omioe[g ] . .o.ﬁ_.,:pmﬁ
gD 3o pue symeapip YaTeasay 1amog SImvalY pue
srqnday. sardeay ‘enumong fequy 10 amansuy weynp ~ AourAzasuoy) 191T 1Aty ozifuey
“tuEung 'peey Hing fpLoN ©89.~€96T . *avauidug ¥E upy wend Uty TN FURD T
(LZoEY) (TEHE ) (w10 - Wi ) (ZE)

SS9TPPY BUIlEN

. PIoDIY [FUOBEINpY

wswAordwy jo aseyg % 1504 u:umﬁm..

()

Y
i

Anumon)

‘0N

%z 2 ou.g

K




Wi ve &5 4

.a - . E

)]
8/ 9 -H:@wéﬁm @@(%R ﬁﬁ) : |
CLO K| R 3 2 - A EA A | PWRI
| 1 CBREAKE A n oy b Y |
11 x_%m&ﬁﬂiﬂlA@%KrE«@%@_ A v
L - wiBEb s KEOBE ) R
12 *]ﬁ/rUV+—r%ﬁ ' iz - SRk y
EEEREIE X Wﬁk%m&mﬂm%ﬁﬁm e o
16 | A %°K$m%ﬂﬁ@@ﬁm$£ | K
17V k{8 RL®EE . e "
18 |7k By B M B - Mkt/ﬂuiiﬁ R .
19 | A B0 NoksE kB EFn Al PWR I
20| & | BAOWH LNBE®R ¥ 371 "
23|+ Kiﬁﬂ?#&#m%ﬁ«@ﬁ % B v
. | v-x - mRE KA
24| k|4 %U#ﬁ)llﬁlﬁ@&ﬁ%&?’*?}( | kg .
:: i ﬁ% ﬂﬂm&ﬁmMW (nﬁ-xm I$$%ﬁ
- _ Al )
27| & _ .
30| A ﬁﬁ%ﬁ&ﬁm%m' R -RETT
. (AKMH )| PWRI
31| K mﬁ%ﬁ?iéﬁmﬁﬁm@ EIR oo
9/ 1 | k|- %%7/f@ﬁmoﬁm?ﬁ&%@ A "
o2 | k| M- BB R EBEOMBES | xE TIC
300 & | BRNKALKEE (B L6 ) F i u
6 | A| BE-BENCHT- KK) mE |
N o T wma | s
T k| T YT ORINOKEREHER K&
| BEE RO M EFE *k. o, | TIC
8 | | BINOTFHHR Y =T & BH - hRE| Ak
9 | | R hm&UﬁEm(ﬂﬁ *&)_ ifai |
10 R RE RS - - BALILOBEMOS L h
13| B Btk(eTsk ( 4855 - Bt ) GBI &AM PWRI
|| KBFLE : o i
14-W‘A4nyrﬂm@&mwﬁﬁﬁ®&‘ HE S "
161 A A%@ﬁﬁﬁﬁ&%®¥&©ﬁﬁ&ﬂ% N
17| & WAEEER " "
20 A M . IR e
21 k Ty ) ax — s AR ﬁH'EE‘M$’¢
| - SRR |







4.

==

B

0

it






Name: . Wan Quan Lain - L
COIirltry: o The People’s Republic of China .
Organization: * The Yangtze Water'Conservancy and=

| : .Hyd_roel_ec_ttic Power Research Institute

Position: Engineer

{. ' Natural Conditions and Flood Control

Chma lies i the cast of Asia. She has a total area of apploxmmldy 9 ,600, OOO
sq km. It’s territory extends over regions of high, mid.and low lamude

There are numerous rivers in China. Of these, over 1,500 have watershed areas
larger than 1,000 sq.km and the Yangtze river, the Yellow river, the Haihe, the Huaihe, the
Zhujiang, the Liaohe and the Shonghua river are by far the largest ones. Tremendous water
resdur(:es are provided by these rivers with a total runoff of 2,700 million cu.m for normal year
and a water power potential of 580 million kw.

China is a vast country. Annual climate variability is frequently matched by season-
al variability. The climate is wet in summer, frequented by rain due to Southwesterly monsoons,
and dry in winter under the influence of cold currents from the northwest. The total of pre-
cipitation in the normal year amounts to 6,032 billion cu.meter, averaging 630 mm of rainfall
per annum. But the precipitation varies widely not only with respect to geographical location,
but also in different seasons in a year and from year to year. The totai precipitation in a norimal
year along the coast in the Southeast is more than 1,600 mm, which decreases gradually in the
northwestward direction, until it becomes even less than 200 mm in the northwest. The rain-
fail in flood season (July, August and Septembér) usually comprises over’ 50% of that in the
~whole year, giving rise to frequent flood and inundation. Meanwhile, the typhoons from the
northwest Pacific Ocean affect the climate and rainstorms to a great extent,

According fo statistics in the 31 years from 1949 to 1979, there occurred 882
typhoons in the west Pacific Ocean (including the south china sea), of which 210 landed over
the coast area of this country, average 7 times in a year. There were as much as |1 typhoons
landing in 1961, and only 3 times in 1950. The passing typhoons often bring about serious
coiisequences and heavy losses in the near areas. About 35% of typhoons coming ashore in our
country more deep into the inland, sometimes giving rise to extraordinarily large storms.

Before liberation, according to historical records, ihere occurred 1,029 major fioods



w1th scuous consequencc in clum during the 2,155 yedrc; from ’)06 B. C. to 1949, c1lmostly
averaging’ once every “two years Only a few proy*cts were built on thc upper reaches to con-
trol the floods and dykee were small ‘and not capdble of defending the flood water for- lack of
propcr maintenance on the middle reaches; whereas on the lower reaches, the discharge capaci-
ties were inadequate, as a result, ﬂood drsaster happened frequently :

Since the foundation of new china, a numbcr of hydraulic engineering projecte
“have been built by tho chrnesc people. At the same time, a tremendous amount of work has
been done in renovatmg dykes in excavating the river channels in constructing defences and
storage reservoirs on the upper reaches, in setting up diversion works for defending flood on
the middle reaches and in enlargmg the capacity to drscharge floods on the lower reaches of the
river. Up to now, the total” storage oapacrty of reservoirs ‘has reached 408 1 billion m? and
the length of dykes has increased from 42,000 km shortly after lrberatron to 165,000 km. The
completlon of all fhese prOJects srgmfres the dommant role played in fiood prOJcctron in drain-
"ing away the surplus water from ‘water Ioggcd arcas aind in combattmg drought over the years.
'Moreover,. immense benifits have b_ecn drawn in power generation, navigation, aquatrc products. '

“and so forth.

Now the standards set for river’ rogulat;on in our country is to cope with- ﬂoods S
recurrmg once in 50 years for the 7 main rivers mentroned above with an eye on provrsronal

measure {o tackle the problem of dcfendrng extraordrnarrly laige ﬂoods

. - Qur’ principles: of ﬂood' control a're‘ ae'follo'ws '“Pay due attention to both the .
upper and lower courses and take measures both in retamrng and dischar ge flood waters

As regard the management of the work of flood protectron our polrcy is “Preven»
tion is better than cure and it is more important than rush repalrs

2. Organizations Concerning to the Water Admin'istration'l

Thc work oi flood p:eventron has a most 1mportant bedrmg on the life and property
of the people the progress of reconstructlon work and the entire national economy and hence,
our government has attached great . rmportancc to it. The Water Conservency and EIectuc Power

. Ministry was set up- by the central- government "Ihe Mmrstry is rcsponSIble for the work of
water’ ddmrnrstrdtlon The srmrlar departments were also set up in provmce ‘areas and countrles
In addition the organlzdt;ons of valley extent were set up. These organizations are responsible
for pldnmng, desrgnmg, ‘constructing and so on.

The “central flood protection command” was set u.p by our: central government



to assume responsnbﬂlty of dnectmn and dlspatchmg all the work of ﬂood proteetton i’ the_

- country. Flood pxotecnon commands at different levels were established m the provmce areas
and countries to be in charge of the organization and directing of the work of flood prevention
in the regions for which they are to hald l‘espmilsi;bili_ty. '

3. Outline of Flood Protection on the Yangtze .

There are numerous rivers in China, wherefore the ﬂood protection p;o;ects have
a very wide distribution.” Accordmg to the features of rivers, as pianned the aims of the regula-
" tion and flood protectlon projecis are’ qulte difterent. T

Thé outline of flood proteétion on the Yangtze is as follows:

The Yangtze orlgmatcs frony the thal “Tibet plateau and flow mto the East’ Chma ‘
séa at Shangha} with a total length of 6,300 km, the total drainage area is 1.8 milliori km?.
The mean annual runoff ifto the sea is about 1, 000 billion cubic meter. The total drop is about
5 400 meter, and the hvclroelectrxc potenhal is about 268 rmlhon kw The main: stream of
the Yangtze above chhang is named as the upper reach mth a total length of more “than 4 50()
km, and a dramage area of 1.0 miltion'km?.- The middle. reach is the stretch from chhang fo
Hukou, havmg a total length of, more thdn 900 km. Below Hukou the stretch is catled the lower
- reach, with a length of more than 800 km The total dramage area of the mlddle dnd lower'
reaches is 800 thousand km C

: The tOpograplue features -of the basin :are as follows: the mountainous region
_eovers 65, 6% of the total area of the basm the hilly tand 24. 0% and the plain together with -
lake 10.4%. The mean value of anhual prec1p1tat10n of the whole basm is dbout 1,100 mm, with
a large ﬁortlon -of basin exceedmg L, 000 mm. " Mean annual runoff . at the- Yichang and Datungi
Hydrological Station is 451 and 915 bﬂhon cuw.in. reqpectlvely (correspondmg mean’ annual dis~
charge 14,300 dnd 29 OOO m3/s respectwely) ‘ '

_ACCOrdihg _t'oil978‘s"tatisticgs the totel: population of the Yangtze bas'in:f‘is' of 342
million, the area of etiltiviated: land' is about 374 miition mu_(abeut_ 25 million hectares). The
grdm yleid amounts to about 1% of the country’s total. 'I"he:for'estry ahd'm'iilei‘a] resources
are 1]%0 very rich. Commumcatlons in most part of the basm are good The value ofmdustrla] .
output amounts to about 40% of the nat10na1 total.  Therefore ‘the YangtLe basm occupjes a
Very: lmportaut posmon in the national economlc development But’ con31de1able portmn of '
the basin, especmlly its fertxle and prosperous plam areas are stil] serlously menaced by flood.
This makes flood control in' the basin an 1mportant and the most pressing matter 1o be dealt

with at present



The districts. most seuously menaced by flood are mainly the plain areas and ]ow
terrace land in the middle and lower reachea of the main stream and trrbutaay streams of the

Yangtze.

In respect of flood conirol in the mrddle and lower refrches of the Yangize, the
situation of the Jingjiang RBCIIOI] from Lhrcheng to Chengllng‘]l is 1n05t critical and important
‘(referring the map of water system and bank protectron on the middle reach of the Yangt?e)

~ The 1unoff of the Jingjiang sectrons comes mamly from the main stream of the
Yangtze above Yichang. The flood discharge in the general year is about 5, 000 m?/s, arrmng
at 66,800 m3 /s in 1954.

. Becausc the Yangtze basin .is affected by the subtrcprcal antrcycfone in the west
' Pacrhc Ocean and is supplred with water steam on the Bengal bay of Indlan ocean, which forms

the flood scason from April to September in normal year. The precrprtatron is rich on the upper
i and middle reaches of the Yangtze areas, averagrng 1,000-1 200 min. per annum, arnvmg at

i 600 mm. of the l'irgest precipitation: The rainfall in the flood season usually comprrses more ©

than 75% of that in the whole year gmng rise to frequent and serious ﬂood rn the mrddle and -

- lower reaches of the Y’mgtze

Accordlng to hrstorlcal records there occurred more than 200 tnnes ﬁoods durrng :
the past 2, 000 ycars a\.'eragmG approxrmately once ten years. Before lrbelatron the:banks on
the middle and lower reaches of the Yangtzc almost had no ﬂood protectlon work, and dykcs
were small and not capable of defendmg the ﬂood water ‘with alot of hiding defecte

akmv the 1931 f'lood watcr for example the peak drscharge at Y'chang gagmg
station ,was 63 600 m? /s, the flood broke the dykes on ‘the ng;rang section, the to‘la] in-
undated area: of «cultivated land amounted to morc thzm 50 mrllron mu (3.3 mrilron hectares)
and the population a_ffectcd nearly 30 rnrlhon persons Among that 145 thousand were drown-
ed. At the same time Wuhan city was inun:da'ted by flood for about 3 months. "The ﬂoo(l at
Wuhan in 935 killed 142 thousand peop!e after ﬂoodrng 22:64 mu of farmland with 10.03
million mhabrtants in the affected area. '

Smce the foundatron of new Chma our government has paid great attentron to the
ﬂood protectron on the Jingjiang section. The capacity of the ngjrang flood protectron was
entrrely changed The gurdmg principles were decrded to “take account of both storing and-
releasing, with releasing puttrng first.” '

The 1954 ﬂood ‘was_evei more hlgher and Earger than the 1931 ﬂood but owing
to the fact that dykes were Strengthened and rose to a certam extent some drversron project,

~10—



such as the Jingjiang Diversion Project cfe. were completed, especially. the broad mass of the
people along the river were mobilized to fight against the flood, the damage was gm‘ltly alleviat-
ed, a lot of large and medium cities and the vast farmland were defended.

- in July 1981, the extraordinary _tor;e_ﬁiial rain in the historical vecord was brought
aboul, curring over wide areas on ‘the upper Ifea:ch of the Yangtze, The areas that the precipita-
tion intensity in the three days was more than 50 mm were about 340 thousand sq.km, the
~areas of the plcmpttat;on more than 100 mm were about 120 thousand km?. The largest pre-
c1p1tat|on was 439.6 mm. It was 60 mm more tlld]l the 1936 preupltatmn in the threc days.
The peak d:sehdlge at Yichang gaging station was 71 ,000 m?/fs or 4,200 m3/s more than the
1954 pcak dlschaige 'l he reasons were mamly as fo]low

(l) the’ tlough moved' qu1ck1y toward the east and further deepended at high altltude
(2) .a Stlong cold air current in'the north area movcd over Sichuan province.

(3) = the subtropleal antlcyclone of the west Pacific Oeeﬂ.n was strong and stable.

: (4} the southwast vortex appcaled at the three thousand meter hlgh altltude

(5) the Indlan tlough was at the skew north dlrectzon and was strong

. ]__Our governmem from the central to the local and the: commands at fhffelent
Ievel made auangemen ts nnme(il(:tely and’ w1dely The departments ot meteorology, hyc!rology,
communication’ and: so on,; comdmated gach other. A mighty. force of dyke defenders headed
by off1c1als Wits gathered ‘on the b'ulks along the middle and lower reaches . of the, Yangtze
Eventually, the maln em bankments bore the peak dlschalge safe[y

4. The Floo”d _Preve'nﬁon Project and Work on the Yangtze '
{1} Dyvke

. In the past thirty years, we have done a Eaxge amount af renovatlou and consohda—
tiOI‘l work completing 78 mllhon m of ealthwork and 5. 97 iTll“iOIl m? stonework. At present
the GlﬂVﬂ[lOIl of the Dykc crest is over 1.0 m, higher than the maxunum water level m reeoxd

“The cross-section of the Dyke is crest w1dth 8 30 m, nside slope P:3and 1 : 5, and outside

slope 1:3.
) _Flood Diversion a'nd:_Detea.lti_on Basin
As eatly as | 1952 the ng]lang Flood Diversion ‘Basin was constructed It wes' '

. started in Mamh 1952 and was eompleted in July of the same year and it took 75 days. The
prOJect is composed of the foIlowmg prmc1pal features.

— 1 l.u,



(a) . Flood Dwersmn Sluice -
" The sluice is bmlt of ‘reinforced concrete, w1th 4 total length of 1. 054 m. The

des:gned d;sclnrge cupac:1ty of the sluice is 8, 000 C.M.S.

(b) Fmbmkmenls orDykes -
The total length of the Embankments or DYka surroundmg the flood dwersmn

ldlsmcts is 208 km.

(c) Areasof Rcfuge
: For temporary Telocation of 1nhab1tants during flood dlversmn the areas ‘and

platforms of refuge with a totai area of 20.6 kin® were constructed in the detentson

basin.

(d) Dramage Installations - ‘
In order to drain both the waterlog caused by local rainfall and the flood water in
the basin during diversion in ﬂood year two outlet stuices and one electncal pump-
ing station were constr_ucted. The total dramage capamty is 700 c.m.s.

. In 1954 a major flood of a 100 years frcqucncy of the Yangtze occurred, the
_slulce was' operated for'three times for diverting the excess flood water in order to ensure safety
of the Jingjiang Dyke. Through flood diversion the maximum water level of Shashi city was -
lower by about 1.0 m, ‘The effect of the p10}ect on flood control also proved to be very signifi-
cant.

_ _ ln 1956 the Dujxat:n Flood D1ver51on Projeci of the Hanjlang was constructed and
then others were Lompleted one after another. '

(3) _Artificial 'Cu tol fs '

The 10wc1 Ieach of Ji ingjiang is a typlcal meandermg chanuei and a results in the
Iower flood capa{:tty, water. way shifts ‘seriously on the plam Matural cutoff often oceutred,
due to existence of cavities in the banks.

in the early founding of new china a research of ‘systemiatic artificial cutoffs at the
lower teach of J ingjiang was cartied out. After detailed cont'_ras_t‘,'a scheme of sYstemétic cutoff
was drawn’ up. Then, two artit‘ictai cutoffs (i.e;, Zhongzouzi and Shaﬁgchewan) were completed,
respectively, in 1966 and in 1968,

. Since the completibh of the cutoffs, diversion of water flow throtzgh them haé been
satisfactory under varying flow conditions in different hydrological years, especially under some

—-12-



high “flood and temarkable benifits have been achieved. As for flood c.on:tro'l, after cutofts the

flood ‘level of the.upper river stretch is drdrped ‘as a result, the flood hazards to areas along
the rlvm banks of npper reach of Ji mgn'mg are minimized to varying degrees, After completion

" of the cutoffs and revetinent, the river regime remains stable and the miscrable past of serious

caving of the leves ‘md co]lapsmg of the farmland has changed into the bnght present favour-

ab!c to thc promotion of aguculture production.-

() Re'smoirs-and"the Three Gorges Project.

: . As for flood control ‘reservoir, we have puilt the Danjiangkou Reservoir on the
Han}iang_Ri\'er; the Zhaxi Reservoir on the Zishui River etc. These reservoirs are now playing
an important role in flood control'.

Now the -three Gorges project: hdS been actwely in pl’mmng but is only in its final
preparanon stages. After ils completion, ‘the project will fiave 37 billion' m? ﬂood controf. '
capacity. The scheme will 1esolve major flood control problcms in the middle and iower reachies
of the Yangtze especmlly the project will play a decisive role in safety of the J mguang dyke.

5. TFlood Forecasting SYStem and F 6recésﬁ_r’1g Miss'ion

The flood preventmn prmectq mcludmg ﬂood control- wo;ks complcted have been
playing a (lemswe role in ﬂood contml The perfect flood forecastmg system and the exact
. forecast have also been playmg an 1mportant roIe in flood control.

Before 1949 the]e were no hydrologlcal forec,astmg work and no Speclahzed person-'
nel in this field other tildl] a few reportmg station along the Yangt7e '

. After 1949 nndel the Ieddership of Mmmry of Water Conservancy the Hydlology '
Bureau was set up in ()ct 1952 The Hydlologlcal Depar‘unent and Hydrological Bureat: which

serve the Yangtze Valley Plannmg Office wele also set’ up one after another, and are responsmle

forthe forecastmg the hydlology and mctcorology on the Y angtze

Under the Lcaders‘mp of Hydroiogy Bureau of the YAAS 0., some central stataons
Wwere set up.- They are the Chongain central station, the chhang, the Hankou ‘the Ndnjmg and
so on. Each central station conlains: ‘the hydrologu,al station, the water level measuring sta-
tion ‘and the river surveying team. At the ‘same ‘time, the Hydrology Bureau of the Y.V.P.O.
still have the hydrologlcal forecastmg section and the meteoroiogical forecasting sectaon

In the eatly stage of ‘Foundin_g new China, on the basis of learni'ng‘fhe: flood fore-
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:castmg method from forergn countries the forecasting scheme with the method of correspond-
ing stages and flood routing were worked out in the main stream of the Yangize. As accurate
Judgement and accurate fiood forecasting weré made for the need of operating the sluice gate
of the Jingjir{ng.flood diversion zone, a best result was achieved in 1954,

The flood feu,eastmo was required to tackle the problem not .only in p1ed1ctmg
the highest stage and drschmge hydrogmph for naiurdl conditions, but also in gurdmg the rational
operatmﬂ schedule tor those retarding basins and flood storage areas along the Yangtze. The
optimum operating schedule of the reservoir and lakes in seues was thus developed and- was _
applicd to estimate the regulating effect and the rising process of flood 1egulated at the down-

stream section, the bank of Ji ingjiang and the important cities were safeguarded.

‘ The' fonecqstmg servrcc by combmmg meteorologrcal forecastmg and hydrologrcal
_-forer:dstmg proved to be successful by offering informations that extraordinary large flood
“would ‘appear in the middle and lowe1 reaches of the Yangtze In the coming 5 days when the
_ pt:‘ll( drscharge at’ the Yrehdng gaging - statlon was 71 ,000 m3/s in July 1981 the forecastmg
service could- already ‘forecast it exactly and forecast .error was only 1.5%. The feature of the

peak drseharge in S1chuan province and the effect of lhe peak drscharge on the mlddle and lower
reaches were ratlonahzed and forecasted. " As a result, our government could take 4 series of i

correct measures and won the victory of the. struggle agains the flood.

Although tremendous successes have been aclneved in the past 3! years m the
struggle ot ﬂood preventlon there are still many rivers and streams whrch lack adequate controls
in the tlme of major ﬂood, dnd where ddngerous srtuatlon due to human activities may arise
gven in the case of medrum or minor floods. There still remains the long term task of ensurmg-
the safety: of all rivers with respect ‘to flood preventlon in future,
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Name: " Sacha Wattanasamvechakul

Count;y: : ' Thaﬂand
Crganizat:ioyl: . . The Buredu of: Dmmage and Sewage

‘Positibn_: I Civil Engmeerti

- DESCRIP.TION‘ OF THE -A’REA

" The physwal aspects of the’ sunoundmg area of a mun101pal1ty have a considerable
sffect 011 the sewagé, dlamage and ﬂood protection facxhtles with which- it is to be provided.
Topogtaphy dictates ‘the balance between ﬂowmg by gﬁmty o1 comtruetmg pumpmg stations,
*and.the p0551ble sub]ectlon of the area to-peiiodic ﬂoodlng Geology: affects the COHdlthl’lS of
constructlon for the majouty of these facilities. which are built below the surface of the ground.
-~ Clithate dlrectly affects’ the de51gn of drainage facﬂltles and exer(s a COHtiOl over the perlods
of the year in wh1ch constructlon programs.can more readﬂy be carrried out.

TOPOGRA'P"HY

~ The deltaic-area upon which Bangkok Metropohtan was bu1lt was formed by the

' Chao Ptiva River. The delta is Somewhat trlangu]ar in Shape w1th a 12(} kilometer (75 mile) base

along the Guif of Thaﬁand and a 1ength extendmg to the north about 200 kllometers (124 miles)

to Chamat as shown in Figure 1. Thls area is extremely flat, extenswely n‘rloated and véry rich

agrleulfu:ally “Ttis surrounded by low riugged mounfains which are an'extension of the H1malaya
range ' '

_ The center of Bangkok Metropohtan is about 50 nver kilometers (31 mllcs) north'
‘of the Gulf'of Thailand. The mumclpahties of Bangkok Metropohtan presently occupy a {otal
of 303 square kllometers (E 18 square miles).” Ground elevatlom at Bangkok are a maximum of
about 2 meters’ (6 6 feet) above mean sea level and at Chamat the eleva‘uon is oniy 15 mefters
(49 feet) above mean sea Ievel ' . ’
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GEOLOGY
: Geologic History

The mountains smrounding the Chao Phya Plain were formed din‘ing the late or Post
Miocene orogeny The present Chao Phya river basin was possibly the result of the development
of structural basms m the late ’Ieltlaxy epoch followed by heavy alluvial depositions during the
Quarternary, epoch. These f1rst depos:ts consisting of layers of fine gravel, sand, and sandy clay,
are now located 1t a depth of 300 metcrs (984 feet) or more below the surface. -A thick layer of
grey, relatively homogeneous clay was later. deposited fiftez the major movement of the earth s
crust had stopped. : '

The delta steadlly advanced mto the Gulf waters to the south About 300 years ago
the present site.of Bangkok was at the shore of the Gulf of Thaﬂand ' Recent flood control and
1rr1gat10n pro;ects ‘have c"msed niost of the silt to prec1p1tate before it.reaches the Gulf but the
southward growth of the delta although slow, is continuing.

'_Type of Soil

‘ Subsulface condltlons in Bdngkok are relatwely umf()rm Borings to a debth of

- 20 meters (66 feet) mdlcate that therc are baslcally two types of clay, one soft and one stiff. The |

soft clay is on the upper level. The change from soft to stiff occursat an average depth of 13.5

mctcrs {44 feet) wineh varied from 11 017 meters (36 to 55 feet). Duung the dry season,
however, the top one or two' mctcrs of the natural ground surface is reiatively ‘$tiff brown clay

Othex sub surface expiov:ations mdlcate that below 20 meters the clay 1s uwreasmgly

Imxed w;th sand or gravei Altemate layers of sand clay or mixtures of sand and clay ex1st at

) depths i in excess of 300 meters (984 feet) as mdicated by one boring in the Bangkok dreq Wthh

failed to encounter consohdated rock Durmg ail exploratlon testing about 65 kllometers 40

:nnles) north of Bangkok pranite was reportedly emountered at a depth of 365 meters (1,200 |
'feet)

Ground-Water

The ground~water level in Bdngkok is very close to the surface durmg the wel seasor.
Even during an extreme dry season the ground-water is: rdrely more than a meter below the
'smface. The average elevation _of the ground-water table varies apprommdtely from 35.5 to 36.0.
The mean sea level is 35.0 and the mean water level in the Chao Phya River at Bangkok is about
35.3.



'CLIMATE

Thailand has three different scasons: The “Cold Season” , which inclﬂdes:Nmember,
Deceraber ‘and Jamuary; the “Hot Season”, extendmg from February thlough May, and the
“Wet Season covering the other five months of June through Oclober. The relatn}e!y dry
' period extends from Novembe: through April with practically no rainfall in December and
January. ‘

The mountdms around Bangkok dlSSipatB the fmces of the typhoons or cyclones
that create such havoc in the South China Sea and the Bay of Bengal -While gentle breezes of
‘more than 1 3 kilometers per hour prevall about two thirds of the time these breezes seldom
exceed 12 k]lometers per hour. Maximum wmds up to 122 kxlometers per hour (76 mph) have
been recorded, however. The prevailling winds are elther from the north or the south.

I‘able summanzcs the chmatlc conditions in Bangkok, including temperature,
relative humldxty, evaporation, days of rain and rainfall, and wind velocities. (see next page)

Hydrology

Thaﬂand S clnnate is troplcal Generdlly the cool season is from late—Octobe1 to-mid- -
'February, the hot season from mid- February to mid- May and the ramy season from mid-May to
mid-October. - The Central Plain (mcludmg Bangkok) rarely has tempcratures below 21 Cor
above 38°C. Hunnd;ty inthe lamy season is high, : '

The heawest rainfall normally occurs dunng August to September as the result of
heavy monsoon rains . and the torrcnt1a1 ramfa]i caused by tropzcal storms and depressmns As
a consequence flash ﬂooding usually takes place’ towards ‘the end of the wet season when heavy.
rainfalt 1s'more frcquent '

Troplcal storms depresmons and a- few typhoons whlch weaken mto ‘storms or
deprcssmns move into ihzuland every year The statistics of 28 years {1 947 1974) showed that_
the storms moved . lnto Thalland at an average Tate of 3.7 storms per year. As shown in Table
below, the hlstoncal storms occurred more frequently durmg the months of September to.
November, with the maximum frequency recorded is the month of 0ctober
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Table: C!iﬁmt'ic Conditions in Bangkok

Month Jan, ' Feb. Mar; Ap;. May Jun, Jul. Ang. Sep. Oct. Nov. Dec.
. Terhpefatufe,"C _ _

High 333 339 350 360 350 339 333 333 328 1328 317 317

Low 189 211 228 244 244 244 244 244 239 239 216 194

Avg. 262" 280 293 300 297 290 285 284 281 277 269 256
Temperature, °F

High 92 93 95 97 95 93 .92 92 91 91 8 89

Low 66 70 73 76 76 76 76 16 15 15 71 67

- Avg. 79 82 8 86 8 8 83 8 8 82 8 78
Relative Hunﬁdity, . _

percent 714 740 736 743 786 794 794 800 821 827 793 T35
Evaporz;tion,. - ) o

Cmillimeters 185 169 195, 170 140 141 130 119 100 125 153 182

“inches 7367 77 61 55 56 51 47 39 49 60 72
Days of Rain, ) oo

per month 173 4 6 47 18 19 19 21 17 73
- Average Rainf:.ﬂill,1 _ o

millimeters 8 31 35 84 179 163 176 187 313 245 53 - 6

inches 03 12 14 33 71 64 69 74. 123 97 21 03
Wind Véloc'i'tie_'s, . N _ _

. Max_, kr/hr 47 61 S8 9T 122 76 76 72 83 72 54 50

Avg., kmifhr 7 13 13 115 85 7 65 7T T . 65 6 35

1 Mean annual rainfall = 1 482 millimeters (5:8.4 inches). Period of récord = (1937 to 1966).



Table: Monthly Distribution of Tropical Storm Occurrence in Thailand

Month ‘Number of Storms
January 0
February 0
March 0
April ]
May 1.
June 4
July 7
August 10
September 24
October : 29

- November ' 20
December o . : 7
‘Total . - 103

Period:  1947-1974 |
Source: - Meteorological Department.

The ramfall is’ unevenly dlstrlbuted in time as well as in space, Genela]ly, heavy:
rainfall occurs on the wcstern flanks of the mountam ranges or on the coasts:

Convective and orographlc rains’ cause most of the ramfall during the wet season.
Mme w1desprcad rainfall of longer duratmn can be caused by occasional troplcal cyclonic
_ d:sturbauces ‘which arc lassmed accordmg to wmd spced as troplcal storms or depressmns

_ The werage annual ralnfall in the Chao Phya and Mae KIong rlver basins v.arles=
. from just below 1 ,000 mm on the. western side of the Chao. Phya rlver basm to more than 2 000
" mm in the notth western rim of the MA}: Klong river basin. About 85% of the annual rainfall
occurs dunng the months of May to October ‘with some variation in the monthly pattern from

north to south. -
In Bangkok Metropohtan Area high mtensriy rainfall is a bigger problem than

flooding caused’ by overflow from the Chao’ Phya River. If the rainfall intensity- ‘exceeds 30 mm/
hour, the existing internal drainage system fails, wsultmg in wide- spread flooding and damage -
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to roads, traffic, etc.

The Chao Phya river basin comprrses most of the mountamous areas and valleysin
Northern Thailand and Centlal Valley It extends from the Thai-Burma border in the. north
down to:the Gulf of 'I‘hadand in the south, with the whole catchment area of roughly 177,550
km?, ot about 3 E% of the total area of the Kingdom. Inthe Central Va!ley an ailuvral plam has
been formed by the Chao Phya river system. South of Chainat the alluv1d1 plam is called the
“Bangkok Plain” wluch is (for the greater part) the real delta of the Chao Phya Rwer Here the
river overflows zts banks regularly and the Bangkok Metropohtan Area and other adjacent areas

are frequently mundated

Stream flow records or the Chao Phya River and the' Klongs (cana_ls):in the project
arca will be studied in order to establish flood hydrographs The increase in roofed and paved
. “areas increases to a great extent the surface run-off. The floodmg situatron is further aggravated
by buildmg of encroachments such as shantles on the klongs like parts of the Klong Toey This
had consxderably reduced the carrymg capamty of the channel in recent years. The potential
Mfooding probiem is expected to become more serious in the long term due to contmumg land
sub81dence throughout Bangkok {due to consolidation of the soil groundwater levels are falling).

- Hydraulics

o The Caho Phya Rwer i a seasonal rwer Ihe river stage usualiy starts to rise in May‘ :
followmg the onset of the wet season and reaches its hrghest water levels in September October
In the ‘wet season a high discharge of 4,000 m3 /s was mecasured near Chalnat and in the dry :
season a low dlscharge of 50 m3 /s.

After the storage dams were bllﬂt on the Ping and Nan rivers of the Chao Phya Rlver-
' system navroatron programmes were developed in the 1iver reaclles below the dam. At present,
" 'the nnmmum release downstream of th¢ Chao Phya dam of 75 m? /s can mamt’un a mmlmum
* draft of 1.40m throughout the Chao Phya river reaches '

Sahmty intrusion in the southern port;on of the Central Plam has been detrlmental _
“to the extensive orchard and vegetable area along the Chao Phya river for a long time, espeually
when the flow is low. The extent of salinity intrusion can be controlled and the area protected
can be increased with increased flows. At present a minimum flow of about 80 m3 /s is released
for saiinity control in the Chao Phya river. However, about 20 m3/s is assumed fo be used for
water snpply in the vicin'ity of the Bangkok Metropolitan Area.

© Some 2,000 public and private production wells have been constructed for human
consumptlon and sanitationin the Bangkok Metropohtan Areaand adjacent areas. In'the Bangkok
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Metropohtant Area one third of the tOt’ﬂ public water wpply some 92 million’ gallons per day,

“comes from aquifers.

Parts of the city are a'lready’proteet:ed against floods by partially completed polders.
1ne1ge11cy measures including sand bags, tempmary cofferdams and moblle pumpmg units are
also used when floods arise, as in the significant floods ofOctober 1978 and 1980.

Dredging of the Cheo Phya River up to Nakhbn Sa_Waj} by Il}land'WaterWays Project
of which the design has been cemplefed by BCOM, might affect the hydrological and_hydraulic
aspects of Bangkok flood control and drainage project.

The.general top'og_'raphy‘of the are_@ is flat. The lowest and highest land el_evétions

‘do not differ more than about ohe'metre. The area is laced with canals (known as klongs) which

‘were built for' transport and defence purposes when Bangkok was founded two hundred years

rago. During the monsoon’ season, rainfall and lngh water levels in the Chao Phya River cause
floodmg to depths of 70 cm on the roads.

_ The factor which most nnportantly affects consnderatlon of sewage drainage and
ﬂood protect1on systems for B’mgkok Metropohs is the Chao Phya Rlver together with the canals
in the area wlueh are connected to the river.

" THE RIVER
“The Chdo Phya Rlver dr'lms an’ area of about 177 000 square. Kllometers (68 SOO .

squarc mlies) (sce Flgure 23 In the detta area south of Ayudhya where Bangkok is located
' =:the l'md is very flat. The main stream normally ﬂows in a well defmed channel below Ayudhya
When the river is in fiuod it inundates adjacent lands, with the water movnlg slowly toward the
Gulf of Thailand. A small rise of the’ flood level extends the waters over extremely large areas.
: Portunate!y the flood waters rise graduaily and do not norma]ly reach great depths.

The overall slope of the Chao Phya River is about 5.5 centlmeters per k]lometer
(3. S mches per mlle) ‘Below Bangkok the slope is at its minimum of about 2 eentlmeters per -
kllometer At Bangkok the river ‘has @ minimum w1cith of 180 meters (590 feet), with depths of |
as much as 20 meters (66 feet) or more. Downstream the w1dth increases to 500 meters (1,640 |
feet) at river kilometer 10 (d;stance from the Gulf) and to more than 1 000 meters near 1ts
month.

The Royal 'Navy Yard is loe_ated at river kilometer 23. .Additionel smaller anchorage
areas for commercial and naval vessels are at river kilometers 6, 31, 38 and 50, Asa general rllie,
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the river traffic above thc B’mgkok Port consists of river barges small séa craft and river boats
Nav1gat1on of smaller sea going vessels.is possible up to the Chao Phya Irrigation Dam and Lock
at river kilometer.269 while other moftorized river boats ply up to river kdometer 550. Some of
these vessels also enter the lurger canals :

RIVER FLOWS. -

_ Until recently, durmg the period from January to July, the average river dlscharge
at Bangkok was somewhat less than 100 CMS (3,530 cfs) with a- mlmmum of 25 to 50 CMS
around Apnl The discharge normally exceeds [,000 CMS during the perlod from August to
December w1th a maximum of 3,000 to 4 000 CMS in October. A typical discharge hydrograph

i shown in Flgure 3.

Records mamtamed at Ayudhya show that during the 126 year perlod from ]831 io
1957 there were 21 years of’ moderate drought, 35 vears of severe drought and 5 years of _
extreme drought. They also show that 11 years had moderate floods, 4 years had severe floods
and'2 had extreme floods.

‘THE KLONGS (THE CANALS S)

In the lower reaches of the delta the Iand is’ traversed by many klongs Some of o

;these klongs are natu1al but by far the majonty are man-made. In the earlier days several of the E
klongs around Bangkok were constructed for defenswe purposes. Later others were added for
nav:gatlon dramage and irrigation needs. Addltional klongs were dug to furmsh flll material’
‘f01 rodd eonstruct:on orto prov;de outlets for ubran storm—water runoff, as the 01ty continued i in
. its rap;d growth the utilization of these klongs also changed In_ the last_decade many of t_he
- Kklongs have been converted into highways, Klongs which ‘were originaily constructed for irriga—.
‘}tlon purposes now often recéive combined storm water and waste water to the pomt Where many

ﬁ klongs in the central mun1c1pal area have become severely polluted and offensive. Nawgatlon and
the movcment of farm products by water has decreased considerably in recent years Withln the

fu]ly developed parts of the city. '

Before 1900 most of the homes were built next to the klongs"beeaﬁse the basic
‘means of transportation was by boat. Qutside the larger urban areds the practice of Iocatmg N :

‘houses adjacent to klongs it stlil w1despread throughout the delta.

-The major irrigatio'n and naidgation Klongs are We]I developed in and around
Bangkok Metropolitan. Maﬁy’ of the major klongs have navigation locks or regulators built for -
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 the purpose of controlling irrigation water ievels. The policy of conservatio_n of irrigation water
towards the end of the flood season rtesults in high water levels in the klongs which adversely
affects the requirements for better and faster drainage of the urban lands.

The primary responsibility for maintenance of the major'cx'is’ting klbllgé is delegated
to the Royaf lmg‘rtron Department. The smaller klongs within the city limits are mamtdmed by
the Mumelpahty -

o In 196_6 the Road and Sewage Improvement Committee of the Ministry of Iut_erior
recommended that a number of the existing klongs be kept open and maintained for the purposes
of navigation, irrigation and drainage. The more important of these klongs are shown.on Figure
4. ' ' ' : '

An increasingly 1mportant use for the klongs in the city hag been thelr use as & major

source of water to flght fires. As the arca has beconie more densely populated the mumc]pal‘

water (hqtrlbutron system growth has not kept pace and now the needs for water supply alone .
' not consldermg flre requirements, cannot be met. ' ' '

_ The klongs should contmue as e source of supply for f1re—f1ght1ng water in ‘lddltlon
~to servmg as’ the most economlcal ‘means of removmg storm water In addition to these practlcal :
functions the klongs are an 1mportant part of the hlstorlcal culture of Bangkok

EFFECT OF-TIDES

Tlddl phenomena in the Gulf of Thalland are very comphcated The mean tidal
range at Bangkok Bar (the mouth of the Chao Phya River) varics from 1.91t02.6 meters (6.2 to
8.5 feet) wtth a cycllca} perlod of six months: The naximum ranges usualiy occur durmg June .
anr_l Deeember and the minimum about March and September. T he large tidal ranges are uqually
didmai’(one cycle .'p'e'r-eey) in char_a:cter while the smailer ranges tend.-to be‘ more semi- -diurnal
(two cycles’ per day) in character. If a cycle is defined only aS"the period between low waters
lower than mean sea level, the everage tldal cycle throughout the: year varles from about 18 to

24 hours : : : '

Over a 10 year period, observatlons at Bangkok ‘Bar mdlc,ate that hlghest hrgh water
was 2 0. meters (6.6 feet) above mean sea levef and lowest low water was 2 3 meters (7 6 feet)
below mean sca level.” Over a 51 year pcrrod from 1914 to, 1965 observatlons of water SUI‘deB
eIevatrons at \'Iemonal Bndge in Bangkok (river kilometer 47) mdlcate that the hlghest level
reached elevatlon 37.45 (2 42 meters above mean sca Ievel) in October 1942 and the lowest level
' reached elevat;on 33.40 (l .63 meters below mean sea ievel) il uly 1965
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The eICVatlon of the watcr surface of the Chao Phya River and the extent of sa]me
intrusion in the uver are ploportlonai to the river flow as well as the effects of the tides. For
river flows as lowr as 100 CMS (3,500 cfs) the tide effects the elevation of the water surface s
far north as Pamok at river kitometer 160. Fora similar low flow the mtrusnon of salinity would
be up to r1ver kalometel 60. Unde: the’ conchllon of extremely low flows of 50 CMS and 20
- CMS, the sahne mtrusson would extend to nver kilometers 75 and 110, respectively. Conversely,
if a minimum flow of 200 to 250 CMS can be mamtamed in the river the saline intrusion bairier
would be moved down to Klong Toey at thc Port of Bangkok, river Kilometer 27. These data are
.~ based on observations made by NEDECO! in a report to the Government of Thailand.

LAND USE

; The salient features of the pian are as follows: The old central section of Bangkok
Metropolitan which is now densely populated would remain as mixed c:ommercmi and residential -
areas Urban renewal pmJects are expected to 'mprove Hving COIldl'[IOIIS and traffzc condition
' _‘ but the population density of the entire area would not be matenally dffected even thouah some .
3 reductions in local areas are contemplated. Puturn developmcl.t would be dlrected outward from
“the: center along Iadlal highways and water ways. "The uewly developed areas would be sepa1 afe
units; each havmg manufacturmg, residential, commercial and. mstitutlonal or servu:e ZONEs. In
the new areas, commermal services would not sir etch out along the main roads 1n small combmed '
business and. dwellmo umts Commercial — “retail areas would be confi ned to markcts and shop-
pmg centers of the main hlghwqys w1th provision for off-street parkmg ‘Open green. areas,
recrmtional and agncultuml would be mtersperssd between the developed raidal areas.

The‘t':atego‘ries of prop"osed‘land_ use aré: as follows:'.

1. Remdennai : : . ‘ : _
' ‘Residential areas arc dmded mto three claqqes .IQW'd'e'nsity_; medium density and
. high density: o
. These are descnbed as follow: . :
Low density. covers smgle famlly houses each on 1ts own lot w1th lawns betwecn
‘Medium density’ covers the row houses and garden apartments or courts _
H]gh dens1ty includes high rise dpartmcnt developments and closely spaced low rise
units. ' : . ‘
Each ncwly . devoloped remdentlal drea wouid have shoppmg ccnters schools and
other eqsentlal service units. ) :

o “Siltation of: the Baugkok Pmt Channel W, July 1965 Netherlands Engmeeung Consuihnts
(NEDECO), The Hague, Holland.
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Commercial: _

'Commerci'al. areas are divided info two classes, high density and low density. The
old céntral commercial ara between Klong Padung Krung Kasem and Klong Lord is
ieally an arca of mixed commcrcial- — residential use. The populatlon concentra- :
‘tions here are the hlgliest 1n Bangkok Metropolitan- with shop. owners and their
families hvmg dnectly Over or fumcent {o then place of busmess This area and a
section of Pathum Wan (to the east of Klong Padung Krung Kasem) are classified as

h1gh density c,o_mmerc:lal. The 1ecent]y developed commercial areas such as Bang . =

Rak, centered on Silom Road, have 'zi'nligh'ter ‘density. ' Existing. office building,
- hotels, and sotres in this area are in accord with modern praétibes.‘ In future expan-
- sion, commercial zones would prdvide ample ‘spa_c.e for parking, sidewalks and rest
areas. Sections such as these are classified as low density. commercial.

Manufacturing: , .
The manufac‘tmmg category mcludes Lhe sites of emstmg hedvy and hght mdustrles: o
.and future sites along the river, main highways and raﬂways "fhree extenswe new -
areas have been proposed for mdustrlal development  Two are ‘sited along the Chao
Phya River to the south, and one along the railroad, to the edst ' :

Institutional: . R o -

" The ins_tit_iitional' éatcgory_ covers most public buildingé from sch'ools' and _uhivé’rsities
to the offices .of'”iﬁterndtionali agencics and the Royal Palace. ‘The government
_agencies ﬁSuéliy prOvide houéing for the civilian pérsonnel as well as the Tilitary.
A few of the more extensive of these housmg areas have been zoned as res1denual -
for design purposes '

N Utﬁ:tles :

The utdﬂ:;es categmy COVers the major pubhc utilities. mstallatlons such as the rail-
way yards, the port area and water and waste-water faCﬂltleS Many utilities have
been relocated since the origmal plan was submitted. :

Green Afeas . :

Green arcas are dmded in two classes recreatlon and agrlculture The recreation
. areas’ shown on the plan mclude about 15 sgquare kllometers or four per cent of the
entire area. . In- ‘addition to the above, small playgrounds playmg flelds and open
spaces would be provxded throughout the large remdentlal areas. The. agncuitural
areas are now devoted to agncultu:e and, principally because of their location, are _

L3

likely to remain so for quite some time.
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PRESENT SITUATION
- Bangkok has a ground fevel which is an a'vera'ge of 1.0 metre above Mean Sea Level;

- Durmg peraods of very hlgh dlscharges of the Chao Phya River and of high tlde levels
-m the Gulf of Thailand extensive ﬂoodmg of low lying arcas in Bangkot\ occuts;

- High intensity rainfall and drainage problems occur during August through Oct'ober;

—  The Bhumipol and Sir'ikit."Dahls and the Chainat barrage pr.oy'ide some degree of
* flood control to Bangkok: accoridng to the Acres/RID paper, these dams cannot
provlde greater flood control benefits in Bangkok than are prcsently being achieved;

- Accoridng to the Acres/RID paper there are’ ho opportunities for new stmage
. projects which would result in major increases in the degree of control of flows in

the lower Chao Phya Basin;

- Pléns’ for agricultural 'development and improved drainage of the so-called Central -

' '(Bangkol\) Plain will result in an increase in hlgh water dlscharges of the Chao Phya
River near Bangkok. Thls increase will partly offset the flood control effect of the
Bhumlpol and Smklt Dams and the Chainat Barrdge

- liis not antlclpated that 1mprovement of the ﬂoodmg conditions in the areas to .
the north of Bangkok if feamble would substantlally reduce flood problems in the
Bangkok 1eg10n

The Chao Phya River Basm
_ The Control of Water

I‘he Bhurmphol reservoir controis the outﬂow from a catchment area of 26 400 kin?
and the Sirikit: reservou‘ from 13 200 km . The combmed arca is’ only 39 600 km or about
36 pelcent of the area drained by’ thc Chao Phya River at Nakhon Sawan and 22 percent of the
area of the entire basm There are no opporfunities for new storage projects which would result
in major increases in the degree of control of flows below the two major dams in the Chao Phya

Basin.

Project Relationship with Chao Phya Basin
Development Plans *

The following line diagram amply indicates the complexity of 'thfe river network



which drains the Chao Phya river basin.

In the north the landscape is character ized by nor th-south trendmg mountain ranges
‘md hlghlands In tlns area the ng, Wang, Yom and Nan rivers are well defined and their stream-
flow time series are well clocumented In recent years.the Bhum1pol Kewlom and- Sirikit dams
on the Ping, Wang and Nan rivers h‘lVC s1gmflcantly ‘reduced ‘the potentlal for flooding in the
lower Chao Phya basin due to heavy rainfall i m their catchinent areas. Fu1the1 control of these
nor thern rivers is scheduled wlnch will: modlfy the storm discharge p'itterns at their confluence at -
Nakorn Sawan where the pankful capaolty is only some 3,700 w3 fs. The Upper Ping river basin
is cunently under development for hydropowet irrigation and flood control the latter bemg
partrcularly nnportant for Cluang Mai, When fully (leveloped tlus river network w1ll srgmﬁcantly
reduce flood potential at this northern capital. Development of the Koeng Sua Ten dam in the -
- Yom basin is being studied, as is the ng-YomuNan' transbasin diversion scheme. When com-
pleted, these various projects will result in a high degree of control of these northern rivers'.

. Further south the Skal Krano river dlscharges into the !ndm stem of the Chao Phya, '
Jnst north of the Chainat. Dam. It is at this point that the Chao Phya river dlscharges into the
central plain of Thaitand. The. ‘samll bankful capacity of ‘the rlver at this- pomt 3,200 m3 Is,

- the flatness of 'the topography, and dtversmns into the 1rr1gdt1on serv1ce areas supphed from the

: Chamat Dam spreads the monsoon season flows over a wide area into a network of canals and
" natural drams The Ta Chin river; to the west of the main stem, acts as a major. branch of ‘the

Chao Phyd river and cames srgmﬁcant excess flows past Bangkok to dlscharge lnto the Gulf at
_' Samut Sakorn. ! '

A further major sollrce of ﬂood;ng, further south and entermg the main steln of the

river at Ayuthya, is the Pasak. river. In l978 eXCBpthl’}dlly heavy monsoon ramfall centered over

_ thls basxs and contnbuted srgnﬁuantly to the ﬂood problem in Banekok

South of Ayuthya the terrdm is very ﬂat and the land is web of mterconnectmg
.'canals and drains. Some of these run north south such as Klong Prem, Klong No. 6 and Klong
| Rapepat, while others such as Klong Rangs1t and Klong San Saep, mtercept these and tend to_
"drain back towards the main stem of the river. Klong San-Saep, of course, runs nght through
" Bangkok. : ' ' o

‘Bangkok is thus attacked not only from the main stem of the river but dlso from:

overland flow from the north, the north-east and the east,
' Much can be done to reduce peak flood flows frorn the northern rlvers The Skal:

' :Krang river can be partially controlled and studies have already been undertaken to examine
the potential for control of the Pasak River. These are long term developments and’ the Ping-
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Yom-Nan diversion scheme could reduce the beneficial effects of these storage'schemes. Clearly,

in the near tenm, Bangkok will not benefit from these schemes.

A more immediately beneficial scheme is that dévelepsd by' RID by Royal.lnitiative.

The conceptual guidelines for this project are:

83,

Improve discharge thi'(')ugh a system of canals to the east of Bangkok to drain this
area more effectively to the Gulf. Klong to be so improved are Kiong Pfaya
Surenth, Klong Moh Tack, Klong Song, Kl'or_lg Lam Pak Ch, and Klong Tong Lang.

Establish a green belt in the Klong Praya Surenth and Klong Sam Wa or Kiong Sam
-Wa and Klong Pet area to facilitate construction of main drains now and in tha _

future.

Construct flood 'prot_eiction systems within thé Bangqu drea — the BMA _Project.

. Constmct flood rctentlon ﬂreas w1thm Bangkok as a means of strengthemng the'

effectlveness of the flood preventlon scheme _This work Is reported to be in hand
and wﬂl be considered under the PIOJect studies for rural and seml—rural areas.

t Extend, and open the waterways (o the east of Bangkok at various h1ghway and rail-
' way crossings.

. Klong cleaning in Huay Kwang, Prakanong and Bangkapi areas. - e

Weed eradication in the canals east of Bangkok.

RID advise that the major work outside the Project area '.is fo commence in 1982

Flood Control Benefits of the Major Reservoirs

- “The A¢re§/ RID paper shows that nearly all the flood reduction benefits which can

be provided by the B}iumiphol'and Sirikit reservoirs ‘autofnatiéaliy result from operation of the

reservoirs to meet downstream water needs. The ng and Nan River reservoirs carinot provide

“greater flood control beneﬁts in Bangkok than are presently being achieved.

Flood Protection Sj}stém

The natural ground level in Bangkok varies from about elevation 0.5 m to 1.5 m
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+ MSL. | On the average this reoresents a height of one metre abave mean sea level. Normal tidal

range at Bangkok is siigﬁtly'over one metre,

The concept of polderq has been, acccpted in prmuple for B'mgkok and a construc-
tion programme. has been underway for some years. Parts of the city are alreddy protected
.agamst floods by partmlly completed pOldGIS Emergency mcasures including sand bags,

temporary cofferdams and mobile pumping units are also used when fioods arise, as in the
: significant floods of October, 1978 and 1980,

Pennanent pumpmg statlons havc already been built for polders number 1 and 2
and many sections of the per1phe1a1 embankments usually compnsmg permanent roads, are
already built, but flooding is still a recurring and costly problem which is worsening,

“The River and Flood Stages

_ 'Ehe ovelall slope, of‘ the Chao Phya River is about 5.5 cm per km. Below Bangkok'
the slope is at its minimum of about 2 cm per km. ‘
A serlous ﬂood was in 1952 when the river leve] rose to about 0 7 m above the roads
in Bangkok. The maximum flood {evel reached at Memonal Brldge (river km47) an elevatlon of
2:3 m + MSL.~ Durmg that flood practlcaily the entire area of Bangkok was under water for

nearly one month.

: Downtown dIStIlCtS and remdentlal areas have been filled to elevatlous between 1.5
and 2.0 m + MSL. In generai the built- up ground IS Jjust below the expected 100- -year frequency
river flood level but the natural ground is sub_lect to annual floodmg Pe :

1t must be pomted out that the expected river ﬂood levels are subject to chanoe _
The Royal Irrigation Department reported in 1964 that the average ﬂood levels in the Chao.
Phya River tend to increase every year by about 1.1 cm. Thls annual rise’ Seemed to have been
ohecked by the constructed upstream ﬂood control and diversion structures. However in recent
years floodmg appears to beon thei mcrcase o

Economics

'T'he Government 'hds atteinpfed to. qoantify lo'sé;es from SOII':IBE pastfﬂoods The
localized' flood of. June 1979 wluch mundated about 5 km2 for about 3 days are estlmated to,
~cost Baht 100 mllhon The mare geneml and extensive flood of October 1975, which inundated
several large areas of the 01ty for up to two months, was estimated by the: Government to cost .
about Baht 580 million.



| Water Transportation
Venice of the East -

_ Two hundred years ago, Bangkok was a quiet river-side-village sﬂuatod near the
mouth of Chao Phya River. ng Rama I, the founder of the Capital took the 'idvmtagt, of the -
low lying topography and soft clay to cxcavate a crescent shaped canal lmkmg Chao Phya River

“to form an oval moat surroundmg the city. ‘From theri on, many canals were excavated to form "

a network of watelways throug,hout the city and the sunoundmg area. It teflects the Thai

apprecuhon of the value of water and the dependency on it as a means of irrigation, flood
“control and transport'mon. _An early map of the city, is evidence of this: it shows the area
crisscrossed by canals. Becausc of this, the city was dubbed the “Venijce of the East”.

Being' the thpic:él zone ‘and on lo.w—.Iying aréa, seasonal flooding bf_; Bangkok is
_ unavoidablé “The old genetation of Bangkokians built their houses on stilts to avoid the f'ldod
But as comimerce ﬂotmshed Bangkok grew, stilted houses gave way to modern buiidmgs canals
fo roads but ﬂoodmg remamed But thr; tlme it caused great damage to the mty not only in
‘monetary terms but pohtlcal as we}l ' s

Existing Main Canals
The main canals which crisscross and form’ networks in the proposed project are: -

1. Klong Lord, running from Chao Phya River fo Sanam _LUahg with total length of
about 1.8 km, :

2. Klong Ong Ang and Klong Banglampoo, formmg a creascent shaped route about
3.5 km across the area w1th openmg af both ends to Chao Phya R1ver

3. Klong Pradung Krung Kasem, a crescent Shaped canal of about 5.5 km in length
with both ends opening to Chao Phya Rwer ' '

4. Klong Mahanak running cast-west about | 3 km in Iength connectmg Klong Bang-
lampoo fo Klong Pradung Krung Kasem

5. Klong Saen Saep cxtendx from Klong: Mahanak eastward for about 9.5 km in the
pr()ject 'irea Th]s canal has a extenswe connecﬂon with other canal networks in

'the surroundmg area.

6. Klong Sam Sen running east from Chao Phya River with total length of about Skm

in the pro;ect area.:
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7. Klo'ng: Prem Prachakomi running northsouth for about 5.6 km connecting Klong
Prandung Krung Kasem to Klong Sam Sen-and Klong Bangsue.

8, Klong Bangsue forming a horth b()u_hda'ry’df the area. This Klong starts i‘rom_ Chao
Phya River and runs due west for about 1.8 km to join K]o_ng Prein P_'rach_akorn.-

Waterborne Trénsport and Navigation

Canals in Barigkok have served at transportationi channels for a long time. They
allow the populace td be mobile, provide cheap transportation for minimum investment and

without importing equipiment: _

: In view of the fact that there are many canals in Bangkok, if is an advantage to
utilize and incorporate them into the flood control programme. A series of dikes and gates can
be built across the canals and flood watér is rémoved by pumping during the flood scason. How-
ever, it shouId be emphasmed that seveml canals are bemg used for transportatlon as weH ‘There-
fore, it is important that partwu}az altention S}lould be pald to them.
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