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6-1° COUNTRY REPORT

Name: Ignacia M, Ramos

Country: Philippines

QOrganization: Minisiry of Public Works and
: Righways (MPWH)

Position: . Senior C I

1. General Condition of My Country

The Philippines is an archipclago of 7,107 islands ranging in size from less than a
kilometer across to 104,687 sq.-km. It lies between 21°25" North and 4°23" North latitude and
bet 116° East and. 127° East longitude about 105 kms. to the North lies Taiwan and 50 kms.
South is Borneo 1,200 kms te the west and across the south China sea lies Vietnam approximate-
ly 10,000 kms across the Philippine Sea and the Pacific to the Northwest is the United Stales
of America. -

_ Manila is the Capital and prenﬁcr city, Metro Manila, and of which Manila &5 a
parl has the tofal land avea of 636 sq. ki, It is composed of 4 cities and 13 municipalities.

The Total land area is 206,908 sq. km. or a iittle smaller than Japan. It is nearly
as large as Spain. [t is ten times the size of Belgium, twice that of Greece. Eleven (11) islands
accounts for 98% of this area of these, Luzon is the bigpest. It is 104,687 square kilometers,
approximately as big as Belgium, Denmark and Holland combined. Mindanao is the second

largest island is 94,630 sq. kilometers. It is almost as large as Portugal. Directly south-southeast
| of Luzon lies the largest concentration of the archipelago’s largest islands- the Visayas scven
of the eleven largest islands belong to this region. They arc Bohol, Cebu, Leyte, Masbate, Negros,

Panay and Samar.

The Philippines has 10 active volcanos of these, perfectly the cone-shaped MEt.
Mavon is perhaps the best known. Tt rises 7,943 ft above sea level as it straddles the eastern sca
coastal lowns of Albay in the Bicol Region Mount Apo, the highest inountain in the Philippines
is 9,690 It. high.

The Philippine coastline is irregular and siretches for 23,169 kms. It is more {han

twice than the coastline of the United States.

— 11 -



The Philippine Deep, 72 eromefers off the coast oi Northern Mmdanao is ‘the
world second deepest region, It is 35,440 ft. deep. :

CLIMATE

The chmate is troplcal average tempelature is 27 C, temperature is the mountain -
reglons range from cool to chllly, hurmdlty is’ 75% to 80%. There are two dlstmct seasons. -
The dry, cool months from November to m;d February, when the Northwest monsoon bamg-

~cooling winds from S1be11a and mainland china, followed by the dry: warm months from March
to Mdy and the rainy months from June to. October when Southwest monsoon bring to rain

average rainfall is 92 95 inches a year.
LAND USE

The Philippines is considered as one of the green country -of Asia due to its vast-
forest and tillable lands. The vast area is used as an Agricultural land; industrial and residential
land. Some are used as commercial, non-commercial forest, fishing ground, mineral ground and

many sub land use. -
" RIVERS

‘The Phlhppmes has 12 water resources regrons and miajor ﬂood prone areas.’ There
are about 427 principal basins 1nclud1ng 78 sub-basins of blg rivers scattered all over the Plldrp-
pmes archlpelago With an average of 19 typhoons occuring every year, causmg mtense rain-
‘f']]] overﬂowmg of waterways, mundatlon and dep051t10n of sediment in the flood plam ex-

tensive flood damages often result Approx1mately there is an aggregate total of about 1,316,230
hectares susceptlble to flooding nat10nw1de ‘ '

—12-



Tierms Location and thé Basin River
‘ Water Resources -Area . Length _
River ' : L
Name Region T (Km?) (Km ) Geology
Cagayan Northern Luzon 27,280 505 Tertiary Sedimentary
- Island o rocks, alluvium

W.R. Region 2

JAgnho L Central Luzon = C 5,697 206 -Tertiarji Sedimentary

dsland - _ _ and intrusive rocks,
- W.R. Region 3 . ' alluvium ‘
Pampanga Central Luzon . . 1:0,503 206 AJ]u‘l.'ium
Istand ' o
W. R. Region 3
Bicol Southern Luzon 3.132 o _ 136 -Quafternéfy Pyro- .
Island" - o ‘ I : - ¢lastics, tértiaty
W.R. Region5 . - oo —_— - sedimentary rocks/
_ : : alluvium
' Panay Northein Panay 2,008 ) o 152 Tertiary sedimént:ary{

Island o , . ..+ ‘rocks, alluvium
" W.R. Region6 Cu Lo P

Ja]giur o S_ou't'hernll_’énay o 1,742 123 _ —do -
: o Jsland : o Lo ' o
W. R. Region 6
Hog =~ .  Nogroslsland 2,304 124 Tertiaty intrusive
- - W. R."Region 6 T T i . w - - rocksfalluvium
Tagoloan ~ Northein Mindanao - SRS - S ':1‘06‘ o " Quarternary/intrusive
o Istand - - R T T . : rocks. .
W.R. Region 10 o
.A'gusah ~ Northern Mindanao, i1,700 - " 350 Tertiary sedimentary
S " Istand - 0 s e ; : -+ rocksfalluvium
W.R. Region 10 _ '
Mindanao Southern Mindanao 20,260 _ 373 Allavium
: Island . . 1 ' ' L
W.R. Region 12 |
Laoag © Noithen Luzon 1353 73 Testiary sedimentary
: : Istand~ : and intrusive rocks
W.R; Regionl B . - alluvium
. Ampay Mindoro Island- _ 586[407 58/42 Basement complex,
_ Patrick W.R. Regiond .-~ o alluvium - ‘

W. R. Region: Wateér resources region



HYDROLOGY

_ Data colléctlon on streamflow has been conducted in the Philippines since 1908
by the then Department of Public Works and Commumcatlon when the Plnhppmes was stilt -
in a tcmtomi status. - The number of stream gauging statlons 1nventoued is now 336 and covers

all the majm or important rivers.

As of 1981 there are 142 e:ustmg stream gaugmg shtlons operated and mamtamed
by Na‘uonai Water Resources Coum,ﬂ (NWRC) In addition to the statmns operated and ;mm—
tained by NWRC, other agencies like the National Power Corporation (NPC) and National Trriga-
tion Administration (NIA) also operate and mamtam their own stream gaugmg btdthllS NPC

has 93 stream gauging while NIA has 101 stream gaugmg stations.
Stredmflow records covermg the 1908 1922 and 1945 1969 perlods have been
pubhshed as Surface Water Supply Bulletms by the then Bureau of Pubhc WOILS The records

for the period 19231944 were completely lost durmg the World War 1], while records for 1971
are presently pL.bhshcd at NWRC. : :

PRIO RITY POLICY

Under o No 27, Senes of 1983 all the Central and Reglonal Offlces must comply

" with the dramage piannmg principle:

- T'he types of main drains', lateral and auxiliary stfuctuiéé scheme:mﬁst a) prepared
~ for eésy and simple maintenance, 'b) drains should not be covered unless 'specifically required,
S c) work shall be designed for traffic loads, d) ditches must follow the slope of the ground with

: constant depth if possible. C

The. run-off is calculated by the so called Ra’nonl Method the relationshlp bet
the run- :off and the detugn storm is expressed by:

e
R
where Q) = peak discharge (m3 sc;,c)
©C = coefficient of yun-off -
I = max intensity of rainfall for the time permd (mm/hr)
A = catchment area (km )



. (PAGASA).

Initial time of concentration can be assumed as § minutes or by formula:

T ~ 8L
o=
- (H/L)OS
i'._rhere L = -length of the path of trave! of _Water from the pqintlséctioil where
mun-off is to be calculated to the head water (km)
H = .the difference in elevation (km)

Rainfali intensity duration are released by the Hydrology and flood Forecasting

The hydraulics design be based on’Manning’s-:equations for open channel flow,

L
%, - Rz/a 1/2
A \'A N S

V:

where V= mean velocity (m/fsec) .
= .area of flow (m?) '

= flow (m®/sec)

‘roughness of coefficient

= hydraulic radius (M)

= Slope SERE

©wwZo >
i

~ The: foughness' coefficient dépends on the charaé_teristiés of the internal Iini:ié.and

.obé’ti—uétio'n' to flow.



ROUGHNESS COEFFICIENT -

- Channel Charactetistics o L
Closed Concrete Conduit _ - 0.015
Lined Concrete Canal , : 0.015
Concrete battom Wifh Riprap sides = 0.025
BEarth botto‘m w/ Riprap sides ' : 0.035
Plain earth canal, Straight 0.040

© Natural Channel, Weedy . 0.080
Natural Cham)eL with Qbstacle, .
very weedy - 0.100

Maximum permissible vélocities should be applied in the design to prevent erosion:

Unlined canal, without vegetation 1.2 mfsec
Unlined canal, with grass . o0 m/sec
* Riprap canal ' 2.5 mfsec
Con'créte lined canal : ' 3.0 ‘mfsec -
. Concrete Conduit 3.5 m/sec

Drainage benefit can be computed in a drainage p:rojec.t is reduction of inundation -
damage.* Inundation damage are direct-and indirect. Direct inundation damage is the destruction
“of propertics, while indj’reqt damage is the loss of business and production profit due to inunda-

~tion.-
" DRAIN TYPES

All components in the dramage syhtem sh'lll be Standaldlzed with a limi ted number
of different dram types. This will fauhtates the design and constructlon of future exten51on as

well as maintenance Annex F1g ).
The design ‘of the proposed standard drains shall be based on the foﬂdw:inﬁ features:

— 'Construction cost .

— Good. hydrauhc charactenstlcs i.e. roughness of hmng

— Simple and easy maintenance '

. Availible materials and local constructlon tradltlons

— Soil conditions -

— Provisions for poss1ble cover for open drains to be used, s.g., as access to plots
or along commercial streets.



The recommended drsin types are given in Anﬁex‘threé, viz:
Type A. Tropezoid section

~ Type E. Rectangular section

— TypeC., Box culvert

— Type D. Cylindrical section.

Al , Ay and Aj all have thelr invert concrete slab. This is a very important feature.
© The main advantages are:

— The mvert levels which generally have a small gradient due to the flat terrain
can be clearly dafined avoiding stagnant poéols at' places with no or negative

gradlent

— Cleaning and dl'edging'of' t'hc camals and easier to carry out when the boftom
levels are fixed by lining, i.e., concrete. .

— The hydrziulic characteristics are improved, i.e.; bigger capacity.

Type Al 18 based on the sides with plastered 1emforced hollow blocks or concwte
for depths blgger than 1. 2m The s]ope of the hnmg is2.1., '

T ype A?_ O2 is lmed w1th grouted rip-rap. This is most COmING niy used hnmg in the
ex1st1ng dramage system, The 31de slope is 2: '

Type SIdes of type of type’ A3 are hned with planted grass Type A-4 is an earth
channel w1th grass at the boltoni and on the sades The slope of grass pianted sides is 1:1.

Typ:e Bisa channél With concrete bottom and vertical sides.
Type C-1is a-reinforéed‘cohcrete box cuivert.

' Type D-1 is ‘.r'na'de of refabricated concrete drain’ pipes. The EdVél‘iQE‘i cost‘(198:2:): :

Cof constructlon for different types and flow - capamty thls shown in Annex 4, Figure 10- 26

(Land acqulsitlon is not 1ncluded) Type A, {the grass lined open channel) is the most economi o
al drain in respect of capital costs. Open drains are more economical in constructlon and main-
tenance cost than closcd conducts. Hence, Types C-1 and D-1 should only be used where land
requirements or aesthetical teasons dicfate the use of covered drams Pipes should be used
whenever cIosed drains are required due to this lower cost.

PR



Annex 1. .

Fig. 1
Type NR - " Section: T _ =Wicl.th
L 1.0W | _
A-l W>21.0M
A-2 W=>1.0M
A3 W>0.5M
A4 1.5>W20.3M
m éw s 2.0>W20.6M
I.IHI..(IITTI_ L
C-1 0 Bzl - 3.0>W20.6M
=i e
D 1.82W>0.3M
Legend: 7z Reinforced Concrete
: Tt Hollow Blocks
éE=Est  Rubble Masonry

werntuy - Cut Cross

T —18-




DRAINAGE — FLOW VELOCITIES

. Difnehéion Gradient Velocity
Drain Type : :
' WinM % m/sec
0.05 10
R 1.0-30 M 0.10 1.5
0.20 2.4
R , 0.05 1.5
o
| rerrrrT . 3.0 -50'M ‘0,10 2.2
0.20 3.2
_ S
| 0.05 08
B 0.5-1.5M 0.10 1.0
| 0.20 1.4
“m“'ll'!E gulnﬁ | | 005 12 ;
- 20-25M 0.10 1.6
“inTrrTTToOTe : : : o ' : T
o - R . S 0.05 0.6
¢ 0.5-15M 010 0.9
| 020" 13
S 0.05 1.0
2,025 M 0.10 14
| N 0.20 20
0.05 05
D. : — I
0.5 1.0 M 0.10 N
o 020 10
. - — B T i T - :
| 005 | 09
1.5-2.5M o100 | 13
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2. O:rgan'ization Deali.ng with Water Administeation
1. - Natiml:al_lrrigation Admini_'stration (NIA)'

_ ’I‘he primary objeetwe is to effectuate an economical means of aeluevmg the maxi-
mum and’ diversified use and control of water l)y undertaking mult1purpose water resources
prmects. Every water project is developed for multiple uses ranging from 1mgat10n to power,
“domestic and industrial water supply and flood control.

2. Farm Systems Dev:eloplnent Corporation (FSDC)

Assist all irrigation association whose aim is to improve farming and communal

works.,
3. Metropolitan Waterworks and Sewerage System (MW'SS)
Control all waterworks and sewerage systems in the _metropolitén manila area,
4. . Local Watcr Utilities Administration (LWUA)

Promote develop and finance of local water utllltles LWUA preSeribee mini:mum |
standards and regulatwn 111 all matters pertinent to the development and operdtlon of water
dzstncts in the country. It also. undert&kes fmanmal techmcal and manpower trammg and

* monitors and evaluate local water 5tandards '
5 _'Il.fletropolitan.= Mah_i!a Flood Control Development Couneﬂ {MMFCDC)

ThlS offlce formulates and 1mplements an mtegrated Ilood Control and Dramage
program for Metro Mamla

6. Naﬁo‘ﬂal Water Reéourceé Council (NWRO)

_ . This" council coordinates and integrates 'th_e _water‘restmrees development and ac-
tivities of the country. It reviews and approves the étppropﬁal;e use of surface ground wafer.'

It reviews and approve the water resources development p]ans and program of any

agency conduets river basin and hydrologic SUIVeys,

ho-



7. Pasing River Development Council (PRDC)

" Coordinates the planning of, and provides continuing direction for, the illtégraté(l
~ development of theiP_asing Ri_ver aid all projects that may be approved in connection with beauii- -
fication, improvement and gainful utilization of its facilities.

3. Outline of Pzimpang:i River Basin
1.  Location
2. - Basin Area
3. River Léngth'
4. Flood_'Pronc Area
~a). Affeg’:t‘ed‘ river’ reach
'b) - River Slope -
¢} Major Land :Us;e

d) Carrying Capagﬁity
e) Present 2-yr. run-off

5. Forost in Mountaneous Ared :

6. ‘G‘ebl(')gy
7 Population -

éi) Baésin Total
b). . Flood Prone Area

8 ‘Annua‘I;Fl_dod Damage

Central Luzon Island
10,503 km.?
260 km,

220,000 Ha.. .

66 km.

1/15000 to 1/3000

~ Rice - :
© ' 2,200(1,800 to 2,500) m?/sec.
s 2,600 to 2,350 m3_/sé,c. {(5-yr. run-off)
~ Partly Denudéd o '

Alluviu.m

4,054,000

. 1,220,000 -

114 x.106



Present River Condition

The Pampanga river ongmates on the Caraballo- mountams and’ on .2 southerly
direction to its mouth is Manila Bay Jommg ‘majot tributaries the Cluco-Talavera river near
Arayat and the Angat Rwervbuhpan. At Masanto] .the:Bebe-San Esteban diversion channel
from Pampanga and joins the Pasig River, while the Angat directs its flow to the Labangan
Floodway at Ca]umpit. o ' '

The Pampanga River Basin has area of 10 303 km 2 wlnch 6, 660 sq km are level _
areas, less than 2, 000 sq km, are cultivated areas, :

It is characterized markedly of its two swamps ‘the Candaba S‘vamps lymg between
the Anpat and Pampanga Rivers and San Antonio Swamps lying between the Rio Chico and

Pampanga rivers.
It is divided into three (3) kinds of topo; _rnOLthtain; hill and plain.

The watershed mountams are well dissected hlghland with 1 500 to 2 000 on m‘
fatitude and mamly composed of Cretaceous to Paleogene metavolcamcs and metasediments
‘mtroduced by diorite in Caraballo and’ Slerra Madre Mountain and by penodotlte in Zambales

mountam

4. Problems of Pampanga River Basin
41 " Land use of the Pampanga River Basin

. -4.1.1 Rice Field
4.1.2 ‘.R_e:sidential Eqﬁipment
4.1.3 - Non Commercial Forest
4.14 Agricultural Land
'4.1.5 Livestock

1. Major Causes of Floods in the Basin area Varied they are:
1.1  Excessive Sediment Transpor{
1.2 Siltation at Mouth of Waterways

1.3 Inadequate Bank Sitabilizati_on Works
1.4 Protection of Existing Dikes
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Annual sediment transport capacity of the main Pampanga river upstream from
Pampdnga/Rlo Chico junction is about 1.1 x 10° m?/yr., while the Rio Chico transports about |
0.3 x 10° m? /y; A total of around 1.4 x 10% m?® fyr. of sediment is transported into the Pany. .
, paﬁga river at A’raya't Most of the sedunent seems to be depostted in the middle reaches down"‘
: stream from Arayat remammg around 0.3 x 10° m3 fyr. estlmated out Suhpan

- The river bed at San Antomo (on thc Pampanga) river Just upst1 eam from Penaranda
 junction) shows rising tendenct, while those at’ ‘other stanons show even or some lowermg tend-
encies including the m1ddle reaches of the Pampanga tiver downstream from Arayat This Tower-
ing tendencu:s probably is: partly due .to the deposmon of sediment on the swampy areas and’
partly due to channel improvement works cartied out so for.

4.2 Flood Pr_dne Areas

The oveﬂll ﬂat topoglaphy and the rapldly deveiopmg and- agnculturqlly productive
: ﬂood plain of ‘the Pampanga river basin make them very vulnerable to flood damages during
" intense storm funoff: The lands subject to ﬂaodmg mvolves an area of 2,200 kin.? and 221
' sq. km. in the Porac—Gurnam and Pasng Potrero River basins Urban centers and rural settlement
areas comprise 405 sq. km. of -the areas subject to ﬂoodmg Mummpahtxes dnectly affected
include 41 in the Pampanga river basm :

_ Dangerous Place From Flot)d

_ Flood Wdter Stage agamst the elevatlon of barnos in the candaba swamp as well
as in the eastern and westem parts. '

: Fiood Water Stage agamst the height of the Armnedo lee between Apaht and Arayat
and the ground elevation of candaba town.



4.3 Daily Rainfall (mt in unit) — May 1976

Date/ . S _ - _ :
No. of 4 5 7 1l 31 30 34 35
Sta s _ ' . _
L. 104 0.0 0.0 0.0 0.0 N 104 00
2. 10.1 00 0.0 0.0 0.0 N 0.0 - 0.0
3. 2.7 0._6 | 0.0 0.0 0.0 N 102 0.0
a. 0.0 00 0.0 55 | 315 N 28 20
5. 0.0 0.0 0.0 00 | 00 | N 0.0 0.0
6. 40.3 0.0 0.0 0.0 1.3 N 40.1 259
7. 15 0.0 26.6 0.0 279 ‘N 96 2.0
8. 96 | 00 | 533 2.0 13 N 9.6 20
9. 4.0 - 16.2 38 46.7 26.7 13.0 41 | 00
10. 264 14.7 406 355 25.1 46.0 264 | 431
1. 419 0.0° 0.0 0.0 279 00 | 419 3.1
12, 05 | = 00 10.1 0.0 10.2 00 | 05 19.3
13 00 | 1nl | 00 208 00 | oo | oo 15
14, 00| 101 | 00 |00 00 00 00 00
i5. 0.0 0.0 00 . 00 00 | 00 00 | 00
16. 6.0 00 : 0.0 55 28] 00 9.1 | 05
17. | 982 0.0.° 0.0° 42 | 36| ‘79 1 983 18.1
18, 99.0 00 2.5 447 | 310 | sed- |99 302
9. | sL7 | 1348 | 279 | 1831 | 1974 2664 | 1320 | 1522
20, | 1036 | 1132 | 127 1084 - | 1059 1704 103.7 1041
21. 23.1 840 | 787 30 05 | 228 | 231 310
22, 26 762 | 1803 | 259 0.0 a8 | 226 | 104
2. | 1348 | 640 | 609 | 53 290 160 | 1349 | 355
2. 30 ) 11 4 00 | 05 | 00, 00 | 31 0.0
25. 345 03 1 76 | 1717 | 86 2311 3450 |, 129
2. | 800 10.6 170 - | s0s. | 313 628 | 801 350 |
2. | 350 11.6 so | 45 | 10 | 1as | 31 | 160
28 | 104 00 | 00 0.0 00 | 00 104, 0.0
29000 16 | 9L | 00 | 00 0.0 |00 117 - 0.0
30" 0.0 1 106 3.0 00 33 142 00 188
3L 0.0 00 19.0 17 2.5 2.0 03 1.5
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Flood Water Stage against the height of Fuse dike erected between Candaba and
“Arayat. ' :

Cex.nbi‘ned effects -of the tidal movements of Manila Bay and _:Fl'ood Discharge
on the Lowland in the Lower Delta Area.

5. ' Flood Forecasting System

Observation and Collcction of Data

" Analysis of Flood estnmtlon
Issuance and Dissemination of flood Fmecast and warmng _
Instruction for Flood Damage Prevention Meas_ure such as flood Fighting, evacua-

BN

tion of residents etc. -
Classifications of Flood Forecasting and Warning
R ' Flood cantion — for showing"the extent of the'estima'ted scale of a possible great
flood to the gen. residents’ and the person concerned in order to call their attention
to make riecessary preparat;on for the flood. '
2. Flood wammg — Wammg the general re&dents and the persons concerned to take
the measure agamst the’ ﬂood by ‘showing the cstlmated dnnenszon dnd tlme of

occuwnce of the commg great flood.

3.  Flood I'nforme'tion' i For'showing the préseﬁt condition of a flood and its .est.imate!d %

chdnge ‘regarding the tlme thenceforth so that’ measures can be tdken agamst ’{he
flood. : '
6.  Several Measures in Flood Loss frevention |

‘Brief deSCriptions”of the _majoi’ flood cdnfl_'ol works are given b.e‘lo‘w:

Arayat Apaht Masantol setback levee About 42 km long contmuous levee on the
right bank of the Pampanga river. The levee was Constructed in'1975.

Calumplt Plar}del Bustos levee: A contmuous 1evee on the left bank of the Angat
river. The construction was completed in 1975

=28 -



Bebe San Estt,bm diversion cllannel A dwersmn Lhannel to link the Pampﬂnga
w1th the Pa51g rwer diverting at Mansatol, T he channel was completed in 1)75

Cabmo—San Isldro levee: A levee on the. le:ft bank of the Upper Pampanga river.
The work was Completed in 1978.

Arayat Cablao ring levee: A ring levec enclosmg the area of 45 km? to protect '
it from floods. The heightening works of the levee are on-going.

_ Layos'wBago'ng Sikat Cut-off Channel: A cutoff channel to normalize the alignment
of the Pampangzl at Cabiao. The chan_nel was constructed in 1975,

Labangan ﬂoodway A ﬂoodway to dwert the ﬂood flows of the Ang'lt river dlrect-
ly to ‘Manila Bay. The ﬂoodway is expected to case the flow constriction at Calump;t The -
first stage was completed in 1979 except dikés. The second stage works in which the channel
is widened are on-going. ' ' . '

‘Flood control works of tnhutanes The Rm-Chu,o Parua, thanguﬂ Abacan and

'Pas;g—Potrero river . control works, and' Gumam Porac - diversion ‘channel works are on-going. - o

In the Pampanga nver basin, ‘the Pantabangan and Angat multlpurpose of ex1st
‘ The Pantabangan dam has 330 x 10° m? of flood .control space the Angat dam has no spcaﬂed :
flood control space. These two dams on Weil as flood.control facxlmes . :
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6.2 COUNTRY REPORT

Name: Mr. Rungsan Sirayayon
Country: Thailand
Organization: ~ Royal Irrigation Department,

Min'is_trylof Agticulture and

Cooperatives

Position: Hydrologist

1. General Cb:lditions of My Country
A Location

. " Thailand lies in the tro’pic&l zone with in the latitude 21° and 6°N and ‘lo'ngitude
98° ‘and 106 E. “The length from- north to south is about 1,643 kilometers and its greatest

_ "wldth is about 780 kxlometers The coast lines contain roughtly 1 ,875 kilometres on the Gulf

f Thailand and dbout 740 kilometres on the Indian Ocean: Listed clockwise, countrles border-
ing on Thalland are the Laos and Cainbodia on the north and the east, Malaysia on the south,'
~ and the Somahst Republic of the Union of Burma on the northwest and the north.

B, . To‘pdgraphy

The tota} iand area of Tha1land is about 513, 115 squale kllometres thh 50 nulhon

‘inhabitants. Thalland 18 divided into four reglons ndmely Central Northeastern, Northern‘

. and Southern. Bangkok Metropolis is the capital and also the prmmpal (nty of Thalland Area
of Thaﬂ‘md is dmded show in the Table i,

Phys&ographlcally, Thaﬂand has three types of fand forms h}ghland plams and '
platea'us nghiand mCIudmg several mountam ranges mostly covered with' forest extend from
the northern’ part to the Penmsula through the entire western length of the countly the coastal' '
area east of the Gulf of Thailand is another piece of hlghland The central part is occupled by .
an extenswe alluvial plain down to the Guif. The plateau’ with undulatmg ‘surfdce form the

"northeastern of the country, see Fig 1.
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Table 1 Area of Th'ailaild__

Region . Area in Sg. Kms. Percent
Whole Kingdom | 513,150 | 100.0
Central - 0 103,901.0 202
Northeastern | 168,854.4 320
Northern 169,644 .4 - 331
Southern : | 70,715.2 SRk 13.8

Source: Royal Thai Ar_med‘}?orcés Survey Department, Ministry of Defence.

C. Climate

Thalland lies w1t111n the troplcal monsoon zone of Southeast As1a The climate
of tuch of the country is dominated by the monsoons, In most reglons there are three seasons

- summer takes place from middle of February to middle of 1} \fldy, rainy season takes place from.-- -

the . middie of May to the middle of October and winter season takes place from the middle’ of .
October to the middle of Fcbruary Map of Thalldnd and Air Streams Dommatmg the Chmate=

Conditions shown in Fig, 2



Figd.

e

IHPLIAATION OF PHTSOCEATHIE PREVORES

Fig. 1 Diagrammatic Sketch of the Physiographic Provinces of Thailand
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‘Fig. 2 Map of Thailand and Air Streams Domiﬁating the Climatic Conditions



D.  Geology
The top soil of the various plains in Thailand:are as follows:

(a) In Northern Part - Sandy.Ciajf and c5and§ C'lay Loam,

(b) InNorth Eastern Part —  Sandy Loam and Lateristic Soil.
(c) . In Central Plain — In the upper reach Nakhon Sawan above Ayu-

thaya — Sandy Loam Sandy Clay Loam then
: S South of Ayuthaya Silty Clay.
(d In Southem'Pa_i't - Sandy_Clay and Sandy Loam.

.As the soil of Thalland composes of deteriolated materials of the various ranges of
hills in the Part, which are ' mostly Sandstone down at a certqm depth, between one metre to
five metres, there isa ldyer of par t;caliy impervious slippery biuish clay, whlch if belng near. the
surface and havmg been bleached through by heavy rain of the ralny scason and baked by the
hot tropical Sun in the dry season, becomes lateristic i in character, called Lixiviom, in the Penin-
sula and. Southeast Asia Island: 'Ih;s layer of clay, with thickness between one to four metres_
helps to retam water to make the land ‘most suitable for Rice cultivation, as rice requ1res sub-

mergence _nght through its life. ‘“The Soil, both of surface:and of under strat_um, of the-central

plain, 'is most suitable for rice cultivation and, on-its upper reach, also suitable for other agri-’

“cultural products.
_ E Hy_di‘ology

The larger part of F hailand has an average 1amtall l 100 to 1 500 m.m, The only
: lalge Iow rainfall zone is found in the ram shadow of the’ western contmental hlghlands Majo1
h1gh ramfall ZOne are pemnsular Thaﬂand with maximum prec1p1tat1on on the west coast, and
the southeast coast. Hlvh rainfalls are also observed in- the northeastern part of the northeast;
plateau The 1argcr part of the country has a pronounced dry season w1th 3 months or more
: dunng with llttIe rainfalls, during which time water losses by evaporatlon smpasses prempltanon _
'Only inl the southern part of penmsular Thailand and possibly in the extreme southeast, is the dry_
season less pronounced and mostly of shorter duratlon

S Rivers N
In the Northem Part of the country the mountam ranges form the 4 prmmpal

. basms drained off by the Ping, Wang, Yom and Nan R1vers The rivers are confluence at Nakhon
. "Sawan (upper of the central land) to be Chao Phraya River.
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L Coming to the central Plain, the ChadPh'raya River flow down the Central Plain
and confluence Pasak River at Ayuthaya (old capital of Thailand). Pasak River rises in the
divide between the alluvial plain and the Northeast Plateau,

In ‘the Northeast Platcau “the ‘wavy land .forms_sev‘érzil small watersheds draining
into the 2 prin'cipal rivers, the Chi and the Muﬁ, émptying into the Mae Khong River,

- On the West there are the Mae Kiong and Nam Phet Rivers drammg into the Gulf.
The Mag Klong River rises in two. tributaries, Kwae Yai and Kwae Noi. The combined stream
flows towards the Gulf.

"On the Southeast of the Chao’ Phraya River there is Bang Pakong Rlver which
rises in two tributaries, Nakhon Nayok and Prachinburi, flowing into the Guif.

E"I'rav_erlz'sii'Jg down south the mountain ranges extending from the north as a béckbohé
of peninsula form continuous small watersheds from which rivers flow east and west towards
the Gu!f of Thailand and Bengal. ' '

The 1ength of iﬁrincipal rivers are shown in ’I"abi_éii _

G. Land Use

_ _ Most of the total area in, Thalland is rice pdddy, h;ch the main crop and maost
important food of Thai peoples and also be the most important export of the country o

. . The otheris: - Fozré_st'k:le:_ared'f
' . Low"qpen forest.
Partically cleared paddy.
: Mix:ed'ope'n forest,

The cultwated land crops, rice paddy about 64. 9% upland food crops 11 8%, 011
seed 5. 3% fibre crops 5.3%, green crops | 9% fruits 2.8%, rubber 7.5%, and tobac,co 0. 5%
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Table 2  Length of Pri_né;'pal Rivers :

Region and River

Out flow

Length in Kms.

CENTRAL
'Chao 'Ph.raya
Pa Sak
Bang Pakong
NORTHEASTERN
Chi
Mun
:N:ORTIE{ERN
Pil?g‘
_:Wang

~ Yomn
Nan
Kok -
éoéthéﬁr

Ta Pi

Gulf of Thaifand

Chao Phraya River

" Gulf of Thailand

. Mun .ij'er'

Khong River_ét Khong Chiam

Chao Phraya River at Pak Nam' Pho

_ Ping River at Ban Pak Wang
| ‘Nam at _Ban Koei Chai | : |
" Chao Phraya River at Pak Nam Pho

‘Khong River

* Guif of Thailand

365
513

204’

442

673

590
335
555
627

285

214

Source:  Royal Thai Armed Forces Survey '
Dep'a_rtmén't, Ministry of Defence.

— 36—



H.  Priority _Policy

_ To support: the conclusmns relatxve to smtabthty of the lands for ungfltlon spec:flc

high p:ogects to, nnpwve ytelds and -product quality as well as to. accelerate production and
“marketing of important agticultural commodities will be initiated appropriate single and multiple
cropping system will be promoted in rain fed and 1rr1gdted areas respectively consist with produc-
tion and matketmg poteutmls.

In orcler to ach1eve the agncultural development tar, gets Sllpuhted in tho Develop-
ment Plan the Government puts more empha31s on raising productivity of agriculture through
the development of 11r1gat1011 system mcludmg on—farm development as well as water resources
development. And small scale irrigation progects will be implemented according to long terms.

I. General _Problem _

_ In order to 1mprove the economu, mtuatxon in the country, the BfflClBIlt use of -
avallable water is ess'euttal How we will water to support the agricultural areas enough and one
- of the Tact is the lmprovement of nvers and natural canals for higher efficiency in the 1rr1gat10n.

_ The other 1mportant probnem how to. protect the pdddy land from flood The

'example case of such flood was as that of flood in 1978 the country was hlt by a series’ of )
cyclome storms in form of depresswn wluch caused a heavy ramfall in the r1ver basm and serious
ﬂoodmg occurred on September particularly, in the Northeastern and the vast area in central
:'plam of lower Chao Phraya River Basin: As reverds the flood damage m 1978, the subcomnnttee '
* for Water Resource Development under the Natmnai Economic-and Somal Development Board .
‘has estabhshed a'survey team to survey the. damages in all aspects. It was reported that besides
more than' 3_00,000 families were affected by flood the total damages due to seriouts flooding
in September 1978 was not less than US$170 million. -

2. Organizations Dealing with Water Administration
In my country ‘the organizations dealing with water administration have
(i) “Royal lrrigation DEpar_tmerit
((if)  National Energy Administration

(iii) =Meteorological Department
(iv) Electricity Generating Authority of Thailand
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3. Outline of the Pilot River Basin

Thailand has selected the Mae Klong River Basin for establishing a pilot flood
forecasting and wai-ning system which were adopted in the first session of Typhoon Committee
" held at Bangkok in 1968. :

The Secretandt of Typhoon Commifttee }ns p:epaled a prehmlmry report entitled _
“Deveiopment of pilot flood folccastmg in the Mae Klong River Basin® in November 1970.
The report suggested the network oi observation stations and eomputed method for flood fore-
casting and. recommend to carry out the case study on past flood and trial flood fmecastlng
of the current years by adopting the method and procedure suggested by TCS.

As of progress development has to be carned out in the M'le Klong river basin, the
farge' reservoir has been built in the main ‘tributaries. Srmagarmd Dam on the Khwae Yai was
completed 1979, Ancther dam at Khao Laem on the Khwae Noi is under constmchon There-
fore the pilot basin had to be changed, and the Pasak River which is one of the Chao Phraya -

river, was selected to be a-new pilot basin.

The Pasak River basm was selected as the pilot "uea for ﬂood loss prevention and

mandgement since 1980 For the desenptlons are follow
Al ?hysicel :Ch_a_rac.teristics 8

_ Thc Pasak R}ver is.a md}or tmbutary of the Chao Phrayd RI\’BI‘ Jommg the Chao_
Phraya River at. Ayuthaya The stream ﬂow down from north to south. The Pasak River slender-
Iy extends nmth to south along the Pasak River w1th an average w1dth about 45 k;lometres
The basin has a long shape draininhg the eastérn slope- of the Phetchabun Moutain range ‘md the
western slope of:Khorat Malgmal Moutams

The upper part of the basin up-steamn from Saraburi' Province is hilly. .The plain

. extending over the. left bank of the Pasak River is bloadly d1v1ded mto terrace,. 111uv1a1 fan
and recent alluvial flat, The lower part from Saraburi to Ayuthaya is a fertlle flood plain smtable

. er rice cultivation. The catchment area above Kdeng Khoi stream gagmg station is about 14 520
$q. km. The river basin ‘covers ‘part. of the areas of four provinces ‘namely Phetchdbun Lopburl
Saraburi and Ayuthaya : '



B. Climate

The climate of the Pasak River basin is similar to climate of the country which is
under the influence of the Northeast and Southwest Monsoon. During the Northeast Monsoon
lastmg from November to April, dry and cool conditions prevail over country Southwest Mon-
soon lastmg from May to October is moist and warm. - Widespread rainfall oceurs durmg the

Southwest Monsoon season.

Atmospheric distrrrbanc'es in the form of depressions originate in West Pacific and
the South China Sea usually affect Thailand during July to October. 'Somet_imes depression- .
caused rainfall is s_uperimposed on the normal storm rainfall over the basin. These conditions
produce the most serious flood conditions produce the most sefious flood potential in the
Central plain. Such cases occured in 1964 ancl 1978 which resulted i in severe damage to the rice
“ crop and other public facxhtres : . '

C. Deseription .of Major Historical F looc_is

Observat1on of chmatw data 1s carrred out” by 'the : Meteorologrcai Deoartment'

“Rain gauges were installed at each district ot provmcral office and the data transmission is made
by telegram and postal service, *A synoptre station is roeated at Petchabun provmcral office,
Flow measurements at'Lom Sak, Wichianburi and Bua (,hum are also carried out by the Meteor-
- plogical Department while the station, at Kdeng thn is operated by the: Royal hrigation Depart-
ment. - The: transmlssron of data from those statlons is made by SSB except at Kaeng Khoi.
Observation of rrver stage in the flood plaln area is carrred ‘out by the Royal Imgatron Depari-
ment. Irrrgatlon development in the flood plam areas has been made with the Rama VI diversion
dam built at Tha Luarg and supplies water for rrce cultivation in the left bank a;ea Additional
development in the upper flood plam area near Sarabun Province has ‘also been implemented.
Normal flooding condrtrons ‘with small depth. in the lower flood plams area has normally been
experienced in wet years and is sufficient for rice cultivation. Severe floodmg condition is likely
to occur whenever the wrdespread and’ contmuous torrential rainfall from a depression occurs.

Severe ﬂoodrng was. observed in- September October 1978. The seasonal rainfall
in the basin as a 1esult of active southwest monsoon was higher than normal Contmuous rarnfali '
was observed at: the upper basin stattons durmg September with 23 to 27 ramy ‘days. Intense
rarnffill due to Depressron “Krt” entermg the country durmg 27-29 September generated a
~ surplus runott from the upper basm causitig - severe. flood damage. along the fiood plain from

Saraburi - down to Ayuthaya The max1mum peak d1sr,harge of 3,200 m3 /sec at Kaeng Khot
“station located at the head of flood plain was about '3 times greater:than normal peak flow.
The river stage at Rama VI Barrage of + l'Q_.9O n. (rrl.s..l.)'\}va's_ the m_aximum' recbrded since
1914.
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‘The flood event was recorded as the most severe in the history of the basin and
caused extenswc damage to paddy fields, houses and pubhc facilities, As rf,g;nds the darmgc
by flood, it was reported by the Centre of Assmtdnce of Flood Victims under the Ministry of
Interior -that within the two: provmces Saraburi arnid Ayuthaya, 47,921 f‘lmlhes suffered, 11
persons, died’ and 754,375 rai (1,207 square kilometres) of agricultural land were completely

damaged. -

Map of Pasak River Basin and stations show in Fig.'S.‘

4

4., Problems of the Pilot,Rj\;ei' Basin

Hydrologlcdl Fiood ‘Forecasting, Prempltatlon Forecasting are 1mp0rt‘1nt data in
demgmng the flood loss prevention Modern techmqu\,s of Forecasting which has.been deve[oped
in Japan should be useful to increase the efﬁcmncy_ of my job.
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Name: . Mr, Kangvan Deesuvan

Country: Thailand _

Orgamzauon The Bureau of Dainage and’ Sewerage
Position; anmeer 4

Flood Loss Prevention and Manaéement In 1983 — 1984
By the Government of Japan (JICA)

DESCRIPTION OF THE AREA

_ The physwal aspects of the surroundmg area of a mumcapahtv have a conmderable
effect en the sewerage, dramage and flood pretect:on facilities with which' it is to be prov1ded
TDpography ‘dictates the balance between flowing by gravity or constructing pumping statlons

-and the possible subjection of the area to repiodic flooding. Geology affects the conditions of
constructmn for the ma}onty of these facilities which are bu;lt below the surfdce of the. ground.
'Chmate dm:ctly affects the design of dralnage facilities and cxerts a control over the periods
‘of the year:in wluch constructlon Programs ¢an more readlly be camed out

- TOPOGRAPHY

fhe deltaic area upon whlch Bangkok Metropohtan was bullt was formed by the :
Chao Phya River. The delta is somewhat triangular in shape with a 120 k:lometer (’!5 mlle) :
base along the Gulf of Thalland and a length extendmg to the north about 200 kllometers (124 '
mlles) to Chamat as shown in Flgure 1. “This area is extremely ﬂat extenswely 1rr1gated and -
very rich agrlcultural]y It is surrounded by low rugged mountams which are an extensmn of
" the Hnualaya range. '

' The ceh’{ef of Bangkok M'etropol'it.an is about :50 river kilometers (31 miles) north

of the Gulf of Thdl}and The municipalities of Bangkok Metropolitan presently occupy a total -

~of 303 square kllometers (1 18 square miles). Ground clevations at Bangkok are a maximum of

' about 2 meters (6 6 feet) above mean sea level and at Chamat the elevatlon is only 15 meters
(49 feet) above mean sea level. '
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GEOLOGY -

- Geologic History. - The mountains surrounding the Ghao Phya Plain were formed '
during the late or Post Miocene orogeny. The present Chao Phya river basin was possibly the
result of the development of struetriral'basins_ in the late Tertiary epoch followed by heavy al-
luvial depositions durinig the Quartern'ary epoch. These first deposits, consisting of layers of

 fine gravel sand, and sandy ehy, are now located at a depth of 300 meters (984 feet) or more

below the suiface.” A thlck layer of grey, relatively homogeneous clay was later deposrtcd after
the major movement.of the earth’ s curst had stopped

The delta steadily advanced into the Gulf waters to the south. About 500 years
ago the present site of Bangkok was at the shore of the Gulf of Thailand. Recent flood control
and. ngatlon projects have c’lused most of the silt to pre(:ipltante before it reaches the Gulf
but the southward growih of the delta, although slowed, is contmumg

Ground Water The groond-water level in Ba'ngkok is very close to_the surface
during the wet season. Even during an extreme dry season the ground water is rarely more than
a meter below the surface. The average elevation of the ground warer table varies approxrmately
. from 355 to 36.0, The mean ‘sea level is 35. 0 and the mean water level in the Chao Phya at
" Bangkok is about 35.3. :

" CLIMATE
. Tha1land has three dlfferent $easons: The “Cold Season whlch meludes November
' December and J anuary; the “Hot Season” extendmg from Febluary through May, and the *Wet

-Season overmg the other five months of June through October . The relatwely dry perrod
'extends from November through ApnI w1th praetlcally no ramfall in December and J anuary

. The mofmtains ar'ound Bangkok dissipate the”forces of the typhoons =er cYcldnes
.that create such havoc breezes of more thani 1.5 kilometers per hour prevail about two thrrds of
- the: time these bree?es seldom exceed 12 krlometers per hour Maxrmum winds up to 122 kilo-
' _'meters per hour (76 mph) have been recorded ‘however. The- prevarllmg wmds are erther from
the north or the south. '

Table summarrzes the chmatre conditions in Bangkok mcludmg temperature, reld'_

twe humrdrty, evaporation, days of rain and ramfall and wind veloertres '



HYDROLOGY

Thailand 's climate’ is tropical. (;enerd]ly the cool season’ iy from late October 1o
mid- February, the fiot season from mid-February to mid- May and the 1amy seaosn from mld May'
to mid-October. *The Centrai Flain (mcludmg Bangkok) 1alely has” tempelatules below 21°C
or above 38° C Husmdlty in the rainy season Is hlgh ; : oL ‘

The heawest rainfall normally OCCHIS durmg August to September as the result of
heavy monsoon rains and the tonentml ramfall caused by troplcal storms and depressmns As
a consequence, flash ﬂoodmg usuaily takes palce frequent ' ' '

lroplcal storms depressxom, and a few . typhoons whmh Weaken mto storms or
depressmns inove into’ Tha1land every yeal “The statistics. of 28 years (1947 —'1974) showeq :
" that the storms moved _mto Thailand at an- averago_ rate of 3.7 storms per year.- As shown in-
Tabel below, the historical storms occurred more f:equeutly during the months of September to
November, with the maximum frequency recorded is the month of October.
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Table Monthly Distribution of Tropical Storm Occurrence in Thailand

‘Month * Number of Storms

Jahuary 0
‘February 0
March. . 0 .
April f
May 1
June 4
july 7
August 10
Sep.tem'beli 24
October 29
November 20
December 7
Total _ ' 103

Period: 1947 — .1974. R Sotirce: Meteomltﬁgical Department .

The rainfall is uneveniy dlstnbuted m time as “well ‘as in- space Generally, heavy
- ramfdll occurs on the western fldnke of the mountdm nmges ot'on the coasts.

: Corwentwe and orograpkue rams cause most of Cne ramfall durmg the wet season.
More w1despredd rainfall of longer duration. can be caused by occasmnal troplcal cyclomc dlE:—
“turbances, which are classnfled according to wmd speed as troplca] stoTns or depreselon\;

The average annual rainfall in the Chao Phya ancl Mae KIong rlver basms varies from ‘
just below 1 ;000 mm on the western s;de of the Chac Phya river basin to more than 2 ,000 mm
in the north western rim of the MAE Klong river basin, About 85% of the annual ralnfall occurs
duiring. the months of May to October, with some variation in the monthly pattern form nortli

to sorth.

In ‘Bangkok Metropohtan Area lngh 1nten31ty Idll’lfdl] is a blgger problem than
: ﬂoodmg caused by overflow from the Chao Phya River. If the rainfall 1ntens1ty exceeds 20 mm/
hour, the enstmg internal drainage system fails, resulting in widespreade flooding and damage to

roads, traffic, etc.



"' The Chao Phya basin comprises most of the mountainous areas and valleys in North-
ern Thailand and Central Valley. It extends from the Tahi-Bufma border in the north down to
the Guif of Thailand ini the south, with the w}iole Cét'chm'ent areat of rOugth 177,550 km?, or
about 31% of the total area of thc Kingdom. In the Central Valley an alluvial plain has been
formed by the Chao Pliya river system South of Chainat the alluvial plain-is caned the “Bangkok
Plain”, which is (for the ‘preater’ part) ‘the real delta of the Chao Phya Rivéer. Here the river
overflows. its banks regularly ard ‘the Bangkok Metlopohtan Area and other adjacent areas are
frequently inundated. :

HYDRAULICS

o The Chao PhYd River is a seasonal r1ve1 The river st'lge usually starts to rise in
May followmg the onset of the.wet season and reaches its h1ghest water-levels in September
October In the wet season-a high dlscharge of 4 000 m3/s was mieasured near Chainat and in
the dry season a low dlscharge of 50 m3/s. :

After the storage dams were buiit on the ng and Nan rivers of the Chao Phya
~ River system, nav1gat10n programmes were developed in the river reaches below the dam, At
© present, the minimum- release downstream of ‘the Chao Phya dam of 75 in3/s can maintain a

. mm1mum draft of- 1 40 m throughout the Chao Phya river reaches.

~ Salinity 1ntrusmn in the southern portlon of the Central Plam has been detrlmentalr
to the extensive orchaxd and vegctable area along the Chao Phya river for a. 1011g time, especmlly_.
‘when the flow is low. The extent of salinity mtruSlon can-be controlled and the area protected
: cab be mcreased with mcreased flows. At present a mmlmum flow of about 80 m3 /s is released -
'_ for sahmty control in the Chao Phya river. However, about 20 m3/s is assumed to be used for.
water supply in the v1cm1ty of the Bangkok Metropolltan Area o

Some 2, 000 pubhc and. prlvate production wells have been constructed fOr human
: consumptlon and sanitation in the Bangkok Metropohtan Ared and adjacent areas,’ In the Bang-
kok Metropohtan ‘Area, one third of the total public water supply, some 92 million gal]ons per

‘Eday, comes from aquers '

_ Parts of the city area already protectcd against floods by partiﬁlly cohlpléfed pold-
ers. Emergency measures including sand bags, temporary cofferdams and mobile pumping units
are also used when ﬂoods_arise, as in the significant ﬂéods of Qctober, 1978 and {980,

Dredging of the Chao Phya RNer up to Nakhon Sawan by Intand Waterways Project

of whlch the design has been completed by BCOM, might affect the hydrologlcal and hydraulic
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aspects of Bangkok fivod control and drainage project.

~ The general topography of the area is flat. The lowest and hlghest land elev'\tlons :
do not differ more than about one metre. The area is laced’ w1th canals (known as klongs) which
were built for tansport and defence purposes when Bangkok was founded two hundred years ago.
During ‘the monsoeon seaion, rainfall and high water levels in the Chao Phya R1ve1 cause flooding
to depths of 70 em on the roads. '

The factor which most 1mp01tantly affects consndeianon of sewelage dramage and
flood protection systems for Bangkok Metropolis is the Chao Phya River, togethcr w1th ‘the
canals in the area which are connected to the river.

THE RIVER

The Chao Phya Rlver drams an area of about 177,000 square kllomlte;s (68 500
y square nnles) {see figure 2.) In the delta area south of Ayudhya whcre Bangkok is located the
Jand is. very fIdt The main stream norrmlly flows in a well deﬁned channel below, Ayudhya.”
When the rwer is in flood it lnundates adjacent lands with the water movmg slowly toward the
- Gulf of Thailand. ‘A smdll rise of the flood level extends the waters over extremely:large areas.
'Fortunately the ﬂood waters rise gradually and do not normally 1ea(,h gre’tt depths:

The overdll Slope of the Chao Phya Rlver is about 5 5 centimeters per kilometer
(3 5 1nches per mlle) ‘Below Bangkok the slope is‘at 1ts ‘minimum of about’2 centimeters’ per
kdometor At Bangkok the river has a- mnumum ‘width of 180 meters (590 feet), w11h depths
- of as much as’20 meters (66 feet) or ‘more. | Downstream the width” uu,redses to 500 meters
(1640 feet) at river kllometer 10 (distance from the (_rlllf), and to more than [, 000 meters near
its mouth : '

RIVER F‘LOW_SI

‘ Unfll recently, durmg the perlod from J'muary to JuIy, the avorage river discharge '
at Bangkok was somewhat 1ess than 100 CMS (3,530 cfs) w1th a minimum of 25 to 50 CMS -

' alound April. The dlschdrge normaliy excceds 1 000 CMS :during the period from August to -

'December with a maxlmum of* 3,000 to 4 000 CMS m October A typical discarge hydrograph

is shown in Flgure 3

Records mamtamod at Ayudhya show that durmg the 126 year perlod from 1831
to 1957 there were 21 years of moderate drought 35 years of severe drought and 5 years of

49—
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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)

In thé lower reaches of the deita the land is traversed by many klongs. ‘Some of -
these klongs are natural but by far the majority are man-made. In the carlier days several of the
klcmgs around Bangkok were constructed for defensive plrposes. Later others were added for
mwgatlon d1amage and irrigation nceds. Additional kongs were dug to furnish fill material
for road construction or to provide outlets for urban storm- wqter runoff, as the etty continued
in its rapid growth_the ut_lllzatlon of these klongs also changed. In the last decade many of the
klongs: have béen converted info highwéys. ' Kllo'ngs which were 'oriéinéliy constructed for irriga-
tion purposes now often receive combined storm water and waste water to the poiot-where
many klongs in the eentral'nmnieipal: area have beeom.e severely p’oﬂuted and offensive Naviga-
tion and the movement of farm products by water has decreased conmderab]y in 1ecent years_'

- within the fully developed parts of the crty

: .Before 1900 most of the homes were built next .to_the_ klong because the basic
_ means of tmmportatton was by boat. - Outside' the Jarger urban areas the practice of locating
' houses adjacent to klongs it still widespread throughout the delta

The 1]13_]01' 1r11gat10n and nav1gat1on Klongs is well developed in and around Bang-
kok Metropohtaﬂ Many: of the major klongs have nawgauon locks or regulators built for the
© purpose of controlimg mtgatlon water levels The pohcy of conservatton of. 1rr1gat10n water
‘ towards the ‘end of the flood season result:. in high water levels in the klongs which ddverselyi
- affects the reqmrements for better and (asier dramage of the urb'm lands

The prnnary responslblhty for mamtenance of the’ major existing kiongs is delegated
to the Royal Irrxgahon Department The smaller klongs within the city limits are maintained by .-
the Mummpahty : '

In i966 the Road and Sewerage Improvement Committee of the Ministry of Interior :
-recommended ‘that a number of the existing klongs be kept open and maintained for the pur~'
- poses of navigation, irrigation and drainage. The more important ‘of these klongs are showri on

Figure 4.

An 11101easmgly important use : for the klongs in the city has been their use as a major

source of water to fight fires. As the area has become more densely populated, the municipal
water distribution system growth has not kept pace and and now the needs for wateér supply

—5 2.
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alonc, not considering fire requirements, cannot be met,’

The klongs should continue as a source of sup‘ply"for fire-fighting water in addition
‘to serving as the most ceonomical means of removmg storm water. In addltlon to these practical
functions the klongs are an important part of the lnstoncal culture of Bangkok

- PRESENT SITUATION
~  Bangkok has a ground level which is an average of: 1.0 metre above Mcan Sea Level;

—  During periods of very I{igh discharges of the Chao Phy'a 'Ri\'rcrl and of high tide
levels in the Gulf of Thailand extensive flooding of low lying arcas in Bangkok

OCCUIS;
R High intensity'rainfall and drain’age’ probleins ocecur during: Augusf through October;

- _.The Bhumrpol and Sll‘]klt Dams and . the Chainat barrage provzde Some deglee of:
flood control to Bangkok accordmg to ‘the Acles/rrd paper; these dams cannot
-provrded greater ﬂood Control beneflts in Bdngkok thaﬂ are’ preSently bemg a-

clneved

— According to the Acres/nd paper there are no opportumtles for new storage pro-
jects whlch would result in major increases in the degree of control of flows in the

lower Chao Phya Basm

- Plans for agriculturai development and improved draihage of the so-called Central
(Bangkok) Ph;n w111 result in an increase in high water dlschargeb of the Chao Phya
River near Bangkok This: increase will partly offset the flood control effect of the
Bhumlpol and Sirikit Dams and the Chainat Barrage '

- It is mot dnt1c1pdted that 1mprovement of the ﬂoodmg L()Ildltl()n& in the areas to
“the north of Bangkok, if feasible, would substdntrally reduce flood problems in the
,.Bangkok rcglon

The Chao_ Phya River Bas_in '
The control of water

The Bhumlphol reservorr controls the outflow from a catchment area of 26,400 km?
and the Smkrt reservoir from 13,200 km?. The combrned area is oniy 39, 600 km? or about 36
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_ percent of the area- dramed by the Chao Phya R1ve1 at Nakhon Sawan and 22 percent of the area

of the entire basin. There : ‘are no opportunities for new storage pr0]ccts which would results in
major increases in the degree of control of flow below the two major dams in the Chao Phya
basin.

~ Project Relfltlonslup with Chao Phya Basin
Development Plans

The fol!owmg line dmgram amply indicates the cmnp]ex1ty of the rlver network -
wlnch clrams the Chao Phya uver basin.

In the north .the landscape is characterized by north—south_:trendihg nﬁouhtain
ranges and highlands. In this area the Ping, Wang, Yom and Nan rivers are well defined and their
streamflow time series’ are well 'documented In recent years the Bhumipol, Kewlom and Sirikit
dams on the Ping, Wang and Nan rlvers ‘have mgmfu,ant}y reduced the potential for ﬂoodmg in

~ the lower Chao Phya basm due to heavy rainfall in the1r catchment areas.’ Further contl ol of.
" these northern rivers is scheduled whu,h w111 modify the storm ‘discharge pattersn at theu con-

ﬂuence at Nakorn Sawan, where the bankful eapamty 1s only some' 3,700 n13/s The Uppel ng :
river basin. is currently under development. for hydropower imgatlon and flood control the
iatter being: partlcularly 1mp01 tant for ‘Chiang - Max When fully ueveIOped this. river network
will 51gn1flcantly reduce’ flood potent131 at this northem capital, Development of the Koeng Sua
Ten dam in the Yom basin is- bemg studied, as is the Ping-Yom-Nan transbasin diversion scheme.
When Completed these various prOJeet‘; will result in a hlgh degree of control of these northern

. I'IVE‘,IS

Further south the Skai Krang river. dlscharges into the main stem of the Chao

-Phya just north of the Chainat Dam.. It is at this pomt that the Chao FPhya river dxseharges mto

the central plain of Thailand. ‘The small bankful capacity of .the river at this point, 3,200 m?/s,
the - flatness of the tlop_oglaphy, a_nd diversions into the: trrigation service areas supplied from
the Chainat Dam bpreads the monsoon season flows over a wide area into a nctwork of canals

‘and natural drains. The l‘a Chm r1ver to the west of the main, stem, acts as d major . branch of

the Chao Phya river and carnes 81g111f10ant excess ﬂow past Bangkok to dlschdrge into the Gulf
at Samut Sakorn. '

A fut‘ther ‘major source of _ﬂoo'ding,‘furthzer south and e_ntering the main stem of |
the river at Ayuthya, is the Pasal river. ' In 1973 exceptionally heavy monsoon rainfall centred
over this basis and contributed significantly to the flood problem in :Bangko,k_.

Seutll of Ayuthya the t:errai.n is ver_:y flat and the land is a web of intercoﬁnecting

canals and drains. Some of these run north-south such as Klong Prem, Klong No 6 and Klong
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Rapepat, while others such as Klong Rﬂngsit and Klong San Sawp, intercept thesé and tend to
drain back towards the main stream of the river. Klong San Saep, of course, runs nght through
Bangkok. ' '

* Bangkok is thus attacked not only from the main stem of the river but also from
overland flow from the north, the north-east and the east.

_ Much ccan be done to reduce peak fiood flows fl om the northem rivers. The Ska1 |
Krang fiver can be partlally controlied and studles have already been under taken to examine the
‘ potenhal for control of the Pasak River. These are long term developments and the Ping-Yom-
Nan diversion scheme. could reduce the beneficial effects fo these storage schemes, Clearly, in
the near term, Bangkok will not benefit from these schemes. =~

A more 1mmed1‘1tely beneficial scheme is that developed by RID by Royal Im’ucd—
tive. The conceptml gludelmes for this prcuect are

i Ililpréve dis.(':hérg'e through a system of ca’nals'to. the east of Bahgkok to drain this
. area: more etfeutwely to the Gulf. Klongs to be so improved are Klong Praya

3 Surenth Klong Moh' Tack Klong Song, Klong Lam Pak Chi and Klong Tong Lang

— . Establish a green belt in the Klong Praya Surenth and Klong Sam Wa or Klong Sam
Wa and Klong Pet area to facilitate” construction of main drains now and in the

future.
— Cons_truct. ﬂood protection sys’te_ms'within the Bangkok area — the BMA Project.
— 'Construct flood retention areas within- Bangkok as a menas Of strengthening the
effectiveness of the flood preventmu scheme. ‘This work is reported to be in hand

and will be considered under the Project studies for rural and semi-t ural areas.

- Extend and opent the waterways to the east of. Bangkok at various hlghway and rail-

way crossmgs
— Klong cleaning in Huay Kwang, Prakanong and Bangkapi areas.
- Weed eradication in the canals east of Bangqu.

-RID advise that. the major work outside the Project area is to commence in 1982 —



Flood contsol benefits of the major reservoirs

The Acres/RID paper shows that nezr:rly'all ‘the flood reduction benefits which can-
be prorfided by the Bhumiphol and .Sirikit TEServoirs _elltometically result from operation of the
reservoirs to meet downstream water needs. The Ping and Nan River reservoirs cannot provide
greater flood control benefits in Bangkok than are presently being achieved.

Floo_d‘p'rotection system

The natural ground level in Bangkok varies from about elevation 0.5 m 7’— MSL On
the average this 1epresents a height of one metre above mean sea level., Normal tidal range at

Bangkok is slrghtly over one metre,

_ The concept of polders has been accepted in prrncrple for Bangkok and a conetruc—
tion programme has been underway for some years. Parts of the’ city are: aIready protected
_agarnst floods by pdrtrally completed poldere Emergency measures including sand bags, tem-
porary cofferdams and maobile pumpmg Gnits are also used when floods arise, as in the significant
floods of October, 19’78 and 1_980. ' '

_ Permanent pumping stations have alreddy been built for polders number 1 and 2
“‘and many sections of the pempheral embankments usually compnsmg permanent roads are
already buxlt but floodmg is stilt a recurrmg and costly problem whrch is worsenmg

The river and flood Stages L

The overall slope of the Chao Phya Rrver is about 5.5 cm per km Below Bangkok

the slope is at rts minimum of dbOut 2 cm per km.

‘ A serloos flood was in’ 1952 IWhen the river level rose to about 0.7'm above the
foads in Bangkok The maximum ﬂood level reached at Memorial Bridge (rrver km 47) an eleva-

- tion of 23m f MSL Durmg that flood practrcally the entire area of Bangkok was under water f

for nearly one month

‘ Downtown dlstucts and resrdentral areas. have been fllled to elevat;ons between 1 5
and 2 0 m 1L MSL. In general the built- up ground is Just below the expected 100 year frequency
river flood level but the natural ground is subject to annual ﬂoodmg

It must be pointed out that the expected rlver ﬂood levels are subjeot to change

The Royal Irrlgation Department reported in 1964 that the average ﬂood levels in the Chao
Phya River tend to increase every year by about 1.1 cm. This annual rise seemed to have been
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ehecked by the constricted upstream flood control and drversron structures. However, inrecent
years flooding appears t0 be on the mcrease

Economics

‘The' Government has attempted to quantify losses from sorne past floods. The
locahzed flood of June 1979 which mundated about 5 km? for about 3 days are estimated to
cost Baht 1:00. million.: The more general and extenswe flood of October 1975, which inundated
several large areas of the city for up to two months, was estimated by the Government o cost
~about Baht $80 million.

‘Water Transpor{ation
Venice of the East

_ " Two._ hundred years ago, Bangkok was a quiet river-side-village situated near the
~mouth of Chao Phya River. King Rama I, the founder of the Capital took the advantage of the .
low laymg topography and soft clay fo excavate a crescent Sllaped cannal lmxmg Chao Phya
:Rlver to form an oval moat surrounding the city. From then on, many eanals were - excavated
1o form a network of waterways throughout the city and the surroundmg area. It reflects the

Thai apprecratlon of the VdIue of water and the dependency on it as a means of 1rngat10n ﬂood :
.con’trol and transportatron An eaﬂy rnap “of the city, is evidence of this: it shows the area
crisscrossed by canals Because of this, the city was dubbed the “Venice of the East”,

Bemg the tropleal Z.ong and on 10w lymg area, seasonal ﬂoodmg of Bangkok is
unavordable The old generatlon of Bancrkoklans buﬂt their houses on strlts to avoxd the flood.
But as commerce flourrshed Bangkok grew, stilted houses gave way to medern buulclmgs candls
{0 roads, but ﬂoodmg remamed But this trme if caused great damage to the city not only n
monetary terms but political as well o

'Exist_ihg Main Ca_n'als 1

The main canals which ‘crisscross and form nelworks in the proposed project area

ate:

I, Klong Lord runmng from (,hao Phya River to Sanam Luang with tota] length of ‘
about’ l .8 km
2. Klong Ong Ang and Klong Banglampoo formrng a crescent shaped route’ about

3.5 km across the area with opening at both ends to Chao Phya River.
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3, Klo’ng Pradung Krung Kasem, a crescent shaped canal of about 5.5 km in length
with both ends opening to Chao Phya River. '

4. Klong Mahanak running east-west about 1.3 km in length connecting Kolong
Banglampoo to Klong Pradung Krung Kasem.

5. Klong Saen Saep extends from Kiong Mahanak eastward for about 9.5 km in the
project ‘area. This canal has a extensive conncetion with other canal networks in

the surfounding area. -

6. Klong Sam Sen rumning east.from Chho Phya Ri_ver with totlal Iellgth of about 5 kin

in the project area.

7. Klong Prem Prachakorn r’ithn'ing north-south for abeﬁt 56 km conneeting Klong
Pradung Krung Kasem to Klong Sam Sen and Klong Bangsue.

8. Klong Bangsue forming a north bouhdéfy of the area. This Klong starts from
Chao' Phya’ Rlver and runs due west for about 1.8 km to 30m Klong Prem

' Prachakorn
_ Watefborne_Trar{sport and‘Navi'gation

Canals in Bangkok have sei'ved at tral'lsportétion channels for a long time. They
allow the populace to be mobile, provxde cheap- transportatlou for minimum investment and
without zmportmg equ;pment

_ I view of the faee that tnere are m'my canals m Bangkok it is an advantage to
utilize and incorporate them into the flood control programme A series of dn\es and gates can
be built ‘across: the .canals and flood water is removed by pumpmg during the flood season.
However, it should be emphasise that- several canals are bemg used for transportation as well
Therefor it is important that partleular attention should be paid to them



6-4 COUNTRY REPORT

~ Name; IR. Chia Chong Wing

_ Country: Malaysia _
Oranization: Drainage and lyrigation Department
Position: Deputy Director D.I.D Terengganh

1. Malaysia (In-Brief) (See Fig. 1.)
1.1 General

"~ Malaysia Consmts of We%t Malay31a {Malay Pemnsuia) whlch is bounded by Thalland
m the North and Singapore Island in the South and East M‘llaysm (States of Sabah and Sarawak)
which' is situated-at the’ North-Western Borneo Island. F he two reglons are sep‘irated by about
_ 640 km of the Qouth Chma Sea, ' '

" The total’ area of Malaysxa is ' about 336 600 km? — West Malaysia 134,600 km?
and East ‘Malaysia 202,000 km ' ' -

Thc Federation of Malaysia consists of 13 states in‘all, namély Perlis, Kedah Penang,
Perak, Seldngor hegeu Sembllan Maiacca ]ohore Pahang, Tercngganu Keldntan Sabah and

Sarawak
12 'Topography”

The ccnt1a1 part; of west Malay31a 1s mount'nnous w1tl1 a series of mountam ranges '
running from North to South More than hdlf of the area is above IS(} m above sea level whﬂe -
4 quarter above 300 m. The hlghest mountam pe’tk is namcd Gunong Tahan wh:ch is about
2,190 m, ~ The mountains slope drawn ancl end in wide aliuvml coastal plains. - East Malay31a
: (Sabah and ‘Sarawak) too can be sdl(l to .be mountainous with Mount Kmabalu 4,101 m to be
the highest for state of Sahab and also for Malaysia. .The low alluvial plams ar¢ found mamly

“along the coast. -
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13 Climate

S_ituaf_;ed in the equatorial zone, the climate is characterised by a small. seasonal
variation of temperature and hi'gh. relative humidity. The 'Wcrage dally tempelatme varies from
18°C in the highlands to 35°C in the coastal plains, “The annual average ramfali is around 2,500
mm. Relative humidity is in the region 80 — 90%.

14 People

In the 1980 census, the population of Malaysia is estimated  to be around
13 750 000 or which 11,500, 000 are found in West Malaysm and 2 250, 000 in Bast Malaysia. ;
Malaysia has a diversity of races and cultures. The major races are Malay, Chinese, Indlans, Tbans
‘ :andl Kadazans. The National language is Bahasa Malaysia, however English is also widely used

: especiaiiy in the non Government sector.
1.5 Land-Use

A large part of Malay31a is covered by forests and swamps Forests are. found 1n:
the upper mountamous reaches while swamps aré found at the lower reachies of the rivers. - A
large pomon of the area An between ‘the. foothills and the coast (,om.lsts of m‘unly rubber’ and
oil, palm ‘estates. Pad1 cnltwatlon is found throughout Malaysia, bemg more w1despread in the
states of Kedah Perhq and Kelantan, Tm mining: activities are found to be: comman features
in the states of Perak and Sclangor ‘while 10ggmg actmtles 111 Kelantan Pahang, Terengganu and

Fast Malaysxa
16 Rivers

In Malaysm there are numel ous Tiver basms, amongst the Ial ger ones.are Perak Rlver
Pahang River, Kelantan River in’ West Malaysm and the Re]ang River and Kmabatangan River i in -
East Malays.ia The heavy monsoonal rains in Malay51a generally cause the rivers to overspill
and flood the lower coastal plam ‘Periodically people llvmg in riverine and low areas have to be

' evacuated- to safer hlgher grounds. .
1.7 Priori'tyrpqlicy'of Malaysia |

The prlorlty pohcy of the. govemment is spelt ouf clearly in the New Economlc
Pohcy The main aim would be to eradicate powerly in all sectors of the peoplc mespectlve of
race and fo raise the mcome and standard of the lower mcome Group especmlly the rural poor.
'Development is being carried out in all sectors. To uplift the living standard of the rural poor,
* the government invest heavily in agnculture development
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2. Main Organizations Dealing with Water Administration
The main organizations dealing with water administration are:
2.1 Drainage and Irrigation Depariment

This Department under the Ministry of Agnculture is the greatest ‘consumer™ of .
watex in the country Its main functions are as follows:

a)  Planning and Implementatlan of all Dramage and hngatlon ‘Schemes
b)  River Conservancy: and Flood Mmgatlon works.

:c) Flood forecasting and warning.

“d) iiydrology. _ o
e) Groundwater Investigations for Agricultural Purposeé.

2.2 Pubnc Works Depamn'ent
Tlus Depa1tment is, responsﬂ;le to provu:le water supply for both domestlc and
1ndustr1al use The main sources of supply are from rivers or on a smaller extent from ground- .
watef ' :
23 Nationai Electricity _Bbard
Th:s orgamzatmn 1s mterested in tappmg off hydro electnc power by the construc-
1t10n of large dams in the rivers. Lately.the department_also_ implemented mini hydro dams fo
prov;de electrlclty for the_people in poorly accessible rural areas.
3. Pilot River Basins in Malaysia
Two river basins out of a number of river basins in =M'llaysia which are frequently
subjected to flooding are selected as pilot river basins by the Typhoon Committee Team. They

are the Kelantan River Basm and the Klang River Basm : Do T

‘In this report I intend to give an outline of only the Kelanian River Basin..
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3.1 The Kelantan River Basin (See Fig. 2) .
3.1.1 Location

The State of 'Kelantan lies in the north-east of West Malaysia and'in bounded on ‘the
west by the State of Perak ancl by Thailand, on' the south by the State of Pahang and on the
north-cast by the South China Sed and the State of Terengganu The Kelantan viver and its
'prmcrpai tributaries drain 1ppron1mately 85 percent of the Stite’s total area of 15,042 sq.-

kilometres. The Colok river, a scparate river system, forms the international boundary between
~ Malaysia and Thailand. The Coastal region east of the Kelantan river is drained by a number of
small rivers and creeks, the principal ones being the Kenrasi_n and the Semerak rivers.

3.1.2 Physical 'Features

The hmterland of Kelantan is bounded by mountain ranges which form the water-
shed of the Kelantan River Basin, ~These mountains which rise to over 2,000 Tetres above

ssalevel almost totally ring the basin.

The generfil aspect of this basm beyond the coastal plains is of endless hr]ls and"
;valleys densely covered by tropical rain forest Ground- slope is generally steeper than 15 de-

grees:

_ The coastal reglon comprises approxnnately 135 000 hectares of alluvml plaln
protrudmg into the South Chma Sea. The total relref of the .coastal plain elsewhere is seldom
more than I'5 metres; above sea level Consequently land dramage generally is mefhment and
streams tend to be slugglsh and me'mdermg These eombme to promote wrdespread flooding
whenever heavy ram falIs and this has’ been an rmportant eonstlamt on the agrlenlture develop-

ment of the region,
313 E'Clinlate (Se'.e Fig. 3) o

Flom November to January the clunate 1s dommated by the North East monosoon o
blowmg across the South Chma Sea. ‘This brmgs heavy rain, especmlly to the coast whlch recerves.
about' half its average annual rarnfali in thls season Durmg the monsoon sunshlne hours are
low and humidities hlgh Peak ramfall usually occurs in the intér-monsoonal months of Aprrl
and May and October and November,

The extreme temperature range is about 20 . 35 C at Sed level and 10 — 25°C

at 1 ,500 metres altitude. Annual rainfall in the basin averages about 2,700 millimetres (; anging
from 2,200 to 3,200 mm).



The. storm rainfalls in the coastal region- are notable. The max'ir_num'da:ily rainfall
recorded is over 600 millimetres and a three day storm can produce over 1,200 millimetres.

314 Problems in.the Basin

The main problem in the basin is periodic ﬂoodi:ng. Fl.o_o:d is caused _either by tor-
rential local rainfall or river overspill or the worse by a combination of both. Very big floods
such as.in 1926 and 1967 are di_sastrous. Records of past floods can be seen in Fig. 4. The most
severe floods usually ocurred in the the monsoon season between November and February.

The January 1967 flood is well remembered in Kelantan (See Fig. 5). More than
150,000 hectars of land in the coastal region were inundated to depths of up to 6 metres. At
least half of the state population (300,000) was seriously affected. Four floods of the 1967
rhagnit_u’de or larger have occurred in the basin since 1900. ’

The Kelantan river overspills its banks below Kota Bahru almost every years. Fuf—

ther upstream the frequency of overspﬂl averages once in four years Every ‘year there is ﬂood- -

ing in the coastal region due to torrential rainstorms that occur mainly in the monsoon season,
These floods do much damage, partlcularly to the lowlands.

'lhe duect eost of damage that would deceur to CrOpS and property 1n Kclantan
: today ranges from at least $1 million for most years to an estimate of almost $125 million for
‘a repetltmn ‘of the 1926 type flood.’ The floods of the last 50 years 1nd1cate further average
, costs of $20,000 mﬂhon a year (See F1g 6) o :

Tllis recurreht £Conomic loss Will wofsen :ls' populatioh and develop‘ment increase.
‘Not only are. such losses an intoler. able burden on a poor economy but thelr possible Tecurrence
_'m any year acts as a depressant to the farmmg commumty They also inhibit progress in‘'the
1ndustrlal sector as few mvestors dare fo. mvest in Kelantan wh1le ﬂoodmg Temains uncontroted.

| 3'.1.5 Pro_posed Pi‘ojects in the Basin'

An extenswe study was carrled out on the Kelantan river basm from 1974 to 1977.
From the comprehenswe study the followmg projects were identificd and recommended

a)  Bulk Drdinége Proj.eets
Exammatton of the dramage problems in the coastal reglon ‘indicates that

the local rainstorm f]oodmg problems can best be solved by mteweptmg flood
" 'waters before they reach low-lying areas and divert them either by punded
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and improved oxisting river system or by new high-level flood ways. Follow-
ing extensive investigations five bulk drainage progects are recommended
(See Fig. 7) These. projects are desrgned to provide substantrally 1mp10ved
dramagc to some 110,000 hectares of land and to enable the subsequent '
reclamation of 19,650 Lectares of existing swampland.

The proposed p}ojccts mcorporate 12 pumpmg stfrtrons wﬂh a combmed
capacity of 358 cubic metres per second, 40 Kilometres of flood channels

“and 59 kilometres of fiood protectron bunds. Before these projects can

operate effectrvely, the exrstmg network of mtemal drains on the plam will
require major upgradmg to channel flood watets to the bulk dramage systems.
Most of these proposed projécts are still under planning and investigation.

Irrigation Projects
The strategy of agriculture mtensrflcatron 111 the coastal region can be

achieved only’ through all-year- mund 1rr1gat10n A total of |3 new irrigation -
projects are pro_posed which when implemented will add about 92,000 hec-

‘tares to the 4? 000 hectares of land currently served =by e‘xiSting schemes
=(See Fig. 7) More than 70% of the proposed schemes have been completed
: _whrle the remamnmg schemeb are either under uwestrgatu)ns or design.

Flood Mitigiation Projocts (For detail seo Fig.'8-,‘ 9 an'd '10)

Flood mrtrgatlon Proy.acts are found to be necessary in order to improve thc
ovcrall confidencc Tevel of the farmers and the 1r1vestment chmate of. the ;

‘economy. Rrver reguiatlon is partlcularly essentrdl for the success of the
:1rr1gat10n prOJects 0therw1se 1nt016r'ib1f: hlgh and frequent water defrcrts
' wﬂl occur Flood mitigation pleeCtS can be classrfred under two components '

in muitlpurpose Dams and River Bundlng
i) Multipurpose Dams

 Two multipurp.ose dams \Ghirzh will 1edube the major ﬂodding proi)lems
. caused by overbprll Onto the plain from Kelantan river are recom-
| 'mcnded In addrtron, the dams will gener’ate clectrrclty and regulate -
_the ‘river flow to meet irrigation demand of the pldm The most 1m-
portant development priority is * the Debong dam on the Galas river,
to be followed by the Jeram Panjang dam on the Lebir river. These
two dams wnen 1mplemen’ied will not only greaﬂy reduce flooding
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in the coastal plain especially from river overspill but also to ensure .

adequlte water supplies for consumptton in the state. I:lectnc supply
can also be tapped to help the state and 1mp10ve the economlc v1ab111ty_
of the projects. The Jeram Pan_lang dam is at the moment under: de-
tailed feasibility study while nothing much is done on the D'ibong dam
because socially and politically the proposal i not. acceptable as it .
involves the resettiement of some 2,000 families affected by the dam.

River Buﬁding

The final. eontnbuhon to the overall flood protectlon scheme is the
construction of bunds along the lower reaches of the Kelantan river
to prevent oversplllmg of flood water onto the coastal plain. The
proposed bunds, extending along both ba_h_ds of “the Kelantan river

- from Guillemard btidge'to the tiver mouth, a distance of _64_ki10111ef1‘es,
"can substantially increase the capacity of the main channel to convey -

floods and should also improve outlet conditions at the river mouth, .

" Certain streches of the buncls have been constmeted wh1Ie the restare -

=uﬂ(lel piannmg

' 3.1.6 Existing Flood Loss Ptevet_ttion Measures in the Basin .

Floods in the river basm oceur almost annually durmg the North East Monsoon

.Season betweeu months of November to March resultmg in serious damage to crops; properttes

~and possxbly loss lives.

Whlle engmeerlng measurea can slove the ﬂoodmg probiem 1t is often very costly
and takes many years to be reahsed Hence the: Government has resorted to take flood loss

prevenuon measures like flood forecastmg and warmng as a tempomry Step

i)

.‘ Flood Forecast:i:ng and Watning System' (See Fig-1 1j

In Kelantan a good te]emetrlc flood foreeastmg system was estabhshed in
1972, This’ system comprtseb of . S ramtall and 4 water level Stations which

are located in the upper hmterland region w:th a repeater station at Bukit
Bakar and a termmai station at Kota Bharu (See Flg 12) The system is
operated automatlcally by a wueless netwmk of telemetermg equipment,

which transmlt mstantaneous rainfall and water level from the above monitor-

ing statlons to the terminal station in Kota Bharu. These data-are processed‘ .
by ‘the Hydrologteal section of the Drainage and Irrigation Department
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Kclantan and transmitted to the Flood Forecasting Centre sntuated ‘at the
D.LI Headquarters in Kuala Lumpur via a telex system where these are fed

. into a computer which has an inbuilt flood for ecasting programme based on
the Sacramcnto Model for forecast'in'g the ﬂdod for the basin.

Begmmng from Octobex to J'muary e'lch year of the monsoon season the
Flood Forecasting Cenfres of tiie D.I. D both in Kelantan and Headquarters.
in Kuala Lumpur are put on lert when routine flood frecasting works are
carried out once 4 day to keep track of the rainfalls and river flows within
the Cﬂfchlﬁeﬂt irrespective of weekends on holidays. This also ensures- that
~ the forccasting ‘model is updated with the soil moisture '(:_Onditions to give

accuraté_for.e‘_ca.sts of any impending flood. The momen_t'heavy rainfalls in
" the catchment are reported, the frequency of forecasting is increased to
twice daily and in the event of f]oods, every 6 hourly.

With this system it is now poss1ble to ‘forecast the water level at Kuala Krai
Station 10 - 20 hours ahead of any impending fiood For areds downstream'
of Kuala Krai the levels of the impending flood can be foreca_sted using the
water level correlation chart derived from past floods (See Fig. 13).

The detaﬂed mechanism of the flood forecasting and warning system of the.

: Keldntan river basin can be seen in Fig. 11.

_ .In 1981 to make the warmng system more effectwe ﬂood warmng boards_

- had been erected all over flood proned areas and information phamplefs on

. Hood warning bards were distributed to educate the peaple (a sample of the
information ph’amplet'is attached at the back of the repdrt).
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BULK DRAINAGE PROJECTS
No. of Flood Areas Affectf;;-d Estimate.d Costs
Name of Pumping Channels Bu‘nds Oygqiares) . {$ million)
Scheme " Siations (kilomatres) (kilometres) - - -
i Swamp Agricultural Capital O and M
Golok 2 2 32 9,350 44,000 32 064 -
Upper Kemasin - z - 450 . 8,000 1 0.01
Lower Kcmasi'n: ' 3 6 - 1,960 18,:500 11 0.20
A B ; ) s — - T m—— y - - -
Upper Semerak i 10 2,160 © 13,000 26 019
Lower Sememﬂ 6 21 5,730 26,500 20 0.31
TOTAL 12 a0 59 19,650 | 110,000 % 135
! . PROPOSED IRRIGATION PROJECTS — BASIC SPECIFICATION
:PROJECT ) . WATER DEMAND® P. L . COST:
. _ : T : . Pumping L T
Gross Area — : ‘ " Station :
- " Area - Irrigated Peak : Anuat f. Canacity 1 s
No. Name (hectares) || 'Chectares) {cubic’ (million AP ¥ Capital O&M
: RO . M (kilowatts)
:  meires pey cubic o :
‘ | - second): metres) ($ million)
1 Lemal, Pasir Mas . h .
& Alor Pasit Lo o : ] . .
’Extcnsioq 22.668 15463 15.4 123 301 23.50 1.52
2 North Lemal 12,038 9,265 . ;109 9% 960 50.96 1.34 .
3 - Rantau Pa_njan 5682 2,961 2.2 14 2147 19.39 0.76
4 | Tasek Gamn 43316 [ 18,650 15.9 87 2,730 166.52 | '8.30
5 Ulu Temal | 8,450 7371 46 26 681 29.05 1.03
6 Upper Ulu Lemal 2,118 . 758" T 04 3 74 5.36 0.22
7 Kemubu & Salor o o : o ‘
) Extex_:sion 48,77%: ;32,676 ; 28.6. 21 3,719 75,9_9 4.19
8 Bachok 9.857 | 5,287 547 50 666 41.29 126
9, | Pasit Puteh - k : . ' o : ' :
Stage T’ 20,328: 13,528 - 924 93 680 190,49 3.25
10 | Pasir Puteh — IS _ L ' S
Stage 1T 18,317 16,586 154 192. 1,965 106.54 373
u Sg. Bagan 12,474 | 14281 2.5 21 108 133020 | 125
12 | Sq.8at 14,974 6,652 3.5 27 400- | 42.90 1.79
13 Putat and Pertok S ' : o i
Extension -~ 4,264 10 1,40 11 9 ] 147 13.04 - 1 0.70-
TOTAL 113,265 | 134,969 [ 114.5 949 12578 | 698.15 | 29.34
Fig. 7




MULTIPURPOSE DAMS — BASIC .SPE.CI'FICATIO.NS ANb COSTS

Speéiﬁcations ‘Pabong Dam Jetram Panjang
Top Elévation of Structure, metres M.S. L. 69 75
Sf)ill_iﬂg Crest Level,'metres.M.S.L. ' 57 65
Maximum drawdown, ﬁletres 7 6
-Le_:ngthbf Crest, mctrc_zé. ; ‘.230 430
' M.a};inmm height of dam,: metres . _ 53 50
Hy_dro—elcctri;c Igenerati.ng' capac.ity,MW . 95 42
Average annual output, GWH : ' 1525 _ 230
Capital Cost, $ million.: | 289" 200
Agmﬁal Operating Cost, $ milliorf : 3' 2 '

*1. lriclud'mg associated capital cost of $69 million altributed to the Pergau-Galas development.

KELANTAN RIVER BUNDS — BASIC SPECIFICATIONS

Ndmi_nai bunded chansel capacity
Length of Buildéd chlahn_ek. ' _
. Total-crest length of ‘bundsl (both banks)

Average height of bunds:
Upsiream _Ko_ta_Bharu
© Downstream Kotz Bharu

Lzmd required
Capital cost’

. Annual maintenance elc.

10,000 m3/s

64 km
76 km

L5 m
40 m

215 ha
$ 46 million

$ 1 million

Fig. 8
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Fig. 11 A~ Kelantan Flood Forecasting
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Note:

 Mean rainfall in upper ‘catchiment — by .

arithmetic or thiessen method.

Rainfall — Run off conversion depen:ds on
wetness of catehment,

. .Storm duration ionger than 36 hours are

more d_ifficult to predict: High reliance on
stage h'yﬂrqgraph slopes is used.

Time lng is about 24 ~'36 hours dependiﬁg on
storm gentres.
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DISTRIBUTION OF LAND USE CATEGORIES IN THE
COASTAL REGION AND HINTERLAND OF KELANTAN

: Coastal Region Area . Hiﬁte.rland Area ’l‘otz;l Area
Land Use Category : .
(ha) %) (hay (%) (ha)
Agricultural Land Use . _
Mixed Horticulture 27.534.0 80.2 6,816.9. 19.8. 34,350.9
Rubber 53,221.6 41.1 76,381.8 58.9 129.603.4
Coconut 7,5449 . 985 118.0° 15 ©7,662.9
*Qil Palm 2,150.5 40.9 3,108.1 59.1 15,2586
" Orchards 1,012:1 97.3 - 280 2.7 1,040.1
 Padi 71,3566 949 3,869.6 5.1 75,226.2
Diversified Crops 1,401.9 61.8 8672 . 382 2269.1
Shifting Cultivation 0 0 1,157.9 100.0 1,157.9
Sub-total 1642216 640 92,3475 360 | 256.569.1
Other Land Use o _ _ o _ ‘ .
Urban | 24976 8LS 5683 . 185 3,065.9
Grassland 12,065.9 67.1 15,9207 32.9. 17,986.6
Forest _ 15,313.6 14 | 10890263 986 1,104,339.9
Scrub Forest - 13,3054 239 | 42380 5 761 55,6904
Swamp. 22,892.4 88.2 4,059.0 118 25,951:4
Unclassified | . 5,090.9 125 | 35,4984 87.5 | 40,5893
‘Sub-total 71,165.8 57, 1,1764577 943 ) 1,47,623.5
State Total . 2353874 156 1,268,805.2 84.4 1,504,192.6-
Fig. 15



'TUJUAN: o _
; ' . Papan amaran baujir ini membolehkan anda mengaitkan paras air di Kuala Krai
dengan paras air banjir dltemp':t anda. . .

0 Amaran ini membantu anda membmt persed1aan awal bagi mcnyelamatkdn hart'x

benda dan nyawa keluarga anda,
o] Siap sedia untuk pindah ke pusqt peimmdahan

(,ARA 'MENGGUNAKAN PAPAN AMARAN' BANJIR

Apabila pdras air di Kuala Krai meningkat ke 75 kakl tempat anda akan dinaiki
air hingga keparas kumng
- . Apabila paras air d1 Kuala Kral menmgkat ke 85 kaki tempat anda akan dinaiki
air hmgga keparas merah.

_ Apabila  paras air di Kua!a Krai meningkat ke 95 kaki tempat anda akm dinaiki

air hingga keparas coklat. :

Apablh paras ‘air di Kuala Klal mcmngkat ke 105 kaki tempat an(la akan dinaiki
air hingga keparas hitam.

Sila khat contoh papan amaran banjir.

KEQUOUKAN PAPAN AMARAN
) BANJIR DI KDTA_BHARU. . .
o _ DI KUALA. KRAI DI TEMPAT ANDA
J . :  75'kaki (23m.) n-@ A
e 85 kaki (26m.) . ==  E——
A 9Skaki (29M)  sewmd)  EECESERERS
105 kaki (32 m.)_f Tl RS
‘PERHATIAN
o Slld dengar pengumuman pengumuman dI
-radio mengenai para% air di Kuala Kral
3 ‘ o Tempat andd akan dinaiki air ke paras yang
iy _ dlsebutkﬂn dalam jangka masa berikut:- '
A © PETUNIOK . )
. S Kota Bharu . -12515Ja1n L ,
o e s - PasirMas: - 1013 jam | dari waktu
- B Eliived Kusial & Tanah = - bacaan
| ) - . Kobang Pass. Merah: 4— 7Tiam [ :paras air. .
N/ N A o Kuala Krai & o di Kuala Krai
/. , q ; : Wa.k:{r"Mck zmat.-. Guchil: 0 jam
8 - q: :i;uiu:’::ung_ ;
M 19. Kg. Pmw Geng.
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71 THHECSMLABRE ] — FESNE~0BREOERAR

‘Please subnnl and present your revised country report. and othels o1l l2tl1 Sept.,
which eontam fol]owmg matenals

1. Revised cot;ntr.y report ( fF‘fI} B VT RR BT )

2. The_intpreeston of field inspection in the Tone, ‘Ara basie,' The yodo, Neya basin and the
Tsuruini basin. .

The problem whlch rivers in Japan hold from these mspeetlons and present your ideas to
-solve them. S

3. Probiems when non-stluetuml measures to reduce flood damages may be introduced in
your eountry and ways of i 1mprovmg these problems. -

Items

e ) System of flood forecastmg and dlseemmahon of warnmg

(2) : Evacuatlon of endangeled 1nhab1tants

(3) _Flood proofmg, for building, mstallatlon or structure and buﬂdmg codes.

{4 Improvement of flood f}ghtmg Orgamzatlon '

(_5‘)' Flood detentlon structures in urban areas.
' (Gj Watershed management .

(N .Zonmg 1egulation land use regulatlon and comprehenswe basm development

.plan. s ' N _ .

{8) Ut:lwatlon of ﬂood I‘lSk map for ﬂood preventlon pl'm and basin development
SR plan :

(9). Flood insurance.

(10) . Others,

4. . The difference of river 'ut'ilization' and flood prevention measures between rivers in Japan
and in your country, and the reason of: the dlfference Your ideas cmd' reasons wﬁether
the’ treatment of rivers in your country in future mlght follow the Japanese one or not in_

e

detail.
5. Presentdtmn of non-structural measures conducted in your country Wthh may be useful
in ]apan ; ' ‘
6.  Others



7-2  Ignacia M. Ramos

| 1. IMPRESStON ON FIELD INSPECTION:'

TONFGAWA and ARA RIVER w1th thelr tributaties has the impottant role to meet
~the increase of human water demand as well as mumclpal industrial and agmcu]tuxai needs in

Tokyo Metropohian area and Saitama Prefectuxe

_ So as the structural measures done by the Mmlstly of Constructlon are §0 nnportant
Welrs levees retdrdmg pont, diversion channel watel gates and drainage pump where each of

operation of the structures are verified in an offlcc control systeim.
Field trip in Yodo & Neya Basin is so impressive for their Control Facilities of
hydrological 'gathering and hydrologicat. 0bsetvatfon by telemeter system; also thic radar raingage
‘system which momtors the movement of rainfall area in and outsmle the river b'iSlIl a.nd measurc

the rainfall distrlbutlon and area prec1p1tat10n

: Study/Tour 1n TSURUMI Rlvez Basm gave me an Iclea about pump dredgmg actm—:
_ tles usmg thc system of pump vessel and sludge dlscharge thru pipeline.
2.0 : NON STRUCTURAL MEASURES that may 111t10udce to reducc Flood Damages in. my
. Country and ways ofi 1mprovmg some problems: '
(1 ‘System:‘df 'Flood Forcastihg and‘ .D_isséminati'bn'of warning. -

In:the Ph_ﬂippines'we havéj three. ('3) class_ific_ﬁation of 'ﬂboa fOrcastinglaﬁd w'arn“ing:‘

a. Flood Cau’uon — resu:lents are calIed their attenhon to makc necessary prf:' L

paration for. the fiood
b,  Flood Warning — people must take measures against the flood.

C. ‘Flood Imformation - showmg the presc,nt condmon of flood and its estL—'

mated change 80 that measurcs can be taken agamst the ﬂood

* Public sfofm' signal issued by ' PAGASA were relayed' to_ all olffice d_f Ci'vil'Defer'lse_i
"Regional Centers which in turn disseminated the warning information c':'ontin‘ousl_y
thru the Regional Emergency Broadeasting System consisting of radio siations and
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(2)

(3)

TV network,

~Continuous  waming and issuance of precautionary measures were aired to reach

out to all communities in the path of typhoon especially the remotest and coastal
town of Central Luzon.

The Ci\fil Defense'.()peraﬁon' Center (CDOC) coordinated by Philippine Air Force
(PAF) use _he_licopters'fo conduct areal survey to give relief goods to calamity
areas. PNRC and MSSD use truck for transporting emergency assistance.

J APAN has.a good telemeter of forecasti.ng such as water level, .disclil‘ai.'ge and rain-

fall telemeter assomated with measuung facilities which are received by hydrolc)glcal
gathenng control office from hydrologlcal observation station.

Warnings are'disseminated by the p.e_Oplé thru microwave trgﬁémisgion, telephone, -
wireless telephone, cxclusive public telephone implemented by the Minist_r'y of
Censtruction. '

'.Evacuatior_l of Endangéred Inhabi.:tarits.

After the flood warnmg w1th a flood mformatlon stdtmg the ddndgerous ‘situation
the: people in flood ‘proné areas have to evacuate the;r piace and go’ to higher areas
to seek their safety mostlylm schools and big buildmgs '

Flood Proofing for Bui’ldiﬁg, Installation of Structures and Building Codes.

Flood proofing for buildings is one of “soft” _tcc'hnique's‘ counter measures for reduc-

ing flood“damagcs.

Usmg Pilotis: type for houses and factony and some ofﬁces steel water p1oof1ng

plate and check valve for dpdrtment wooden or steel water proofmg boards are

also done in our countly to prevent mundatlon

' installdtion of strut:ture must be in accordance With; buii_d:ing code. -

‘Building Codcs are establlshed to ensure that bu11dmgs and Gtructurec ach1eve the

least mnnmum Safety Standards No bulldmg should be built in a’ high rise ZONE.

_ Bridges, plpelmes and crossmgs should built to conform' the condition’ that they :
"'do not impede or cause an increase in flood ddmages at a certain pomt



)

(5)

(6)

(7

' I.mprovement of Flood Fighting Organization

For counteracting damage to embankment like overflowing, seepage, and scouring

[ have learned many practical things for leves protection work.

Bamboo dfiftiﬁg (kinagashi), straw-mat spréading (omote — mushiro — bari)

Flood Detntion Structures in Urban Areas,

Urbanization causes an increase in the volume of surface r'un'off and the drainage
efficiency ‘of the new landscape. To reduce the flood peak problem a certain a-
mount of detention storage were possible. ’

Roof top storage — storm rainfall can be stored on the roof of flat — topped build-

ings. - Temporary rainfall storage on the top of the roof can be attained by ‘placing
some device at the outlet drain of the roof which WJII delay the flow of water

through the outlet

‘Pdl‘kl!‘lg lot dctentlon pond — dsphalt or concrete paved parkmg iots can create

detentlon ponds, for storage of run- off for’ short perlod of 30 to 60 mmutes follow-

'1ng The dramage is prov;ded by plpes thru the base of asphalt dam. The stored
-storm water slowiy drams thru these outlet plpes Co : :

-PIayground and school yards can also be used as detention pond short time after
-the storm. '

Detention pond can be recreational purposes for fi_éhing and boating, -
Watershed Management

Commonly used in the Philippines as reforestration of denuded watershed, careful
road construction and planting of 'covei‘_crop to eroded and'exhﬁustcd 1anﬂ.

These measures are usually done by agrlcultural engmeers and other related concern

people
Zoning Regu[a'tions

Flood-prone arcas must be under zone regulations. Zone A as dangerous one about .

- 40% probability of being flooded every year. Zone B, C and D are those lands -
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having a small probability of flooding. No hospitals, schools, police stations and
telecommunication exchange or electrical digtribution centers should be located
in dny flood prone areas. No building cons_trut:tion' is allowed in high tisk zone.

&) Utilization of Flood Risk Map for Flood Prevention and Basin Dcveloﬁrﬁent.
Flood risk mapping helps to 1dcnt1fy highly vulnerable locdtions for. flood damages

Flood hazard area can be identified. The size of flood is usually expressed in dis-
charge rate, flood height or rainfall 1nten51ty

4, RIVER U.TILIZATIQ;N in the PHILIPPINES are agricultural, industrial and common
human water needs. Flood prevéntion structural measures are levees, dams, diversion channels.
Non-stiuctural countermeasures are flood forcasting, and flood proofing structures. .

In my oplmon -Japan ways’ “of river improvement is a very pattern for my Lountry
depenclmg upon the government budget and to the concern officials. b



7-3  Rungsan Sirayagon

1. Tone Ara basin, Yodo, Neya and “I'surumi basin are very good control facilities. For the
example warning system, flood control structural measure and flood detention process.

Characteristic of Rivers of JAPA_N and short stream length and steeper gfadieflt
so that the government of J APAN pays much money and patient to develop and conirol water
flow of the rivers., Out came of this investment is very good system for control facilities.

2. . Problems when non:structural mesures to reduce flood damages may be introduced in my

country and ways of improving those prb‘biems.

In Thalland the flood damage is not serious as in Japan because the dlfference of

'locat;on and lropography For the flood forecast system we selected the Pasak River to study.

A great exterit of flooding in the low lying are along the Pasak ijer"from Saraburi
to Ayuthaya has been regogm?ed Wthh caused especmHy severe damasres durmg the flood in - ‘
1978, The flow wluch 0ve1 topped the banks i in the upsteam reaches from Sarabun - mundated-=
the flat plam near the city. Theé cannals and embankments are’ assume to have some role {o

change the inundated flow dlrecnon and f160d prone pattern on the plam

Because of the water Stage c}'ﬁ_ the__ﬂqbd ‘plain‘ is nsually rise slowly to its maximum
level over several days, which pmVides'enough time to evacuate inhibitants and demostic animals.
From these problems, the folloWing detail are to be proposed-for im‘p:rovc.

Flood forecast is issued by the Weather Forecastmg Centre of Meteologmal Pepart-
ment usually 24 hours in advance base on field data from: ramfal]/water stage stations in the
middle and upper reaches of the basin. Generally '1 simple stage correldtlon method is currently

"employed for the flood forecastmg of river basin. Flood mformatmn is. communicated to the
commumty level by commercml telephone via provmmal or dlstnct ofﬁces in add1t10n to radio

‘broadcasting.

To: 1mprove forecastmg procedure should study the c,haractenstm of ralnfall in rela—
_tlon to the track of stroms. And 1mprove Qtage correlation method by mtroducmg rainfall data
into the model as a new parameter in’ addmon to the water stage data upsteam The observatlon
equ1pments and transmission data in the river basin should be modernized in oder to get'a 1e11able
informations. If it is necessary should be develop flood simulation model equipped with the
telemetric for the not work.



"For the large river basin should be dw1ded into ‘sub-basin and eaeh b'ism have to
select a speclftc model for forecasting,

Evacuation of endanger:e;d_ inhabitants "slto_tltd prepare w'heni the warning level is
reached by the fiood, evacuate the people and domestic animal to the higher place.

Utlhzatlon of flood risk map- for flood pleventlon plan and basin development_
is usefu] to determine good Iocanon for the people, because flood risk map helps to identify
highly vulnerable locations for flood damage"’ -

3. —  The river utitization of J APAN and THAILAND is not different. ‘For the example
tivers in JAPAN are useful fo agricuttural activities, domestic and industrial,. for
“generate Hydroelectric Power. In Thailand the utilization of river due to suppiy :
irrigation and water supply. FElectric hydro power- and na'ufig‘,ation= is the second

pr_iority .

e The difference' of location and tropography,‘so that the ﬂdo'd prevention:fneaeure
Cin Thaﬂand is not modernized as in JAPAN. Usually the water flow in the river
| ;basm is not so muc,h but only when there are heavy rainfall due to depressmn wh1ch ‘

.oceasmndlly passed through or active southwest monosoon ‘the ﬂood Wlll OCCur,

— Thalland may follows JAPAN for the treatment of river in future whether the
water demand or poputahon density are mcrease and respond to support -demand
erergy wh1011 wﬂl increase in the future

4. In Thalland ‘there is no other non-structrai measure in flooct preventlon other than by
.constructlon the hourses on height poles in flood proned area, ThlS is because the flood plam '
is very ldrge and flood depth is nromally shallow sm(.e ﬂood damages i mlmmum ‘the government
Pays little attentlon in other non—structuai measures.
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7-4  'Kangvan Deesuvan

i Impréssion on Field Inspection

‘Tone gawa & Are river with their tributaries has the importance to meet the increase
of human water demand as well as municipal, industrial and agric’ultural needs in Tokyo metro-
poliftan area. Weires, levees, retardmg pond, diversion channel water gate drmage pump where

each of operation of the structure are verified in offlce (,ontrol system.-

Field trip in Yodo & Neya Basin is as impressive for their control facilitics of hy-
" drological gathering and observation by telemeter system; also the radio raingage system system
which monitors the movement of rainfall area and out side the river basin.

_ _ Each basin has a master:pla'n which must be well :tllough of. Multiple high dams are
_ constructed at the upper reaches, some to generate hydro-electric power and others to reduce
flood . peak which along’ the rivers numerous mtakes are constructed for 1rr1gat10n and water
supply to optlmlbe the use of land along the river are utilized for recreatlon facilities and other _

‘social amemtles llke goif course, car parks and other game.

In Tsururm river baem gave me an ldea about pump dredmg a(,tlvmes usmg the

- system of pump vesscl and sludge discharge by these pipeline.

2-1 Flood Foreéa__sting Sf{stem

_ The: Thailand most river basin’ havc some form of flood forecastmg and warning.
Warnmg are, normaily dlssemmatlon through radic and television - broadcasts -Also on site,

Joud speakers on moblle vehicles are employed
22 Evac_iu_atior'; of Eﬁdangeréd Iﬁhabitaﬁts

‘I Thal]dlld in flood areas. Wa:ter level about 20 — 40_. cen.timetre. “The people

can stay the second ﬂoor
2-3  Flood Proo_fing for Buiiding
In Tha]ldnd in Flood area; the people normally built thier housus on elevahon

h1gher than the flood level either by constructing houses on poles, still or by raising the ground '
with earth flli, some house by raising existing or constructing new surrounding high walls around
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their houses to prevent flood water from entering and damaging their properties.
24 Fohnation of Flood Fighting Organization

In Tilalland formation of flood organization flghtmg organization witl not be of
much use or effectlve due to the following reasons;

a.  There are usually vast areas of rice field and low agricultureal land op one or both

sides along the rivers which can retain flood water in the event of dike breaks.

b.  Unlike in Japan not many people stay along dikes and since very few people lives
and . properties 'Will'be endangered in the event of dike breaks. The formation
of flood fighting orgainization will not be well riceived and effective.

2-5 . Flood Detention Structures in Urban Areas )

a’ Parking lot Detention Pond, there should be no problem in implementary this
measure of detention storage. The only problem can see is th_e cleaning up of the
‘mud and debris after the release of the detained water. ' ' :

b. " Detention Ponds. This m'easlzre_has Zah‘eady been employ:ed in T_halland. |
2-6. Watlershed'Managemént

In Thalland most watershed for lmportant rcservou dams have been gazetted as

' spec1al watershed area In another watelshed especially near. urban areas the. govemment unpose
cond1t1ons like constructmn of silt traps planting of" COVer Crops on exposed Iand as neccssary
compulsory requirements before any pmJect is approved for zmplementatmn '

27.. Zoning Regulation, Land Use Regoiatloh an_‘d':Comp;'ehensive'D'evelopemeht Plan

In Thalland flood loss is not S0 hlgh and flood depth is often less than 50 centi-
‘metre in most place. - It is already a pracnce that before any housing development or 1mportant
: pubhc buﬂdmg is to be eonstruc’ted the plan must first and p1ocessed by a group of relevant
government agen01es who will then assess it- bllltdblllty as preleqmmtes if necessary. Proposals
'to develop in hlghly flood nsk areas are normally rejected or if not very stiff condition will be
':mposed With such gover nment p1ocedure in practice it is felt zonmg and land use legulatlon _'

may not be nccessary.
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3-8 Utilization of Ilood Risk Map for Flood Prevention Plan and Complehenswe Basm
Dcvelopment Plan

Thc dramagc and 1mgat10n Depaitment in lhazland prepare ﬂood maps for the -
country '1huost every year. Flood risk maps should be prepared and be use for floed prevention
‘and basin development plan, - '

4, Difference of River Utilization and Flood Prevent:on Measures between }apdn and
Thailand '

i Generally is no differcnce between river Ut1l1zat10n in Japan and Thaﬂand In Japan
Flood plain are dense]y populated nght up to the: river banks hence rivers depnved of their
natural flood p]alns are forced to rise resulting in the construction of high embankments as a
means to prevent- flooding. * In Thailand houscs. are normaliy constructed on hlgh ground or:

' atuml levees, Soldom are h:lgh embankments (,onstrncted a ﬂood preventlon measure to protect

'oy hlgh enbdnkments unlike in J apan.

5. Non-Structural Measures

In Thailand the river normally long and it take a long time for flood water to come
down to the flood plam From experience the people will know of any imminent flood and
it’s magmtudc Also the flood plain are large and “consist mamly o; rice fields, Hence flood
usually oceur at shallow depth and food loss is minimum.

= Theré is no other_-non-structiiral' measure in flood loss pr_evéntioln'other than the
 inhabitant build their houses on poles well above the flood water. ' '
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