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1. INTRODUGTION

1-1. Purpose.ahﬂ Scobe of Works

~ The preseant study 1s the second fleld survey of a serles
of studies to be undertaken aiming at formulation of a master
plan for development of frrigated agriculture in the Greater
Mae Klong River Basin. The first survey (dry season) was con-
ducted during the period from December 1977 to March 1978, and
based on the vesults as brought about by the first survey,
this term of surveéy has been carried out mainly for grasping
the present conditions prevailing in the area in the wet season
on such aspects as agriculture, water resource utilization,
land use and fresh water fishery ete., and also for further
collection of data[infprmation required for plan formulation.
Another émphasis was placed on a preliminary project plan
formulation for on-farm dvelopment in the Mae Klong area for
which an earlier fmplementation.1s expected to realize a
higher return from the investment for the irrigation project
in the acea. S

It was on July 25, 1978 that discussions were held on
the modification of scope of works for the present master
plan study between the representatives from the Government
of Thailand and the Goverament of Japan. As the results,
it was mutually agreed upon with the conclusions that the
field survey works for the master plan study shall be completed
by the end of 1979 and the area covered by the study shall
include so called Stage ITI area located uppérstream of Stage I
and II and the drainage improvement project area at the south
of the Damnoen Saduak Canal. Accordingly, this term of field
survey was carried out for the gross acreage of 490,000 ha
including 24,000 ha of drainage improvement project area but
excluding the Stage III area.

The present report 1s the result of the said second
field survey for fact finding in the wet season and supple-
mental data collection with placing an emphasis on the pre-
liminary project plan formulation especlally for on-farm
development which shall be [inalized in the succeeding home
works in Japan.

1-2. Master Plan Study Team

- The study team as dispatched by the Japan International
Cooperation Agency consisting of fourteen (14) experes conducted
this term of fileld survey during a period from July 12 to
Oetober 15, 1978, )
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The Supervisory Committee as orgarnized by the Japanese
Government for the presént master plan study dispatched its
menmbers to Thailand for a period July 15 - 25 and October
5 - 14, 1978,

The menmbers of the Supervisory Committee and the Study
Tean for the master plan study are as shown in Table 1-1,

piring the field survey, a close cooperation and various
assistances were extended to the Study Team by Mr. Charin
Atthayodhin, Deputy Director General, RID, Mr. Chari Tulyanong,
Project Manager for the Greater Mae Klong Irrigation Project
and many others of the Thal countérparts and of the officials
in the project office in Kanchanaburl as listeéd in Table 1-2
in field trips, data collection and exchanging of opinions
and so on. The Fishery Department assigned Mr. Kasémsant
Chalayondeja to cooperate with the Fishery Expert of the
Study Team, and the Electricity Generating Authority of
Thailand (EGAT) extended kind cooperation in furnishing to
the Study Team with the various data/information on their
hydro-power development on the Khwae Yal and Khwae Nol River
basins. 3 ' -



Table 1-1, _ Supervisofy Committee and Study Team

Supervisory. Committee

| Name
Kézuya Nakamura
Takashi Tauchi
Hideaki Sugiura

Toshio Yamamoto
Saburo - Fukuoka

Study Tean
Name

- Tkuzo = Iwamoto
Osamu °~ Fukuda -
Kunlo . - Ohta
Hideo . Hiratsika
Yasuo Matsubara

- Haruo - Hiki
Motoo Okada
Ryolchi ' Kawasaki
Nario Kolwa

Yoshihive Takano
Yoshinori Fujimoto
Tetsuo Dokiya
Kiyoshi  Nemoto
Koki . . Nakanura

Designation

Member
~~do-~
__do"_
~~do--
~--do-~

Designation

Leader

Irrigation
Drainage/Flood Control
On-farm Development
Water Resources Development
Hydrology/Computor
Power Generation
Geology/Ground Water
Soil - : _
Agriculture

- Sugar Industry

Rural Development
Fishery
Agro-éconony
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FIRST FIELD SURVEY (Dry Season)

As afore-mentioned, the first fleld survey was conducted

during the period from December 1977 to March 1978, aiming
mainly at fact finding on agriculture, water resource utiliza-
" tion and land use etc. in the dry season and collection of
basic data/information for plan formulation. As the result,
the first Inteyim Report was prepared with the contents as

sumnarized as follows.

2-1. Brief Description on the First Survey Results

Survey and Mapping

For the master plan study, 1/50,000 topo-maps and
1/250,000 geographic maps as published by the Royal
Thai Survey {(RTS) shall be used as basic maps. For '
planning and detailed design on the development of the
Mae Klong area, 1/10,000 aera-photo maps (1l m contour
interval) and thematic maps with the same scale and
contour interval are presently being prepared by RID,
though they are available as of date only for the left
bank area, Stage II. Another maps available for the
master plan study are the 3/100,000 thematic maps with
1 @ contour interval which covers the whole Mae Klong
Project area, .,

Topography/Geological Feature

The ptoject'area is located at the westeva end part
of the Central Plain, Thailand and topographically can
be divided into the following four (4) features.

0ld Terrace

An 0ld terrace is found along the western boundary
line of the project area with elevations rangiog from
40 m to 60 m. Residual hills formed by bedrock are
existed in some places.

Residval Hill

Resldual hilis ave found on the o0ld terrace at the
western part of the project area as either a single
mountain or an ilsolated mountaln block. With smaller
seale, residual hills are formed here and thare in the
fan deposit area,



Fan Deposit

 This Is the fan-shaped part of the project area
which exteads from Kanchanaburi, as the rivet of the

fan, to downward to east and occupies almost a half

of the project area. The land slope is gentle in this
fan-shaped area and has the west-eéast mono-slope. The
area along the present river course is formed as a big
natural levee, : S

‘Alluvial Plain

Thié.is a part.of.the vast alluvial piain as formed

. by the Mae Xlong and Tha Chin Rivers and so forth,

Elevation of the northern part ranges from El. 2 to 4
meter ' and the one of the southern part from El. 1 to 2
meter, - being the semi-recent tidal flat and the vecent

-tidal: flat, respectively,

Ceologically, the in and around project area can also be

- divided into four (4) features as same with the topographical
features as mentloned above,

1

BearOCR: Bedrotk 1s exposed enly at a few places as
B .residual hills on the o0ld terrace located at
the western part of the project area.

Terrace deposits: This deposits forms the old terrace
S at the western part of the proiect
area. -

Fan deposits: This is méinly of river deposits by the
' Mae Klong river with partial marine
deposits,

Alluvial deposits: This is mainly of marine deposits
: and composed of sand, silt and
clay.

Soil

Though a number of surveys have been carried out on
the soil and land classification in the Mae Klong project
area by various agencies, the purpose of the surveys
¢onducted and accuracy obtained are rather different
each other lacking a uniformed standard of thefr content.



In 1962, the Ministry of Agriculture initiated a
preliminary soil suvrvey in the project area, in which
landform of the project area was made with 5 topographical
divisions. Major soil series and associatién in each
division were then confirmed: Topographical divisioning
as applied in this survey has been used for the various
surveys undertaken thereafter. In 1963-1964, a recon-
nailssance level soil map was prepared by RID for the
Stage IT area. A detalled reconnaissance soil survey
covering the southern part of the Central Plain was
carried out jointly by the lLand Developmént Department
and FAO/UNDP, but the 1/100,000 soll map prepared does
.not cover the whole Mae Klong Project avea, Further
later in 1977, a soil map covering almest all of the
project area was prepared as the result of the Mae Klong
Integrated Rural Development Program by three (3)
Universities of Kasetsart, Thammasat and Mahidol,

In this master plan study, therefore, additional
soil survey data on the surrounding parts are to be put .
on the soil maps as prepared by three (3) Universities
s0 as to cover the whole Mae Klong Project area.

Concerning with land classification, RID preépared
a map for Stage II area in 1968 and for Stage I in 1974,
Judging from the presently available soil suivey results,
the classification method by the Land Development DPepart-
ment seems to be in accordance with the one recommended
by USDA and FAC and the method of RID is in accordance
with the procedure recoémmended by U.S, Bureau of Recla-
“mation.

Hydrolegy

The climate in Thalland is classified into the
following four {4) seasons from the hydrological point
of view:

1) The south-west monsoon season (Rainy Season)
May - October

i1) The rétreating south-west monsoon season
(Transition Period)
October -~ November

i11) The porth-east monsoon season {Cold Season)
Rovember ~ February

iv) TtThe retreating north-eash monsoon season
{(Transition Period/hot Season)
March - May



'In the Mae Klong River Basin, there 15 a little

rainfall during thé period from November te March and
called as dry season.’

Based on the data (1962) furnished by RID, hydro-

'1ogica1 featurés ' in the Mae Klong River Basin are as
summarized below: -

1.
2,
3.
4.

1,
2.

Drainage Area

Total Drailnage Aréa © 27,660 59 Km :

Drainage Area of Khwae Noi ' 10,640
Drainage Area of Khwae Yai 14,810 "
Dfainage Area upstream Vajlralongkern 25,660 "
_ R1Vers
Total length of the Mae Klong _ 510 Km
River slope of the Mae Klong :
"~ Kanchanaburi - Tha Maka 1 :5,000
Tha Maka = = Gulf ' 1 7,250
" Precipitation
. Above Xanchanaburi 1,000-1,600 wm
Project area ' 900-1,200 mm
 Runoff
. Annual renoff at Vajiralongkorn Dam 12,900 mil.cu.m/s
Anitual peak flow at Vajiraloagkorn Dam 2,400 cu.m/s
. Maxlmum recorded flood (1953) ' 6,000  cu.n/s
100-year flood 7,000 cu.m/s
Avnual ‘mean flow ' 410 cu.m/s
Runoff yield 15.9 1/sec./sq.Km
Average wminimum dry season flow 50 cu.amfs

Extreme lowest flow - o 29 cuiw/s

Agriculture

Of the total cultivated land in the area, about 60%

is planted to rice, 30%Z to upland crops and 10% to veget-
ables and fruit treés. In paddy rice cultivation, breoad-
casting 1s more predominant sharfng 56% out of the total

aereage planted to rice., While transplanting of rice is

only for 37% in the wet season and 7% in the dry season.

Averaged yields are estimated at about 2.1 ton/ha,

2.4 ton/ha and 2.8 ton/ha, respectively.



Broadcasting rice is the most extensive rice cultiva-~
tion method being practised fn the low-land area wherve
fnundation Is comparatively deeper. For transplanting
rice in the wet season, local sensitive variety is used
fn a rather extensive cultivation method, while the non-
sensitive high-ylelding varieties ave planted in the dry
season transplanting rice. In case of dry season tran-
splanting rice, irrigation is practised by individual
farmer by using pumps from the neighboring river, canal
and swamp and transplanting is on March/April and har-
vesting 1s on June/July. .

. Sugarcane field is concentratedly located in the

Stage I upper part and the west part of the Stage 11
left bank, tetally cccupying about 120,000 ha., The
averaged sugarcane yield in Thailand is about 49 ton/ba,
while in the Mae Klong area, the averaged yield is a
little higher at 32 ton/ha. There are 17 sugarcane
factories in the project area and another one i{s under
construction. Actual capacity of 17 factorles is
116,477 tons canefday sharing about 60% of the total
capacity in the country., Under the International Sugar
Agreement, Thailland is allocated for 1.2 million tons
quota for export, but it was only 1,02 mi{llicn tans this
year due to the price descalation as caused by inter-
national over-production.

In the area, beans, corn and sweet potato etc. are
cultivated as upland crops. While in the flat low-land
areas, small polders are constructed and vegetables and
fruit trees are grown on high furrowed land in the polder
dikes, Farm management is so intensive using considerable
amount of fertilizer and insecticides/pesticides.

Irgigation

The Greater Mae Klong Irrigation Project is being
implementéd under the pashing into the Stage I and Stage 1L,
To date, the Vajiralongkorn Diversion Dam and {rrigation
systems for the Stage I area have been completed and
supplementary frrigation water in the wet season is
supplied for the area. As to the Stage II area, construc-—
tion works of the irrigation systems for the right bank
area is on-going and water supply is partially practised,
For the Stage II left bank area, design vworks are curreatly
baing undertaken. :



Acreages covered and major facilities under the
project ave as described below: :

.~ Unit: 1,000 ha -

§£§ges _ Qrg§§ area Irrigable area
Stage 1 © 1911 161.9
Stage II - 275.0 229.4

Total . . 466.1 _ - 391.3

. . Pdversion Dam : The Vajiralongkoxrn Diversion Dam is so

: designed that river water be checked up
to Ei. 22.0 meter and divert the maximum
discharge of 325.5 cu.m/s. The Dam is
equipped with 8 radial gates (w 12.5 m x
H 7.5 m) for the design flood discharge
of 3,100 cu.m/s with the flood water
level at El. 26.0 m.

Main irrigatiOn systems:

Canals - Eiscﬁargé Length Width Depth Slope
cu.mfs Km  m m
 Left main 245.0 91.0 28.0 4.0 1/6,000
Right 1R main 66.9 122,9  15.0 3.1 13/10,000
3.5 2.3 1/8,000

Right 2R main 13.6 72.0

Water requirement for each crop is éstimated based on
the Penman method. Paddy field percolation is estimated
at 1.0 mm/day in the dry season and 0.5 mm/day In the wet
geason as an average in the whole projeéct area. Irrigation
effictency 1s assumed at 757 at farm level and 80% for
conveyance, making the total at 60%. Canal capacity is
'determined by deducting effective rainfall from the peak
water requirvement for wet season paddy cropping. That is,

' a unit requirement of 0.75 1/s/ha i{s applied for canal

desigiing. For future development and expansion of dry
séason cropping, therefore, canal capacity will be the
eritlcal factor together with the avallability of stored
water source In the dry season because of no rainfall
expected.



Drainage
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k As to drainage in the project, the whole area can be
divided into four (4) parts.

Stage I Upper

Stage 1 Lower

Stage 11
Right Bank:

L]
.

-
.

Host of thls part is cemposed of fan
deposits as developed by thé Mae Klong

River and has a west~east géntle mono-

slope. In the area, drainage improve-
ment works to rehabilitate the natural
drains are belng undértaken, Among all,
5 dralns were formerly utilized for dual
purposes of irrigation and drainage
before the complétion of the Diversion
Dam. When the flood discharge of the
Mae Klong is happened, these drains are

- used to divert some of the flood to the

Nakhon Chai Si River. The area is
inundated when flood discharge of the
Mae Klong exceeds 2,500 cu.n/s 1eve1.

This part is an alluvial flat IOW“lahd
as formed by the Mae Kloéng and Tha Chin
Rivers. At the southern énd, the area
is bounded by the Damnoeén Saduak Canal.
The canal 1s used for drafaing out the
excess water from the upper area to the
Gulf of Thatland and for navigation and
also for irrigation water supply for
the neighboring areas wher neeéded. -

Whea high flood happened in the Mae Klong
River, the area is subject to seriodus
inundation, for which a rehabilitation
works to improve the drainage 1s under—

going.

In this area, hinter-low-land of the
natural levee along the Mae Klong River

functlons as a natural drainage. A part
‘of flood water as flowed down from the

vestern mountainous aréa inundates the
lower part of the aréa especially when
the Mae Klong River water level is high
with flood discharge. When flood water
in the Mae Klong River exceeds 3,100 cu.B;
the surplus water flows into this area
through the breacking dike located
upperstream right bank of the diversion
dam. Drainage improvement is currently
being undertaken by RID. :

!
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Stage 11 _ - ' .
. Left Bank: . A part of the discharge from the western
: : mountainous area flows down te the Song
Phi Nong River, but the vest flows down
from west to east crossing the avea and
down to the Nakhon Chal Si River. The
hinter-low-land of the natural levee
along the Nakhon Chai Si functions as
- a regulating pond and discharge the
excess water when the water level is
. lowerad down 1n the Nakhon Chai Si
River, :

: On farm development-

In the Hae Klong area, on*farm development in the

- mannetr of the Ditches and Dykes methed has been under-
taken for those areas where construction works for main
trrigation systems were completed such as the Stage I

. area and the upper part of the Stage II right bank.

,-As to the constraints on efficlent water use at on-farm
level, the followings can be pointed out .

a) " Insufficient head due to lower situated ditches
. b) . Improper layout of ditches

¢} Irregular ditch sectionf/lack of maintenance

'd) Insufficient ditch density

e) Lack of division facilities

Based on the data s0 far collected in the survey, the
ditch density is about 13-14 w/ha, though the densities
are 56 mfha in Sapphaya area and 37.5 mfha in Baromphart
area where on-fatm development has been completed. There
found 0&M roads constructed along main and lateral canals,
but there is not favm reoads at all to connect crop fields
with the 0&M roads. Main drainage system is being con-
structed for the Stage I area and the upper part of the
Stage II right bank, however, there is no inclusion of
terminal drain ditches to connect with the main systeus.
Construction of terminal draln facilitles is of urgent
necessity. )

In addition to the above, the following mentioned
difficultles are conffrmed for water distribution for
on-farm level upland field. Therefore, the utilization
of ircigation water remains at low level.
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a) Upland crop fields are generally situated at
higher elevation than paddy fields.

b} Undulating fields

¢) Incomplete draindge system

d) Different water use pattern in the paddy-upland
crop mixed area

e} Farmers' inexperience in upland crep lrrigation
practice.

In Thailand, on~farm developmént projects are imple-
mented in accordance with either the Dykes and Ditches
Act or the Agricultural Land Consolidation Act., From the
.technical aspect, both the so called intensive method and
extensive method are applied for. In planning a on-farm
development project, careful attention should be paid in
determining what method be applied through examining of
topographic condition, farming practice, land tenure,
fragmentation and economic feasibleness etc.

Some case studies on on-farm development method shall
be wade for a certain number of sample areas.

Rural Development

The total population in the project area is estimated
at about 1,180,000 and the agricultural population at
about 754,000 é&ﬁ%); The density is rather bigger at
154 pérsonsfky compared with the national average of
84 persons/km~. Mowever, the population growth rate
during the previous ten years estimated at 2.1% Is rather
smaller than the national average of ‘3.1%. Total house-
hold is about 183,000, asong which 61% is shaved by
farming families of 117,000 household. Averaged family
size is 6.4 persons and 3.9 persons are accounted for
farm man power,

Farmers' group so far organized in the area are as
follows: .

t Farmers' group under the Department of Agriculture
Extension

Farmers' group under the Department of Cooperatives
Promotion

t Farmers' group under BAAC

t  Sugarcane Growers' Association

: People's Irrigation Association

! Water User's Assocfation

"Wive's club
4 B club
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‘ Agriculture cooperatives are organized under the
supervision of the Department of Cooperatives Promotion.
At Changwad level, cooperatives federation is organized
“and operated for corvdination of each cooperatives. At
national level, the Agriculture Cooperation Federation
of Thailand {ACFT) and the Agriculture Cooperatives
League of Thailand are formed for further development of
cooperative business. ‘

 The Regional Office of the Department of Agriculture
Extension is established at Rat¢haburl and forms the
extension system with having such offices in each Chang-
wad and Amphoe, Services cover introducing of new
varieties, increased application of fertilizer and
pesticides and extension of improved cultivacion techniques
and so on. '

.éﬁ;iéultpfal'Bcéhomz

The major industry i{n the Mae Klong area is agriculture,
Econonle fndicators to show the present conditons of the
area can, thereforé, be répresented by such agricultural
aspects, ' : '

Oc¢cupations related to agriculture are the main
gccupation of the peoplé having accounted for 57% of the
total, Regionally, higher proportion is in the flat low-
~ land along the Nakhon Chai S1 River at 82% of agriculture
occupation. 'In general, rice farms ave predominant in the
area sharing 58% of the total followed by suparcane farms
by 14%. Buffale and cuttle mostly for drafting purpose
are raised only by 36% of total farms. 59% of farm house-
holds ralseé the poultry, but small in scale.

Including the landless farmers in the total farm
households, about 60% of fare ownership of thelr land. In
“case of excluding the landless farmers, the figure would
be 66% of owner farmers. Supposing 11% of the total farm
households 1is landless, it seems necessary to create
employment opportunity as much as possible in the rural
development program. '

In the area, as much as 63% of farm households were
indebted in 1973. Farmers tend to get loans more from
relatives {32%), merchants {18%) and neighbors (16%), and
less from cooperatives (10%) and farmers' groups (13%).
This suggests that strengthening of farmers' organization
and systemlzed credit supply are of vital importance.
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Somwe Important Issues in Plan Formulation

(As of the end of the First Fleld Survey)

Sugarcane Production

Sugarcane‘ptoductién in Thailand has beeén remarkably
fncreased in recént years, This holds specially true in
the Mae Klong area, as the Mae Klong area produces sugar-
cane almost a half of the tetal national production: In

© international market however, the sugar is suffering
from over‘ptoduction preblém, and under the ISA, sugar

export is under international contrel,

As this issue éOHCerning_with the supavcane production
in the Mae Klong area is ¢losely related with the develop-
ment plan formulation in the area, further exchange of
opinions and highly political coordination among agencies
concerned such as the MOAC and the Ministry of Industry
and g0 on shall be fully secured.

Coordinatiqn with Development Plan of EGAT :

The EGAT has conceived a pover géneration deveélopment

‘plan as the Khao Laem Project on the upperstream of the

Khwae Noi River, This plan has a cléseé relatfon with the
present Mae Klong IrrigatiOn Project, and therefore, further
compréehensive coordination with respects teo power, irriga-
tion, flood control and so on will be needed, With this.
concern,; full coordinatiou between RID and EGAT 1s of

 vital importance.

1/10,000 Topographic Map for s:agg 1 Area

1/10,000 topographic map with 1 m contour interval is

~ one of the most basic data in this master plan study. To
avail the said map for plan formulation of 6n-fara

development in the Stage I area, where wain frrigation
systems wereé completed, an early completion of mapping is
vitally needed,
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3. FINDINGS

3~1. 903taphy-an& Ge6logz

‘ During this term of field surVey, on emphasis was placed on
the topogtaphlclgeological features 1u the Khwae Noi River Basin,
as the same had been conducted for the project area in the first
field survey.- :

3-1-1. Topogrqphic Featufes on the Khwae'Noi Rivér Basin

" The Khwae Noi River as originated from the mountainous area
in the Thailand's western border with Burma (N 15°00' £ 92°50')
goes down south-east-ward and turns to north-east direction at
N 13 55' then meets with' the Khwae Yai River at Kanchanaburi. The
Mae Klong River (downstream Kanchanaburi) runs through the project.
area to south-east direction and empties into the Gulf of Thailand.

The upper—mbst_basln of the Khwae Noi River is in the area -
with on extremely high rainfall intensity, having developed major
branches of the Xhwae Noi 1in this area. While there found only a
few branches in the mid to down stream basins of the river having
such branches as Huai Pilok, Huai Mae Nam Nai, Huai Bong Ti and
Mae Nam Pachi .on the right bank.

The river. slope is quite steep at the uppérstream basin
before flowing into Songkhla Buri, ' After Thong Phu Phum, the
slope becomes more gentle and there found on both banks large-scale
river terrace deposits as formed fa diluvial and alluvial ages.
The present Khwae Noi River flows down through these deposits
with a considerable meandering,

While, except these river-side banks as mentioned above,
the Khwae Noi River Basin {s characterized as Karstic mouyntainous.
area with having a number of Karst terraces, Karst towers, sink
holes, and Karst springs, some of which are famous for tourists'
spots. Furthermore, to show such high Karstic nature of the Basin
from the topographical point of view, the existence of S0 called

1s pointed out.

3-1~2. Geological Featuves on the Khwae Noi River Basin

For the area located north of N 14’ and jeast of E 99 in the
Basin, a geological survey was conducted and /250,000 level
"géologleal maps were prepared by the Départment of Mineral Resources.
For the other part of the Basin, there have been some spot surveys
conducted by EGAT or RID on or around their planned dam sites.
Based on the said limited survey results and datafinformation as
furnished by the DMR engineers who are ¢oncerned with the geological
survey in the Basin, geologlcal features in the Basin can be briefly
deseribed as follows.
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Geologically, the Basin (Khwae Noi-MNae ¥iong) is composed
of Meso-palaeo zoic and/or Protero zoic hard bedrocks, tertiavy
soft sedimentary rocks and quarternary deposits which covers the
former two. Bedrocks include those palacozoic rocks such as
pre-cambrian, cambrian. Ordonisten, Denonion, Carboniferous and
permian and those granites as derived from Mesozole. These
hard rocks are found in north-west te south-west direction in
narrow slepe as some with the topographical feature of the Basin.

The tertiary sedimentary rocks are distributed over the

comparatively flat topography along several branches of the Khwae

Yai and Khwae Noi Rivers. The Quarternary deposits form large-scale
river terraces and the vast fan shaped avea in the Mae Klong Basin.
So far as the Khwae Noi River Basin Is concerned, the Permian lime
stone (Sai Yok L.S) is most predominant. Considering the Triassic
lime stone in the Basin, it can be sald that the Khwae Noi River
downstream Songkhla Buri flows down through these lime stone area,

3-1-3. Brief Description on Dam Sites so far Proposed

In the Khwae Noi River Basin, there have been a series of
investigations on proposed dam sites by RID and EGAT as the Basin
is favoured with an abundant water resources for development. ' These
proposed dam sites are from the downstream to upperstrean, Khao
Kwang, Ban Phu Toei, Ban Soi Yok, Khao Laem and Bi Khi on the
Khwae Noi main stream and Lam Pachi on the branch stream. Further
in accordance with the progress in the Khao Laem project planning
by EGAT, Kaeng Puan, Ban Nam Chon Yai and Bam Wang Hin sites
as substitute to and/ or as regulating reservoir for Khat¢ Laenm
are proposed for further investigation.

Cenerally in any proposed sites, foundations ave of lime stone,
and therefore, water leakage from the reservoir is considerrd to
be the serious bottle neek ln the implementation,

The followings are the summarized information on the results
of those investigatlons as conducted by agencies cancerned.

Khao ¥wang Dam Site

Investigations for this dam site have been conducted by RID
since 1962, From 1966 to 197Q. The Austroplan, ACEC carried out
topo-survey, test boring and test pit excavatfon. The conclusions
reached in these investigations were the blg risk of leakage through
the Karstic lime stone in case of high dam and the insuvificient
storage capacity for the irrigation project downstream in case
of low dam. As was the case, ne succeeding investigations has
been undertaken for this dam site.
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At Khao Kwang site specific river banks height of the Khwae
Noi are rather high, though the abutment on the right bank is
. lower than El. 85.0 m. It is necessary, therefore, to construct
a sub-dam with a considerable crest length on the right bank, in
casé the storage water level would be planned higher than
El. 80.0 ., At this site, the storage capacity is about
2,100 million cu.m with El. 80.0 water level and 6,600 million
with El. 100.0 m having the drainage area of 6,926 kmi,

Ban Phu Toei Dam Site

This dam site was proposed by both RID and EGAT. During the
- period 1968-1972, the site was investigated by EGAT assisted by
Japanese Experts. After this, EGAT investigated further on this
site under the Khwae Nol Hydro-electric Project with the assistance
by SMEC., In the second stage of this investigation, however, it
was concluded not worthwhile to continue the investigation at the
site, and the Khao Laem dam site was newly proposed. Reasons for
this switch were some objections raised by the local people
against the construction of huge sizeée reservoir and the geological
problems of secondary limestone as found at left abutment, The
proposed dam site, with the draipage area of 6.558 knd , had water
storage capaclties of 900 mf{llion cu.m, 4,000 niilion cu.m and
10,000 e@illion cu.m with the water level at El. 80.0 m, 100.0 m and
120.0 m, respectively.

Ban Sai Yok Dam Site

In 1972, EGAT proposed this dam site, howevér, no substantial
investigation has been made since then. As:the part of the present
master plan study, a sorvey on the river cross-section at the site
was conducted by RID in 1978. Under the Khao Laem Dam Project, a
site is propased for a regulating reservolr at further downstream
from Ban Sai Yok.

The topographi¢ condition prevailed at this site is
quite fari, since the Khwae Nol River crosses the Khao Wang Khoman-
Khao Ara wmountain range at this point. However, the crest length
increases to a great extent if the eléevation of crest excéeds
El. 90.0 m, as the slopes of both sides abutment become so gentle
above El. 90.0 m, Geologically, problems are in the faults
crossing the dam axis and in the water leakage from the long and
narrow ridge on the right bank. Reservolr capacity Ls about 600
million cu.m with water level of El. 80 m and about 7,500 million
cuo.m with El. 120,00 m.
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¥hao Laem Dam Site

This dam site was selected by EGAT/SMEC in 1973 and a
reservolr is planned to¢ be constructed under the Khao Laem
Project with the main purpose of hydro-power generation., The lef:
abutment is connected with the high cliff (specific height 1s
about 200 m.) and the right abutmeat is with the mountain block
of ¥l. 600.0 m high. Foundations are Ordovision sedimentary rocks
on the river bed and right abutment and ' lime stones are
on the left abutment. The mean annual inflow is 5,499 million
cu.m with the drainage area of 3,724 km2, According to the EGAT
plan, the reservoir capacity is about 7,500 miliion cu.m with the
designed water level of EL. 155.0 m. :

Bi Khi Dam Sife

This dam site as selected by EGAT In 1973 1s located at the
most upperstream of the Khwae Noi River Basin. There found some
advantages as a dam site because of 1ts bedrocks of non-calcareous
sedimentary rocks. However, storage efficiency 1s rather low due
to the steep topography. The mean annual i{nflow Is estimated at |
2,348 million cu.m with the drainage area of about 878 km2. Resery,

capacity is about 1,200 million cu.m with about 60 m of dam height.:

tam Pachl Dam Site

This dam site is on the Pachi River, the biggest branch of
the Khwae Noi River with the drainage basin of about 2,860 km?,
There is a yast arable land in the lower dbasin of the Pachi River
and there have been planad-to develope water resources of the Pachl
River. At the lower most Ban Klual area, a comparatively bigger
water stovage could be expected with having about 1,600 kn? of
drainage basin, but there is no proper dam site due to its flat
topography. While a danm site was selected by RID at the upper
most basin of Ban Suan Phuang and somé geological investigations
are undertaken, Though condit{ons are sulted to a dam site
. geologically and topographically, catchment area is limited and

resqrvoir capacity 1s also limited, _
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3-2.  Groundwater

It can be expected that a ¢onsiderable groundwater
resource is existed in the Mae Klong Project area. To grasp
the conditions prevailing and for preliminary fact finding on
groundwater in the area, field surveys have been conducted coupled
with the review on various datafreferences available.

The field Survey covered the whole project area and
mainly shallow wells were investigated with putting an emphasis
on the fact finding on the followings.

a) Distribution of wells
b) Groundwater table in wet season
¢} Groundwater utilization

The survey results as of date can be summarized as follows.

-Wells in the project area can be classified into three(3),
shallow well, deep well and the combined type of the former two.
Shallow wells are predominant in the area, The shallow well is of
grtes{an well with the size of 4 0.8 - 1.0 m in a round shape.
Deep wells are mostly deilled by the government agencies having
é 6 inches size and depth of 30 ~ 60 m. Recently, numher of
deep wells as constructed by private factories is fa increasing

“trend.  The combined type is installed with pump set, as deep
well was additionally drilled on the same locatlon of existed
shallow well, .

~pHstribution of shallow wells is considered to be closely
related with the.groundwater existence. In the project area, more
densities of shallow well distribution are found in those areas
along the Mae Klong River and in the north-west part of the
central project .area.  While there found no shailow wells
in the northern most western-part and the flat low-land of south-
east part, The former is because of no groundwater availabiliry
in the area, but the latter is attributed to abundant water source
other than groundwater,

-Generally, groundwater tables ave in a range from 2-3I m
under the ground surface, Among the surveyed wells of 320 in total,
about 50% showed that the table 1s in a raage of 1-4 'm under the
ground surface, The shallowest 1s of spring well and the deepest
revealed at 16 m under the ground surface,

~-Except the stage I area, where no contour map with I m
interval 1s available, the groundwater distribution fs as follows:



20

There are groundwater ridge extending frow Kanchanahuri
to the south and north- east directions.

The one extending to north—east runs along the old Mae
Klong River course and-branched off into two aftér Ban-Hua
Wang (Anphow Song Phi Nong). . :

~ The ridge extending to south overs south -e¢ast part of tha
"Mae Klong River up to Amphoe Photharam._

In the west-north part of the project area, there exists
a deep groundwater valley along Kanchanaburi- Suphanburi real!
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3-3-1. Sons 14, the PUect Area

. The westexa edge of the project area is formed by terrace
'deposits and down to east there is a fan shaped area with a gentle
slope as fofmed by the Mae Klong River. Those areas along the
Nakhon Chaf Si and Tha Chin Rivers ave of marine alluvial, and
further, the ‘sald areas can be divided Inte two with the boundary
1ine of Nakhon Chal S$i-Ratchaburi. The scuthern ‘part of the line
1s the flat low- land which is derived from the recent deposits.

The lower part of the flood area as developed by the Mae Klong River

‘.is a tidal flat.

" The project area can be classified into nlne (9) 1and forms

:',as shoﬂn 1n'Téb1e B~l.

With{n the project area, 50 of soll series, phase and
aseociation are confirmed. 1In terms of greater soil group,
§2% 1§ shared by alluvial soils, 37% by non-calcic brown soils,
10% by kow humic “grey d6ils, remaining of 1X by grey podzelc
soils, regosols, réndinas and gramusols. :

-3—3 2 Acid Sulphate 8011

S In east Malaiman area, there found a deVe10ped soils on
old marine and brackish water deposits COVering about 81,000 ha

- of 'laad. Thé major component thereof are acid sulphate soils.

Acdd sulphate solls are ‘distributed’all over thé central plain,
Thailand; but the said soils in the Mae Klong project area
modérately suitable for paddy cropping as compared with the one

in the tentral plain.. Acid sulphate sofls found in the project area
are, Lowever, poorly,, suitable to upiand crop cultivation, In
genetal. thege lands of acid sulphate soils are ueed f£ar wet season
broadcasting rice in the upper part of East Halaiman area and

for the dry season transplanting rice in the lower part. Partly,
however, there found some man-made ridges as prepared for only

2-3 years for wet season cropping. After 2-3 years, the ridges
shall be shifted to another land due to the btrong acidification
‘of ‘the 0011 ' .

Generally, it seems that paddy yields are vitally sffected
by so0il acidities, Yields are higher when pH of surface sofl is
nmore than 4.5 and the paddy fields are prepared with deceper water.
Ca content of the Mae Klong River water is quite high at 37.7 ppn
as compared with 19.8 ppm of the national average.

, It is cousidered, therefore, that the water quality is
favorably affecting to the acid sul phate soil in the project area.
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Acid sulphate soil can be improved through amelioration
of soil acidity by applying limes andfor through increased
phosphorus fertilizer application. As increased fertilizer
application might bring a burden for farm economy, anmelioration
of soil reactlon shall be further promoted. With this concern,
marl application to the acid sulphate soil as promoted by the
Land Development Department shall be further expanded. Other
than the above, there is a rather passive way to protect paddy
flelds from being acid by keeping the field in wet condition.
However, water togging may hamper smooth farming practices and
moreover, roots of rice plant may have demage by strong soil
reduction under the logged water and this poor actlivity of rice
roots influences adversely to a sound growth of tice plant.

when complete irrigation and drainage systems would be
provided under the Mae Klong Irvigation project, active leaching
¢an be made by using irrigation water and through applying liming
material such as marl and more phophorus fertilizer, rice
yields would be increased considerately. '

3-3-3. Natuvral Soil Fertility

A tentative evaluation was made on natural property of each
serles in the project area based on the chemical property such as
cation exchange capacity, base saturation, organic matter content,.
available phosphate and soil reaction etc. Fig. B~1 shows the ‘
natural fertility of each soll serles in case of paddy rice
cultivation. ' '

Natural feritlity is high In the soils of low terrace of
semi~recent alluvium mainly in Khamphaen Saen and Nakhon Phathon
areas and flood plains of recent alluvium in Tha Muang,Chainat
and Ratchaburi, and alos the recent marine, brackish water deposit
in Damncen Saduak and Saput Songkhram.

Acid sulphate soils in Sena and Rangsit were lower
eveluated due to its strong acidity, though the natural feritlity
itself is high"enough., Another lower evaluation was for soils
in Tha Chin and Samut Prakan because of its high saline content.

Soils of lLow natural fertility are found in the mountainous:
areas in the western part of the project area, namely Nakhoa Phana
Khao Yoi, Phak Tho and so on. : :

3-3-4, Land Clagsiffcation

A semi-detailed land classification was made by RID for
the Mae Klong Project area, and the results are as compiled in
each report. However, no classification has been made for a
limited paxrt (7,800 ha) in the project area and for the drainage
pro}ect area (24,500 ha)., For the former 7,800 ha area, a
field investigation was made during this field survey, and for the
latter, land classification was made In accordance with the soil
interpretation handbook for Yhailand, using the extsted soil
maps as base maps.
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The gross arable ladd arca in the Mae Klong project area
veveals at 438,200 ha, and the net cultivable area after deducting
acreages for roads and canals out of the gross avea is 391,300 ha

as shown in Table B-1 and B-2.

3—3—5. Drainage Ptoject Area

The drainage project area covers 24,500 ha of gross area.
The land form can be divided intdo a tidal flat and former
tidal flat with recent marine and brackish water deposits. 1In
terass of soil series, the Bangkok low phase soil and the
Damnoen Saduak soll shares 72% of the total, The Bangkok low
phase soil 1s very dark grey clay with poor drainage. The
natural fertility is moderately high and mainly utilized for
the wet season broadcasting rice cropping. Damnoen Saduak soil-
is an artificial soil suitable for upland cropping as developed
by ridging the banglen calcareous variant soil.

~ As the résult of land classification, except the Damncen
Saduak Soil, it can be said that in general the soils in the
area are move suited to paddy fields than upland field as negative
factors for upland fields such as floods, poor drainage and
salt iniuries are confirméd. Soils in Tha Chin, Samut Prakan
very saline phase were classified as non-arable because of
the high saline content. It was then estimated that the arable
area 1s 21,400 ha out of the groses area 24,500 ha, and the net
cultivable area is 19,300 ha.
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" 3-4. Meteorology, Hydrology and Watexr Resources
3-4-~1. ﬁptéoro}ogx

- The Mae Klong Project area is located at the western end
of the tvopical savanna climate zone in Thailand and this climate
can be divided into two climate seasons, dry season and wet seasg:
The upper stream area, which Is the water source of the project
area, belongs also to this climate. The climate with two seasons
is characterized by the two major wind systems of south-west mons:
and the north-east monsoon. The wet season is for a period from *
May to October and the dry seasen from November to April,

Meteorological stations in and around the pfoject area
are existed in the following six places.

Meteorological Station Data Period
Suphan Buri 1951 - 1975
Uthong : 1967 - 1978
Khanchanaburi .o 1951 - 1975
Khamphaeng Saen . 1973 - 1978
Don Muang 1951 - 1975
Bangkok : 1951 - 1975

The climate in Khamphaeng Saen is as shown in figure C-l.
‘Ralnfall

Rainfall in and around the pro}ect area 1s of so called
shower rain and passes from south to north direction with the
wonsoon wind and with smatler rain band mainly in afternoon to
evening time. Consecutive raining hours are in am order of
several hours even with the heavier rain.

Study on rainfall 1s based on the daily ratafall data
during the period of 1952-1974 as recorded in 56 stations in the
project area and 34 stations In the upper stream basln.

Annual rainfall

As shown in the Hyetograph of figure €~2, the annual
rainfall in the basin varies considerably depending on the
locality.

Pitok (upper most of Khwae Noi) 4,700 mm
Sangkhla Buri 2,000 mm
Kanchanaburi 1,100 om
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The mean annual rainfall in the project area 1s about
1,100 mm. As mentioned above, rainfall in the Mae Klong basin
1s extremely concentrated in the upper Khwae Noi basin. This
is the reason for the bigger runoff of the Khwae Noi than the
Khwae Yal though the catchment area is much bigger in the Khwae
Yai Rivet basin.

Rainfall pattera in the project area 1s characterized
by more rainfall in the coastal area and less in inland area.
The annual mean rainfall varles from the biggest of 1,300 mm
at Samut Sa Khon to the smallest of 800 mm in Phanom Thuan.
Based on the data of 21 selected station as indicated in figure
C-4, the annuval mean rainfalls in each block of the project
area wefe caleulated by the Thiessen methed as follows,

Annual Rainfall in Project Area

Extreme Annual Ralafall

_ Arnnual Mean : :

_ Block ‘Rainfall Maximum Minfnum

West Malafman _ 953 mm 1,342 mm 1953 664 mnm 1958
East Malaiman 1,050 1,440 1953 -7?1 1967
Stage I Upper: 1,116 1,351 195 727 1958
Stage 1 Lower 1,145 . 1,495 1966 802 1967
Upper Right Bank 1,089 1,274 - 1955 684 1967
Lower Right Bank 1,176 1,413 1956 853 1967
Drainage Area 1,184 1,808 1966 845 1967
Whole Project Atrea 1,080 1,323 1953 748 1967

. Note: computed with using data (1953-1973) at
21 representatlve stations

According to the bistorical annual rainfall as shown in
figure C-3, drought years in the project area are 1958 and 1967.

Monthly mean rainfall

Menthly mean rainfalis in major polnts are as shown in
table C-2 and figure C-5, As may be known in figure C-5, the
maximum monthly rainfall fn the upper XKhwae Noil basin is recorded
on July. 1In other basins and in the project area, the maxinum
monthly rainfalls are recorded on Septewber. In the project ares,
940 wem {B7% of annual rainfall) 1s {n wet season and 140 mm (13%
of annual rainfall) {s in dry season, where a big difference is
seen,
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Rainfall int'ensity

: Annual maximum one day to 10 day consecutive rainfalls
In the project area are as shown in the following tigure,
However, further study is necessary, ‘as there found a big
reglonal difference and even {a between the neighboring stations,
there is a considerable difference.
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rainfall as shown in the following figure, it can be confirmed
that one day rainfall occurs in October and 10 day consecutive
rainfall in September.
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Tropical cyclone

As stated in the paragraph for vainfall, those storms
vhich affect the Mae Klong River basin ifuclude the local storm
and tropical cyclones one from the eastern South China Sea via
Vietnam and the other frOm the, western Bay of Bengal via Burma.

Tropical cyclones can be classified into the. following
three types in accordance with its maximum wind ve10city (v)
near center._

 Depression. . - v 3 16.9 m/sec _
Troplecal storm ~16. ‘9-::\.'"i 32.5 m/sec
Typhobn - Af_; _ 32 S<v ‘

: Tropiéal cyclones reached to the Mae Klong River basin
ave mostly depressions as weakened alteady. ~There was no typhoon
affeeted the basin during the period from 1951 to 1975. Further,
there s little tropical c?clones from the Bay of Bengal as
* compared with the ttopical cyclones from the South China Sea.
According to the record 1t happened to be just once in May 1951,
as far asé the record available shows. In a perfod of 25 years
from 1951 to 1975, 26 tropical cyclones affected the basin with
. Ca frequéncy of once a year. Out of the total number, 12 cyclones

are happéned in the -month of 0ctober._. :
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3"4"‘2| ﬂydrolog!
Rivers

The Mae Klong River, water source for the project avea,
Song Phi Nong River along the northern project boundary and the
Nakhon Chaisi River running the eastern side are the three major
rivers in the Mae Klong basin,

Song Phi Nong River

This river collects the discharge from the mountainous
area located at the north-west of the project areéa and from the
flat low-land of the northern projéct area and runs through the
Song Phi Nong regulator and meets with the Nakhon Chalsi River.
Song Phi Nong Riveér is not considered as a water résouvrce for
development, since the basin belongs to comparatively dry area
"and the catchment aréa is small as same with the Lam Tapern River,
a branch of the Khwae Yal River,

' Nakhon Chaisi River

' This river is branched off from the Chao Phya River at
about 18 km upstream from Chai Nat, flows down along the eastern
boundary of the project area and empties into the Gulf of Thailani -
This river has different names In each province which the rlver
passes through, as Nakhamthao, Supan, Nakhon Chaisi and Tha Chin
from the upper to the down stream and the total river length is
about 307 km. Nakhon Chaisi River is controled by the Chai Nat
Dam under the supervision by RID and utilizéd for supplementary
water supply for the Lower Chao Phya Irrigation Project and also .
the river functions as a by-pass for draining excess water during
the high flooéd at the Chao Phya River. Presently, the water )
balance in the Chao Phya basin 1s rather tight and this river can:
not be considered as a water sourcée for the proilect area,

Mae Klong River

This river is the most importgnt river in the basin.
The catchment area is about 27,660 km™ excluding the lower strean:
flood plain. The river length downstream of Kanchanaburl is
about 130 km having two major branches of Khwae Yai and Khwae Noi:
Rivers which meet at Xanchanaburi, Thg mean annual runoff at :
the Vajiralongkorn Dam site {26,441 km") 1s about 12,200 millfon
cu.m, out of which 10,900 cu.m (89%) is discharged during 6 montks
period from June to November and for the remaining 6 months from :
December to May, the discharge fs only 1,300 cu.m (11%). As
showm in figure C-7, monthly mean runoff {s decveased to 50-40
cu,m/s in March - April, and it is concreased rapidly to a
bigger discharge and on August the maximum of 1,100 cu.m/s is
recorded. :
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Khwae Hol River

The Khwae Noi River has a catchment area of 10,640 km?.

As shown 1n figure C-2, there is a heavy fainfall area around
Pilok in the north-west part of the basin and the most of the
315 km river basin 1s geologically formed by limestone, This
river basin has the biggest water resource and discharges 7,200
million cu.m which is accounted for 59% of 12,200 million cu.m,
the annual total ronoff of the Mae Klong River. As it can be
confirmed that high floods in the Mae Klong River are mainly
caused by the discharge from the Khwae Noi River, control of
Khwae Noi River is vitally important for the flood conttol of
.the entire Mae Klong River basin.

Khwae Yai River

The Khwae Yail River has a catchment area of 14,810 km R
380 km in river length from Umphang to the confluence with
Khwae Noi River, and thé river slope is rather steeper at 1:2,000
than the Khwae Nol River. Construction for water resources
development in the Xhwae Yai River basin initiated in 1974,
and presently the Sri Nagarind Dam (total storagé capacity,
17,700 million cu.m) and the lower regulating dam at Ban Tha
Thung Na are under construction at about 90 km upstream and
about 28 km down stream from the Sri Nagarind, respectively.
The Sri Nagarind Dam started storage in 1977 and the No. 1
unit is scheduled to be inaugurated In January 1979. For Ban
Tha Thung Na Dam, the scheduled completion is in 1982,

As shown in figure C-2, the annual rainfall in the Khwae
Yai basin is eéxtremely smaller than that 1n the Khwae Noi basin,
and espectally, the Lam Tapern river basin is the area with the
least rainfall in the entire basin.

Annual specific discharge of the Khwae Yai River is
small at 386 mm at Wang Masang (K20) point. This 1s less than
a half as compared-with the specific discharge of the Khwae Noi
River. The Lam Tapern River shows the smallest figure of 96 mm
in the Mae Klong River basin at Ban Wang Yai (K27).

Monthly and annual mean discharge

As shown in table C-3 and figure C-7, the mean maximum
discharge of each river is oceyred in August, September and
August for the Mae Klong River, the Khwae Yai River and the
Khwae Noi River, respectively. These occurrences of maximum
discharge are coincided with the rainfall pattern in each river
basin as shown in figure C-5, Pischarge 1s not increased in
May when rainfall started but increased suddenly in June with
one wonth time lag. This Indicates that the rainfalls in the
beginning of wet season are mostly consumed for supplementing
5011 moisture,
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Historical fluctuatien of annual discharge amount is

. as shown In figure C-8, in which it is knoéwn that 1954 and 1960
are drough years after 1950, In 1958 and 1967 when the project
area had deought year, annual discharge amount showed average
figures, for the drought year in upper stream and IOwer stream -
basin is seemed not - coincided Sl Y

“Annual discharge amount s closély related with the -
highest floed discharge (figure G- 9) in the year. This fndicates
that the flood is the most rich in view of the water resOurces :
though it brings about damages in the lower stréam area. '
Floods

As shown in figure G-9, floods in the Mae Klong River.

._ occurs in a period from August to October. When flood discharge

‘exceeds 2,500 cu.mfs, it causes overvbank flow at the lower
stream of the Vajiralongkorn Diversfon Dam and seriousiy damages
the area.  High floods with the discharge more than 2,500 cu.m/s
occurred 15 times during 38 years-from 1932 to 1976, In the
recent years, such high floods happened 'in 1972 and 1974, .
Extremely high floods happened in the’ years as follows.

© Extreme high flood

Order ’ C Year - 1- day Maximum discharge
1 26 Aug. 1953 _ 6 000; 7 ems
2 28 Aug. 1961 . - L 4,330 .
3 22 Sep, 1962 . . o 3,'849
4 21 Aug. 1974 .. 3,561
5 4 Oct. 1959 . B 3,065
6

19 Jul. 1972 : 2,939
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'_3“&ﬂ3~ Water Resourcés

The relation of water resource developments and water
demands in the Mae Klong River Basin has a network as shown in
the following figure:

.Hater Resource Devélbﬁmént

- Srlnagarind Dam (Khwae Yai River)
' under construction, scheduled to be completed by
o Jan. 1379,
.'-jsan Tha Thung Na Dam (Khwae Yai River)
L under construction _scheduled to be completed by
: ‘ 1982. -
L Khao Laém Dam
B ' proposed planned to be completed by 1934.

" 1rrigation

Greater Mae Klong Irrigation Project, Stage I and Stage II
under developing.

Lam Pachee Irrigation Project and Ban Khao Irrigation Project
. under consideration at Stage III -

Lam Tapern Irrigation Praoject

: under conslderation

Drainage Area
' under consideration

l

i

Domestic Use

~ Releage water to Mae Klong River for démestic and
induserial use, and-for prevénting polluation and salt
Hatrusion. .
~ HWater regquirement to Bangkok Metropolitan Water Works
uvhder consideration,
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The project studies which are related to the water budget
‘{n the Mae Klong River Basin have been conducted with the folloving
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Present Status of Water Reégyrces Development

Water resources development projects in the Mae Klong River
Basin have been progressed as indicated below, and the locations
and profiles of each project are as showu in figure C-6 and figure
C-10, respectively.

Hﬁ;er Resources Development Project

River Construction Administration'andi

Vajiralongkorn Diversion Dam Mae Klong. 1964 - 1968 . RID Irrigation |
Srinagarind Dam Khwae Yai wunder construction - .EGAT M’ultipurpci
| . 1974 ~ Jan. 1979 ]
Ban Tha Thung N4 Dam Khwae Yai under constructidn EGAT Regulatqu§
: | | 1977 - 1982 E | P

Khao Laem Dam - ' Khwae Noi proposed : EGAT Multlpurmii
_ o ' - ~ 1984 . - 3

Kaeng Puan or Khao Kwang Khwae Noi proposed .. 1 .Regulatimk:

D i . 'z:
versioa¥?

Other than the above, considerable numbér of dam projects
have been proposed. Those proposed dams arc mostly. located in the
upper stream area of the Khwae Yal River., Development of upper
stream area of the XKhwae Yai River has been mostly attained
by constructing the Sri Nagarind dam, as the dam covers about 90%
of 12,310 kmz, the total catchment area of the Khwae Yai River
except the Lam Tapern River Basin, and further development of the
Basin other than power generation prupose seems not attractive.

Sri Nagarind D@

The Sri Nagarind dam is presently under coanstruction and
the operation inauguration for No. 1 unit is scheduled on Jauuvary
1979. With the release water by the dam, irrigation water will
be available for the dovwn stream area in dry season. General
description of the dam is as follows:

Catchment area : 10,880 sq. km. .

Annual inflow 4,600 menm
Maximum probable flood 6,000 cms
Maximum flood _ _ 2,450 cms (20 Sep. 1962
at Kang Rieng)
Reservoir
~ Storage Level '
Maximum Water Level _ MSL 182.4 m
Full Supply Level MSEL 180.0 m
Low Water Level MSL 158.0 m
Top of reactive . MSL 153.0 m
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Storage Capacity

Maximum Water Level 19,200 mem*
Full Supply Level - 17,745 mem
Low Water Level : 10,225 mcm
Top of Inactive 8,700 mcm%

Installed Capacity

Initial Stage _ : 360 mw (120mw X 3 unit)
Ultimate Stage - . : 720 . ww (Initial Stage + 180mw X 2)

“Turbine (for initial stage)

Rated head - 105 n {at MSL 165 m) *
Rated discharge : , 135 cmsfunit (405%ms = 135 X 3)*
Rated output 126 ww/unic (360me = 120 X 3) *
Maximum output _ 135 mw/unit{MSL 176 180 m) *

" Note: % 'in the report
"Benefit Derivation of Khao-Laem Project, Appendix I"
DeC. 1977 EGAT

Ban_Tha Tung Na Dan

" As the regulating dam for the Sri Nagarind dam, construction
works for this dam was started in 1977 and scheduled to be completed
in 1982, : ,

With the completion of this regulating dam, the peak flow
of 405 cu.nmfs (135 cu.mfs x 3 unit) by power generation at
Srinagarind station can be regulated and the maximum flow of 290
cu.mfs can be constantly discharged to down stream.

General description of this regulating dam is as follows:

Geneéral DescripEiOn of Ban Tha Tung Na Dam

Catchment area 11,628 sq. km
Annual Iaflow 4,487 mém
Maximum probabie flood 3,000 cms
"Regeyvoly

Full Supply Level . MSL 59.7 m

Low Water Level MSL 55.5 m

Total storage capacity(PSL) 56.3 mcm

"Effective storage capacity 27.1 mem
Installed Capacity 37 ow
Turbine

Number of units 2 units

Rated head 15.10 o

Rated discharge 145 cmsfunitc {290¢ms = 145 % 2)

Rated Output 19 mw
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¥hao Laen Dam : _ .

Project study on this dam is being undertaken by EGAT
as the most promising storage dam on the Khwae Noi River, It~
was in June 1976 the feasibility study for this project was completed
by EGAT/SMEC. After that, the EGAT studied a combined operation
schere of the Khao Laen dam with the Sri Nagariad daem so as to
coordinate with the water demand in the lower stream area, and
the study results were reported on December, 1977.

Previous studics on development scheme of the Khwae Noi . -
River are as follows: :

. Development scheme of Khwae Noi River

Ce

_ Dqg_g__w; Investigation .
Bi Khi dam ECAT ,as uppeér storage dam of Ban Phu Toel.1968-76
Khao Laem dam "EGAT{SMEC) ,as storage dam., Nov. 1973 - Jun. 1976

Ban Wang Bin dam EGAT(SMEC),as altanative dam site of KhaoLaem.Jun.1976
Kaeng Puan dam EGAT{SMEC) ,as storage dam sifted from Ban PhuTcel.Nov,1974
Ban Phu Toei dam EGAT{(Japanese expérts and SMEC),as storage dam 1968-70, ?2~ﬂ
Khao Kwang dam- RlD, as storage Dam. 1962- 68

The results obtained in the abovc surveys and studies on-
the proposed dam sites are as summarized below.

Dam . - o . Conclusion

Bi Xhi dam .~ -Less efficiency than Khao Laem dam to flood control.
~Further study will be worthy te be undertaken when
storage water level of Khao Laenm shall be 1ower
than MSL 130 m.
-Combined operation with Khao Laem will be economically
unfavorable than the iudependent operation by Khao Laem.

Khao Laem dam  -Considered to be most sultable dam site as storage dam.

Ban Wan Hin dam . -Priority 1s less than Khao Laem dam due to unfavourable
: : topography,

Kaeng Puan dan -Water level 1in dry season shall be lower than MSL 60m
so as not to submerge the Ban Sai Yok water fall,
_However, this dam site 1s worthy to be further studied
for the lower vregulating dam of the Khao Laem dan.

Ban Phu Toei dam -Unfavourable due td extensive caves of limestone,

Khao Kwang dam  -Not suitable as storagé dam but it should be studied
as diversion dam to Ban Khao and Lam Pachee frrigation
prcjccts

.General disbription on the Khao lLaem dam is as follows;
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General Déscription of Khao Laem Dam

 Catchment avea 3,724 sq.km

‘Annual {aflow = 5,260 wim
Maximum probalbe flood 7,100 coms
Maximum flood - 3,590 cas(Aug. 1974 at Ban Phu Toel)

. Regervolir

Stbrage Level

Maximum Water Level '  MSL 160.4 m
Full Supply Level . MSL 155.,0 m
Top of Inactive MSL 135.0m
Stbrage Capacity ._ '
Maximum Water Level 9,500 mem
Full Supply Level ‘ 7,450 mem
Minimum (Top of Inactive) 2,650 mem
‘Installed Capacity 290 mw(t45mw x 2 units)
Turbine ' :
© Rated head - 61 m(at MSL 150 m) S
. Rated discharge _ . 251.7 cms/unit(503.4 = 251.7 x 2 units)%
Rated Qutput - 130mw/unit (260 = 130 x 2 units) *
Maximum Qutpul " . l45Smwfunit (at MSL 155m)

Notet #* {n the report'Benefit Derivation of Khao Laem Project,
: ~ Appendix 1"
Dec. 1977 EGAT

Water Budget Study

Following the devalopment of the Sri Nagarind dam and
the Khao Laem dam, studfes on the water demands in the 10war stream
aveas have bean progressed as follows:

Srinagarind Dam

~Year-round irrigation water supply for the Stagel and II
- areas of the Greater Mae Klong Irrigation Project based
on the KACO Report in 1974,

50 cu.m/s of water release for the down stream area as
the countermeasures to the public pollution and salinity
y problems.

Khao Laem Dam (SMEC feport 1876)

~Additional {rrigatfon water supply to those areas which
were not. included as frrigable areca under the Greater
Mae Klong Irrigation Project and the irrigable flooded
area .
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~Irrigation ior.the drainage project area,
-Water supply to Bangkék MettOpolitan Water,Wbrké Aufhority
~Study on irrigation for the Ban Khao and Lan Pachee areas,
Stage II1 and upper stream Khao Laem area. However, those

| areas are not included as 1rrigation project due to lack
Y of data.

Further study by EGAT (Dec. 1977)

" -Non-commandable area in the Greater Mae Klong Irrigation
Project shall not be included in the irrigation axea.

~Released water (constant) shall be Increased to 70 cu.mfs

- Changes of irrigated area in tﬁe”above studies are as shown

below.
Srinagarind Dam Srinagarind Dam +‘khao Laem Bam
only, . - _
1LACO SMEL _ EGAT
1974 1976 : 1977
| Wet pry Wet Dry Wet Dry
Net Irrigated Avea 245 o225 2 285 292 o
Non Commandable 39 . 9 39
Flooded Area 77 ' 30 . .- 30
Outside Irrigation 27 27 S 27 o
Cultivated Area 388 - 388 388
Prainage Area R 33 27 33 )

Total Irvigated Areca 245 © 225 355 312 325 299

Imgprtapt Eoints and measures

In the present study, the land use plan for the Greater
Mae Kleng Irrigation Project will be further modified and the
possiblity of irrigation water supply for the Lam Pachee, Ban
Khao and lam Tapern areas 15 to be examined )

Accordingly, the following c0nsiderations shall be taken
into account” in water resources ptan,
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~ Possibility to Increase the dry season fiow of the
Mae Klong River _

Intensified land use through on—farm development
and Increase ixrigated area can be expected. Yor this,
poseible shift of wet season release by EGAT to dry
geagon release shall be realized. Full coordination
with the operation plan for power generation shall be
secured.

~ Yearly fluctuation of irrigation water requirement

o As stated in the section for Hydrology, rainfall
famount in wet season fluctuates considerably, resulting
in a considerable fluctuation of irrigation water
requirenent yeéar by year., PFurther study is sneeded to
clearify what effect will be given to the dam operation
‘which is programed based on the water requirement in’
the average year.

~ Necessity of water supply to Bangkok Metropoiitan Hater
Works Authority.

~ Examination of water release for the downstream areéa.
~ HWater resources for the upperstream irrigation project.

Upperstream 1vrigated areas are located . at the
elevation of ¥SL 30-80 m, higher than the river water
levels of Khwae Yat and Khwae Nol Rivers.

As independent water resources, there remain the
Lain Pachee and Lam Tapern River Basins., HRowever, the
water resource is only sufficient for wet season croppiug
and besides, there found no suwitable dam sites in the
basin.
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3-5. Irxigation
3—541._ Development ptojects in the basin )

The Greater Mae Kleng IrrigatiOn Project was 1n1tiated
in 1962 by the RID and the developrent plan for about 420,000 ha
of project area was formulated. A preliminary design was made
‘at that time for the Stage 1 area and irrigation operation was
inaugurated in 1974 for the Stage 1 area. Further in 1968, RIp
conducted the second feasibility study on the Mae Klong area,
where development plan for the Stage Il area was completed
together with revision of the original pilan for the Stage 1 area,
In the second feasibility study, a emphasis was placed not onty
for the supplementary water supply in wet season but also for
the irrigation water supply for the area in dry season. To cope
with the requirement for water resources, construction of Wang
Masang Dam on the Khwae Yai River was proposéd in this second
feasibility plan., However, this dam construction plan was sub-
stituted by the Sri Wagarind Dam as proposéd by the EGAT and the
construction work is presently undertaken, In accordancé with
the report prepared by EGAT, No. 1 - No. 3 generators of the
Sri Nagariand Hydropower station are to be inaugurated for
operation during the pexiod of 1979 - 1980, Another construction
is going on for the régulating reservoir at sotie 25 km downstrean
from the Sri Nagarind Dam, and the scheduled completion is on
August, 1982. Released water from the Sri Nagarind Dam,
therefore, can be utilized for dry season irrigation for
_-downstream areéas after August,’ 1982.

. Length and capacity of the main irrigation canal facili-
ties in the project area ate as follows.

i— Left Feed Canal L=3.0 km Qmax.='245 mjféec‘

LEFT BANK |— Left Main Canal L=62,3 km Qmax = 117.7 u3fsec
1L (Sub-Main Canal) L=74.0 km Qmax = 16.8 w>/sec

—— 2L (Sub-Mafn Canal) L=68.0 km Qmax = 110.5 m3/sec '

... . ..1— 1R Canal (Main) L=123 ku Qmax'é 66.9 m3/seq
RIG bk '

2R Canal (Main) L= 72 km Quax = 13.6 mafsec

TOYAL 325.5 no/sec
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B o

3*542.' Hork accomglishment in the on- oin rolect

"The acéomplishments in main canal construction vnder the
on~ going project by 1977 are: as follows."

| *inm AR'EA - cmAL LENGTH (PLAN) CANAL LENGTH (COMPLETED)
Stage I 532,500 m 532,500 m (1001)
Stage 11 Right Bank . 533,800 364,600  ( 68X)
~ Stage II Left Bank 550,000 21,500 ( 4%)
Total 1,616,300 m 918,600 m ( 57%)

Accomplishments are, thérefore, 57% and 53% in terms of
‘canal length completed and irrigation command avea, vespectively.
According to the program by RID, all the programmed works are
scheduled to be completed by 1986.

3-5-3. Irrigation facilities'

Capacity bf Canal

The unit water requiremént as applied in designing of
" Canal Capacity is 0.75 1/sec/ha at each diversion site. The

 ‘samé unit water requirement is applied for paddy fields and

‘upland fields; pravided that a different unit water requirement
is uséd for the Stage II Left Bank area,

0.75 llsec/ha is the unit water reduireﬁent for the
paddy cropping {n wet season in the Stage I area where effective
rainfall is fully taken into account.

Main Cagal g

_ Though operation is being done in favorable condition
with a satisfactory flew capacity, water intake becomes difficult
due to the limited number of check gates when discharge is not
sufficient and water level gets lower. The loss of head is
considered to be larger because of the limited cross-sectional
area of gates, In general, the designed vater level seens to
‘be a ldttle lowér than thée requirement.

Laterai Canal

Operation of the lateral canals is carried out in a good
condition as same with the maln ¢anals. Diversion is made by
gate operaticn from main canal to lateral canal and frem laterxal
- canal to sub- latetal canal, and the loss of head is considerable
.because of the 1imited cross section of the gate and unnecessary
drop structures.
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Presently, diverted discharge is measured by staftf
gages Installed one each at upstream and downstream of the
diversion facility. Measurement is practised five (5) times
a day from 6:00 AM to 1:00 PM. Check structures are provided
as same with main canals, however, the number is not enough
and water levels fluctuate according to the discharge amount .

Diversion to farm ditch

Concrete pipe is used for diverting water to farm ditch
and adjustment of flow volume is made by wood board and steel
board installed uppersiream side and downstream side, respec-
tively. Operation and maintenance for this diversion facility
is not satisfactory undertaken. When water is diverted directly
from a big lateral canal, there found some diversion facilities

which can not be effectively functioned due to the lowered
_water level in the lateral. {especially SL) ‘

3-5-4. JXrripation Conditions

Irrigation in lower area

In the low-land area of the Stage I area, where no
irrigation facilities are existed, flood irrigation fs practised
by utilizing the water in the dralnage canals. The depth of
flooding water rveaches at 0.5 - 1. 0 m in some places in wet
season, '

Irrigation for sugarcane field

Mostly the sugarcane cultivation In the area i{s of
rainfed farming, and irrigation water supply is praceised only
in a limited area, especially when plantiag and ratooning are
done. Small pumps are used for supplying water to the fleld

from farm ditches, borrow pits and drains,

- Fruit trees and vegetables

In the flat low-laand in the Stage I area, c0n31derable
~horticulture area is existed in the small scale polder dikes
where irrigation water is supplied from the neighboring drainage
canals,

Non-irrigable areas with the present facilities

Based on the hearings from the RID O&M offices and
checking in the field {nvestigatiéns, non- irrigable areas can
" be classified into two (2). One is those located at higher

' elevation than the désigned water intake level in the original

plan (casé A). The other is those areas not equipped with
required farm ditches for irrigation water distribution (case B).
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Al

Estimated non~irrigablé areas as classified as mentioned above
are as followus,

Case A Gase B Total

Stage I : 16,000 ha .~ 14,700 ha 30,700 ha
Stage I . 3,000 ha 2,000 ha 5,000 ha
Total - 19,000 ha 16,700 ha 35,700 ha

_ - Por the case B areas, the difficulties can be solved
-through the on-farm development in future; but for casé A areas,
some other countermeasures are required. :

3-5-5, Irrigation water from drainage canals

For the area as provided with irrigation facilities
irrigation water is diverted from the Vajiralongkorn Dam. On
_the Stage I area along the Mae Klong River, there existed some
0ld intake facllities. These intakes are connected with the
drainage canals in the project areéa and function not only for
flood control of the Mae Klong River but also for water supply
for the lower part. The Nakhan Chaisi River is also utilized
for irrigation water supply for the areas along the rviver,
Especially in the East Malaiman area where irrigation canal
facilities are not constructed, water from the Nakhon Chaisi
River is utilized both for wet season and dry season croppings.
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3-6. Drainage/Flood Control
3-6-1. SGeneral

The arca surveyed during this term of field survey
includes the Greater Mae Klong Lrrigation Project area and
the so called drainage project area located southern part
of the Project area, The gross project area of 466,100 ha
is composed of the Stage I area (191,100 ha) and the Stage I1
area (275,000 ha} in accordance with the project phasing.
The drainage project area (24,500 ha) 1s located at the south
of the Damnoen Saduak Canal, the southern boundary line of
the project area and for this area no supply of irrigation
water is planned,

Stage 1 area

The Stage 1 area can be divlded into the upper part
(127,800 ha) and the lower part (63,300 ha). Outof the net
cultivated area (106,800 ha) in the upper part, about 60 %
is planted ro rice and broadcasting rice shares about a half
area. FElevations of the flat alluvial plains in the lower
part of the Mae Klong fan deposits are in the range from El.1
to 4 meter, out of which the atrea tower thanEl. 3 m occupies
31,500 ha area (25% of the upper part). This part is not
affected by the runoff from the nelighboring areas, but flood
water from the Mae Klong River inundate the area, being the
constraint for further agricultural development In the area,

Topography of the lewer part is of alluvial flat low-
land and the elevation is lower than El. 2 m. The area lower
than El. | m occuples some 35% of the lower part area. Out
of the net cultivated avea of 55,100 ha, 73% {s planted to
rice and broadcasting is applied for 32,500 ha area (80% of
paddy field). The land use 1n this part is remarkably charac-
terized by the horticulture for fruit trees and vegetables on
the man-made ridges in the small-scale pelder dikes along the
Damnoen Saduak Canal. The Stage I lower part receives runoff
from the upper part and the vunoff is mainly drained out to
the Damnoen Saduak Canal. This area also has habitual inun-
dations as caused by the flood water from the Mae Klong River.

Stage 1I ayea

The Stage I1 area can be divided into the Left Bank
HMalaiman area (170,700 ha} and the Right Bank area (104,300 ha).
About 75% of the net cultivated area in the West Malaiman
{102,100 ha) is planted te sugarcane. Paddy fields are found
only along the natural drainage canal in the nerthern part of
the area, where mostly broadcasting rice is planted. This
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part 1s affected by the runoff from the westera mountainous
.avea {119,000 ha) and the excess water is drained out to the
East Malaiman area, The most part of the East Malaiman area
(68,600 ha) 1s a low-lying avea lower than El. 3 m and for

15% of the net cultivated area of 55,100 ha is planted to rice,
among which 50% is of broadcasting method. The runoff from the
West Malalman area passes through this part and is drained ount
to the Song Phi Nong and Nakhon Chaisi Rivers.

87% of the net cultivated area (87,700 ha) in the Right
Bank area {s utilized as paddy fields. Broadcasting is found
only the low-land paddy fields along the natural levee of the
Mae Klong River. Most runoff from the western mountainous area
(147,000 ha) is flooded and logged in the lower part of the area
and gradually drainéd out to the Mae Klong River according to
the lowering of water level in the River. The upper part of the
Right Bank area is also a customary flood avea of the Mae Klong
River,

Drainage project area

The drainage project area covers 24,500 ha of tidal
flat low-land with the elevation lower tham El. 2 m. The area
is of rectangular shape bounded by the Damncen Saduak Canal on
the north and by the tide embankments being under constvuction
on the other three sides.

Of the net cultivated area of 19,300 ha, about 40% is
planted te rice, wherein broadcasting is applied for the 5,100 ha
area of tower elevation area. As same with the lower part,

Stage I, horticulture for fruit threes and vegetables are
practised on the wan-made ridges encircled by small-scale polder
dikes for the acreage covering 10,100 ha,

Excess water is drained out to Sunak Hon Canal by gate
regulator as constructed for the tide embankment. With this
regulator, the area is protected from saline water imtrusion.
The Damnoen Saduak Canal receives excess water from the upper
stream area and dralm out it to the drainage canals in the
drainage project area. At the same time, the Damncen Saduak
Canal functions as a water source for the neighboring areas and
as a nevigation canal.

3-6-2. Drainage Conditions

The major existing drainage canals in the project area
are equipped with regulators at the terminal and the regulators
are operated for protection of foreland water Intrusion and con-
trol of inside water level, During this survey, four regulators
(1 at Malaiman area, 1 at upper part of Stage I and 2 at Damnoen
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Saduak Canal) were selected for study on the water level
“fluctuation in recent 10 years. From the water level fluc-
tuation patterns at these regulators, drainmage conditlons in
the project area could be fairly grasped. e

Song Phi Nong regulator

This regulator is operated for irrigation water supply
for the broadcasting rice in wet season in the flat low-land
on both banks of the Song Phi Nong River, and the water level
of the River is always kept at higher elevation than the Nakhon
Chaisi River water level, 1In wet seasons in 1967 and 1968 when
water level of the Nakhon Chaisl River was lower than the
averaged year, the water level of the Song Phi Nong River was
at the level of El. 2.4-2.5 m, about 1 m higher than the Nakhon
Chaisi River water level for about three months period.

Higher water level in the Nakhon Chaisi River which
exceeds the crest clevation of El. 2.5 m occurred in three
years of 1970, 1974 and 1975 in recent 10 years. In these
years, water levels in the Soag Phi Nong entirely follow the
fluctuation pattern in the Rakhon Chaisi River. '

Chedi Bucha regulator

This regulator is equipped at the terminal point of
Chedi Bucha Canal which runs along the boundary line between
the upper and lower parts, Stage 1 area. According to the
water level records at this poiat, fluctuation pattern of this
canal can be summarized as follows.

-~ The averaged pattern of water level fluctuation at the
Nakhon Chaisi River is as follows:

JunéfJﬁly Lowest at El, 0 - 0.4 m
August/September  Beglaning for raise up
November/December = Highest at EL. 1.4 - 1.6 m

-- Canal water is to be higher than river water level
during June - August and suddenly reaches at the peak
in August as higher than El, 1.4 m. Higher canal water
level is for three (3) months perfod from August to
October with the level at about El, 1.8 m. In November
the water level poes down suddenly and then gradually
lowered down according to the water level of the Nakhen

" Chaisi River. .
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Regulators with the Damnoen Saduak Canal

At the terminal points of the Damnoen Saduak Canal,
Bang Nok Kwaek regulator and Bang Yang regulator at the Mae
Klong River side and the Nakhon Chaisi River side, respectively.
- From the water level vecords at the both regulator points,
conditions on the Damnoen Saduak Canal can be summarized as
follows, ' ' : : '

-~ As for the river water levels, the Mae Klong River is
- higher than the Nakhon Chaisi River in wet season, and
the water level 15 more or less same in dry season.
The difference of water levels in Nakhon Chaisi River
between the dry and wet scasons is quite small at only

0-6 M,

| .~- Canal watér level is higher at the Mae Klong'River side
- by W2 - 0.5 m in ordinary years excepting those high
flood. years of 196%, 1972 and 1974 in the Mae Klong River,

=~ Canal water level at the Bang Yang regulator point is
raised up to higher than El. 1.0 u after August and
the water level is mailntained for another 2 - 3 months
at about El. 1.3 - 1.4 m to be same with the Nakhon
Chalsi River water leével. From Novenber/December, the
water level is lowered down and maintained at El. 0.4 -
0.6 m in dry season. ? R

-~ The canal water level at the Bang Nok Kwaek regulator
. point is mafntained at higher than El. 0.6 m in dry
season, During the flooding time of August - Octeber,
- however, the water level follows the Mae Klong River
water level as caused by the intrusion of flood water
- into the canal. After November, the level is suddenly
lowered down. : : -

: . From the study results as mentioned above, it can be
concluded that the water levels of the major drainage canals
{n the project area are contvoled to comply with the water
demand for broadcasting vice in wet season (Broadcasting: May/
June, harvesting: December/January). For most cases, the water
sources for broadcasting rice are unstabilized rainfall and
excess water inflow from upper stream areas, and therefore,
starting for land preparation and cultivated area differ year
by year. Further, depending on the lowering of ocuter water
level, drainage 1s delayed and makes harvesting works more
difficule, '
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 3-6-3. Flood damages

_ Losses as brought about by floods on the economy and
people's 1iving in the project area are such losses on factli~
ties and products and constraints to further agricultural deve-
lopment in the areca. :

Damages

No particular report 1s available on the flood damages
as caused by the rivers other than the Mae Klong River, since
the scale 1s rather small.

The high floods in recent years in the Mae Klong River
occurred in July, 1972 (2,980 cu.m/s) and August, 1974 (3,600
cu.m/s). According to the report on flood damages as prepared
by RID, the damaged cultivated area by 1972 flood is bigger than
that in 1974, though the flood itself 1s bigger in 1974, This
can be attributed to the different stages of the crop being
grovn at the time of floods occyrred. The cultivated area

damaged in 1972 were 13,568 ha of paddy fleld, 488 ha of sugar-
cane field and 248 ha of frvit three lands, making the total at
14,304 ha, While in 1974, the damaged area was about 6,800 ha,

. The repair cost for the damages on irrigation and drainage
factlities and reads by 1972 flood was 240,000 Baht, and it was
6 miliion Baht in 1974 flood. Corresponding to the progresses
attained In the Greater Mae Klong Irrigation Praject, potential
for damages caused by floods will be bigger year hy year.

Other than the above, damages on highway, rallroad and
houses are reported.

Constraints for agricultural development

Frequent floods prevailed in the area lower the land
use efficiency in the area. In the {lat ltow-lands, broadcastiog
rice cropping is practised because of its smaller damages by
floods than transplanting rice though the yields 1Is less by
broadcasting method. Flood areas of the Mae Kloang River where
being planted to broadcasting vice are as follows.

Acreages planted to rice In wet season
{unit: 1,000 ha)

Total acreages

___Areas planted to rice Broadcasting Transplanty
Stage 1 Upper 654.5 31.9 18.7
Stage I Lower 40.3 32.5 7.8
Stage LT West Malaiman 20.72 15.7 4.5
Stage LI Esst Malaiman 36.8 6.3 30.5
Total 161.8 86.4 61.5
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If the flood control in the Mae Klong River can be
progressed further, most of the broadcasting rice can be
converted to transplanting rice, though definite confirmation
cannot be made due to lack of correct information on detailed
topographic conditions.

When further flood coéntrol can be attained, more
effective drainage will be realized, and in and around flood
areas the pattera can be converted from existing broadcasting
rice to transplanting rice with higher yeilds. Rice varieties
for transplanting can be harvested in a shorter time and second
crop will be introduced to realize a higher land use efficiency,
However, the introduction of dry season rice dropping cannot be
achieved without irrigation water supply, and all the benefits
cannot be attributed to the effect of improved flood control.
The increase in cultivated area in dry season shall be attri-
buted to the combined effect of both the irrigation water
supply and flood control, o
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3-7. Oun-farm Development

3-7-1. OQu-fara developmeht in Thailand

In Thailand, various main facilities for irrigatiOn and
drainage such as dam and main canals have been constructed and
utilized not only for irrigation but alse for flood contrel.

" However, the water use efficfency at farm level is rather low

and not satisfactory one due to the delayed on*farm déevelopment
in the country. To cope with this sitvation at an earty date,
the Agricultural Land Consolidation Act was promulgated in 1974,
Vhile since 1969, several on-farm development projects have been
implemented in the country attaining some 43,800 ha area complete
as of date. Compared with the total net cultivated area in the
country, 43,800 ha area is so small.

'3-7-2, On-farm develdgﬁent in _the Mae-KlonngggJect area

In Mae Klong area, términal irrigation facilities have
been constructed In accordance with the Ditch and Dike develop~
ment method., The Ditch and Dike method was applied and {mple-
mented for 100% of the upper part, Stage I and for 35% area of
the Stage IL Right Bank, and the acreages completed for thisg
Ditch and Dike project are rather small as compared with the
total net cultivated area in Mae Klong area. On-farm facilities
by the Ditch and Dike project were implemented as a measure to
 expand irrigation water supply for a larger aréa with the lower
cost at an earliest possible date,

Compared with the other parts of the country, upland
crop fields share a larger proportion in the Mae Klong area,
Though terminal facilities for such upland fields weré also
implemented with the pitch and Pike method, the facilities
are not effectively utilized in many cases, as the farming
practices are of traditional ralunfed agriculture in these
areas. Generally, upland fields are more irregular than
paddy fields and an effective irrigation water utilization
cannot be realized without a proper on-farm development for
the areas.

3-7-3. Study on sample areas

In parallel with the field fnvestigations as conducted
during this term of field survey, five (5) sample areas were
selected for various comparative studles. General information
on these selected gample areas are as follows. However, no
detailed data on No. 5 sample area is available, as the survey
works are currently belng undertaken by RID.
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ﬂ%-’ " LOCATION ACREAGE | LAND USE
| Tambol  MAMRG CHU, BAWAIL | . HA |

Changwad KANCHANABLRI

e Tamboi - TAKLAMEN-- - ‘
2 | Anphos  THAMAKA . 50 | paddy
: Changwad KANCHANABURI '

Tambol HONG KoB L paddy

| 3 Amphoe  BAN PONG 1000 and
= Changwad RATCHABURI . _ upland
Tambol KRATIP ,. |
Bl ] anphoe  KANPHAEN SAIN 17, 0

Changwad NAKHON PATHOM

| Tambol . NANG KOB. -
"5 | Anphoe  BANG PHAE o100 | paddy
- Changwad RACHABURI

- Detailed topo-maps (1/4,000) were prepared for each sample
area and the followings were studied,

:  Present topography (25 ¢m contéur interval)
t Prégent plot size

¢ Farm roads _

Irrigation/drainage ditches

Land use

Irrigation at farm level

EL IR TR ]
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Results of the stﬁdy'can be summarized.as fQIIOQS.

NO: & LGCATIQ'\I TOPOGRAHN; PLOT SIZE) U\NDUSE

No. 1
Stage 1I

upper R.B.

1L-1R

No, 2
Stage 1
upper part
3L

No, 3
Stage 1
upper part
9L

No. 4
Stage 11

West Malaiman

No. 5

FARMROAD & DITOHES

Land slope? 1/2,000- 1/3 000
comparatively gentle or flat
plot size: 40 m x 40 m

50 m x 100 m,; rectangular
Mainly paddy fields -
partly sugarcane ‘fields

Comparatively flat

paddy fields

Slope: 1/800-1/1,000
{mono-slope)

plot size: same as No, 1

Complicated topography
many depressions and swamps
slope: 1/200-1/1,000 .
plot size: same as No, 1
land use: nixed of paddy,
sugarcane and other upland
crops '

Complicated as same with

* No." 3 with stéeper slope
than ¥e. 3

Land use is mainly for

_sugarcane and some for_

fruit trees

' Very'few.farm roads

and draius-
Ixrigation farm

" ditch for every

400 m interval,
Farm roads! = _
a m/_ha, ‘B'-’Q.O m

Samé as'No.l

.- Farm roads!

19 m/ha, B=4.0 m

Farm roads:
rather dense at
27 n/ha, B=4.0 m

No drains at all

Lrrigation ditches
by Ditch and Dike
method

No irrigation

- diteh and drains,
Farm roads are

dense
50 w/ha, B-4 [

Survey works being_un&értéken.,

Sample areas Noé. 1 and No, 2 ave the pilot farms
to be ifmplemented with the technleal assistance
program by the Japanese Government,

©3-7-4, Approach for case study

Advantages and disadvantages were examined through
applying both intensive and extenslve on-farm deVelopment
patterns on the selected sample areas.

_ “In this examination, the intensive and extengive
methods were defined as follows.
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Intensive method

'_ The following engineering measures and conditions shall
be fully provided at the same time under this method.

Double cropping of rice can be cultivated in the eatire
area with applying the rotational irrigation method and
the cropping calendar as c0mplied with the irrigaticn
schedule,

. Crop diversification can be introduced for the entire_

area,
Water management can be made independently in each plot.

Irrigation/drainage ditch systems are rather simplified

cand water managément technique can: be easily understood
by farmers.

The most advanced farming practices including farm
mechanization and improved farm management can be

introduced in the area in future.

Under the intensive method, land levelling and reparcela-

tion shall be. carried out simultaneously.

Extensive method

This mathod can fulfill the requiréments only partially

as compared with the intensive method but té be applied aiming
at an earlier irrigation effect for a larger area with a limited
fund and construction capability. However, the following
linitations in water management and farming practices can be

pointed

out for this method,

D0uble cropping of rice and crop diVersification cannot
be perfectly ¢arried out,

Hater management cannot be made independently in each’

plot, as the frrigation method is the plot-to-plot

irrigation.

Righer standard of water management cannot be reasonably
undertaken.

It is difficult to practise the rotational irrigation
wethod,

Cnly the partiai areas can correspond to the more advanced
farming practices and the degree of farm mechanization
would be limited due to lack of farm roads.
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With this method, land levelling 1s not executed and
various types of development can be considered in the extensive
method depending on the characteristics on topography. and farming
practices in the areas._

. Estimated ircigated area in sample areas
~(on the basis of ditch and dike project)

Irrigated areas in No. 2, No. 3 and No 4 sample areas
were éstimated at about 70%, 45% and 60% vespectively agafast
each total irrigable area. (For No. 2 and No. 3, the ditch and
dike projects were implemented. For No. 4, the lferigated avea

- was estimated assuming the ditch layout on the same basis as
No, 2 andlor No. 3) :

The results indicate a necessity of - earlier implementatim
of on-farm development in the area.

CompariSUn between intenSive'method and extensive method

In case of No. 2 sample area, the results as gained from
the comparison are as follow$.

~- Trrigable axea . 1 100X can be irrigate& in both cases,

—-'Drainage condition . : 1002 in_intensive‘Case;
: About 62% in case of exténsive method,

~= Rotaticnal irrigation ¢ Perfect operation can be done in case

: of intensive method, = Operation would
be very difficult in case ef extenshm.
method. '

-~ Ditch density t There is not much difference between
P ' o : the two cases, as the ditches cannot
be lald out straight due to the
existing topography in casé of
extensive method.

In case of No. 4 (upland fleld), the comparison is as
follows, where an additional pattern (exteasive) as same with
the design for No. 2 pilot farm was also studied.

-~ Irrigable area ¢ Intensive - 84%
' : ' Extensive (No.2 pattern) - 64%
Extensive _ - 58X

o Drainage condition : intensive C - 100 2

Other c¢ases '~ about 90 %
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=~ Ditch density ! Intensive ~ 122 wfha
(1rrtgation & drainage) Other cases - 96 mfha
~-- Road density s Intensive . ~ 85 mn/ha
- : Extensive (No. 2 pattera) - 107 m/ha
Extensive : —" 80 m/ha

Density is high in case of No.2
. pattern beécause of farm roads along
ditches.

3f7—$;7 Difficuities/probléms=and counterﬁeaéures

pifficutties/problens

‘Based on the previous experlences in the implementation
_of on-farm development projects and the results on the case
studies of sample areas during this term of field survey, problems/
difficulties to be encountered in implementation of on-farm
development project can be classified into the following three
(3) items,

ff—~ Difficultiés 1n technical aspect
== Institutional/administrative problems
=~ Constraints in farming practices

These difficulties and problems are closely related each
other and constrain jointly the ultimate development, fancreased
agricultural pfoductivity.-

Technical aQPBCt

Both intensive 4nd extensive methods have been undertaken
to comply with the varfous needs in each local conditions, It
can be said the intensive method may bring about the best condi-
 tion for the future farming practices and water management.

" However, with this method the construction cost is higher and
"constructiOn needs 1onger period. To cope with this difficulty
in intensive method, so called extensive method has been applied
for somée areas to save the cost (wore than 40%) and to bring
about the benefit of on-farm development for a larger area
within much shorter period., 1In case of applying extensive
method, however, there still remains some problems on water
management, drafnage condition and future farm mechanization.
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Institutfonal/administrative problems

With respect to the legal arrangement for on-farm
developmént in the country, the Ditch and Dike Act and the -
Agricultural Land Consolidaticn Act are effective. To realize
the higher land productivity through lmproved water management
and Farming practices, however, it seems that the Ditch and
Dike Act cannot fulfill the needs as currently prevailed.
¥hile for the Land Consolidation Act, there found some admini-
strative difficulties in the implementation of a project due
to the limited experfences in project {mplementation to be
carrled out in compliance with the Act. Lack of farmers'
undérstanding in the purpose of on-farm development project:
and measures taken in the project 1s also another difficuley.

¥or examples, the foilbwing problems are to be further
studied.

--Land acquisition

In case of intensive method, common land reduction can
be done rather easily through land levelling and reparcelation/
substitueion. However, in case of extensive method, applying
of land reductien is rather difficult though not impossible.

In this connection, another measuvres other than the common
1and reduction seém to be necessary.,

In the Land Cansolidation Act, it s stipulated that
the common land reduction exceeding 7% of the total shall be
compensated by the Government. This suggest a meéasure to secure
land acquisition for on-farm facilities by compensation to the
land owners. '

PRSP Y

Though it is stipulated in the Land Consolidatien Act
_that the beneficlaries from the on~farm development project
shall bear a part of c¢onstruction cost, but actually no ceost
recovery is practised. Presently, a program is studied by the
Goverament to realize the cost recovéry system applying the
case for the Chao Phya area.

Farming grattiées

Field condltions and farming practices are closgely
related, viz. scheduled water management and farm operation
will be wore complicated in accordance with the iatroductfion
and exténsion of modernized farming techniques. Scmetimes,
farmers' cooperative works are vitally ifmportant to attain
such requirement, for which technical standard of farmers
shall be further levelled up.
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Countermeasures

The above mentioned diffiCUitiES, problems and constraints
- cannot be independently solved, as théy are closely reiated wtth
each other.

Couhtérmeasure for technical approach

.. To realize én earlier benefit of irrigation in more
effective. way for the vast Mae Klong project area, project
implementation shall be considered in two (:) ways as 1t deals
with a linear canal construction project and a plane on-farm
deVelopment project. The following chart shows the two (:)
cases of project implementation.

d) Main 1rrigat10n[drainage canal project (RID)

@) . Lateral irrigation/drainage caﬁal'prdject (RIb)

“ e s e — e = e m - e = - e w — ~ = completed project-1 - —
Case (a) + Case (b)
"""""""""""""""""" " [~ e e e o iy
Additional of (2) | On-farm
By RID | Development
land acquisition | - | Project
by ¢compensation | including @)
—————— o pmmm e additional
1 By L.C.A. _
(o e .
Eatatiet bt L L b ~m—y | bevelopment method |
On~ -farm pPevelopment |} ! Intensive |
Project o R L and - i
By L.C.A. ' i Extensive ]
I J 1 i

v o e e B e = e e ——— ey kAR A b gk Al

Notes For (2D, O & M roads shall be constructed
~along the lateral {irrigation/drainage
canals. L.C.A.3 Land Consolidation Act

-~ Case (a)

In this case, implementations of (Z) additional and on-farm
development do not necessary coinclde with on its completion, and
in most eases, implementation of () additional be started earlier.
With the completion of () additional works, irrigation effect,
improved road net work and water managewment can be achieved for a
larger areas though the conditions are not fully satisfactory.
Bither after the coapletion of (z)_additional or simultaneously,
‘on~farm development can be progressed partly and/or fully to further
level up the land use efficlency of the area,
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--  Case (b)

In case (b), on-farm development works and (2) additional
shall be simultaneously implemented under the Land Consolidation
Act. With this case, a closer coordination in designing the (3)
additional and on- farm layout can be secured comparatively easily,
While, farmers' consent is required under the Act and it needs
‘longer time for several legal procedures and for completion of
works as compared with the case (a).

The additional of lateral irtigation/drainage canals
( (D additional) aré to be provided énough ia {ts length and
density to command each 40 ha of rotational drrigation unit,
In both (a) and (b) cases, eéither intensive or extensive deve-
lopment method can be: applied.-

-~ Countermeasures for land acguisition

e o o 1 Wil B e o Ao R ot Bl ek v ot S o St e e e 2t

There are four methods to be enployed for land acquisition
required for on-farm development works. :

~- Common land reduction
- Purchasing

~~  Rental

-~  Donation

Common véeduction

This method requires all the beneficiaries to bear the
total reduced land in same rate to the land holding and pavtial
land substitution shall be necessary.

Purchasiog -

:In this method, some particular farmers have to offer
their lands though it is with pay, and there happed to be a case
the field condition might be worse than before.

Rental

All the beneficlaries bear the rental according to the
. acreages offered for pubiic use,

=DenatiOn

_ This is most predominant method practised at present
, where public lands are donated by owners.
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Though each method has advantages with disadvantages,
the common reduction is most reasonable and practical among
all, In this common reduction, procedures are rater compli-
cated and time-consuming, however, this method shall be promoted
for future sake as coupled with possible simplification of pro-
cedures. Purchasing method will be most applicable specially
for major lateral canal facilities, taking into account the
design and future O & M works. Combination of the above four
methods is also another practical method in some cases.

Constraints in_farmiﬁg_practices_

In the future water management and modernized farming
practices, farmers' cooperatiue works shall be necessary, for
which strengthened farmers' organization shall be established.
For levelling up of farming techuiques, training of farmers
will also be necessary. For this sake, effective demonstrations
at the pilot farm scheduled for earlier implementation and
tmplementation of more systematic training programs through
the said organfzation are to be realized.

== Cost_recovery

Taking into account the following advantages, cost
recovery program is to be implemented at an early date as far
as the collection of charges might not adversely affect the
farm economies._

-~  Through paying the project cost, farﬁefs may
acknowledge more that the projeet is 1mplemented
~ for the benefit of farmers.

-- With haviang such rotatiqﬁal funds, on-farm develop-
ment can be further expanded to the larger areas.

While it can be foreseen that farmers consent on the
project implementation will become difficult because of the
¢ost to be borne by farmers, As mentioned above, this Issue
is rather difficult problem, for which further comprehensive
studies are needed.
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3-8, Agrthltufe
3-8-1. General -

The project area is located at the south-western part
of the Central Plain, Thailand and paddy and sugarcane are the
two(2) major crops in the area having the cultivated land qf
251,100 ha (2.7% of the nation's total) and 118,700 ha (26.7%
of the nation's total), respectively., Rapid In¢rease in
acreages planted to sugarcane is the most characteristic change
of the agriculture in the area in recent yeéfs,fand sugarcane
farms are suffering from the over production problém. Hith _
respect to paddy, there observed a change in the crOpping_pattqrn
- gpecially in those areas where main irrigation systems haye been

completed. . _ : : R

3-8-2. Land Use
~ Preseat land use in the project ared is as shown bloek by

block in Table 3-8-a. The composition of areal characteristics
can be summarized as follows.

Stage I upper ) Sugarcane, sugarcane & paddy
' -mixed, paddy o
Stage 1 lower ' Paddy, polder hoxicultuye
Stage 11 east Malaiman Paddy, sugarcane
_Stage II west Malaiman Paddy, sugarcane
Stage 11 right bank Paddy

 3-8-3. Cropping Pattern

Present cropping pattern and each corresponding acvreages
in each block are as shown in the Table 3-8-b. There are five(5)
patterns for paddy ¢ropping in the area as affected by different
conditions in {rrigation water supply and introducing of non-
sensitive rvice varleties. o ' '

1} Broadecastlag

11) Transplantiag in wet season

i11} Transplanting in dry season

iv) Double cropping {two paddy a year)
v) Dry season upland + wet season rice

_ As for sugarcane, new planting is made once eévery three
years and no irrigation water is supplied for sugarcane fields
in most cases, -

In the Stage I lower block, the cropping pattern {s
getting more complicated owing to the avallability of irrigation
water through cempleted main and lateral canals though the supply
is still not sufficlent, Another reason 1s to be attributed to
the stabilized water supply in the Nakhon Chai S1 River as
brought about by the completion of dam construction at the upper
" Chao Phya areas. While, breeding and promotion of new non-sensitive
rice varieties play a conclusive role In changes of cropping
" pattera, In the other blocks, the cropping patteras are com-

paratively sileple except Fast Malaiman.
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Traditional paddy rice cultivation has been practised
in a form of broadcasting/transplanting in wet season. ’l‘ransplanm‘I
in dry season has been developed in the avea where broadeasting
was formerly practised and présently lrvrigation water 1s avallable
In dry season. Double cropping is found in the areas whéve
irrigation water s available in dry scason and transplanting
rice can be grown in wet season. The double cropping pattern
area has shown a rapid expansion in recent years, thouvgh places
" are not definite and there are a lot to be technically further
improved. In the pattern of combined rice and upland crép, in
many cases, mung bean 1s planted in dry season.

3-8-4. Acreage Cultivated and Cropping Entensity

Acreages Cultivated

‘Table 3-8~c shows acreages cultivated to each crcp in dry
and wat season. As for paddy, the difference in cultivated
area in dvy season and wet season is much less in Stage I area
as compared with Stage II avea. This is simply because of
completed main irrigation systems in Stage 1 area,

Cropping Intansitx

Cropping intensities by all the crops planted ‘are as ‘
shown in Table 3-8-d. For the whole project area; the intensities
are 91.4% 1n wet season and 50.8% in dry season; making the
average for a year at 71.1%. Excluding the sugarcane of year-
round cropping and polder horticultore from the Table 3-8-d,
cropping intensity of paddy only can be shown as {n Table 3-8-e.
The intensities are 86.1% and 18.3% in wet season and dry season,
respectively. Referving to the dry season cropping only, the
figures are 13.9% in Stage II and 22.6% in Stageé I. 13,9% in
Stage LI is mainly because of the conversion from 40% of wet
season broadcasting to the dry season transplanting.

3-8-5. Yields and Production

Present yields in the project area are as estimated as
follouws,

Rice
Broadcasting
Transplanting in wet season
Transplanting in dry season

1.6

2.2

2.8

Sugarcane 50.0

Upland crops ' a.8

Vegetables 0.0

These low ylelds prevailed {n the avea are mafnly due to

‘inadequate {nfra-structures for agricultural production especially
to the lack of on~farm facilities, "Absence of appropriate

supporting services s another negative factor for higher produc-
tivity, Agricultural production in the area is as shown in
Table 3-8-f .
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Major items are 1

Paddy vice 533,800 ton/year
Sugarcane 5,935,000
Vegetables _ o 1,961,000

3-8-6. Sugar Cane

In the project area, seventeen aunber of factories are
located along the Mae Klong River. Transportation distance from
fields to factoriés are close so that sugar cane growexrs has
some advantages for marketing comparing with other area. But
due to over-production of sugar in international matket, produc-
tion control of sugar cane has been started on the world-wide
basis.. Sugar cane cultivation in Thailand has. been developed
after the Second World War, especially its expansion has been
remarkable for the recent several years after oil crisis. At
present, cane cultivation faces with rather more difficulties
being encountered on over-production.

gyltivation'

Sugar cane fields has {nvaded into relatively higher
area whére upland or non-arable have existed without {rrigation
water supply. Sugar cane {s replanted after continuous growing
for ) years. Land preparation is commonly done by contractors
with tractors and harvesting is taken care by seasonal labours
from northeast, Thailand. Other major farming practices are
fertilizer applicatiﬂn and pest contrel, which is being done
only in a minor part. Crop rotation with other crops and
application of organic matter and compost are scarcely adopted
to improve soil physical condition and so¢il fertiliey. In’:
Khampaen Saeng, a sugar cane experimental station established
by Sugar Institute, Ministry of Industry, has supplied to
farmers from extension farws multipling recommendable varileties.
But systematical renew of cane varieties and unification of

varieties are uot advancad 50 much.

- Marketing of Product

Quota men collect and tramsport sugar cane from each
farmer's field to sugar cane milling factories by their own.
trucks. They are mostly merchants, heads of muban and Tambon,
and large scale farmers. Quota mea belong to Sugar Cane Growers
Association, which offers information about purchasing prices of
¢ane by each milling factory. They carry the cane to factories
which can buy with higher price than the othey factories In
aecordance with indication from the Sugar Cane Growers Association.,

In Maé Klong Basin area, the cane price of ex-farm gate is mostly
based on weight, so farmers don't pay much attention on cane quallth
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Sugar production from one ton of sugar cane counts to 85 kg In
Thatland, on the othér hand, sugar preduction in Australia
reaches at 135 kg per one ton of sugar cane. In order to grade
up production efficiency and benefits for farmers, milling
factories and other persons concerned, rational collecting and
. purchasing system on cane should be established.

' Pfeduction-Cohtrol

; , In May 8th, 1978, the Ministry of Agriculture has decided
total cane production amount at 21 million ton from 3 willion rai
of sugar cane flelds with approval of the Cabinets, Every proviuce
has been allocated with acreage to be planted to svwgar cane, also
indicated each factory its quota. Anticipated harvesting area in

- 18 ~ 79 crop year is expected to exceed the acreage decided by the
Government. ' Practical guideline of production control will be
formulated by the working committee as organized by the Department

of . Agriculture Extension, MOAC., From replanting season in April

1979, production control will function at farm level. At present,

the comittee decided two major actions; one is nation-wide

 socip-economic survey on individual farmer by questionaire prepared
by the Division of Agriculture Economics, M,0.A.C., through the

Ministxy of Interior since October. Second one is to provide

- 1dan amounting to oné millien baht to farmers intending to convert
sugar cane cultivation to other crops with five % per annum interest.
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3-9. Rural Development

3-9-1. Transportation

Concerning with the construction and maintenance of
roads in Thafiland, the Highway Department 1s responsible for the
main road networks and the Public and Municipal Works Departmeat
ts for the provincial roads, The Office of the Accelerated Rural
Development is undertaking roads construction In the areas neigh-
boring the national boundaries. Other than the above, RID con-
structs and takes care of maintenance for the feeder roads needed
for farming practices and 0 & M roads along main frrigation canals,

_ Changes in traffic volume of the main roads in the
preject area during the period from 1972 to 1976 are mostly
increasing trend except the Route 4 between Ratchaburi and
Petchabuxi, Traffic volume was impressively increased on the
Route 323 (108 km) of Bang Pong - Kanchanaburi. Traffie volume
in 1976 was 2.4 times of that in 1972 on this Route,

Thé Damnoén Saduak canal 1s most highly uvtilized among
the major navigation systems in the project area and in 1977,
54,947 vessels passed Bang Yang navigation lock and 37,046 vessels
at Bang Nokwack lock. However, the figures are 42% and 19% less
than that in 1973. 1In other navigation systems too, the tendency
is decreasing trend. Especially in Chedi Bucha Canal which runs
parallel with the Route 4, the vessels utilized the systen was
only 120 in 1977 as compared with 3,270 vessels in 1973.

3-9~2, Vocational School

Hith respect to the vocatienal schoolipg in Thailand,
enrolment has been increased to some extent In recent years.
However some problems have been pointed out, viz. there was a
shortage in supplying equipment and materials for eduecation/
training, and in some courses no demand for the graduvates of
the courses was existed in the man-power market. To cope with
this, under the fourth five year plan, the government i{s going
to develop further the vocational school as one of the social
services by the government, putting an emphasis in agriculture,
technology and industry. Under the program, eanrolment will be
increased yearly by 8% for vocational secondary schools and by
15% for higher vocational schools.

In the Mae Klong project area, an agricultural
vocational school 1s being implemented at Amphoe Potharam
Changwad .Ratchaburi. To attain the projected benefit of
irrigated agriculture In the 391,300 ha of farm lands, not
only leveling up of farmers' farming technique, but also
promotion of a number of experts/engineers on agriculture,

irrigation, farmmachineries and processing of agricultural
products and 56 forth are to be necessary, Considering such
réquirements in the Mae Klong area, it 1s considered benefit-
able to expand and improve such vocatfonal school establish~
ments in the area. :
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3-9-3. Supporting Services

Extension Services

An extension office is established in each Amphoe.
One extension agent takes care of 2,500 - 4,000 ha avea though
it differs Amphoée by Amphoe. In terms of aumber of farwm house~
holds, 2,800 - 3,300 households are taken care of by one agent.
Extension service is generally being practised in Tawbol unit,
while in some areas, service is éxtended to the farmers' groups
as formed by the extension office in accordance with the crops
coltivated, Major itenms included in the present extension
seryice are as follows:

a) ImprOVement of farming technique.

b) Assistance in group organization specially for
intensive irrigated agriculture,

c) Assistance in marketing of products and repoxt-
ing to MOAC and related experimental statfons.

d) Organization of farmers' group.

With the National Agricultural Extension Project,
the goverument is implementing an improvement program of
extension services covering 72 Changwad and about 4.6 million
farm households, In the Mae Klong area,three provinces of
Suphanburi, Ratchaburl and Nakhon Pathom are included in the
project, Under the project, extension staff will be increased
-and lmproved éxtension method will be introduced and expanded.
Training will be extensively conducted for extension workers
and it 1s atmed to have one extension worker for 1,000 farm
households as the target,

Agricultural Cooperatives

Agricultural Cooperatives activities are promoted
by the 3~15 of Cooperative League's staff and 1-3 of official
staff of the Amphoe offices as established by the Cooperatives
Promotion Department, MOAC. Anncval budget of 8,000 - 20,000
Bahts is officlally provided and the others are derived from
the sales profit and interests from farm credit, Major actdvi-
ties by the cooperatives are such credit supply, marketing,
materials supply and pracessing for the member farmers,

Qrganization for Water Management

The Mae Klong project area is divided into several
sub~projects and RID established an 0 & M office for each sub-
projects. Uader the present organizational set-up there is a
project englneer for each ¢ & M office, a water master for
each 100,000 ral area, a zone-wman for each 10,000 ral area, and
a common irrigator for each 1,000 ral area. For example In the
Kamphaeng Saen Q & M Office with the acreage of 265,300 ral and
total canal length of 254 km, 3 water masters and 24 zone-men
ave working for the O & H works as simllar to the rule. How-
ever common irrigators are not sufficient with having only 14
persons at work.
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=

. For further development of irrigated agricultuvre in
the area, water management as ¢lesely coordinated with the
tmproved cropping pattern shall be established, for which
organizational establishment for Q&M works shall be further
strengthened : :

3-9*4.‘ Mae Klbng Integrated Rural Develqpment Ploject -

Phase 1 and 1L of this ptoject. which has been
jointly undertaken by the three universitiés of Kasetsart,
Thamasart and Mahidol, has beén completed as of date and
rather concrete problems and relatés issues for agricultural
development in the area wére cleaved up, and studies were made
on more effective developmént method as the countermeasures
for the constraints prevailed. It is scheduled to go on
Phase III program after 1977. Under the Phase IIT program,
sub-project as formulated based on the previous study results
is to be implemented fér the selected 5 pilet zones, With =~
the progress of the Mae Klong Irrigation Project, further
accomplishment under the Phase III program ia a form of pilet
project would bring a fruitful result for the overall davelop-
ment in the Mae Klong River Basin. ‘
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3-10.  Agri-economy

Population, land. teaurs systém,farm economy and:credits as
prevalled in thie project area are the major items studied during
. this term of fileld survey. References used are the report on
Soclo Economic Survey which was conducted in 1975-1977 by RID
(published in Thai, June 1978) and the Agricultuvral Land Tenure
Survey Report: (1974-1976) by the Land Developmeént Department, MOAC.

3-10-1.Population

Total Population and Density

' According to the scio-economic survey by RID, the total
population in the project area is about 1,018,000 in 1976, As
the gross project area is about 4,660 kn2, the density is 219
persons/knl.  Thils is more than two times of 74.5, the national
average excluding Bangkok-Thonburi area, and of 93.1, the density
¢of Central plain, Thailand. : I

- Thete are 28 Amph@és related in the project area and there
found a considerable difference in population density among the 28
places as shown balow. : o

Popﬁlatioﬁ_Dénsity and Number of Amphoes Corresponded

Density (Petson/k@%} Number of Amphoe
" less than 50 : 2
151 - 250 10 (Average: 219)
251 - 350 7 N
351 -~ 450 2

more than 450
Total N 28

Population Grwoth Rate

. Averaged annual population growth rate (1966-1975) in
the 28 Amphoes tevealed at 1.86%. This is considerately lower
than the national average of 3.11% during the same perioed
(excluding Bangkok and Thonburl area) and even lower than the
averaged figure of 2,38% in the seven provinces related to the
project.

As same with the population density, there found a considerable
difference in the growth rate too among 28 Amphoés as shown below.

Population Growth Rate Number of Amphoe
 lower than Q.5% - 4
0&5 - ) l.oz 3
1;0 - lasz 3
1.5 - 2.0 -5 (Average: 1.86)
2.0 - 2.5 . 6
2(5 - 300 Z}
Higher than 3.0 3
Total 28
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Combination of Population Denq}tgﬁand Growth Rate

The densities and rates mentioned above were classified
into three(3) levels as high, modeérate and low and illustrated’
as a figure below. There are threé¢(3)types found in the project
area, viz, MNigh density with high growth rate, high density with
low grouth rate and low density with low growth rate. 2

Farm Labor power

Number of farm households, non-farm houséholds and labor
power population in the project area in 1976 are as followS. .

‘Urbanized Area Rurzl Area Total .
_ : Farm Non-farm. Farm Non-~farm Farm Non—fgrm_' Total
Population 26,300 97,200 571,402 325,452 595,702 . 422,652 1,018,354
No. of household 4,440 17,760 88,727 50,536, 93,167 . 68,296 . 161,463

Labor power pop. 14,519 58,075 . 340,712 194,058 - 355,231 252,133 . 607.364
'3-10-2.Farm Size o

With the total cultiVated land area of 391,300 ha (2 446,000 rai)
and 93,167 farm households in the project area, the aVeraged farm
size is come out at 4. 2 ha (26.2 vai). per a hOusehold.

_ The Land Tenure Survey as conducted by the ‘Land Development
Department covers the largest area and nomber of households surveyed,
and based on this, the relatfon among farm size, nunber of households
and acreages shared ‘are shown as follows:
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~ Farm Size - Number of Households Acreages Shared

smaller than 10 rai 21 % : ' 1R
10 =20 24 o 4
20 = 30 18 16
30 - 40 1 . ' 14
40 - 50 ' 8 . 13
- bigger than 50 rai 12 . - 36
Total 100 % S 100 %

According to the above table, about half (5!?) households
of smaller farm size (samller than 20 rafi) operate farming only
for 11% of total cultivated land. In the contrary, 19% households
of bigger farm size (bigger than 40 rai) operate for almost half
'(69%) of the total: cultiVated aréa,

The remainings of 29% iu number of households and 30% in
acreages are shared by the averaged farm households of 20-40 rai
farm size. As 1s thé case, it can be said that the differentiation
of farm size is being accelerated.

3~10 =3, Land Tenure System

Based on the data derLVGd frcm the Seio Ecénomic Survey by
“RID, the land ténude system 1in the project avea was classified
1nto seven(?)patterns as foltows: :

11
|

. _ Stage I Scage II Whole Area

" Qwaer only - - Cos1e 50 % 51 %
Qwner Teénant 32 _ 28 - 30
. Owner & Otheérs 4 8 - 6
Ovner Tenant & Others 2 6 4
Tenant only 6 4 5
Tenent & Othets 3 3 3
_Others only 2 2 2

‘Total 10 % 00 % 100 %

* rented from relatives and neighbours witheout paying rent fee.
The above table shows that the tenent farmers are quite
limited as owner only shaves 51% and 4}% by Owner Tenant, Owner &
Others and Owner Tenant & Others. Tenant lands ave operated
mostly by Owner Tenent farmers,

3-10~-4.Tenant Lands_and Rent Rate

. According to the Land Tenure Survey, tenant lands share
only 17% of the total cultlvated land in the project area,
However there found a considerable difference among Amphoes and in
Amphoe Bang Len the tement lands are accounted for about 40%
of the total as shown below.
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% of : % of
Amphoe =~ Changwad tenant lands  Amphoe Changwad tquggigg
Bang Len (N.P) 39 ~ Tha Maka (Kan) 10
Nakho Chaisi (N.P) - 34  Kamphaeng Saen (N.P) | g
Samphran (N.P) 33 Muang Samut ' )
o Songkhram {Son) 9
Ban Phaeo (Sak) 24 Muang Samut S
: . , Sakhorn (Sak) 9
Amphava - {8en) - 24 Don Tum (N.P) 6
Song Phi Nong {Sup) 19 Tha Muang - (Kan) 5
Muang Nakhon : _ ' S '
Pathom (H.P) 17 U~-Thong . - (Sup) 5
. Bang Khonthi. {Son} 14 ' Phanom Thuang (Kan) .- 4

Soclo Economic Survey confirmed the higher share of tenant
lands in Hakhon Pathom area and in the lover part of the project
area, :

Land Holding by La_ndllord -

According to the Land Tenure Survey, landlords (All or a
part of his holding are rented to the others.) owns about 19% of
total agricultural land in the project area. As tenant lands’
shares 177 of the total agricultural land in the area, it can be
sald that 30% of the total owmed by landlords is rented to the
others for tenant fatming‘ Scale of holding by land lords is as
tabulated below. ' '

Number of Landlords gcréages

Less than 50 rai ' 85 % . 50%
50 - 100 : ¢ _ - 24
100 - 150 3 : . 10
- 150 - 200 - 1 5
More than 200 1 11

" Total 100 % 100 %

Note: Survey was conducted for 14,709 landlords covéring
-the area of &21,313 rai,

The above table says most of landlords{85%)owns less than
50 rai agricultural land and only 5% of landlords in number accupies
26% of total holdings by landlords. o

Rent Rate

As per the Socio Economic Survey, 42% of total household
operates farming on tenant lands. The sources of tenant lapds are
by relatives, nelghbourers, metchants and others, 43%, 38%,

: 182 “and lA,respectively. ' :

Iﬂ case of paddy cropping, the rent rate is paid more
in kind and less in cash.  Other than the paddy, rent rate is
paid {in cash. '
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Rent rates per rai for each crop ang source of tenant land
are as shown in the following table.’

Paddy | Other Crop

Land Owner In Kind In Cash In Cash
No.  Rake No. Rate No. Rate
_ S (kg.) "~ {baht} .
Cousin 100 81 22 . 118 32 122
Nelghbor 86 80 23 141 30 131
Merchant 30 74 13 1G1 18 148
Others - - - - 4 115

Total{Avel) 216 (80) 58  (123) 84 - (130)

: As the table indicates, rent rate is higher for upland
fields and lower for paddy fields. In case of rent rate paid.
in kind for paddy field, the aVerage is 80 kg. paddy per ral,
3 10 -S.Farm Economy

Cash Flow Balance

Though it is necessary to study further the values of
products pald in kind and depreclation cost and so forth, in
this term of fleld survey, a cash flow balance was tentatively
prepared for a averaged farm size as follows.

_ _ Stage I Stage I1 ' Whole Area
~ Cash {nflow I
Agriculture 48,665 27,472 ' 32,884
Farming 31,798 23,841 27,688
Livestock 6,867 - 3,631 5,196
Hon-agriculture 6,148 ' 5,807 5,972
Total . 44,813 33,279 ' _ }8,353
Cash outf low
- Farming . 19,880 14,768 £7,240
Livestock 4,565 1,341 _2,90t
Total _ﬂ4ﬁ2; }6,1Q2 20,142
Balance 20,369 17,170 18,714

The above table indicates the fact that the income from
agricutture is higher in Stage I owing to the completlon of
main frrigatfon systems and in Stage II it {s lower without
frrigation facilities though the acreage operated is bigger
than Stage I.



78

3-10-6.Farm Credit

Among the 850 farm households surveyed, 35% were indebted
in Stage I area and 38% in Stage 11.

Amount Indebted and Repayment

Amount indebted and repayment per a houschold in 1976 are
as follows, .

Stage I Stage 11 Average for

_ : Whole Area
Credit 6,104 5,687 5,888
Before 1976 1,490 1,347 1,416
1976 4,616 4,340 4,412
Interest | 712 633 691
For the previous year 305 219 312
For 1976 N 409 314 ‘ 359
Repayment 1,895 3,145 2,54
For principal 1,183 2.512 1,870
For interest 712 : 633 671
Balance 4,921 3,175 | 4,018

This survey covers only a single year of 1976, and there
is no data surveyed on yearly changes. The table shows, however,
that in 1976 all the prineipal as carriéed over from the previous
years and 107 in the current year were repald within the year,
Baht 2,541, the total amount repaid and Baht 691, repayment for
interest as the averages in the whole area are equal to 13.6% and
3.6% of Baht 18,714, the averaged balance of farm economy. Out
of the total amount of credit, 63% was used for agricultural
production in Stage I and 83% in Stage II.

Source of Credit

Farmers get credits from various sources with the propor-
tions and interest rates as follows,

Number Amount Interest Rate

Merchants 20 % 24 X 24.0
Relatives 17 12 16.4
Neighbourers 20 13 22.9
Cooperatives 19 i3 12.0

. Banks . 23 36 ' 13.7
Others : 2 _2 18.3
Total 100 100 17.8
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As per the above table, farmers tend to get loans more
from Banks because of the lower intersst rate, Combining the
loans from Banks with the cooperatives, the share would be 42%
in number and 39% in the amount with the average interest rate
of 15.46% per a year,
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3-11.  Fishery
3-11~-1. Present Conditions of Fishery in the Pfoject Area

Fisheries in the Mae Kleng River Basin avea ave mainly for
home consumption as same with the other regions of Thailand,
So called flooding fishery is predominant in the area and the
"daily fish catch shares higher percéntage in the total fish catch,
In accordance with the progress in flooed control in the Basin the
floeding fishery is partially disused,

Water Quality

Water quality in the Basin is of weak alkaline and Favorable
for fish habitance though nutrient salts are not sufficfent. The
lower the stream {s the highetr the nutrient content of the water
in the basin.

Fishes

There are 104 natural fish species in the Mae Klong area
{700 fresh water fish species in Thailand)., Out of 104 species,
37 are edible. Out of 37 specles,, 18 are more important than
the others. Carps are most predominant with 48 species including
those economically important fishes such as Probaleous. Cat Ffish
is only clarias b. No natural Tillapia is found in the area,
though snake head fish are catched in a considerable volume,
Climbing perch and Giant gramy in paddy fields are ponds are
rather improtant. Seput Siam is rare however. Feather back and
swamp eel are distributed to a conslderable extent in the seven(?)
provinces within the project area. Macrobrachium is found 1in
any part of the Mae Klong River,

Fish catches (fresh water) in seven(7) provinces in 1976
reveals at about 20,000 tons and the culture fisheries (fresh
water) produced 13,000 tons of €ishes, sharing 13% and 43%
respectively ir the national total., Suphanburi province is
the most important awong seven provinces with shares of 60% in
fish catch and 56T in culture fisheries. Fish catches was
the maximum in 1973 and there often tend to decrease. Major
fishes catched are cat fish, Snake head fish, local carp and
swamp eel, with the volume of 5,800 ton, 5,200 ton, 1,690 ton
and 1,600 ton, respectively.

Fishing Gear and Fishing Method

As same with the other regions of Thalland there ave
various fishing gears and methods to cope with fish species,
fish sizes and locations. Giel net, throwing net and dip net
are the main and this tendency might not be changed.
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Inland Waters Fishery

Recently, inland waters fishery has been promoted/developed
in Thailand. In the seven(7)provinces, however, insufficient
water supply, too dense culture and diseases caused decreased
production of cuvlture fisheries. Those cultured fishes are cat
fish, snake head fish and four species of Cavp and recently Giant
gourami has been introduced for culture fishery in fish ponds.

Cage fish culutre in sﬁream water was rare in the area
due to the big fluctuations of the velocities and discharges
of the Mae Rliong River. \

- After the improvéement of the river discharge, however,
bildge part of the river with a smaller velocity will be increased,
-for which development of cultuvre fish in stream water can be
expected. ' ' '

In Suphanburi province, where fish pond cultvre is very
popular, cat fish culture is predominant. Tillapia and carps are
cultured in the lower stream fish ponds utilizing ditch water.
Culture fishery In paddy fields are practised for Tillapia
scattetring over the lower stream paddy field area. So called
combining culture with livestocks is for the above-mentioned
fish specles and also for the Indian Majer ((Carp).

Big production of cat fish is because of the taste as
favored by the people and the advantages in storage as fresh fish.

Processing and Msrketing

Compared with the other regions, fresh fish consumption
is extremeiy high in the Mae Klong area with the share of
80% of the total. 10-11%Z is for salted/dvied fish and 6.1-7.5%
is for smoked fish., Outside of the urban areas, consumptions of
fish and sheilfishes are bigger than that of meats, indicating
the importance of fish and shellfishes as the source of animal
protein,

Self-sufficiency is attafned in fish and shellfishes in
the Mae Klong River Basin area, and the self-caught natural
fishes can answer for the fresh fish demend in the beginning of
the dry season. In the urban areas, consumption of cultured fish
is on the peak dewmand when the catch of natural fishes decreases
in the dry season., Fishery in this area ¢an take some advantages
from {ts location as located neighboring to Metropolitan Bangkok
and marketing system is well established. Averaged fresh fish
price in Bangkok is always higher than marine fishes. 1In
recent 2-~3 years, the price has been in a range 14.57 baht/kg.—
15.4 baht/kg. The difference between the prices of fresh water
fish and marine fish tends to be larger.
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3-11-2.Policy and Administration

Under the fourth five(5)years plan {(1977-1981), 3.4% per
annum of growth rate 1s the target as combined by mavine fish wiey
fresh water fish. In principe maintaining of production level
in i{nland waters [ishery and fuvther promotion of cultured
fishery ave stresseéd as the policy.

In Thailand, fishery administration is centralized in
the Central Government, and under the Department of Fishery,
aofficas/agencies at province, Amphoe and municipality levels
are established. In Kanchanaburil, an experimental statation
on inland waters fishery is existed and takes care for technical
guidance for the region as directed by the Départment of Fishery,
Further, there is a fishery experimemtal station under constructiog
at Suphanburi, and it is planned to set up a branch office of the
Kanchanaburl station at the Sri Nagarind Dam site.

3-11-3.Forecast for Inland Waters Fishery in the Mae Klong Basin

The Va}iraltoogkorn Diversion Dam is completed on the Mae
Klong River and the Sri Nagarind is under construction on the
Khwae Yai River. While on the Khwae Noi River, the Khao Laenm
Preject is pianned for inplementation. Suc¢h constuction of big
structures on the rivers of the basin, specieally for fishes.

Difference of water temperatures between just before and
after the outlet facilities of the Sir Nagarind Dam was about
5 ¢ according to the actual measurement. Temperature différence
to this extent does not affect much on fish growing. The Sri
Nagarind Dam buried the existed forests and entrophy is being
progréssed to some extent.

The discharged water from the Dam 1s to be oxidated by
air and shows higher D.0O than the water stored in the Dam. D.0
becomes lower when water flows down to lower stream,

Cut-off of river flow by dam structure may result in no
more spawning, feeding and migration by Probarbus j. and
Macrobrachium #. Probarbus j. as caught in recent years are
getting smaller showing limited chances Ffor spawning, decreased
fish vesources and over fishing. With a dam structure constructed,
stream flow changes to static flow and formation and volume of
fish specles yarles considerably in and around the reservoir,
Quantitatively, it is difficult to forecast the variation,. but
it can be said that rivering species will be deereased and
clarias b. etc, will be increased. In 4-5 years period the
resérvoir will be fully nourished, but the size of Tort,
Probarbus j., oxyeleotric of Carp family will be getting smaller
than before.
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3~11-4.000ntermeasures

1t is forescen that a sound development of fisheries
based on natural fish rescurces will be considerable hampered
by water resources development in the Basin. To cope with this,
it seems necessary to take active measures for developmeént of fish
resource potential in each part of the Basin. Measures include
seedling production for liberation and promotion of cultured
fishery which is suited to the natural conditiens of the
Basin as summarized below.

-Liberation shall be wmade for the upper stream of the
Khwae Yai and Khwae Noi Rivers where population density
is low. For thé lower stream, cage culture in stréam
water and fish pond culture shall be promoted.

—Seedling 1s for local Catrp, Common Carp, big head Carp,
indian majer, Probabus j., pangacius Sutehi, Tleapia n.
and three of Chinese Carp,

-Cage culture in stream water shall be promoted. Fluctuation
of Mae Klong River discharge will be less and this type of
culture would be possible especially at the bilge of river.
The bilge section just downstream of the Vajiralongkora

Dam would be a model area for this tyge of culture.

~Other than the above, so called COmbining culture with
livestocks shall be further promoted. Utiifzation of
water stored along canals is also possible.

-To conserve juveniles, fish shalter shall be provided in
the reserveir and z2lso some measures be taken for protectien
0f Juvenlles from flowing down through the dam inlet.
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3-12. Lhlectric Power

3-12. Electric Power

3-12-1. Present Status of Electivie Power in Thailand

3-12-1. Present Status of Electric Power in Thailand .

In tke existing network of power supply in Thailand, the
ElectrilatthBeexisting natworktpfopoverXisupplyedniThatliandshthe:
BlegtricitynGenetatinghduthoritylofaThailandi (EGAT)uiRodnr phaxge)
of powerogeneationhutheaMétrdpolipaniElactrigity Authoxityu(MEA). .
isiforepdworidistribvtioniintMetropolitan(Bangkokyaod=Thoaburi ara,
andatheoProvincidlhEluctricitycduthorfty (PEA)eforithgoxurals
aréasbpotGedveredoby MEAsptDirettesupplybef electticipowerods:
maderbycEGAT itiASome extepridnalwiabesjabutt thgtalectricapower
generated by ECGAT is mainly for whole-sale to MEA and PEA.

The installed capacity as operated by KGAT in 1977 is
2,742, 3Thexinstalledtonpacity/asyoperatedt bycEGAT Ins19770ds,
2,7425350 kwras theatotal afs7:hydro. B}ectriclPOWQIiﬁtatioﬂs,[]
SotherpalupoveriplaptsyeSagas~{uibiher povercplantszand Sidiesel
poweroplantsSoudmongnthekabavej 2ythermalcpowerpplantslofeNorth
Bangkok! andiSouthiBangkokt and»2jhydroaaledtricipoveriplants o0f(::
BhumibolfangdiSiyikit¥dresthespgjoriplants/stationsiwith,the total
output of 2,332,500 XW. sharing 85% of EGATs' total output.
emand and Supply of Electric Power
Demand and Supply of Electric Power
: Efectric power desnand in Thaitaad showed a high growth race
of 20-4Elegtrieapoweridémand: foaThaflandyshowed anhigh:growth rate
0£420:40%1 pexcdonups t§11nthé yearpofe1969iupdexpthe-extensfveubiic
industrializationiprogram:ofnthe:govaernmentyzipprovementadfy public
infratstruétures dih-andiaroupdiBangkok Afd-Baongkokrandsqpoder-groui:
nization ofohomelelectiiciappliancesifcAfter?dflhorisis, the growth
rateiyasaslowedsdown {(Shrdns1924)vendfter 1975, however, the
growth rate is on an increasing trend.

Tie vaxisunm powver gonervatod wring the fiscal year 1977
{Oct. 1Thé-maximuh) ppyerageherated uvingithe-fiscaliyeaxdl1977
{0ctl1)976=8ept«t 1977)0was 19873, 4: Wi and: the:peakndeand. In
usvallyiotcutsfat: 19:00-20300; hours: with thelevehing-loadsl In
terms: 6fnload: fluéfuacionspattern; there-dsidittlerpeasonalzone,
Nariatiohoobsexvedyas Thailanduisilocated dn-the-tropical; zone,
HMaxidwms load in gSundaysnissaboipt;85% of theéeamaximum)ioad inad
Yeekdayss andl L1t goesidown to:80%1oniyd inymidbighed Daily load
faatoraisval}ittile higherithan 707 and annual lead factor is
comparatively high at 65-66%.

Cperapion Pattern
Operation Pattern _

Most of the dans for hydro pover generation is for wulti-
purposeMost ofd therdawsifor hydroipowersgeheration:iby forchulti-
puxpobse usesafdroperatedt as muchyas: posgible s to, complyi withs the
requirements fxomirtdpationcputpose.thResexvolr thpacitycis
equalatootheaannualyinflow oxebiggere than, thator Alming-ats
irrigatdonawaterwsupply:dn, theldry:season, watexystorage 4sads
achievedgiarthe wet seasonjuandatherefdre; tnergy outputatends
te be bigger in the dry season and smaller in the wet season.
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Thermal power plants are operated mainly for base load
and hydro power, gas-turbine and diesel power stations plants
are for peak load, which is ideal pattern from the viewpoint of
overall power plant operation, However, hydro-power generation
ctan not be completely stopped in midnight, since the reservoir
shall discharge some for ilvrigation requirement,

3-12-2.pemand Forecast of Bleetric Power

In December 1977, EGAT made a demand forecast of electric
power till the end of 1990, where growth rates are estimated
to be 30-12% in the former half period and 7-9% in the latter
half during the period. As compared with the maximum demand of
1,873 ¥ and annual energy production of 10,950 MKWH in 1977,
it is estimated that the figures will be about 6,196 MW and
34,174 MXWH in 1990,

_ At present, the annual load factor is comparatively high
at 66%, but it will remain at some 64% even in 1990.

'3-12-3.Etectric Power Development Plans

To cowply with the above mentioned demand in future, additional
capacity of 2 300 MW by 1984 and 4,750 MW by 1990 are needed
including some reserves. 4,750 MW in 1990 is équivalent to
170 T of 2,743 MW, installed capaclity at present, and to fulfill
this requirément, new development of installed capacity by
360 MW per a year has to be attained. Plans and progress in
electric power development by EGAT are as briefly described
below.

On-going Projects

-Mae Moh power plant: This is a thermal power plant being
constructed in Horthern Thai. It {s scheduled to
start No. | unit (75 MW) in 1978 and No. 2 unit (75 MW)
will be completed in October, 1978,

~-8ri Nagarind Hydroelectric Project:

A multi~purpose dam is under construction on the
Rhwae Yal River, a branch of the Mae Klong River to
serve for annual energy output of 1,200 MKWH, irrigation,
flood control, domestic/industrial water supply,
navigation and salinity contrel. 3 units of generators
(120 MW) are geing installed at present and In future
annother 2 units (180 MW) are to be added, making the
total at 720 MW.

~Pattani Hydroelectric Project:
This is a multi-purpose praject belng Implemented
i1n Southern Thalland., The maximum output is 72 MW and
scheduled completion is in 1981,
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Plans Scheduled to be Implemented

In the fourth five year developemta plan, the lower Khwae
Yai Hydroelectric Project, Upper Khwae Yai Hydroelectric Project ang
other 8 projects are to be further progressed. There are Investi-
gations undertaken for 6 projects to be implemented after the fourcy
. five year developmeant plan.

According to the plans mentioned above, in 1984 total of
2,655 MW will be added 850 MW by hydro pover, 1, 685 MW by thermal
power, 120 MW by purchasing. Further, by 1990, aunother total
of 1,635 Md will be added , 535 M¥, 500 MW and 600 MW by hydro,
thermal and atomic poweér, respectively,

8-12-4.Development of Mae Klong River Basin and Power Facilities

Electric power facilities which are related to the project
area for this master plan can be divided into two: one is those
power generation facilities to be developed by EGAT on the Khwae
Yai and Khwae Noi Rivers and the other is the distribution network
by PEA. PEA 1s implementing an expansion program in the area
including unification/abolition of such small-scale diesel power
plants in the area. Expansion of distribtulon network can be
completed within shorter time and any revision/intensification
to cape with the future demand can also be undertaken rather
easily, Therefore, study was concentrated ont the hydro power
generation program in the Mae Klong River Basin,

Sri Nagarind Hydroelectric Project:

Utilizing the reservoir to be completed on the Khwae Yai
River (total storage capacity, 17,745 willion cu.m, effective
storage capacity, 7,470 million cu.m.), the maximum energy output
of 360 MW (generators 3 units) and annual eanergy production of
1,160 MKWH are expected under the lst phase program. Water
discharge is 133 cu.m/s per a unit aad totally 399 cu.mfs for
3 units. This hydro power station has the third largest maximun
output next to the Bhumibol and Sirikit stations and the second
largest next to the Bhumibol in terms of ananual eunergy production.

For this reservoir, water storage was commenced In 1977
and the water level reached at Et. 117.0 m as of August 15, 1978.
Generators can be operated with the maximum energy output when
water lével is higher than El. 152.5 @, According to the
schedule as set forth by EGAT, operation of No. 1-No. 3 units are
to be ifnaugurated during the period from September 1979 to April
1980, E1l, 152.5 m is tower than the high water level of El. 180.0s
- by 272.5 m and 6.5 m less in effective draw-down as compared with
the ordinary case of 21 o depth.
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Lower Khwae AL lydroelectrle Project

At about 25 Km downstream from the Sri Nagarind Dam, a
regulating reservoir is to be constructed wich the total storage
- capacity of 56,300 cu.m, effective storage capacity of 27,700 cu.m
and the high water level at El, 59.7 m. This regulating
reservoir 1s for relieving big fluctuation of discharge as
teleased from the Sri Nagarind Dam and for power generation
(Maximum energy output, 38 M, annual énergy production, 150 MKWH)
by utilizing the water released from Syl Nagarind through
generators. Moreover, the regulating reservoir will serve as the
lower stream reservolr when cepration of pumping-up power plant
- will be started under the phase 2 program,

After completion of this regulating reservoir(August, 1982
scheduled}, discharge fluctuatién at down stream in one day
operation of the Sri Nagarind station can be fully protected,
Further, a controléd water release can be done for downstream
frrigation use in one week intervat if well programmed operation
rule is established, even the Sri Nagarind station generate more
in high demend weekdays and stop operation in low demand sundays.

Those hydro power development projects being implemented
“are ag nentioned above, while those on the planning stage are
as described below. C :

Khao Laem Hydroelectric Project

The project is a multi-purpose dam to be constructed on
the Khwae Noi River for hydro power, flood control and city water
supply with the total storage capacity of 9,500 million cu.m and
the effective storage capacity of 4,800 million cu.m. Ordinary
high water level is El. 155 m and 20 nm of drawdown water depth
can be available. Generators with the maxiwum energe cutput of
290 MW are to be installed for annual energy production of 806 MKWH.

Effective storage capacity of the reservoir is equlvalent
to 87% of the mean annual inflow,

A little smaller than the other reservoirs in Thalland,
As the utilized water depth is rather bigger in proportion to the
limited effective head, operatlion with the highest efficiecy does
not always mean the operation for the maximum energy output,

Feasibility study for the project has been completed by
EGAT and the complementation Is scheduled te be in 1984, By that
time, operation of the lLower Khwae Yaf will also have been started
and on overall operation plan of those stations io the Basin shall
be established.
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Uppex §hwae'fai Hydroelectric Project

. At the location of the Khwae?ai River Basin ‘about 135 KM

. upstream from the Sri Nagarind, a multi-purpose veservolr with

the total storage capacity of 5,380 millién cu.m» and effective
storage capaéity of 2,680 million ¢u.m will be constructed under
this project for pOuer generation and flood control. ‘In the initia)
 stage 2 units of génerators will be installed for the maximum
energy .output of 300 MW and annttal energy production of 1,158 ¥XWH,
This scale of power. development s almost same with the Sri Ragarieg
Dam, .

ACCording to the program by EGAT, the project will be Stattﬂ
under the fourth tive year development plan and be completed by |
October 1987, With this reservoir, flood control on the Khwae Yai
River will be more effectively realized and more effective water

- resource utilization would be attained through due coardination
with the Sri Nagarind Dam. -

Sri Nagarind Hydroelectric Projectj STAGE II

Under this project, two additional generators (180 M4 each)
will be installed for the Sri Bagarind Hydro Power Statfon to
double the capacity at 720 MW. For those additiemal facilities,
reversible pump turbine are to be lastalled and 6 million cu.m of
stored watér in the Lower Khwae Yal reservoir will be pumped up by
surplus power in midnight; :
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4. 'DEVELOPMENT PLAN FORMULATION

41, Genetal

During this term of field survey conducted suCCeeding to
“the first field survey (March, 1978), further development plans
for irrigated agriculture in the Greater Mae Klong Irrigation '
Project area and the Drainage Project area were provisionally
formulated on the following items, :

Agricultural development
On-farm development
Inrigation

Drainage / flood control
Supporting serv1ces :

H

I

1

. ©" ' The agricultural. development plan as the basis for am

~ overall development plan was formulated on the necessary conditions
in future that the water resources developrent on the Khwae Yal

and Khwae Noi Rivers' could be fully achieved and the flood

control in the Mae Klong River Basin would be attained, and the
mast effective land use plan was preposed on such’ condltions“

_ On farm development shall play a major role to carry the
‘proposed land usé plan to a success. In conceiving the on-farm
-deVelopment plan, case studies were wade on the selected sample
‘areas so as to represent various requiréments in the project
‘area es derived from various conditiens prevailing in the area.
Further, discussions were made on the problems/fcontraints and
the measures to be taken in the fields of irrigation drainage/
flood control and supporting services (o support the on—farm
development in the area.

=2, AgriCultural De?elopment Plan

“Agriculture in thé project area is to be converted from
the existing rainfed/incompléte irrigated agriculture to a
complete Irrigated agriculture through attaining on-farm develop-
ment in the area., In parallel with the technical measures,
various supportimp services shall be fully arranged. WHhen the

- above two conditions will be fulfilied; the agriculture in the

area shall attain the followings.

~ Full conversion from broadcasting rlee to transplanting
rice
= Maxiumom. expansion of double cropping of tice
~ Introducing of BYV RD varietiés
= Irrigated sugarcane farming
- Practice of improved modern fa¥ming '
~ Strengthened marketing oriéntad farming to increase
farm income
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Laud Use Plan
N

Assuning the full development condition at the time of
project works completed, a land use plan is proposed as shown in
Table 4-1. In principle, no conversion of present land category
was considered in this land use plan. While the followings were
taken into consideration in the planning.

~ To raise up the land use efficiency

Promotilon of ¢rop diversification

Increment net income for farmers '

To accelerate the effect of on-farm development

4

Table 4-1 7 Proposed Land Use
- TOTAL PADDY THKEE CROPS _
GULTIVABLE . o o UPLAND ARD OTHERS
LAND VRGETABLE
Stage 1 _ _ .
Upper Part 106.8 64.5 39.4 2.9
Lower Part 55.1 40.3 = 14.8
Total 161.9 104.8 39.4 17.7
Stage II
East 55.1 . 41.8 10.0 3.3
West’ 86.6 20.2 63.8 2.6
Upper Right Bank 44,1 36.8 5.5 1.8
Lower Right Bank 43.6 39.7 - 3.9
Total 229.4  138.5  79.3 11.6
Stage T + Stage II 391.3 . 2433 1187 29.3
brainage Project Area 19.3 8.1 - 10.1} 1.1 %
Grand Total 410.6 - 251.6  118.7  30.4 1.1
Cropping Pattern

Any cropping patterns to be planned are characterized malnly
by irrigation ¢ondition, 1In the preseant report, cropping patterns
are worked out on the conditions that required irrigation water
can be fully supplied for the project area and the drainage condi-
tions will be improved to the level as planned in the developmeat
- plan for drainage/fiood contvol in this report. The proposed cropping
pattern is as follows. '
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Group 1

This éropping pattern is Introduced for the areas with
a favorable conditions in irrigation and drainage. :

Bry + Wet

1. HYV + RYV (1) The yield will be the highest
: ' with this patterﬂ.
2. HYV + LV ~ . Local varietfes in wet season
: ; will remain bedause of’ consumet's!

taste even after the on-farm
_development.

This pattern may promote crop
dtversificatién.

1

1

3, 2 % UPC + WYV

Groﬁg ?'

This pattern is introduced for the areas where irrigation
vater can be supplied at any time though drainage condition is not
fully improVed as the Group 1. area,’

4, BYV + HYV (2) Co- 'HYV in dry season is an ordinary
RD variety. For wet season,
- BKN 6986-66- 2,¢ete. which will be
réleased by the Rice Division
~in 1978 will be planted.
5. UPC + LV .. .= This combinatien is for the ares
‘ I  where inundation water can be
.drained out at an early. stage
- in dry Geason, TIrrigation water
‘can be’ suppliéd for upland crops
. ‘ _ too,
6. HYf¥ + — - - This is an alternatiVe to: the
f pattera 7 and ‘no cultivation
o ; .o . can be done in wet season.
Joo— + LV | - This 1s for a deep inundation
' ' area, and broadeasting variety
_ is transplanted for easier
veed control..

.Gfl.)u'g é
This pattern 1s for the present sugafcané area, . Some part

shall be coaverted to other upland cYops depending on the demand
in the world market .

8. Sugarcane R Irrigation watef can be supplied
9. 3 X UPC - Crop diversification 1s to be g
: : . practised in the present sugarumg
. area where transportation conditig

ts fair and hired labor 1s avail:j§

Group 4
:  Tﬁi3 pattern 1s for the present horticulture area in the
polder dikes. Irrigation water can be sufficiently supplied.
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4-3. On-farm Development Plan

Rasie coacept

" - On~farm development plan for the irrigated agriculture
in the Greater Mae Klong River Basin was provisionaly formulated
as follows based on the proposed agricultural development plan
and study results on the rural conditlons and topographic con-
_.ditiOns in the area. : :

_ With Tespéct to the technical measures to be applied,

so called intensive method shall be necessary in future. Con-
sidering the limited fund and implementation capacity at present
and necessity to bring about the irrigation benefit for the
-larger area at the earliest possible date, however, advantages
are also.found in the extensive development method, with which
the construction cest is much smaller than the intensive method.
Attention is, therefore, to be paid on such layouts of main
facilities under the extensive method whére succeeding intensive
GQVelopment in future may be well suited to the original exten~
sive development..- : : T

Qutline of E}an

: From the. viewpoint of dn- farm development method, the
entire project area can be ¢lassified into the following four
(4) categéries. .

o —Flat low~land paddy fleld
1 Paddy field-—-{_- - o
: P Paddy field in a comparatively
complicated topopraphy

Mixed area of upland
- field with paddy field

s

(Paddy fleld in upland area)

“1 Upland field (Sugarcane)
: Horticulture area (Polder area)

Following the above categories, development method to
“be applied for each area are shown as follows.,
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Categories Method oo Location

Flat low-land Extensive Stage I lower and
i ‘ East Malalman
Low yields with lower standard
of farming’ practices

Complicated Intensive Aveas in Stage I and 3

topography where main irrigation facilitiles

with consider— T are completed

able slope ' B Farming level 13 comparatively
Mixed area Intensive  Upper part of'Stage I acea

with complicated topogtaphic
conditions S

Sugarcane area .Extensive _ Stage I1 left bank

Hortlculture atea Extensive Polder area in the lower pert
of Nakhon PathOm and
Nakhon Chum

More detailed descriptions on the development plans
for each categories are as follows, D

Paddy fields

" Flat low-land paddy fields are existed in the lower
part of Stage I and the part of East Malalman, Stage II left
bank. ]

In these areas, following conditions ave prevailed and -
constrain futther development of irrigated agriculture.

-- Absence of main irrigation canat facilities.

Broadcasting is predOminant because of poor drainage
and un-stabilized irrigation water supply.

Alming at realf{zing earlier benefit of on-farm develop-
‘ment for a larger area, the extensive method shall be employed
for these areas, Irrigation and drainage canals and read
facilities are provided. In the layout of major facilities of
canals and roads, attention shall be paild on the suitable
design for the future intensive developmeat in the areas.
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S . While for some areas where provided with main canals
 mostly completed, the intensive method shall be applied.
Generally, the level of farmlng practices in these areas are
comparatively higher owing to the completed major facilities.
Stabilized and increased agricultural production: shall be,
therefore, achieved in these areas by making the field conditions
suitable to d0ub1e cropping of ric¢e by implementing the intensive
method. .

Mixed area

© Generally, the aréas belonging to this category are
in rather complicated topopraphy with considerable slope, .
Because of the different requirements between paddy and sugar-
- cane croppings, theré have been conflicts over the water dis-
tribution problems, To solve such problems and to epable more
effective conversion of crops cultivated depending on the
market situation, the intensive method shall be applied for
.the area, :

Sugarcane area

In implémenting an on-farm development for the sugarcane
area, more improved farming and production are to be attained
with providing enough farm voads network and ditches for
irrigation water supply, In this case, two (2) types of
developuent are planned, viz. one 1s to minimize thé cost by

‘utitizing as much as possible the existing farm roads and plot
boundarles and the other 1§ to level up the land use efficiency
by increasing the densities of farm roads and ditches.

Harticulture area

Horticulture area in small-scale polder dikes are
existed in the flat low-land of Nakhon Pathom, Nakhon Chum
and Ratchaburi left bank. The polder dikes are utilized for
protecting excess water Intrusion in wet season and for securing
water supply in dry season. Preseat land use pattern and plot
gize will not be c¢hanged under the propoesed plan, and only
measures for irrigarion water supply and drainage improvement
are to be implemented including farm roads networks,

Zoning of the Project area

The whole project area was divided into 6 blocks under
the on-going project. In this term of field survey, the same
was further divided Into 13 zones considering the optimum size
of project implementation for on-farm development. 13 zones
are composed of 5 zones from Stage I area, 2 zones from Stage II
Right Bank and 6 zones from Stage Il Left Bank.
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In determining the zoning, attentlon was paid on the present ang
future: irrigation[drainage networks, land use and the 0 § M
offices' responsible areas. Composition of zoning with each
‘acreages are as shown in Table 4-3. It is considered necessary
‘to review the zonlng from the viewpoints of the on-farm develop-
ment méthod applied, estimated COSt, construction capacity and
avallable funds and sﬁ On. ‘
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lreigation Development Plan

Acreages

o  During. this term of field survey, acreages on the gross
project, gross arable and net cultivable areas and so forth of

the Greater Mae Klong Irrigation Project including the Drainage
project area were confirmed and fixed as follows.

. ) Acreage;(l,ﬂoo ha)
Gross Profect Mo Arsble Gross Aable MNet Qsltivable Now Command- Conmardable
Area ~ Avea Atea’ _ _Area | able Area Atea.
treater Mae Klong Irrigation Project
,_Smt——g—--—h-—-—-«-—-a e L ‘ D : :
Upper Part 127.8 7.4 120.4 106.8 15.3 91.5
Lower Part 63.3 1.2 62,1 55.1 0.9 54.2
Total 191.1 8.6 182.5 _l161.9 16,2 145.7
_Stage 11 )
East Malaiman - 68.6 4.5 TR 55.1 4.3 50.8
Yest Malaiman 102.1 1.7 100.4 86.6 6.8 79.8
Upper Right Bank. -50.4 4.5 45.9 44.1 2.0 42.1
Lower Right Bank 53,9 8.6 45,3 43.6 1.0 42,6
Total 275.0 19.3 255.7 229.4 14,1 215.3
OIAL 466.1 21,9 4382 391.3 30.3 361.0
trainage Aréé_ 24.5 a 19.3 e

Note:

1.

3,

Acxeages on the East Maiaiman'anGIWest Malaiman, Stage I1
are based on the information furnished by the Design

DlvisiOn, RID.

Non-irrigable areas due to the lack of farm ditches
are included in the commandable area as those area

can be irrigated after on-farm developument.

Non-commandable areas are those higher lands which
cannot be frrigated by gravity system.
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© Development Plan

- For the constraints for further &eveloPment of lrrigated
agricultyre in the area, the following counter-measures are
considered. . S

Unit water requirement and insufficient canal capacity

A1l of the major irrigation canals for the Stage I area
and the Stage [I Right Bank avea was desigued and constructed/
under construction based on the uait water requirement of
0.75 1/sec/ha. 'Thia unit water requirement is a diversion
requirement for wet season rice (effective rainfall is taken
into account) as computed on the basis of maximum water require-
ment which was confirmed in the Sam Chok Agricultural Experimen-
tal Statfom. The unit water rvequirement of 0.75 1/secfha 1s, *
therefore, not sufficient for dry season rice cropping.

The following three (3) meéasures can be considered for
this constraint. '

-- Increase of canal capacity

i) Heightening of canal embankment
11) Enlargement of canal width

However, theré remains a problem of timited capahiﬁy of
Vajiralengkorn Dam for 1) and land acquisition problem
for i),

-~ Provision of different canal network

i) Considering the network from the Vajiralongkorn
Diversion Dam, land acquisition problem would be
more serlous qhan enlargement of canal width,

11) In the case of constructing another diversion dam
on the Mae Klong River, possible increase of irrigated
area will be the key factor as the construction cost
would be rather higher.

-~ Restriction in land uée

Unlt water requlvement can be fixed at lower amount
with a limited 1and use in dry season, This is the
most passive measuvre in view of the development
strategy.
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Irrigation plan for non-commandable area

Helghtening of existing canal embankment and pumping
up method can be considered for this problem. By heightening,
with level can be 1ifted of only to some extent though such
.non~-compandable areas scattered over the area can be converted
to commandable area with rather low cost.

_ ¥hile in the case of pumping up method, the difference
~ in elevation would not be any problems if the area is of a
certain lavge acreage. However, jrrigation for those scattered
aréas with smaller acreages cannot be easily irrigated.

[rrigatibn method for the lower part, Stage I

. The lower part, Stage I occupies 54 200 ha of commandable
area with the elevatfcn mostly lower than Bl 2.0 m and quite

flat topography. The flood water from the Mae Klong River affects

much to thls area, Irrigation plan for this area is to be formu-

lated based on the following conditions.

- No more flood water intrusion .owing to the dam constructed
on the Khwae Noi River.

~ Topographic conditlen is flat low-land.
- Unit water requirement of 0.75 1/sec/ha is secured.

- Highly {ntensive land use is practised in a considerable
exteat for fruit trees and vegetables on individual basis.

~ Irrigation plan for this area is closely related with
the development method for the nmeighboring drainage
. project area, south of the Damnoen Saduak Canal.

With the conditions as describad above, the developmeat methods
are considered as follows.

- Water level of the Damnoen Saduak Canal shall be lowered
down to improve the drailnage conditlons,

~ Irrigation method

! Separated system of irrigation and drainage canals

This system can be applied for any areas in
various topographic conditions.

¢t Dual-purpose canal system

“This can be applied only where topographic
condition is extremely flat. Dual-purpose
canal i{s only for wain system, and on-farm
level, the separated system shall be provided.
In this case, pump facilities are needed.
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Developrent method for the drainage project area

Thé drainage project area occuples 24, S00 ha of gross
area as bounded by the National highway aloig the Gulf of
Thailand and the Damnoen Saduak Canal,  The matural and ‘social
conditions prevalled in this aréa are similar to the Stage 1
lower part area with only some diiferent conditions as followvs,

- No irrigation_water source is secured for the area.
Therefore, inundation irrigation is practised in wet
season by utilizing the excess water from the Stage I
area, ‘In dry season, transplanting rice is cultivated
for about 5,000 ha area with irrigatibn water supply
mainly by pumps.

- Being ¢lose té the sea, sea dikes are ¢ompleted around
the area as the measure for salt injury, and excess
water is drained out to the Gulf of Thailand through
regulators.

Development method to be applizd for this area could be
quite similar to that for the 1ower situated areas of the Stage 1
1ower part. ' -
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4-5." - Drainage/Flood Confrol Plan.

Excess water in the project area is drained out to rivers
and/or outer area through natural drains and irtigation/drainage
~dual purpose canals, However, almost none of dfains are existed
at on~fatm;and ‘intér-farm level. In the flat low-land areas,
controlled flood water 1s uged for broadcasting rice crOPp{ng
and in the uppér part, transplanting rice of 16cal varieties is
practised. Those varieties presently used are of inundation-

" proof fice varieties. Rice cultivation is practised in such

conditiOns and no drainage controi is carried out at on—farm
. and inter farm 1eve1

Drainagg ptobleﬁs iﬁ‘tﬁe area can be classified inte
“the following four (4) ¢ased In accordancé with the cause.

1) jack of drainage system.
Ii) Sometimes outer water level is higher than Inner
' ' water leVel

I11). Runoff intrusion from the higher part.

L IV) Inundation in depressions.

. Case'l) can be found - in any part of the pfoject area,
‘for which the drainage improvement. project is on-going by RID
and further improvement can be achieved through 1mplementatinn

- of on—farm development project.,

Case 11) is happened in the Stage II Right Bank area
and the ‘areas along Song Phi Nong and Nakhon Chaisi Rivers,
To Yower the river water level in the Mae Klong, a river
improvement plan was studied by RID, but due to the problems
on cost and disposal of dredged soll, the plan was abandoned.
The most effective way is to control floods by resexveoir operation
on the Mae Klong River so as tao lower the river water level,
in other words, drainage improvement can not be effectively done
in the Mae Xlong Right Bank area without lowering of the river
water by relieving the floods on the Mae Klong River.

_ Runoff condition {n the Nakhon Chaisi River has been
Aconsiderably improved after the completion of the Bhumibol and
the Sirikit ‘Dams,

The Right Bank and Malaiman aveas recelive runoff from the
westera mountainous areas and the Stage I lower part from its upper
areas. In the Right Bank area, constructfion works for main drainage
system are going on, and the runoff may be drained out to the
Mae Klong River without flooding the area when the filood relieving
can be attafned in future, For Malaiman area, it seems necessary
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to construct a catch canal along the foot of the mountainous
‘area so as to drain out the runoff from Song Phi Rong River te

Nakhon Chatsi River.

For the purpose of water supply for wet season hroadcasting
rice in the both banks (Right bank-Mae Klong, Left Bank-Chao Phya),
viver water level is checked up in the Song Phi Nong River. After
the completion of irrigation system, irrigation water supply
for the Right Bank can be done through this system, though check
up of river water level shall be necessary for the Left Bank avea,
In this case, to raise up the land use efficiency in the Right Bank
area, the existing provincial road located in parallel with the
River can be heightened by utilizing the embankment waterials as
obtained from irrigation canal excavation, so that the Right Bank
area can be protected fronm flood water (artificlally controlled)
intrusion. Outside area of the embankment has to be planted to
broadcasting rice. For inside area, excess water can be drained
out to the Nakhon Chaisi River at lower than the Song Phi Nong
Regulator through the new dralnage system.

Runoff from the upper part to the lower part, Stage I,
are checked vup in the main drainage canals In the lower part
and utilized for broadcasting rice. In thls area, flood damage
cccurs when there i1s a flood water intvusion from the Mae Klong
River. Irvigation water supply for this flat low-laand, Stage I
is included in the Greater Mae Klong Irrigation Project, though
no construction of irrigation canal is undertaken as the area
is a customary flood area of the Mae Klong River, However when
the area is equipped wlth an irrigation system, irrigation water
is secured, and check-up of water In drainage canals in wet
season will not be necessary when water level of Dammoen Saduak
canal in wet season can be lowered dowa, drainage caonditions ian
this area would be consideably improved.

l.ocal depression areas scattered over the project area
and the lower areas along natural levees are usually inundated
with excess water from the other areas. For these areas, drainage
canals have to be independently excavated to drain out the water
to rivers or to outside of the project area. However, these
depressions have a function as flood storage basin and it may
adversely affect the drainage condition in the lower part, unless
a proper drainage system be designed. Generally, in designing
drainage system in paddy field area, it is necessary to take
into account the flood storage function of paddy field itself
and the fact that rice plant can stand with the inundation depth
to some exteant.

In the drainage project area located at the south of the
Dannoen Saduak Canal, the canal and the branches are utilized for
dual purpose of irrigation and drainage. Lower parts in the area
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get water from the canal by gravity in wet season and cultivate
broadcasting rice, while in the upper part water is supplied by
punping up and fruit trees and vegetables are cultivated wlth
higher productivity. Under the present condition in which watetr
source is not secured, water level has to be maintained as high

as possible and the lower part shall be encircled by polder dikes,
Further, pumps is needed for draining out of excess water. In
order to make the land use efficiency higher in this area, water
source shall be secrued first and be distributed with higher water
level. On the other hand, drainage can be done through the existing
canal and regulators to the Gulf of Thailand and maintain the water
level in the canal as low as possible. 1In this case, however,
difficultiés can beé pointed out in the high cost and technical
problems caused by a construction of canal with high water level
tn this fiat low-land. Though water management shall be wmade by
asing pumps, it seems that water management can be done quite
reasonably in the dual prupose canal. In this case, drainage
condition not only in the dralnage proiect area but also the lower
part, Stage I would be improved because of no need for maintaining
water level in the Damnoen Saduak Canal, though water source shall
be fully sccured. '

Drainage preblems in the project area are mostly for
those areas along the Mae Klong River. For this, the most
effective measure can be achieved when the floeds on the Mae Klong
River can be relleved. The EGAT is implementing the Sri Nagariud
Dam on the Khwae Yai River and a plan was prepared by EGAT tao con-
struct the Khao Laem Multi-purpose Dam on the Khwae Noi River,
another main source of flodd In the Mae Klong River Basin,
According to these development plans, owing to the flood control
by the Sri Nagarind and the Khao Laem Dams, the fload ia the
Mae Klong River can be controled to be less than 3,000 cu.mfs
and 4,050 cu.m/s with the return period of 28 years and 100 yeas,
respectively.
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4~6., Supporting Services

_After the completion of various agricultural infra-
structuyes, e.g. water resources, irrigation and drainage
toprovements and on~farm development, the supporting services
classified as follows shall be provided for the farmers to
realize the modern lmproved agriculture based mainly on the
doubte cropping of rice (HYV) in the project area.

~ Pevelopment of new farming technology

- Breeding of new varieties

- Extenslon of new farming technology

-~ Multiplication and distribution of new varleties

- Practice of ratiomal and effective water usage

- Training for farwers

~ Agriculture education

- Establishment of systematic agricultural statistic
arrangement

- Supply of farm input

-~ Establishment of improved marketing system for the
agricultural products

- Credit supply

- Farmers' organization

In Thailand, the above-mentioned items belong to the
responsibilities of many government agencies, and sometime
services for spe¢ific fleld duplicate in some plural organiza-
tions. Therefore, there are vatrious difficulties f{n integrat-
ing each supporting seérvices. But, farmers' self-consc¢iousness,
self-support and mutual cooperation will become mere important
in achieving agricultural developmeént through overcoming various
difficulties in the present situations. Supporting services are
being undertaken mainly by the government offices, and the Govern-
ment should implement each item according to the priority with
limited funds, taking into consideration the farmers' requests.
After due consideration on previous reports on supporting services,
insufficient facilities and inadequate functions will have to be
improved to comply with future needs with on-farm development.

Lower income farm wmanagement due to low ylelding under
reinfed condition will turn lato advantagecus one under {rrigated
agriculture, Inevitably, farm management will become complicated,
and new farming knowledges will be necessary to comply with the
advanced agriculture production systems., From the viewpoint of
the above all, it can be said that agriculture education for youth
who will take responsibllities in future agriculture sector will
be very lmportant so as to change the traditional self-sufficient
agriculture to marketIng oriented one.
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In ovder to introduce double cropping of vice, it seens
necessary that ireigation water be distributed systematically
in accordance with the crop rotation. To achleve an improved
water management, an establishment of new organization in which
representatives from various government ageacies join together
might be necessary,

Further, introduction of post-harvesting facilities for
harvesting during wet season has been examined. By the next
survey in 1979, stage development plan for supporiing sexrvices
is to be proposed vo eliminate those restrictive factors for
modernized agriculture with higher productivity.
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5.

8.

9.

TABLE: B-1KCREAGE OF MAJOR SOIL SERIES IN THE PROJECY AREA (unit: 1,000 ha.)

Tida) flat o 7.
Samut Song Khram , 5.
{Tha Chin, Samut Prakan, very soilin phase...) t,

82,

Former tidallflat with fe¢cent marine and brackish wvater deposits

Bang Len :

Dumnoen Saduak

Bang Phae

Bangkok

Samut Prakan:

Bang Len, Calcareous :

(Bang Len overwash phase, Then Buri,Hua Hin, Phan Thong..-.)

Former tidal flat with &1d marine and brackish water deposits

| Ll
. = a - =

-

+

Ayutthaya

Sena.

Bang Khen

{Rangsit, Tha Khwang.....)

Flood plains of recent river ailluvium

- e

W

ChaiNat, calcareous/Ratchaburi, mildly alkaline

'Ratchaburi, mildly alkaline

Bang Pa - in

{Sing Buri.Sing Buri acid substratum.Tha Muang, calecareous,

Tha Huang/Chai Nat...,.)

. .

T et

AN ET S RO N VW MW N W S

— D L 0D
N0 D N N e D e B S WD B O

no

Low terraces of seml - recent river alluvium o 190.9
Kanphaen SaenfNakhon Pathom 106.7
Kamphaen Saen 39.4
Nakhon Pathom 14.1
Sara Burl,Sara Burl,acid substratum & marine substration- 13.1
Petchaburl : 9.4
Nakhon Phanom,brown mottle/Nakhon Phanom 6.8
{Soil series,is not clear) 1.4
Low terraces of old alluvium 41,9
Khae Yoi/Pak Tho 35.3
{Tha Phanom céncretionary Variantlkhao Yoi/Phak Tho.RenufKhao Yoi) 5.6
High terraces of old alluvium N 1.8
(Yang Talat.Don Rai.Yang Talat,mottled variant...) 1.9
Erosion terraces and foot -~ hills . 0.9
(Takhii, Colluvial complex...) 0.9
Hills L 0.6
Total: 466.1

o -

NOTE: 1. hcreage of each sﬂil serfes were measuvred by platameter
using 11250,000 scale soil map provided for M/P study.

2, Acreage of parentheses fnclude minor soil series and
undefined soil serles area,
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TABLE: 31 CLIMATQLOGICAL DATA

e

Date Soutcer #-1t Ciimatologleal Data of thattaad 2% yesz pectod {(1951~1923%}

¥eteorologlical Depactment.

t.3y Agreestecrolopiist Oiviston, Hateotologlcal Depattaett,

-
,

ELEVATION  KEIGHT OF WIND VANE
. LOCAT 0N OF ABOVE
: STATION LATITUDE  LONGITUDE STATION GROMND | DATA PERIOD
MSL . n
Suphan Burl 14 30" )00 10'E 7.00 15.8 to1gsL - 1975 #
Uchong 14 230 99 54'E : 1967 - 1978 *
Khenchansburi MWOI'R 99 W'E 28.00 11.40 1951 - 1975 *
Khaaphseng Ssen 14 00N 9% s9'E 1973 - 1978 #
Don Maang 13 55'8 100 16'E £2.00 18.80 1951 - 1975 *
Baagkok 134K 100 30'E 2.30 . 2LM 1951 - 1925 4

; wnthly Mean Tewperatute { c}

: T M. FEB. KAR. AFR. BAY . . L. AUG.  SEP. - OCT. KOV, DEC. - NERR
suphan Burl 26,1 28.5 30.5 ILB 0.7 29.9 29.2 28.9 8.4 28.0 21.0 -25.6 28.7
Cthong .4 26,4 292 W6 29,8 29.3  28.% 8.7 28.0 221 25.5 24.6 21.8
fhenchdnsbuet 25.5 0 18,1 30.1 3.4 29.9  28.7 28.2 28,1 27.9 it 251 248 28.0
Ihamphseag Ssen  24.8 24,4 28.8 30 29.0 29.6 8.2 8.0 2).6 269 26,6 231 27.2
Son Husng 6.6 17.4. 28,9 29.8 29,3 287 8.2 28.0 28,2 281 214 5.6 8.0
anghok 25.3 2.1 8.6 29,5 19.0 18.5 2B.0 2.8 22.% 274 26,6 5.3 7.6

?‘gga_nt_h_u Hean Relative Hustdity (&)

JAN.  FEB, MAR. APR. KAY  JUN. ML, AVC. SER.  OCT,  Nov.  DEG.  YEAR
Sughan Butl [T < S § I I N ) | b)) 3 80 60 75 68 70
Tthong 65 63 63 © 63 69 70 210 N 2% 79 15 &3 59
thaachanaburi . 61 0 58 60 70 13 74 74 28 80 75 62 &9
thamphaeng Ssen . 69 87 65 65 12 7 72 74 77 78 7 12 ¥,
bon Huang 67 70 10 1] 1 14 15 80 78 7 ] 69 7
Bangkok 73 7 17 7 e 20 81 82 8% 83 79 74 19

:._;&m!hl} Kean Wind Yelocity (efeec)

' JAN.  FEB. MAR. APR. JAY - JIN. JUL. AUG. SEP. OCZ. NOV. DEC.  YEAR
Suphen Butd 3 TS W RS 9 SRS W S 15 S 1 TR 15 S 8 S PO S 35 S S 3.5
thong 23 L5 3.2 1) 40 38 3.6 2.0 1.1 1.4 3.3 3.k
Ihanchanabur LB 2.0 2.7 23 21 22 24 24 20 L2 19 20 2.1
thamphaeng Saea 1.8 1.8 2.3 2.2 1.8 2.3 2.2 21 t.4 1.6 2.4 2.8 2.1
Don Muang 30 38 41 &0 38 32 35T 37 A4 a1 31 2.0 2.4
tangkok 2.0 2.7 - 3.0 2.9 2.4 4% 24 24 20 18 LY 1.8 2.3

';wthlz ¥ean Sunshaine Hours Duistion (hoursfday)

L JAN.  FEA.- MAR, APR. MAY  JWN. UL, AUG., §EP.  ©CT. KOV, DEC, YEAR
Suphan Burl ——— e e (NG OBSERVATION)
 thong 771 8.1 F9Y 839 4,79 8.04  A.d6 .75 5.36 633 7,60 6.99 b4y *-2
thanchenaburi e (N0 OBSERVATION)—— )
Ihamphaeag Ssen  7.75  8.03  1.85  8.35 - 6.3 5.67 5.00 4.2 5.32 6.4 760 824 5.4 #-1
Don Musag . {0 OBSERVATION} e
dangkak 9.11 8.95 8.71% 8.8 231 649 5.46  5.36 5,18 6.69 8,28 8.1) 2,61 #-2
-:i;nthl’ Hesn Evaporstion (Pen-A ¢lass, safmonth) |
T I FER. MAR. LAPR, MAY  JWN. Jub. AUG.  SER.  OCT. NOY. . DEC.  YEAR
Suphan Burl 13,2 134,10 1784 198.9 IBS.B. 168.4 158.7 156.1 137.2 145,612 12603 1,819
Vthong 149 153 230 23 10 208 209 202 156 183 149 138 2,249
Fhenchanaburi s {NO' O3SERVATION) R
Iharpheeng Saen 133 BG4 226 246 189 W92 07 174 7 K1 M 162 2,414
bon Muany - (80 OBSERVATION)——— o
Benghok 132.8 139.2 175.6 187.6 l62.6 3.8 14l 140.1 126.2 120.7 §i8.8 1239 1,714,

-2



meie G2 PONTHLY MEAN RAINFALL
JAN FEB MAR APR MAY JIN JUL AU
Khwae Noi River Basin
Pilok 79 22 64 393 898 1,129 1,180
Sangkhla Burl 4 12 31 75 244 427 499 441
Thong haPum 4 17 35 74 173 268 357 311
Sai Yok 3 25 50 95 170 113 127 164
Rhwae Yal River Basin
Umphang 9 10 28 81 140 175 231 261
S$i Sawat 7 39 38 98 144 97 109 112
Lom Tapern River Basin |
Bo Pholoi 4 13 50 81 122 63 88 123
Lan_Pachee River Basin
Chom Bung '3 15 20 77 164 116 153 175
Kanchanaburi 2 10 31 75 146 88 99 102
139

Project Area 3 11 18 46 132 112 118

Note: Rainfall oniy in project area is computed by usein:g data

at 21 representative stations

SEP OCT NOV DEC ANNUAL
773 211 22 8 4,716
379 168 27 3 2,310
215 122 21 2 1,599
204 181 49 .3 1,184
262 141 30 . 6 1,374
191 174 38 6 1,053
216 188 38 5 991
285 277 98 10 1,393
23 220 62 8 1,077

200 56 8 1,080

227
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.’ .

tasLe G- HONVHLY AND ANNUAL DISCHARGE IN MAE KLONG RIVER BASIN

—

FONTHLY FEAN DISGHRGE (o) o

ORI feB WR. MR _PAC W JUC A SEP ofT bov 0EC {Gw) (o

Xhvae Yal River *-2

Kang Rieng (K6)
Srinsgarfnd Dam *-1
Wang Masang (K20}

Khvae Noi River -3

Khao Laem Dam R-1
Tha Khasua (KL3}
Wang Pho (K9)
Ly Sum (¥10)

Hae Klong River *-}
Bap Thaw (K8}
Tha Muang {K4) .

Bapn Wang (Ki1})

La® Tapern River (K21}

45.6 32,8 254
45.0 36,7 3ID.4
50.0 35.9 29.1

52,3 _25.6 _18.7
.9 16s 10,5
26.8 1B.4 L5
¥5.3 1546 20.3
8.7 1.1 2.6

95,6 65.5 31.8

92.7 10.6 3%.3
113,5 855 69.%

29.2 46,5 _86.0 182.7 332.3 §22.6 400.8 160.9

23.2 35,5 76.3 170.5 308.5 624.7 411.0 176.1
26.8 40.9 79.0 167.9 324.0 388.4 368.4:147.9
28.3 &¥.L 82.4 162.8 314.5 362.2 308.0 147.7

9 585.0 442.6 218.5 BA.1
.6 531.0 635.7 234.2 5.9 .
s
3

ot A
- O
-~

£42.% 54502 326.7 100.3
634.1 506.0 30).8 120.9

36.8

73.2 472.4 763.8 59,5 IB1.7 122.8  70.2 22!

81.6 158.0 4,95

§8.8 1456 4,580
75.0 145,27 4,573
76.9 137.1 4,34

§5.8 166,27 5,258
43.7 172.8 5,540
53.5 199.6 6,255
59.9 199.9 6,14

43,9 792 259.2 £50.1 }116.3 M0I61 182.5 283.7 151.8 3E6.1 32,180

§5.4 69,0 211.6 532.6 932.2 1D4Y5 B852.9 303.7 155.6 365.3 11,861
61.0 93.8 233.% 511.5 10047 96%.4 818.5 376.6 L719.1 377.0 11,299
49.% 75,7 293.0 556.5 955.7 B}5.5 701.2 33.1 16/.2 353.3 11,142

0.4 04 _ 0.3 0.0 __0.2 6.5 208 82 35 36

1033 731 4.8
09 03 1.0

1.9 1.0 0.8

2.8 28,5 204 1.0 _ 6.9

1. 2.3 37 a2 42

Estinated by EGAT 1932-1975 (report: Benellr Derhvation of Khao-Laem Project, Pec. 1571 EGAT)

£-2 Estimated vith follewing foraula:

ay - %{- .08 = -l!%:%g—g- x 0.8.Qs = 1'.085_‘)3

funoff of ¥hvae Yal River at the confluence with Khwie Noi River. {cus)

Gy =

Ay = Catchrent area of Khwae ¥al River at the conflueace, 14,800 aq.km,
At = Cstchoent aiea of Srinagarind Dar, 10,880 e6q.km,

d + Spectile runoff zatlo. : .

Qs » Runoff at Stinagarind Dam ‘site. (cms)

(reffeted ceporit Fessiblifity Report Khwvae Yal No.l fydréelectrlc Pioject, Volume 1, ¥ar, 1968, £PDCY .
iF} £attwsted vith follouing formula: .

@ « Qaqy - : .

Gn = Runotf of Khvae Nol River st the conflivence with Khwse ¥e1 River {cas)

! ‘ . Qu = Hunoff of Mae Klong River at Tha Huang (Vajitalongkorn Dem} (cas}’
‘ : Gy = Funoff of Xhvee Yal River ar the ¢onflvence with Xhyae Hol Rlver (<ay)

X4 - %27 1 based on obasztved records
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Table F-1

ZONE_ACREAGE O THE PROJECT AREA

{unit: 1,000 ha)

sTAGE & BLOCK  NET CLTIVABLE g NET CULTIVABLE REMARKS
' —¥=
STAGE 1
Upper Part 106.8 1-1 37.4 . Paddy 64.5
1-2 34.2 Sugaréane 39.4
I-3 35.2 Treé Crop &
Sub-total _ _  ___ 106.8 . 106.8 ___ Vepetable 2.9
Lower Part 55.1 -4 29,2 Paddy 49.3
1-5 25.9 Sugarcane ~-
Sub-total . TS 33.1____ Tree Crop & .
Total 161.9 161.9 Vegetable 6.4,
—— g
STAGE 1T ,
Upper Right Sugarcane 5.5
Bank 44.1 I1-1 44,1 - Tree Crop &
___________________________________________________________ Ygg§£992§_1‘1§@4
Lower Right gid:¥¢23;7 .
Bank 43.6 -2 43,6 S eron &
Sub-total - 87.7 ' 87,7 . Lree Crop
113 FUUP £ SRS, 5. A Vegetable 3.9-
. ' Paddy 41.8
STAGE 11 Sugarcane -10.0
. ' Tree Crop &
Fast Malaiman 55.1 I1-3 28,1 _ :
_________________________________ a2t Vesetable 33
West Malaiman 86.6 11-5 22,5 Paddy 20,2
11-6 23.4 Sugarcane 63.8
11-7 19.9 Tree Crop &
. 1I-8 20.8 Vegetable 2.6
Sub~total Ver.2 .. L S S .
y Paddy 243.3
Tree Crop & |
Grand Total 391.3 391.3 Vegetable 29.3

__+_i_




Tadle K-1

- TRAFFIC VOLUMES FOR FIVE YEARS (1972-1976)

. e A A A A MR S W Y R Ak Sy A S MR A F A A e Ty A e R L " M o A vy iy v e oy S Gy S

1972

1973

1974

1975

= e Y A B B P o mm e Rt o in i R e ol P e oy = i v Ay W R = T e Y A Y T e =

(119.5)

35
(30.?)

321
- (111,0)

323
(108.3)

324
(12.0)

325
(3.3

Bangkok - Nakhon Pathom
(Ratio)

. % of Tfﬁck, Bus -

~ Nakhon Pathom ~ Ratcha Buri

{Ratio)
% of Truck, Bus

Ratcha Buri_~ Petcha Buri
{(Ratio)
Z of Truck, Bus

fThonburl - Pak Tho
(Ratio)_

% of Truck, Bus

‘ U—Thﬂng —~ Nakhon Pathon

{Ratio)

% of Truck, Bus

Bang Pong - Kanchana Buri
(Ratio)

"% of Truck, Bus

Bang Pong - U-Thong
(Ratio)
% of Truck, Bus

Bang Phae - Samut Songkran

- (Ratio)
% of Truck, Bus

52

7,156
(100)
60
3,836
(100)
60

1,616

(200)
57

2,732
(100)
65

913
(100)
80
1,647
(100)
60

(97)

49
6,110
(85)
66

3.283

(86)

68

3,439

(100)

47

1,977

{122)
63
3,911
(143
70

1,611

- {111}

82

2,032
(123)
58

(110)
- 54

5,970

(33
73

2,677

(70
-

4,114
(120)
49
1,782
(110)
67

3,381

_(124)

69
1,068
{(117)

82

1,813
(110)
64

Source: Planning Division, Department of Highway,

Ministry of Communications.

12,878 12,460 14,193 15,512
(100}

(120)
54

7,812
(109)
73
3,159
(82)
7
5,193
(151)
55

2,582

(160)

62

4,350
(159)
62

1,400
(153)
81

1,892
(115)
62



Tab:‘ K-2 | S } {4
Naviga}@on Looks Data for Five Yoars (19?3 - 13?2) \ ‘

“gzz_az‘,.jﬂz..z;_azz

~

{1) Xrathu
Rowing boat (vessela) - 759,174 5? 09 ‘IB 85f0 34,874
Launch {vessels) - 6,697 7 2 3 133 6,23
Sub-Total 75,767 65,871 B4y 60 56)935 4ido§
Ratio N 100 87 5§
Raft (sjom.) (1,540) (1,492). / 470) (i 1?4) 3gs

(2) _!J | ; /
69, 206 6 .cuf 882
12,657 12,43 1\ s 303
81 85? 7 Mo} 185
300, 87 [ /79 ] 73
O736)” (8&8) 1»142) (1,580)
(3) Ban No kwa, T . i_f"

o . o
g Rouirlg boat (vasse\s) e

-*Launoh (vasseln) ?61 5,332 6,05=
Sub-Total ’ hs 193 [0, 586 37,0443
Rati : ' ‘101 8y
Raft{sq.m.) - (9 30#) (4 85) (2 39“ (2 353) (2,34)

- ] . -
(#) Chedi Bucha| .
St |

i‘Restl:i. ]

Rowifg bcat’ (vesseld) - 89 29" - 7%
Launﬁ . vessels nf/ Ry 61 2 15
Sub-‘l‘ tal. ;3,270 1,17 80 2 12?
Rati ' 7 }60 ( 5:8 2.4 0.06 3§
Rafz Y.m. S I =0 S SN S NS Y
(5) Vai ral ngko&h /zf/?//
‘E/!ou ng boat (véyd’/la) T - ' 205 110 55 g
(Lau ¢h sgels) - 1,158 1,158 9ud 4y
Sub-Total .~ 1,92% 1,363 1, 268 999 5»d

.~ 100 20,9 - 2,
W«a 908) (2% 9%)(.’:08,030)(218.790)(10 w4y

Source! ivision of Operation and Maintenancs, RID.
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