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Fig, I-7 Tank Model Dimension
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AMMEX ~ IT

GEOLOGY

1. BASTN GEOLOGY

1.1 -General‘

i The Sakae Krang river ba51n hE=3 lelded roughly 1nto two- parts by
Tertlaty volcanic-belt along latitude of about E~99-30,. the western
Paleo?OJc zone and’ the eastern Mesozoic zone.: The western pale0201c
zone has a. dlstrlct M-S geological structure affected by the Burmese-
Malaya geosyncllnal movement of meridional trend. The proposed ‘dams
are located along the eastern edge of this Paleozoic zone. The eastern
Megozolic zZone, in which a vast diluvial plateau develops, has more
gentle, almost flat, geostructure and is suitable for cultivation,

TheSé:geostructural-modes'Seen te have been formed as a result
of the crustal moveménts during the Mosozoic and Tertiary periods.
one of the last events of these structural movements is said to be an
engraving character and occurred along the eastern margin of the
Paleozoic zone. ' '

1.2 Chronology and Geological Map

Chronology of this area is summarized in Table ¥iI-1 and geological
map is shown in Fig, IT~1.

IT-1



2. bAM GEOLOGY

2.1 Upper Mae Wong Dam

The foundatlon 10cks are Proterozo;c Prcvambrlan Metamorphic
complexes, called Uthai Thani complexes, and Mesozoic gxanlte groups,
giver bed width is about 400 w. On the river bed, glanlte gueiss,
amphibolite facics and banded quartzite, affected by complicated
thermal metamorphic autlon, form massive hard rock foundation bearable
for construction of concrete gravity: type of dam. On the left abutment
surface, quartzfelds pathic gneiss and calc-sillicate rocks are exposed
and surface soil coverage in thin. Open cracks are developed on the
left abutment rocks but cracks are closed on the river bed rocks.

Oon the right side abutment, the coarse-grained granitc is ex-
posed and weathering, as seen from the cart road and river pbank, is
noticed on the surface rocks but it seems not deeply developed.

A fault is illustrated along the boundary of Uthai Thani complex
and granite rocks on the geological map of 1/150,000 at about 1 km
upstream of dam axis. Direct treatment of fault will not be necessary
for dam construction as the fault is very old one and locates far from
dam axis but careful investigation will be necessary. FElasticity
modulus of foundation rock is estimated at a range of 50,000 to 10,000

kg/sq.om.

ir-2
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2.2 Lower Mae Wong Dam

The proposed dam site is located geologically Mesozoic Jurassic,
so called, Khao Chonkan Formation which is mainly formed of reddich
sandstone, slate and minor conglomerates. River bed width is aboul

60 m.
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on the left abutment M950201c conglomerates and bdndSLOHOS are
exyosed on the surface. The right abutment is thickly covered by’ talus
deposit of about 4 m but weathered slate is exposed on the cut surface
along the cart road Alluvial deposits along the yiver course are
composed of sand and gravels of chart, sandstone and quartz, which is
congidered suitable for filter zone of dam. Estimated values are about
dmax at 19 mm, P4.8 at 10%, P2.0 at 40% and P0.074 at 0%. ‘Talus de-
posit on the right abutment is considered suitable for core material.
on the left side of the river at upstream, sand- and gravel layers are
distributed in a-wide area. The layer is considered to be classified
into GW in standard classification, having dmax at 50.8 mm and p0.074
at about 5%. ' '

Cyeathered
- s\ate

______.H_‘

,.’.//

(S‘iate D

 Strikes and dips of foundation rocks. are about N30° and 30°
upstream on the right abutment and N10° to N253°W, 30° to 55° upstream
are prevailing on the left abutment exposed rocks. Strikes and dips
for river bed rocks were not visible because of thick sand and gravel
deposits. :

I1-4



A structural fault
is indicated by the geolo-
\ gical map of the Royal Thai
)/ Survey Department at about
_ * \ _ 400 m upstream of proposed
dam axis. The fault is
. estimated to be formed by
vl ‘the geological movement
4 on Masozoic or Tertiary
era. The detailed geplo- -

s e

/1f Dam Axis gical investigations are

\\\‘ ‘._ necessary to clarify the

. r _ e characteristics and loca-
tion of the fault.

Paa

.

Fault—1

-—i/

" Weathering of dam site right abutment seems remarkable.
The elasticity modulus will be in a range of 3,000 to 5,000 kg/cm2
for weathered slate of class CIL to D and 200 to 300 kg/cm2 for talus
deposits. Class CM to CH state will have elasticity modulus about
5,000 to 10,000 kg/cmz. Evaluating from these characteristics, the
dam site will not be suitable for the very high dam construction.

11-5



2.3 Khlong Pho Dam |

The prOPOSLd dam site .is located at Quaternary PlEl tocen
diluvial terrace in the peneplain arca. The diluvial and deposit is
comparatively conselidated having N value of 40. to 50, On the left
abutment of the dam, the foundation rocks are. formed by a part of
Khao Chonkan formation in which slate and sandstone are “developed.
according to the bore "hole drllllngs along the proposed dam axis, .
the dips of these foundation rocks are reported to be sharp at -about
30°, " The right abutment foundation is donsidered to be of the Uthai
Thani complex in which sandstone and guartz felds pathlc is dominant.
The thermal metamorphic action on the right abutment seems weaker
than the one on the left abutment.

/\.

/ 1717
// ’, ’/://
a: / });77

/gzwl)a |

0ld fault or old eroded valley is supposed around the drilling
hole No. 6. If it is an old fault, it may be connected with the fault
indicated at the upstream of the Lower Mae Wong dam site. Evaluating

from the N-values on the drilling holes as shown next page, the bearing

capacity of diluvial sand layer should be carefully treated for dam
construction.
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N-Value along bam Axis

Depth » - Dbrilling Hole No. 3
(m) DH-1 2 3 4 5 6 7 8 9 10 11
0 - 0.3 1 3 3 - 3 8 50 4 2 3 1
1 - 1.3 16 15 25 - 18 50 50 19 5 50 10
2 - 2.3 50 50 50 - 6 50 50 48 45 50 43
3 - 3.3 50 10 ~ 14 50 50 50 50 50 35
4 - 4.3 50 - 10 32 29 24 35 50 30
5 - 5.3 50 - 18 13 34 29 50
6 - 6.3 56 50 47 33
7 - 7.3 _ 50 22 40 50
8 - 8.3 50 50 15 20
9 - 3.3 ' 50 28 18
10-10.3 50

Especially, the N-values at bH-5 shows considerably low and
spring water in the depth is reported. These indicate the existence
of suppressed ground water layer which is often formed inm the diluvial
deposit during the course of deposite procedure. - In addition to this,
the excavated surface of such sandy layers is easily loosened. For
the dam design, special foundation treatment will be required, and
high dam construction is considered difficult.
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ANNEX - TIT

. SOILS AND LAND CLASSIFICATION

1. SO0TLS OF THE SAKAE KRANG RIVER BASIN

1.1 PhySLOgraphy

The Sakae Krang rlver basin occupies the north-western part of
the Centxal Chao Phraya Plain; it is bordered by the mountain ridges on
the weskt, the Chao Phraya river on the east, the northern ridge of the
Mae Wong river on the north and southern ridge of the Khok Khwai river

on the south,

According to the geclogical map prepared by the Department of
Mineral Resources, the surface layers of the area is mainly composed
-of recent and pleistocene alluvial deposits. Recent alluvial deposits
dominate broadly along . the Sakae Krang river system. Pleistocene
alluvial-deposits are extensively observed over the rest of the area,
Recent alluvial levee materials are found in narrow bands on both 51des
of the Chao Phraya river.

Isolated hills and mountains are scattersd over the central and
eastern parts of the Sakae Krang river basin. The mountain ridges
stretch in north-south direction in the western part of the area.

The land of the Sakae Krang river basin is classified into the following
“six (6) land from categories:

Flood Plain.
Semi-recent Fan and Alluvium
Lower terraces

1
2
3
4. High terraces
5. Dissected Erosion Surface
(5]

Mountains.

The land-forms were identified on the basis of the detailed
reconnaissance soil maps scaled 1 to 100,000 prepared by the Department
of Land Development and have been confirmed through the present field
observations. The land-form map”is given in Fig. III-1. The propor-
tional areas of each land-form category in the Sakae Krang river basin
are as follows: '

I1:I-1



(Unit:  km?)

Land-Foxm Categories
Sewmi~

Sub-~basin Fload recent ':pr ~Bigh _ercs;op Mountains. .Patal
CPlain o . Terrace Terrace Surface 7 - :
Alllvium S .

Mae wWong - 544 187 546 . 256 638 2,171
Khlong Pho - 348 25 158 479 - 201 1,211
Sakae Krang 95 255 17 17 - . 84 . 89 557
Thap Salao 70 353 32 32 265 - 501 1,253
Khok Khwai 30 0 199 146 154 . 253 - 326 1,108
Total 195 1,699 7407 907 1,337 1,755 6,300

(%) (3.1) (27.0) (6.5) (14.4)(21.2) =  (27.8) (106.0)

1.2 Sbils

Seven (7) Great Soil Groups and seventeen’ (17) soml serles ‘are
identified in the Sakae Xrang rivexr basin. The results of the S0l
classification in each of sub-basin are given in Table III-1.  “The dlqtrl—
butions of the identified soil groups are shown 'in F:g IIT- 2 (8011 ‘Map) .

The soil map was prepared on the basis of thé detailed reconnaissance soil
maps scaled 1 to 100,000 prepared by the Department of Land Development and
have been conflrmed throuqh the field obgservations. The major characteristics
of all the soil series identified in each of land-form are as follows:

(1) Flood plains

THA MUANG SERIES  (Tm)

The soils of this group are formed £r0m the recent alluv1um
and occur on the lower- ~lying areas located along the downstreams
of the rivers. The soils are génerally deep and loamy to clayey
textured. Soil reaction is moderately acid to neutral. The soils
are generally poorlyadrained and permeability is low. - The soils
of this series are classified as Alluvial Soils.in National Soil
classification system or Typic Ustifluvents on USDA system {(Soil
Taxonomy) .. The Muang soils are predominantly used for broad-
casted rice cultivation.

{2) Semi-recent fan aﬁd alluvium

NAKHON PATHOM SERIES (Np)

The soilg of this groﬁb-are fbfﬁed;frbm‘semi—:géent'alluvium
and occur on low terraces. Relief is flat or nearly flat. Slopes
are 1% or léss. The effectlve soil depth is very deep and the
soil is clay loamy to clayey textured. Soil reaction is 511ghtly
acid to moderately alkaline, ffhe soils are somewhal poorly ..
drained. Permeablllty and. surface runoff are slow. The soils are
"classified as Non Calclc Brown Soils (National) or Utic Haplustalfg
(uspa) . Makhon pathom series are mainly used for trangplanted rice
cultivation, In places, segame, beans and grdundnuts are grown,
together with sugar cane in the dry season.
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PHETCHABURI SERIES (Pb)

) The'parent materials of this soil series are semi-recent
'alluvaum. The soils occur on the lower parts of the semi-recent
leévees: ' Relief is flat to nearly flat. Slopes are 2% or less.
The- effectlve soil depth is very deep. The texture of A horizon

is- sandy loam and that of B horizon is clay loam, Soil reaction

is medium acid to neutral. The soils are somewhat poorly drained.
Permoablllty is ‘moderate and surface runoff is slow. The soils of this
group ‘are classified as Utic Haplustalfs (USDA). or Non Calcic
‘Brown Soils (Natlonal) Phechaburi series are predomlnantly used

for transplanted rice cultivation. '

KAMPHAENG SAEN SERIES (Ks)

. - The soils of“thié'grqup are formed from semi-recent alluvium
and Occur on old levees and breach deposits of semi-recent terraces.
Relief is flat to nearly flat, with a slightly undulating micro-

- relief. The'effectivé_soil depth is very deep. 'The soil texture

is loam or clay loam, . The soils are generally well drained,
'perméability is moderate and surface runoff is slow. Soll reaction is
slightly a016 Lo ‘mildly alkaline. The soils are classified as

Non Calcic Brown Soils (National) or Utic Haplustalfs (USDA)

Kamphaeng Saen series are mainly used for transplanted rice
cultivation. In places, they are put to upland crops such as

maize, cotton and sugar cane. '

MAE SAI (Ms)

 These soils are formed from alluvium deposits on semi-recent
terraces. Relief is flat or almost flat. The effective soil
depth is very deep and the texture is silty loam or silty clay
loam. ' The soils are somewhat poorly drained. Permeability and
surface runoff are slow. Soil reaction is medium acid to alkaline.
Mae Sail series are members of Non Calcic Brown Soils (National)
or Aeric Tropagualfs (USDA). The Soils are mainly used for
transplanted rice cultivation with some areas under irrigated
crops such as soy beans during the dry season.

(3)  low terraces

DEUM BANG SERIES. (Db)

““l'he 50115 of this group are formed from the old alluvium
and occur on the low: lying parts of local, coalescing alluvial
fans. Relief is flat or nearly flat. The effective soil depth
'is very deep and the soil téxture'is sandy loam to sandy or silty
clay Soil reaction is slightly acid -to mildly alkaline. The
s0ils are somewhat poorly drained and permeability is moderate.
The soils are classified as Low Humic Gley Soils (National) or
heric Tropaqualfs {(usba). Deum Bang Soils are predominantly
used for transplanted rice cultivation.
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PAK THO SFRIhS (Pth)

The soils of th;s g;oup are formed from old a]luVLum and
ogcur  on low terrace&. Rellef is flat to’ noarly flat . The
effective- s0id depth is very deep and the 3011 texture 15 1oam :
to. clay. Seil reaction is stlongly acid. .The 30115 are gomewhat
poorly drained and permeablllty is low.. The SOllb are cla381f1ed
as Low Humic Cley Soils (National) or Aeric Paleaquuts (USDA) Pak
Tho soils are predominantly used for transplanted rice cultivation.

ROT ET_SERIES (Re).

These 50115 are formed flom old alluvlum and ocour on the
low térraces. Relief is almost flat and the slopeu are. 2% or less,
The effective soil. depth is deep and the texture of A hoxizon is.
sandy - loam overlying a qandy clay loam B horizon,  Soil reaction
is medlum acid to strongly acid. -The soils are poorly drained.
and’ the: permeabllltles of these soils are rapld to slow. The Roi
EL series dre family of Low-Humic Gley Soils (Natlonal) or ‘Aeric
Palequults {USDA) . The soils are used for transplanted rice in
the wet season and for some upland crops such as corn, water melon
and beans after rice harvesting,. :

UBON SERIES (Ub)

The soils of this group are found on the higher parts of
the low and the middle terraces, formed on sandy alluvium. The
relief is flat to gently undulatlng, and the. slopes are 2% or
legs. The effectlve $0il depth -is ‘deep and the sdil texture is
loamy sand. Soil reaction is medium to’ sllghtly acid. The soils
are naturally well drained. Permeablllty is rapid.and the surface
runoff is slow. The soils are classified as Gray Podzolic Soils
(National) or Aquie. Dystropepts (USDA) The s0ils. are mainly used
for transplanted rice.

SAN PA TONG (Sp)

The 50115 of this group are formed from sandy or loamy textured
guatzose old alluVJum and old colluvium, and occur on undulating
to rolling parts of the low terrace. The effective soil depth is
very deep and the profiles have sandy loam A horlzons and sandy
clay loam B horizons. Soil reaction is moderately ac1d in the
A horizons to very strongly acid in the B’ horizons. The Soils
are well, moderately well and SOmewhaL poorly drained. 8San Pa
Tong series are classified as Gray podzolic Soils {(Nationall.or
Oxic Dystropept (USDA) .. ‘The vegetations of these soils aré mainly
opened Dipterxocarp forest and low shrub Savannah with some .crop-
ping under shlftlng cultlvatlon
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{4) © High terraces

KORAT SBRIES (Kt)

'The soils of this group are formed from old alluvium and
occur on high terraces Relief is undulating, varying between
2 ‘and 6%. The efféctive soil depth jis deep. The soils have a
medium texture, sandy loam or loamy sand in surface, and sandy
loam to loam in the subsoil. These soils are excessively to
moderately ‘well drained. Permealibity and surface runoff are rapid.
“The s0il reaction is medium to strongly acid. The soils of this
‘group have a_very weak horizon. differentiation. The soils are
CldSSlfled as Grey Podzolic Soils {National) or Oxic Paleustnlts
(Uspba) . ‘In this area, parts are cleared for .upland crops such as
kxenaf, _water nelomn, malze, cotton, beans, castor bean, cassava, etc.
and settlement ‘areas. Mostly are dry dipterccarp forest and
mixed d101duo$ forest. '

NAM PHONG SERTES (Ng)

The soils of this group are formed from sandy old alluvium
and locally Colluv1um, and occur on middle tervaces and footslopes.
Relief is undulating to rolling which slopes range from 3 to 10%.
The secils are somewhat: excessively drained. pPermeability and surface
_ runoff and rapld The effective soil depth is shallow and the
texture is sand to loamy sand. The soils are classified a Regosols
(Natlonal) or Ustoxic Quartzipsamments (Uspa} . Wam Phong soils
are malnly low opened dipterocarp forest. Parts are cleared for
shlftlng ¢ultivation. Those crops are kenaf, water melon, and
maize.

(5) pissected erosion surfaces

CHIANG KHAN SERIES (Ch)

The soils of this group are formed from residium and local
colluvium derived from shale and metamorphic rock eguivalent to
shale and occur on erosion surface and footslopes. Relief is
undﬁlating to hilly which slopes range from 4 to 20%. The soils
are’ shallow gravelly and loamy to gravelly clayey textured.
Reactlon is medium to nutral acid. 7The soils of this series are
well drained s0ils. Permeability and surface runoff are rapid. Chiang

Khan soils are classified as Reddish Brown Lateritic Soils
' (National), Paleustults (USDA). This area is originally mixed
diciduous forest."Parts'are cleared for shifting cultivation
such as corn, cotton and also used as road building material.

THAP SALAO-SERIES (Tas}

The s011s of this group are xormed from granitic rock and
occur on the erosion surfaces. Relief is undulating, and the
“slopes range from 2 to 8%. Drainage is well. Permeability is

moderate to rapid. The effective soil depth is shallow, and
the soil texture is gravelly loamy sand to gravelly silty loam.
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The seoils commonly ‘show a dlstlnct hoxlyon dlfferentlatlon in
the pxoflle . Normally; soil reaction is médium to sllghtly a01d,.
and the pll.becomes lower with depth. . The soils are classified as
Red-Yellow Podzolic Soils (Natlonal) or Ustoxic Quart21psamments
THAP SALAO soils -are mainly govered w1th forest and’ are partly
‘cleared for upland cropplnq. :

THA YANG SERIES (Ty)

The 50115 of thlS group have malnly been developed from
'res1duum and local colluvium. The soils are found on, dlSSECtLd -
erosion surface and re51dual hills. The relief is malnly rolling
to hilly. Slopes range ‘from 4 to 20%. The effectlve soil depth
'is shallow and the profiles have slightly . gravelly sandy loam or
loam A horizons and gravelly clay loam argillic B’ horlzon.‘ The -
50115 are well dralned Permeablllty is moderate to: rapld and .
surface runoff is moderate to rapid. 'Soil reaction. is strongly
to sllghtly acid. The soils are classified into Red Yellow -
Podzolic Soils (National) or Paleustults- (USDA}. The vegetations
are mixed. deciduous and dipterocarp fOrest locally cleared for
shifting cultlvatlon :

'CHAN'TUK_SERIES'(Cu)

Chan Tuk series are re51dual soils derlved from granltlc
rock and are mainly found ‘on erosion surfaces.‘ Rellef is un-
dulatlng, and the range of slope is 2 to 5%, -The soils are
somewhat : exce551vely drained. Permeablllty and surface runoff are rapid.
The effective soil depth is shallow® and the profiles’ ‘have loamy
sand A horizons overlying loamy sand or gravelly loamy sand C
horizons. Soil reaction is medium acid to slightly acid, The
soils of this group are classified as Regosols (Natlonal) or
Ustipsamments {USDA) . The’ veqetatlons are low opened diptercarp
forests and natural pastures. :

1.3 rand Classification

1.3.1 Procedure for mapping

Land cla581flcatlon survey of the ‘central ‘and’ eastern parLs of
the Sakae Krang river basin was carried out by the Soil and Geology
Division of RID in 1977. 'In addition, land SUltablllty cla551flcatlon
maps of Nakhon Sawan, Uthai Thani, Kamphaent Phet and Chainat prowvinces
scaled 1 to 100, OOO ‘have already been preparcd by the Department of
Land Development,

The land classification study by RID covérs only part-of the area,.
The preliminary field survey was therefore made to supplement the
existing data and ‘informations. The soil naps and land suitability
cla551f1catlon maps were fully utlllzed durlng the course of the fleld

survey.
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For the praeparation of 1and classification map, the following items
of soil and land fealures are taken into consideération:

Surface runoff

s

1. Soil textﬁre
2. The effective soil depth
3.  Soil reaction (pH (Hp0))
4, Topogréphy.(slope)
5. Drainége
6. Permeability
7
8.

Vegetation and Land use

'1.3.2 Land classification system

_The 1and'classification system usged in this Study is that
developed in the Greater Mae Khlong Multi Purpose Project in 1968, and
since adopted in many project studies by RID.

The RID system has been formulated through the past experience
of the observations and studies on soil, drainage and topographic:
characteristics and their-éffects on crop productivity. The standard
specification for land classification is shown in Table IIT-2. The
framework of the system is basically three (3) classes rating for rice
and upland crops. Limitations on suitability of land due to soil,
drainage and topography are indicated by the symbols "s", "d" and "t",
either individually and collectively. The definitions of these land
. class groups are as follows: '

Land Class Group Definition
Ul Land best suited for upland irrigation crops.
u2 Land less suitable for upland irrigated crops

with one or two limitations in the seoil, topo-
graphy or drainage.

U3 Land of distinctly restricted suitability for
upland irrigated crops because of extreme
limitations in the soil, topography or drainage

characteristics.
R1 Land best suited for irrigated rice production.
R2 ' Tand adapted for rice production but with one

or more limitations.

R3 Land usable for rice production but with severe
limitations often necegsitating special methods
of cultivation, or cultivation only when general
conditions permit.



Land Class Group ' - S Definition’

U2/R2 Tand suitable for either upland crops or rice
particularly, but with one or more limitations
for both upland crops and rice.

6 ' Non-arable land. Land udsuitable for the
production of crops.

The land classification for the Sakae Krang river basin was made
in accordance with the RID specification, and the following land class
groups were identified. ' ' '

Land Class Group Land Class Area

Km< %

Rl , U3sd/R1 _ 308 4.9
R2 _ U3sd/R2s 730 _ 11.6
U2/R2 . U2s/R2s 199 3.2
U2s/R2s 272 o 4.3

R1 UL/R2s ' : 76 1.2
U2 U2s/R3s - - T716 ' S 1l.4
U3/R3 ' U3st/R3st 2,244 : 35.6
6. 6 1,755 27.8
Total S ; 6,300 . - . . -.100.0

The land classification for each soil series was studied on the
basis of the explanatory note on scil series given by the Land Development
Department. The study results are, together with detailed data for land
classification, given in Table I1I-3. The land classification map is
shown in Fig. III-3. ) '

The results of land classification study shows that about 37% of the
total study area, or about 2,301 km2, are suitable for agricultural .
production, of which about'1,038 km? are suitable for paddy, 792 km?2
for upland crop and 471 km? are suitable both for paddy -and upland crops.

Iri-8:



2, . SOILs Or PRIORITY AREAS

2.1 Priority Areas

The priority areas for developmenL env1saged under the Mae Wong
and Khlong rho projects with a total net irrigable area of 657 km?
(720 kim” 'in gross area) are located on the north-eastern part of the
Sakae Kranhg river basin. These areas occupy the alluvium plain extending
between Mt, Mai Krathu and Mt. Luang

The prlorlty areas are located within two different sub-basins
of Sakae Krang river: i.e., (1} Mae Wong river basxn of about 2,170 km? '
and (2) Khlong Pho river basin of about 1,210 km?.

“‘The shape of:tha Mae Wong river basin is long and narrow stretch-
ing from north-west to south-easkt. The longest distance in this
direction is about 50 km, and the width ranges from 10 to 20 km.

The Khlong rho river basin also extends narrowly along the river.
It is about 60 km long with narrow width of 2 to 5 km,

2.2 Physiography and Soils

The great part of the lands extending in the pricority areas are
classified as semi-recent Fan and Alluvium. The surface layers are
composed of recent and semi-recent alluvial deposits derlved from
Mae Wong and Khlong Pho river systems,

The elevation_of'the Mae Wong river basin area ranges from 60 m
to 100 m; and that of the Khlong Pho river basin area ranges from 20 m
to 80 m.

The soils of the priority areas are classified into six (B} soil
series. The results of soil classificatioh are summarized as follows:

Mae Wong area Khlong Pho area

km? % km? %
Non Calcic Brown Soils
1. Phetchaburi series 257.1 53.8 I1s.2 65.9
2. Mae Sal series 94.1 19.7 5.9 3.3
3 Nakhon Pathom series 73.7 15.4 41.3 23.1
4. Komphaeng Saen series 32.0 6.7 - -
456 .9 95.6 165 .4 92.3
Sub total
Low Humic Gley Soils
5 Rol Rt series 11.4 2.4 13.6 7.7
Gray Podzolic Soils
6. Ubon series 9.7 2.0 - -
Total 478.0 100.0 179.0 100.0
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The results of the soil classification in theé priority areas
show that more that 20% of the total area are covered with Noh Calecic
Brown Soils: The rests are composed of two Great Soil Groups, Low
Humic Gley Soils and Gray Podsolic Soils. ' ‘ '

2.3 Land Classifiéatiqn

The land classification in the priority areas is summarized as
follows: : :

(Unit: kn?)

Mae Wong "~ Khlong pho " Total

R C 73,7 41,3 _ 115.0
R2 - 268.5 131.8 400.3
R2/U2 94.1 - 5.9 100.0
U2 41.7 - o 41.7
Potal T 478.0 179.0 " 657.0

The results of land classification study indicate that about 78%
of the total priority area, or about 515 km’ are suitable for paddy
cultivation, and about 15%, or about 100 km? are suitable both for paddy
and upland crops. The remainning 7% of this area are suitable only
for upland crop. '

The land classification map covering the priority areas are ¢given
in Fig. III-3.
2.4 Agricultural Limitation and Suggested Land Use

The general features of the major land classes are given in,
Table III-4, together with suggested land use for each of land class.
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3. .SOIL SURVEY'FOR FEASIBILITY STUDY

3 Supplemental'éoil'survey for the feasgibility study should be
carried_but,'with special attention to the distribution and the depth
of coarse textured soils, i.e., Phetchaburi series and Kamphaeng Saen
series,

The so6il digtribution in the central part of the Mae Wong river
basin near Lat Yao is complicated. The soil boundaries will have to
be confirmed. To complete the detailed soil and land classification
study for the priority area, the following items should be included in
the feasibility study: :

a. betailed soil profilé survey,

b. Soil infiltration test,
C. $0il sampling for laboratory tests,

d. Scil labeoratory tests,

e.  Analysis of data obtained from field survey and
laboratoxry tests,

£,  Preparation of detailed soil map,

rand classification study and preparation of detailed
land classification map.

[Te}
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TABLE IIT-2 SPECIFICATION FOR SEMI-DETAILED LAND.CLASSIFICATION

Classification

. . Upland Rice-Land
Characteris- . .
tics Ul U2 U3 R1 R2 R3
SOIL
- S0il texture SL-fri. CL{LS~-p. C LS-sp. C lCLvsp. C SL-VSP. C LS~vsp. C
L5<30 cm |1.S<60 cm |CL<30 om [ SL<15 cm {LS<15 cm
' ' L< 30 cm :
CL>30 cm
Depth of soil | 150 cm 120 cm 90 cm 90 cm 60 cm 30 cm
pH (paste) 5.5~8.0 |5.0-8.514.5-8.5 |5.0~8.0 |4.5-8.,5 |4.0- 8.5
Salinity <4 - 1<6 <8 <4 <6 <8
ECg X 103
Exchangeable <2 <2 <3 <3 <4 <4
csodium
meq/100 gm
Water-holding [ 15 cm 11 cm 8 cm Not ap- Not ap- Not ap-
capacity in plicable |plicable |[plicable
120 cm - -depth
TOPOGRAPHY
Relief smooth Uneven Rough Smooth Uneven Rough
Slope <2% <43 <6% <2% <4% >4%
Leveling Low IMedium High Low Low Medium
reguirement
Gravel or Few Few Some but Few Few Some  but
rock tillable tillable
Rock removal None None Some Neone None Some
Trees oOr Slight Moderate [Heavy Slight Moderate |[Heavy
brush cover clearing jclearing jclearing |clearing |clearing [clearing
- DRAINAGE
Surface Good Good-fair|Fair-poor Good Good-fair |Fair-poor
Sub-surface Good Good-fair |Fair-poor | Poox Good~fair |Good
rlood None None Occa- Infre- Periodic [Annual
sicnal gquent damaging (damaging
damaging |fleoods floods
floods :

Class 6: Non-arable lands - includes all lands which do not meet the
" minimal reguirements for class 1, 2 and 3. :
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ANNEX - IV
AGRICULTURE

1. PRESENT CONDITION OF AGRICULTURE
1.1 Dcmogfaphy!

‘The past census results indicate that the total population of the
—Gtudy. Area is about 240, 000 persons in 1970 and about 295,000 persons in
1980, and has been 1ncrea51nq at the rate of 2.4% per annum. The present
populatlon as of 1984 is ebtlmated at about 324,000 in total. .The popula-
tion den51ty is about 50.9 ‘persons per km?. Total number of household
is about 61,400, out of which farm household accounts=for 43,800 or 71%
of the- total Average size of farm houqehold is 4.8 persons. Farm
labour force ranges 2-3 persons per farm household on ‘an average.
Thé demographic data of the Study Area are given in Table IV-1,

1.2 TLand. Tenure and fand Holding

. The agricultural census- in 1978 reveals that in the Study Area,
about 28% of . farm household own their farm land with an average holding
size of 27 rai (4.3 ha). Distribution of farm household by different size
of holding is as follows (for detalls, see Table 1V-3):

Land Holding Percentage of farm

size (rai) household (%}
Legss than 6 ' : 5.9

6 to 15 11.9

15 to 25 : 18.8

25 to a0 ) 29.1

40 to 60 19.8

60 to 100 11.1
More than 100 3.4

1.3 Present Land Usé

. Of the total area of 3.94 million rai {6,300 km?) in the Sakae Krang
river basin, permaneént agricultural holdings account for 1.16 million rai
(1,860 km?). The rest of 2.78 million rai (4,440 xm?) are mountains, steep

slopes, forest reserve, rivers and swamps, roads and public facilities
compounds. The major types of agricultural land use are paddy, upland

crops orchard, forest and pasture. The distribution of these major land
‘use types are shown in Fig. IV-1, The pattern of land utilization closely
relates with the land-form patterns and soil-type distribution. Paddy

field is mostly ‘confined to semi-recent alluvial plain of the Sakae Krang
river and the low terraces. Upland crops field mainly extends on middle

and hlgh terraces, while orchard and pasture are observed sporadically within

upland crop areas.

Iv-1



Present agricultural land use is summarized as follows::

el L L e (Unit: km?)
River. .Agricultural Land Use o
“Basin s ~Uplang. - Oreha;di_- Nonmagrlc Total
i Paddy Crops - & others .- Land: - SRR
Mae Wong 520 170 20 1,461 2,7
Khlong Pho = . 158 52 . . 41 ' 960 1,211
sakae Krang 248 A7 300 262 557
Thap Salao . 298 23 8 924 1,253
Khok Khwai =~ 166 ”T_' 98f Ui o o83a3 . T 1,108
CTotal . 1,390 7360 T dlo 0 - 4,440 '.6_,300

Paddy rice is by far the most 1mportant crOp, grown on about 75% of
the total agrieultural land. Upland crops. ocoupy ‘virtually most of the
remaining agricultural land. Major crops grown on the uplang figld are
maize, sorghum,'mung beans,” cassava and sugar cane,

Integpretatlon of Landsat 1magery made between 1978 and 198? by
the Forestry: Department indicates serious destruction of forest area in
two provinces of Nakhon Sawan and Uthai ThHani which cover most of the
Study Area. For the 1978-1982 period, a redUCulOn of 228 km , or 6.9% of
previously forest area, i observed: . :

. : T (Unit:.kmz)
" province - Total .- - 'Porest Area - - beforested
: Area . 1978~ © 1982 o CArea
Nakhon Sawan 9,593 1,142 1,037 105
Uthai Thani 6,730 3,050 2,867 183

The'deforested land has partly been brought under upland crop
cultivation and partly lalid bare or covered only Wlth scrub mainly due
to poor soil conditions.

1.4 Present Cropping Pattern

There exist about 869 000 ral ‘of paddy fleld (139, 000 ha) and about
225,000 rai of upland Crop field (36, 000 ha) in’ the Sakae Krang river
basin. Different cropping patterns are observed on the paddy field,
depending on the degree of irrigated condition.

Irrlgatlon fac111t1es are well developed in thle area About 534'000
rai (85,500 ha} or 61% of the ex1st1ng paddy fields, are more or less.
presently provided with irrigation facilities, while all of the upland crop
fields are rainfed. .In this area, existence of 1rr1gat10n fac111t1es does
not mean continuous year- round lrrlgatlon, but supplemental water supplies
for rainy season paddy ‘dultivation. Even though irrigation facilities are
provided, all these paddy fields are not always actually irrigated due to
limited availability of water. In' general, paddy fields extending along

Iv-2



upstreams ‘of major rlvers, are rather sufficiently irrigated, while the
ones along ‘the downstreams are less irrigatéd or not actually irrigataed
and are llkely subjéct to annual “drought damageq

'leflcultles are 1nvolved in estlmatlng the extent of well irrigated
paddy field; because the area well-irrigated largely fluctuates year by
year dependlnq upon seasonal water availability. The 1978 Agricultural
Census 1ndlcates that 'some double cropping was carried out on about
146, 000 rai of the paddy fields (23,400 ha) in 1978/79. -This suggests
that these ‘double cropplng areas are. sufficiently irrigated, and that
other paddy fields with 1rr1qat10n facllltles are supplementarily
lrrlgated only for rdiny season paddy cultivation or partly put under
rainfed cultivation due to lack of water. Water balance study on exist-
ing. condition indicates that about 58% of the total paddy fields with
Jrrlgatlon facilities,; or about 308,000 rai (49,300 ha) of the paddy
fields are irrigated in the rainy season under normal condition with 80%
probability rainfall. Field observations confirm these preliminary study
results; .i.e., the existing paddy field is classified:

ST T Area - Percent-
Paqu-Fieid‘ © rai, ha age (%)
paddy Field with. .
Irrigation Facilities 534,000 85,500 61.5
(1) irrigated (double
cropping) 146,000 23,400 16.8
{(2) irrigated (single _
' cropping) = 162,000 25,900 18.6
Sub-total 308,000 49,300 35.5
{3) wmwainly rainfed =
(single cropping) 226,000 36,200 26.0
Rainfed Paddy Field 335,000 53,500 38.5
_Total: - 869,000 139,000 100.0

As seen from the above, only 36% of the paddy field is actually
irrigated. - The representative cropping patterns on these categorized paddy
fields are shown on Fig. v-2.

- The 1rr1gated paddy fLeld where some double cropping is carried out,
mainly extends along the upstream of the Mae Wong river. 1In these areas,
paddy is planted from mid-June and harvested in November-bDecember. Local
varieties of paddy like Luang Pra Tarn and Kao Dawk Mali are planted on
about. 60% of.the area; the rest is planted with high yielding varieties
(H.Y.V.) like RD 7 and RD 21. Dry scason cropping usually starts immediately
after harvesting of rainy season paddy. The extent of dry season cropping
is around 20% of the area. Major crops in the dry season are mung beans
(15%) and paddy (5%).
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The paddy fleld where lrrlgated srnqle paddy croPplng is: a]most
guaranteed ‘with adequate supply of - lrrrgatlon waLer“ is. observed on the
upstream areas of each existing -irrigation; block -In these- area,.only
rainy season paddy is-cultivated on almost: 100% of the paddy field.
Local varieties are pledomlnantly used for about 75% of the area.a Paddy
is usuaily planted from early JuJy and harVGsted 1n December~January

_ Rainfed paddy fleld has two caLegorles as’ prev1ou51y mentloned
ioe., (1) paddy Fileld w1th 1rr1gat10n fa61]1t1es however not actually
irrigated due to lack of water. supplles, and (2) ordlnary rainfed: paddy
field without lrrlgatlon fac111t1eq. These paddy ficlds, extend over the
downstream areas. Only rainy seacon paddy cropplng is. practlced 1n
these areas. Planted area, however, largely fluctuates year. by year
only about 50% of the area is planted in drought yearq and almost 100%
in rainy. years (however, harvested area is ubually smaller than the
planted area due to: drought ‘damages in drought years and flood damaqes
in rainy. years) Average planted/harveqted area is est1mated at about
75% of the paddy field. : :

Upland craop area extends maln]y on mlddle and hlgh terraces and
mountaln slopes In the ralny season, malze is the: major crop. . In Nakhon
Sawan provlnce, sorghum ig “algo-planted,. together with maize, in the rainy
season. In Uthai Thani province, upland crop, area is- subject to -annual
flood damages; therefore, rainy season maize is planted in mid-April
and harvested in August in-order to avoid the major flood season in
September/October Dry season cropping is common. About 40% 6f the’
upland crop field are utilized for dry season cropping. Maijor crop is
mung beans. ST '

1.5 Farming Practices

The farmlng practlces in the Sakae Krang river ba51n are still of
conventional. :

Land preparation: A combination of tractor power (8 ps class two wheel
hand tractor) .and animal draft are uged; ‘in interview with extension workers,
it appeared that about 70% of paddy field are cultivated by hand tractors
and 30% by buffaloes. This greater dependence on tractor power may be
attributed to the large farm size and the fact that only short period is
generally avallable for land preparation due to uncertaln water supplies

in the rainy season. ' Before land preparatlon, previous season's paddy
stubble is burred in the dry months of March-April, and the field is
ploughed using light- showers of xain, or taklng the 1rr1gat10n water into
the field where water is available, to moisten .the soil, in May-June.

A second harrowing is common. According to.the ‘information obtained from
agricultural extension office in each Amphoe conoerned “about 20% of -
farmers own their tractors and lend - them to the nelqhbours at the cost of
150-200. Baht per rai. " Secdond’ harrOW1ng is usually carried out with stand-

ing water in the fileld, malnly in June
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Lransplantnnq of 3-4 week old seedlings is in JulywAugusL. In the Sakae
Krang riveér basin, the transplanted rice is predominant. Boardcasted rice
is_COnfinedﬂto only the flooded areas. Most of the rice grown in the
areafiSEnohAglutinous; : :
QEQE_TEEQQEQEEE This compriees weed control 'fertilizér application,
'wator. Weed control 19 generally made by hand ‘Investment for weeding

ig however, generally low and present condition of weed control is un-
satlsfactory Use of fertilizers is generally limited. The local
varletles do. not receive any fertilizers, but HYVs do receive an applica-
tion of some fertlllzere "Chemical control of pest and diseases is not
common, - There is no farmer s institutions responsible for collective
irrigation water distribution. Farmers take water at discretion from
rlvers/canals as they requlre if water is available. No rotational
irrigation schedule ‘is applied. 'Two wheel small tractors are fully used
_as power source for pumping water from river/ canal and tube wells,

Harvesting: The ralny season paddy is harvested in the dry months of
November/December.. Harvesting is carried out manually with sickle knives;
the "sheaves are. left in the field for a period of drying and thereafter
bundled and removed to the threshing floor. Threshing is usually made by
tractor or under the feet 6f buffaloes, Winnowing is effected manually.
Thresh1ng/W1nnow1ng is rather leisurely operation Carried out over a 2-3
month period. The rice is thereafter bagged and transported, eigther for
storage or for sale.

1.6 Crop Yie;d and Production

- paddy yield largely fluctuates year by year. Reasons are manifold.
Decisive factor is,; however, unstable water supply resulting from uneven
seasonal: distribution of rainfall as well as irregular total depth of annual
rainfall which causes drought and flood repeatedly. Tig. IV-3 shows annual
paddy yield and production in past 10 years in Nakhon Sawan and Uthai
Thani. Relationship between paddy yield and annual rainfall is shown in
Fig. IV-4.

Crep production in the Sakae Krang river basin is roughly estimated,
by multiplying the estimated crop areas and unit yield data given in the
agricultural production statisties {1973/74 -'1982/83), as follows:

' Crop Crop Area’ Crop- Production (1,000 ton)
{1,000 Rai) Highest Lowest Average
Major Rice 869 283 137 234
"second Rice 7 5 4 4
Murng Beans 99 ' 18 6 13
Maize 132 53 21 36
' Sorghum 64 - 14 8 11
Cassava 13 - 40 27 33
Sugar Cane iz 114 54 102
Cotton” T4 _ - - -

V-5



1.7 Livestock

Varloquklnds of llvestock i.e., buffaloes, cattle, swine, goat;
chicken and duck, are raised Jnd1v1dua11y in the Sakae Krang ‘river basin.
puffaloes still play an 1mportant role in land preparatlon " Others are
not economically significant in present farm aconomy . '

1.8 Crop Marketlng and Processxng

o Paddy rice is both the sub51stence cr0p and the only 31gn1f1cant
cash crop in the basin. In v151ts to.the agrlcultulal ‘extension offices
at each. changwat concerned, ‘it was learned that about" 50% of paddy-
production was intended for sgale. In- addition, ‘part of the: produce
stored for consumption will also be =o0ld; when the follow1ng harvest: is
secured. The value of paddy depends in past on‘its grain: quality which
is in turn chiefly a matter. of varlety and: cultlvatlon method. Greding
of paddy is normally undertaken by ‘hand milling of a few. sample grains and
quality is judged by eye. The markéting of paddy remains 1arge1y a
private sector activity. The farmer usually negotlates a sale at his
home, to either a middle man, or directly with dn agent of the rice wills.

There are about 800 rice mills in the provincial areas of Nakhon
Sawan and Uthai Thani. Paddy is not necessarily milled in the area where
it ‘is grown. Provincial middlemen may transport it to other centres
inside ox outside the province, seeklng the best price.. The miller may
sell some of the rice locally, but much of. the ‘rice will go to the Bangkok
wholesale market, and prices there- largely influence what the miller can
offer for paddy to the farmer. In an overall sense, theé private marketing
system appears to operate efficiently within the Basin area. There are
inevitably disputes between farmers and werchants on the grading of the
paddy; however, each farmer has an opportunlty to compare offers from
several merchants and/or agents of the rice mills.

The farm gate price of paddy fluctuates seasonally. . Present average
farm gate price of paddy is 2,800-2,900 Baht per ton. ’ :

1.9 Agricultural Institutions

A number of governmental and non-governmental organizations play a
major role for 1mprovement of rural life and increase of agricultural pro-
duction. Among the organlzatlons, the Ministry of Agriculture and
Cooperatives is systematlcally leadlng the agrlcultural supportlng services
for the farmers.

Agricultural extension: The Sakae Krang river ba51n area is covered by the
early phase of the National Agricultural Extension Project, financed by the
World Bank in 1977, Accordlng to the pr0v1nc1al extension offices in

the Basin area, the Progect components are already finalized and in
operation. The full staff complement of extension workers is also in place
with transport. pPackage of practlces has been determined and pre-season
training and visiting schedules are established. In each tambon at least
one extension worker is a531gned "Extension work is concentrated on rice

and maize,
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the Ba51n ‘area. Apart ‘from the informal exchange and hire of farm labour
and’ equlpment there is little evidénce of cooperatlve movements in
farming and marketing. There is no water user's association in the
ex15t1ng 1rr1gat10n areas. :

of Agrlculture All 1mportant aspects of rice research are covered by
this station, 1ncludlng seed multlpllcatlon, crop rotation and plant
protectlon in rice crops. Field extension workers are trained in rice
productibn technique by the staff of this station.

The Chalnat Fleld Lrop Research Institute is one of the branch stations
undexr the Department of Agrlculture. In this station, emphasis is laid
on testlng dry season .upland crops rotations with rainy season paddy.

Agrlcultural credit: The main sources of institutional credit are (1)

the Bank for Agriculture and Agrlcultural Cooperatives (BAAC). (2) the
Agrlcultural Cooperatives and (3) the Farmers' Marketing Organlzation
Agricultural loans are extensively utilized for the purchase of eguipments,
land, seasonal. 1nputs and hire of labour. TIn addition, large portion of
farmers receives consumer goods and farm inputs on credit terms from local

merchants.

Inpﬁt distribution: ‘All farm inputs are supplied by the private merchant;
ﬁéﬁéGéEhnagéaIE_iInked inputs such as fertilizers are increasingly supplied
through the credit institutions themselves. Fertilizer is obtained from
the Farmers' Marketing Organization at Bahts 4,200/ton for cash and Bahts

4,400/ton on credit terms for compound . fertilizer (16-20-0).
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2. AGRICULTURAL CONSTRAINTS AND
BASIC STRATEGIES FOR DEVELOPMENT =

2.1 cCurrent situations

About 0,32 million people lived in thé Sakae Kraﬁg river ‘basi
primarily rely on agriculture. Farm household accounts For, about 70% of
the total household. ~Others are wostly engaged in trading, transPDrtﬁtlon,
and public administration which support the aqucultural act1v1t1es.
Agricultu¥e c¢ontributes to about 45% of gross ‘regional product while
it accounting for only about 25% of GDP in national economy. Agriculture
has been and will continue to be the most lmpoxtant ‘key determlnant in,
regional economy of the basin area.

The Sakae Krang river system con51sts of four major r1vers--1 LE.
the Mae Wong, Khlong Pho,;Thap Salao andkKhok Khwai. The river dlscharge
in the basin reaches wmaximum in October and becomes minimum in March.
Annual rainfall averages about 1, 200 mm, of which almost 90% concentrates in
the rainy season from May to October.. Of total basin area of 6,300 km2
the agricultural land is about ‘1,860 km?., The rests of 4_440 km2 are non-
agrlcultural lands like mountains, steep blopes forest: reserve, rivers
and swamps, roads and urban areas. : The agricultural land con51sts of -
1,390 km? of paddy field, 360 kmZ of upland crop field and 110 km2 of
orchard and others.

Paddy rice is by far the most 1mportant crop, grown on about 75a of
the total agrlcultural land:. -Paddy cultivation is concentratod in ‘the
rainy season and extremely limited in the dry. season, bacause the- depend-

able water redsources. dre completely exhaused durlng the dry season.

The planted area of paddy, even in the rainy season, widely fluctuates
year by year depending on the endowed rainfall and river flow.  The paddy
yield is directly affected by total depth of annual rainfall. Aftér
harvesting the rainy season paddy, the farmers grow upland crops mainly
mung beans in the very limited area where irrigation water is readily
available. It is not common that dry season paddy is planted as a second

crop.

About 61% of the existing paddy fields, or 534,000 rai. (85,500 ha) in
area, are presently covered with the existing irrigation schemes of 56
in number; one large scale (Thap Salao), five medium scale and 50 small
scale irrigation projects. However, most of the paddy fields still. remain
under rainfed condition. Present water balance study on’ existing: condition
indicates that the dependable water resources 1s not sufficient for
supplying the irrigation water throughout the growth perlod of rainy
season paddy, to a whole irrigation area. The preliminary result of the
study implies that only about 58% of the’ exlstlng irrigation area are
actually served with water supplies and others are laid under rainfed
condition under normal rainfall condition with 80% probability.

Most of the irrigation canals aligned in .the existing paddy fields are
unlined. These canals are generally deteriorated due to improper maintenance.
The density of the existing canal network 1s wvery low. This makes equitable
distribution of irrigation water difficult. WNo technical drainage system has
been provided so far in the existing 1rr1gatlon_area. Most of the existing
canal have dual function of irrigation and drainage. This qubqtantlally
contributes to repeated use of the limited water resources.
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Theé present farming practices is still of conventional; local
varieties are still predominant, use of fertilizers is limited, agro-
chemicals for plant protection are not used, use of certified extension
seeds is very rare, etc. These apparent limitations for agricultural
pxoductlon increase come from present unreliable water availability,
pecause most of the improved farming practices are possibly introduced
only under Lhe condition that irriqation water is assured,

2.2 Agricultural Constraints

.Phe Sakae Krang river basin -is endowed with vast land resources
guitablé for agricultural production. Nevertheless, land productivity is
still very: low, due to various problems and constraints involved in the
current agriculture: The major problems and constraints are:

(1) Annual shortage and uneven distribution of rainfall,
(2) Ogcasional floods,
{3) Unreliable water sources for irrigation,

{4) Inadequate canal networks and insufficient density of canals
which make equitable water distribution difficult,

(5) Improper water management and lack of water user's associations,
(6) Insufficient farm road network,

{7} Scattered type of land holding pattern and small size of
field plots, and

{8)  Conventional farming practices.

" The problems are manifold; however, the mOSt.important single constra-
int to agrlcultural development in the basin is the lack of assured
irrigation facilities coupled with the shortage of available water.

The rainy season paddy crop often suffers from moisture stress at critical
periods. of growth, resulting in total or partial crop damages. There is

a great concern among the farmers in the basin for such almost regular
drought conditions than crop damages from any other causes. Other con-
straints such'as yield limitations of local variety, low inpub use and
inadequate crop management should become secondary in importance when
considered against regular orop damages caused by present irregularity in
water supply.

2.3 Basic Strategies.for Development

The Kingdom of Thailand sustained about 8% of the economic growth
rate during the recent decade of 1970's. - Such rapid stride of the economic
growth in the country caused serious and complex economic problems and
social tensions (for detail, see Chapter II}. In order to overcome such
problems and tensions, the Fifth Economic and Social Development Plan
(1982-1986) has been set out containing long term strategies and new
approaches. Major objectives given in the Development Plan are:
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{1) to restructire the key productive secters like
agriculture so as too 1mprove the current economic
and financial situations,

(2} to reduce absolute povelty and accelerate rural develop-~
ment in backward areas, and

(3) to uplife rural 11v1ng standard as well as btrlve more
equitable dlStrlbUthn of income. :

Two prov1nces of Nakhon Sawan . and Utha1 Thanl where most of the
Sakae Krang river ba51n are included; have about2.6% of the klngdom 8.
population. The share of the provinces in GDP is however only less than
1.3%. The relatively poor position of the area ls-alsc indicated by
its lag in percapita income; the average in past five years amounts to’
about 3,670,Bahts, corresponding to roughly two-third of national average
(5,610 Bahts). The area sufferg also from the instability in annual income
which fluctuates largely year by year.. Such poor economic: situation of the
area is mainly derived from low product1v1ty of agriculture which is
definitely ascribed to lack of assured 1rrlgatlon system. coupled w1th
the shortage of avallable water.

raddy cultivation is a malnstay in the Sakae Krang river basin.
It is surely suited to the area in economic-social-histrical-cultural-physical
context. The area is endowed with good.soils and climate (exXcept rainfall)
suitable for paddy cultivation and the farmers are accustomed to paddy
cultivation.  Farmers heav1ly rely on paddy ‘production economically.
It however gives them only instable results of yield due to lrregular
water availability. *~ The most important sole constraint to rural development
in this area is again shortage of available water.

The Government of Thailand has emphasized. the importance of paddy
production increase in the Fifth National Deveélopment Plan. It is generally
recognized among the government officials that for increase of paddy
production, more’ a*tentlon will be given to the’ improvement of unit yield
per rai because expansion of paddy fleld has beacome rather dlfflcult in
the country, and the priority is glven to the improvement Of unit yleld
in the ex1st1ng paddy - flelds of the Central and Northern Regions where
exploltable water resources still remain, The Sakae ¥rang river basin is
one of the areas endowed wlth such ex9101table water resources

The 1rrlqated paddy field in the Sakae Krang river basln is limited
to only 36% of ‘the total ex1st1ng paddy fleldS, others’ are presently put
under rainfed condltlon “The irrigated paddy fleld is mostly located
along the upstream of each river; and the rainfed paddy fields" extend over
the downstream areas. There is. clear dlfference in crop yleld and therefore
in farm income between irrigated area and rainfed areas. It is reported
that serious disputes for river water are often occured between farmers
in upstream areas and those in the downstream areas. This causes sone
social tensions in the area. ' '

Conslderlng all these, basic strategles for development in the Sakae
Kranq river basin are con51dered as follows:
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(1)

_(2)'

The area is endowed with large potential for rice production
and therefore the current peoor economic position should be
improved through full utilization of the endowed resources
for increase of paddy production,

The present rural living standard should be uplifted with

‘particular emphasis on improvement of present income dis-

parity in the area.

_These basic principles are exactly conformed to the govermment policy
given in the Fifth National Deve]opment Plan. With these in mind, the
basic development concept for the Sakae Krang river basin is conceived
as in the following. Major items of the basic concept are:

(1)

(2)

(3)

exploitation of new water resources by means of dam

construction,

full utilization of existing irrigation systems and
1mprovement of existing facilities, and

expansion of irrigated paddy field.

These measures will significantly contribute to the realization of
the above basic requirement for rural development in the Sakae Krang
river basin, In order to realize these measures and attain the prospective
goals, more precise guidelines for formulation of development plans will
be required."The proposed guidelines for development planping in the
fields of agriculture are given as follows:

(1)

(2}

‘Cultivation of rainy season paddy should be stabilized through

optimum utilization of newly exploited water resources.

Unit yield.of rainy season paddy should be maximized through.

" proper supplemental irrigation and improved farming practices.

(3)

(4)

(5)

Supplemental irrigation area for rainy season paddy should
be maximized with full use of the limited exploitable water
regources; however, first priority should be given to the
existing irrigation area, the rainfed arveas should be
benefited within economically reasonable range.

Special attention should be paid to the rainfed areas, in
connection with further studies on possibility of groundwater
exploitation.

Dry season cropping should be considered as secondary importance;
if water is still available during the dry season, irrigation for
dry season cropping should be considered to a possible maximumn
extent. In order to save the water consumptlon and to use

. the .limited water resources more effectively, some upland crops

other than paddy should bhe considered as second crop in the dry
season.
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3. AGRICULTURAL DEVELOPMENT PLAN
FOR HIGH PRIORITY PROJECTS

3.1 General

For selectlon of high prlorlty progects, prellmlnary evaluatlon was
made over the proposed six (6) possible projects, using the parametres.
of dam and reserveir performance, potential irrigable areas, construction
costs 1nc1ud1ng costs for compensatlon and resettlement. .After Full dis-
cussion with the authorities concerned “three (3} progects, i. e., Uppexr
Mae Wong, Lower Mae Wong and khlong Pho pro;ects were selected as the
high priority plO]eCtS.

The major objectives of the present pre-feasibility study which
is defined as part-B in the "Scopé of Work“, are (1).to formulate the
development plans for the selected hlgh priority projects (2) to make
the preliminary design of project facilities, (3) to estimate the project
costs and benefits, and (4) to propose the priority ranking for selection
of the first priority project. :

The study of the agriCﬁlture and.agricultural economy at the present
stage has therefore been designed for the purpose to measure the possible
Gifference in agricultural froduction botween conditions with and without
each of the projects and to estimate the project beneflts for prlorlfy
ranking.

3.2 Delineation of Irrigation Areas

Water balance studies indicate the potential irrigable areas (for
details, see ANNEX-V). The irrigation areas. under the project will
vary with the cropping. intensity; the lower cropping intensity meakes the
irrigation areas larger, and on the other the higher cropping intensity
smaller irrigation areas, The representative combinations of irrigation
areas and cropping intensity are as follows (See ¥ig. IV-5):

Irrigation Cropping

Project Area Intensity
(ha) (%)

Upper Mae anq 36,800* i30
' 47 ,800%* . 105
lower Mae Wong 36, 800%* ' : 140
47 ,800%% 115
Knlong Pho 10,600*% 190
17,900%%* 140

* existing irrigation area

*% potential maximum area

v-12



In the ‘above table, the smaller areas mear the existing irrigation
arca and 1arqer'areas_the potential maximum areas for irrigation develop-
ment which have been détermined on the basis of topographic features,
s0il and land suitability classification, and the present land use.
rhe areas delineated arca, irrespective of large and small in area,
gelected within the existing paddy fields.

The cropping intensity mentioned above means 100% of wet season
paddy and the rest of percentage allocated for mung beans cultivation
in the dry season.

3.3 Changes in Land Use

The potential irrigation areas are delineated within the existing
paddy field, Paddy cultivation is a mainstay in the area and its
importance in rural economy will increasingly continue.

The existing paddy fields are classified into three (3) categories,
depending on the degree of irrigation: (1) irrigated, (2) semi-irrigated
and (3) rainfed fields. The "irrigated" means the paddy fields equipped
with irrigation facilities and full supplemental irrigation for wet
season paddy is guaranteed, and the "semi-irrigated” means the ones covered
with irrigation facilities but not actually irrigated due to shortage of
available water.

rThe selected high priority projects areas are considerably matured
for agricultural production, where rumerous irrigation systems have been
implewmented and the available water is fully utilized with almost fixed
cropping systems. There is no water available at present for the existing
rainfed paddy fields. Under such conditions, significant changes in
agricultural production will not be expected unless new water resources are
exploited. With this in view, future condition without the project is
considered same as the present condition. In the long run, the production
technigues such as new varieties and efficient vse of farm input and
agricultural engineering investment are always changing and progressing
and will certainly lead to somechanges of agricultural production even
if no project is realized. These factors will, however, be neglected in
the estimate of possible changes attributed to the project partly because
these will have influences on both with and without the project and partly
becavse the effects of these factors is considered insignificant.

The paddy fields under future condition without the project are
considered same as the present condition. These are classified:
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Existing Potential
Project _ Irrigation Area © Maximum Area

Upper Mae Wong

irrigated ' 23,600 - 23,600

semi-irrigated 13,200 13,200
Lxainfed - l.....i1,000
Total - © 36,800 47,800,

Lower Mae Wong

irrigated 23,600 ' 23,600

gemi-irrigated o 13,200 -+ 13,200
Lorainfed T, . 11,000 -
Total 36,800 47,800
“Khlong Pho
irrigated 8,900 ' _ 3,900
semi~irrigated 1,700 1,700
_orainfed T 7,300 _ . _
Total 10,600 17,900

After_completion of thé projedts, all these paddy fields will be
convented into the irrigated paddy fields. ' ' '

3.4 Proposéd'Cropping Pattern

Paddy and mung beans are selected as main crops in the priority
projects areas. Paddy will be cultivated in the wet season and mung
beans will be grown after haruest of wet season paddy in the dry season.

paddy is Thailand's most important crop.. It is the main staple for
domestic consumption and is also the major source of foreign exchange
earnings. Thailand produces about earnings.  Thailand produges about
14 to 17 million tons of paddy annually. Its production fluctuates largely
depending on the, weather, especially seasonal patterns and amounts of
rainfall. About two-thirds of production is consumed domestically and
the rest is exportéd. - The annual export ranges between 2.7 and 3.0 million
tons of rice (4.1 to 4.6 million tons of paddy). .

In recent years, world rice production amounted to around. 410 million
tons, while only about 13 million tons or about 3.2% of production were
internationally traded. Thailand's export accounts for about one-fourth
of the total trade. The small rate of trade against production means that
a small change in world production will affect world trade and prices.

This indicates that the country's euports are largely dependent on world
production.
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In January 1983, the Government of Thailand announced -that about
19-21 million tons of paddy would be produced in the 1984/85 crop and
1n_ant;qlpatlon:of over- ppoductlon problems, the Government would change
its poliey for rice and seek the possibility of a reduction in local
paddy production by encouraging rice farmers to grow other cash crops
yielding parallel income. The Government accorded its priority to
sorghum and mung beans  as substitute crops.

Mung bean is one of the prospective crops since its demand in the
world market is high. fThailand is one of the major producers and
experters of mung beans. Thailand produces about 10% of the world

output and exports a value of over one (1) billion bahts annually
(about 133, OOO tons).

The proposed cropping patterns is shown in Fig. IV-6. Two kinds
of paddy varieties will be introduced; i.e., (1) high yielding variecties
(H.Y.V.), and (2) improved local varieties. High yielding varieties will
be cultivated mainly for export and improved local varieties will mainly
be for home consumption.

3.5 TProposed Farming practices

After the proposed projects are realized, the existing paddy fields
will be Fully irrigated and new production techniques will be gradually
introduced to the areas. The recommendable farming practices will be
those developed by the Chainat Rice Experimental Station and the Field
Crop Research Institute, and are summarized in Table IV~18 labour and
farm inputs requirements for the proposed farming practices are estimated
in monetary term and included in the estimate of crop production costs
under the condition with the project.

3.6 Anticipated Crop yield and Production

Crop ylelds under the present condition vary place by place and year
by year, depending on the degree of irrigation water supplies. The
present crop vields are estimated through field observations and interview

with local farmers:

Wet season paddy

irrigated 400 kg/rai (2.5 ton/ha)
semi~irrigated 250 kg/rai (1.6 ton/ha)
rainfed 200 kg/rai (1.2 ton/ha)
Dry season paddy - . 600 kg/rai (3.7 ton/ha)
Mung beans : 100 kg/rai (0.6 ton/ha)
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Crop yields will be substantially increased after completion of the
Project with introduction of improved farming practices under assured
irrigation system. The antlcapated -crop yields under the condltlon w111
the Project are estimated as follows:

Paddy : .
H.Y.V. _ 820 kg/rai (4.5 ton/ha)
Local 640 kg/rai (4f0 ton/ha)

Mung Beans . .190 kg/rai (1.2 ton/ha)

Crop ylelds and productlon under future condition WJthout project
are considered same as these of present condition. The inecremental crop
production attributed to the Project is estimated as follows:

(1) Existing Irrigation Areas

a. Crop.Production Without Projeét

Cultivated Unit

Projects/Orops : Area Yield Production
{(ha) =~ (ton/ha) - {ton)
1. Upper Mae Wong
- Wet Season Péddy _
irrigated . - 23,600 2.5 59,000
semi-lrrigated 13,200 1.6 21,120
rainfed . - o - . -
- Dry Season Paddy ' 510 3.7 1,890
~ Mung Beans 1,530 0.6 220
2. Lower Mae Wong
- Wet Season Paddy
irrigated o 23,600 2.5 59,000
semi-irrigated - 13,200 1.6 21,120
rainfed ' o - -
- Dry Season Paddy 510 - 3.7 1,890
- Mung Beans 1,530 0.6 920
3. ¥hlong Pho
- Wet Season Paddy _ _
irrigated _ _ 8,900 2.5 22,250
semi~irrigated 1,700 1.6 2,720
rainfed - - ' -
- Dry Season Paddy 190 3,7 ' 700
~ Mung Beans : ’ 570 0.6 340
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b. Crop Production With Project

L . Cultivated Upit )
Projects/Crops Area Yield Production
_ {ha) (ton/ha) {ton)
1. Upper Mae Wong
paddy _ 36,800 4,25 156,400
Mung Beans (30%)_ 11,040 1.20 13,250
2. Lower Mae Wong
Paddy 36,800 4,25 156,400
Mung Beans (40%) i4,720 1.20 17,660
3. Xhlong Pho
Paddy 10,600 4.25 45,050
Mung Beans (90%) 9,540 1.20 © 11,450
c. Incremental Crop Production
: Without With
Projects/Crops Project Project Increment
(ha) (ton} {ton)
1. Upper Mae Wong
paddy _ 82,010 156,400 74,300
Mung Beans 290 13,250 12,330
2. TIower Mae Wong
pPaddy 82,010 156,400 74,350
Mung Beans 920 17,660 16,740
k. Khlong Pho
Paddy 25,670 45,050 19,380
Mung Beans 340 11,450 11,110
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(2) Protential Maximum Areas

a. Crop Production Without Project

~ Cultivated

Uﬁit

Projects/Crops Area Yield Production
(ha) {ton/ha) ~{ton)
1. Upper Mae Wong
- Wet Season Paddy
irrigated 23,600 2.5 59,000
semi-irrigated 13,200 1.6 21,120
rainfed 11,000 1.2 13,200
- Dry Season Paddy 510 3.7 1,890
- Mung Beans. 1,530 0.6 920
2. Lower Mae Wong
- Wet Season Paddy
irrigated 23,600 2.5 59,000
semi-irrigated 13,200 1.5 21,120
rainfed - : ' =
- Dry Season Paddy 510 3.7 1,890
- Bung Beans 1,530 0.6 920
3. Khlong Pho
- Wet Season Paddy
irvigated 8,900 2.5 22,250
semi-irrigated 1,700 1.6 2,720
reinfed - -
- Dry Season Paddy 190 3.7 1700
—- Mung Beans 570 0.6 340
b. Crop Production with Project
Cultivated Unit _
Projects/Crops __Area Yield Egoduction
(ha} {ton/ha) {ton)
l. Upper Mae Wong - _
paddy 47,800 4.25 203,150
Mung Beans { 5 %) 2,390 l.20° 2,870
2. lower Mae Wong
paddy 47,800 4,25 203,150
Mung Beans (15 %) 7.170 1.20 8,600
3. Khlong Pho
paddy 17,900 4.25 76,080
7,160 1. 8,590

Mung Beans {40 %)
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¢. incremental Crop Production

I without With
Projects/Crops Praject Project Incrgment
{ton) (ton) {ton)

1. Upper Mae Wong

Paddy 95,210 203,150 107,940

Mung - Beans 920 2,870 1,950
2. Lower Mae Wong

pPaddy 95,210 203,150 107,940

Mung Beans 920 8,600 7,680
3. Khlong Pho

Paddy 34,430 76,080 41,650

Mung Beans 340 8,590 8,250

3.7 Marketing and Price Prospects

Production sdrplus of rice in the year of 1995, when full development
of the Project is attained, is estimated as follows:

Existing potential
irrigation Area Maximum Area
ITtem . Mae Wong Khlong Pho Mae Wong Xhlong Pho
Polulation in 1980 50,000 15,000 65,000 25,600
Population
Growth Rate (%) 5.2 2.4 5.2 2.4
Population in 1995 107,000 21,000 139,000 36,0Q0
Rice Consumption
per Capita (kg) ' 150 150 150 150
Total Consumption
in 1995 (ton) 16,000 3,200 20,900 5,400
Total Paddy :
Production in 1995 156,400 45,050 203,150 76,080
Total Production of
Milled Rice in 1995 101,700 29,300 132,000 49,500
surplus | 85,700 26,100 111,100 44,100
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The balance of demand and supply for rice in whole Nakhon Sawan and
Uthai Thani provinces, in the year of 1993, is also estlmated as follows-

Nakhon Sawan ._Uthal Itanl

Ttem _ . Province - Province
population in 1980 942,000 : 220,000
pPopulation e
Growth Rate (%) 2.2 : 2.4
Population in 1995 1,306,000 - 314,000
per Capita
Rice Consumption (ke) 150 : - 150
Total Consumption
in 1995 (ton) _ 196,000 _ 47,000
Rice Production in 1980 344,000 ' 103,000
Rice Prodﬁction Increase
by the Projects 70,000 - 27,000
Total Rice Production . o
in 1995 : 414 ,000 130,000
Surplus 218,000 83,000

aAnticipated surplus of rice in 1995_Wi11 be significant in and
around the Projects areas. These surplus will be transported to the
outsides of the provinces particulaly to the Bangkok market._

Present production of mung beans in the priority areas_is about
1,260 tons in total. BAbout. a half of the products are consumed in the
area and the surplus in directly sold at the local markets or to Bangkok
through local merchants. After completion of the Projects, the incremental
production of mung beans will be remarkable, ranging from 1,950 tons to
16,740 tons. All these surplus will be marketed to Bangkok for export.

For making preliminary evaluation of the priority projects, economi.c
prices of paddy and mung beans of farm gate are estimated as follows (for

details, see. Table IV-9):

Paddy :  EB5,200 per ton
Munq Beans : B8, 700 pér ton

These prices are estimated on the basis of the projected international
market prices forecasted by IBRD for the year of 1990, '
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3.8 Crop Production Cost

crop production costs under "without Project" condition are estimated
on the basis of farm- economy  survey carriedout by the Office of Agricultural
Economics. -Detailed” estimates are given in Table IV-10. Those under "with
project' COHdlLlOn are also estimated on the basis of farm inputs and labour
requ1rement for recommendable farming practices., In the estimates of crop
productlon costs, gconomic prices of inputs and labour are used. These
estimates are shown in Table IV-11,

Unit production costs per ha thus estimated are:

without Project

- Wet Season Paddy

irrigated . ¥4,640/ha
semi~irrigated ¢ B4,000/ha
rainfed i : B3,160/ha
-~ Dry Season Paddy :+ B6,110/ha
- Mung Beans : B2,190/ha

With Project
- Paddy : BG6,510/ha
- Mung Beans : EB3,920/ha
3.9 Gross and Net Cfop Producﬁion values

Gross and net production volues under conditions with and without
the Project are estimated as follows (Details. are given in Table IV-13):

(L) Existing Irrigalion Areas

a. Without Project .

Production

Projects G.P.V. Costs N.P.V.
(B Million) (¢ Million) (¢ Million)

1. Upper Mae Whong
paddy 426.5 165.4 261.1
Mung Beans 8.0 3.4 4.6
Total 434.5 168.8 265.7

2. Lower Mae Whong
- Paddy ' 426.5 165.4 261.1
Mung Beans 8.0 3.4 -4.6
Total 434.5 168.8 265.7

3. Khlong pho

Paddy 133.5 49.2 84,3
' Mung Beans 3.0 1.2 1.8
Total 136.5 50.4 86.1
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b. With Project

‘Production

Projects > __G.P.V. "~ Costs CONLPLV,
: (¢ Million) - (B Million) - (R Million)
1. Upper Mae Wong o _ -
Paddy . _ 813.3 - 239.6 573.7
Mung Beans 115.3 43.3 72,0
Total - 928.6 : 282.9 645.7
2. Lower Mae'Wong
paddy _ 813.3 239.6 573.7
Mung Beans 153.6 57.7 - 95.9
Total s 966.9 297.3 669.6
3. ¥hlong Pho o
paddy : 234.3 69.0 165.3
Mung Beans 99.6. 37.4 62.2
Total 333.9 106.4 ] 227.5
¢. Incremental N.P,V.
Without - With. _
Projects Project Project Increment
(F Million) (F Million) (F Million)
1. Upper Mac Wong - 265.7 645.7 ~380.0
2. lower Mae Wong 265.7 669.6 403.9
3. Khlong Pho 86.1 ' 227.5 141.4
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(2) potential Maximum Areas

a. Wifhbﬁt Project

Production

- Projects - G.P.V. Costs N.P.V.
' (¢ Million) (B mMillion) (¥ Million)

1. Upper Mae Wong
Paddy . 495.1 200.2 294.9
___-Mung Beans 8.0 3.4 4.6
Total 503.1 ~ 203.56 299.5

2., Lower Mae Wong
‘Paddy 495.1 200.2 294.9
Mung Beans 8.0 3.4 4.6
Total 503.1 203.6 299.5%

3. Khlong Pho
Paddy 179.0 72.3 106.7
Mung Beans 3.0 1.2 1.8
Total 182.0 73.5 . 108.5
b. With Project
- Production
Projects G.P.V. Costs N.P.V.
: (¥ Million) (B Million) (B Million)

1. Upper Mae Wong
Paddy 1,056.4 311.2 745.2
Mung Beans 25.0 9.4 15.6
Total 1,081.4 320.06 760.8

2. Lower Mae Wong
Paddy 1,056.4 311.2 745.2
Mung Beans - 74.8 28.1 46.7
Total 1,131.2 339.3 721.9

3. Khlong pho

Paddy _ 395.6 116.5 279.1
Mung Beans 4.7 28,1 46.6
Total 470.3 144.6 325.7
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C.

Incremental WN.P.V.

Projects

Without

With

1. Upper Mae'Wong

2. Lower Mae Wong

3. Khlong Pho

 Project  Project Increment

{¥ Million) (F Million) (B Million)
. 299.5 760.8 461.3
299,5 791.9 492.4
108.5 325.7 217.2
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