The average population density in the project area is 150 persons
per kmf. Average size of farm household is 5.5 persons. ¥Farm labor
force is about 3 persons per household on-an average. '

4.9.2 Land tenure and land holding

The percentages of owner farmer, partial:tenant and tenant (rented)
are 77%, 7% and 16% of the total farm househeld, respectively. Average
size of farm is 28.7 rai (4.6 ha). The land holding by farm size in the
project area is as follows: '

Land Holding Numbexr of % of Farm Area of % of
Size (rai) - Farm Household Household Holding (ha) Area
Less than 2 40 ' 0.4 - -
3 to 10 © 1,028 10,1 - 608 1.3
11 to 20 1,588 15.6 2,521 5.4
21 to 30 1,932 © 19,0 : 5,371 11.5
31 to 50 2,766 : 27.2 12,282 26.3
51 to 80 1,475 14,5 ' 9,901 21.2
More than 80 1,338 13.2 16,071 34.3
Total 10,165 ©100.0 .. 46,700 100.9

Source: 1978 Agricultural Census

4.9.3 Prasent land ugé

The total area of the Mae Wong river basin is about 1.36 million rai
(2,171 km?), of which permanent agricultural land holdings account for
0.44 million rai (710 km?} or about 33% of the total area. The rest of
0.92 miliion rai (1,461 km2) comprises mountains, steep slopes, forest
reserve, river and swamps, roads and public ceompounds. The present
agricultural land use of the Mae Wong river basin is as Follows:

. : | (Unit: km?)
Agricultural Land : Non=- :

Orchard - - agricultural Toktal -
r } .
Paddy Upland & Others Land
520 170 20 1,481 S an
{24.0%) {7.8%) {0.9%) _ {67.3%) 0 {100.0%)

Source: L1978 Agricultural Census



The prospective irrigation area envisaged tunder the project has
been delineated within semi-recent alluvium and low terraces where major
land use is paddy field. -The gross delineated area is about 309,400 rai
{49,500 ha). The present land use of the area is as follows:

{Unit: rai)

Paddy ~ Upland Serub . Villages

TField -~  -Field ' & Forest & ‘Others Total
278,800 - 13,100 4,400 13,100 309,400
(44,600 ha) (2,100 ha) {700 ha) (2,100 ha) (49,500 ha)

Source: RID land use survey, 1985

" The 1rr1ga+1on area will be selected w1th1n the above area, exclud-
ing scrub/forest and villages compounds. The maximum potential area for
1rrlgat10n development will therefore be. 291, %00 rai {46,700 ha).

Irrlgatlon facllltles are well developed in this area. About
230,000 rai (36, 800 ha) oY 83% of the ex1stlng paddy fields, are more
or less presently provided with irrigation facilities, while all of the
upland crop fields are rainfed. Even though irrigation facilities are
provided, all these paddy fields are not always actually irrigated due
to limited availability of water. ' '

pifficulties are involved in estimating the extent of wéll irrigated
paddy field, beceuee the area well-irrigated largely fluctuates year by
year depending upon seasonal water availability. Water balance study on
existing condition indicates that about 137,500 rai (22,000 ha) of the
paddy fields are irrigated in the rainy season under normal condition
with B80% probability rainfall. Field observations confirm that the study
result reflects well the actual irrigated condition in the area; i.e.
The potential irrigation area under the project is classified:

Land Use Area
. an s rai ha %
Paddy'Field_with Iirigatibn Facilities _
(1) Irrigated (partly double cropping) 137,500 22,000 471,
(2) semi-irrigated (mostly single
cropping) : _ 92,500 14,800 31.7
- ‘Sub-total 230,000 36,800 78.8
Rainfed Paddy Field = o 48,800 7,800 16.7
-Ralnfed Uplend _ 13,100 2,100 4.5
total 291,900 46,700 100.0

:'The'pfeseht land ese-map is shown on Fig. 4.9.1.
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4.9.4 Present cropping pattern

The irrigated paddy field where some double cropping is carried out,
mainly extends along the upstream of the Mae Wong river. In these areas,
paddy is planted from mid-June and harvested in November - December.

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 yieldig
varieties (H.Y.v.) like RD 7 and RD 21. Dry season ¢ropping usually
starts immediately after harvesting of rainy season paddy. The exteént

of dry season cropping is around 20% of the area. Major crops in the
dry season are mung beans (153%) and paddy (5%).

The mung beans are usually planted immediately after harvest of
paddy. In most cases, mung beans are grown undex ralnfed condition due
to lack of irrigation water.

The paddy field where irvigated single paddy cropp1ng is alwmost
practiced with partial supply of irrigation water, is observed on the
downstream areas of each existing irrigation block.. In these area, only
rainy season paddy is cultivated on almost 100% of the paddy fleld
Planted area, however, largely fluctuates year by year. Local varletles
are predominantly used for about 75% of the area. Paddy is usually
planted from early July and harvested in December - January.

Upland crop area extends mainly on middle and high terraces. In the
rainy season, maize is the major crop. About 40% of the upland crop
fields are utilized for second cropping, depending on the rainfall in
September/October. Major second crop is mung beans.

The present cropping pattern is shown on Fig. 4.9.2.

4.9.5 pPresent farming practices

The farming practices in the Mae Wong river basin are still
conventional.

Land preparation: A combination of tractor power (8 ps class two
wheel hand tractor} and animal draft is used. about 90% of paddy field
are cultivated by hand tracfors and 10% by buffaloes, Before land
preparation, previous season's paddy stubble is burned in the dry months
of March- April, and the ‘field is ploughed using light showers of rain,
or taking the irrigation water into the field where water is available,

to moisten the soil, in May - June.. A second harrowing is common.

Nursery/Transplantlng Nursery establishment is made in June - July
and téaﬁéﬁiaﬁEIE&"SE‘S‘"E”Week old seedings is in July - August. In the
Mae Wong river basin, the transplanted rice is predominant. Most of
the rice grown in the area is pon- glutionous. Transglantlng is usually

made by manual labour.

Crop management Weed control 1is generally nmade by hanﬁ. Invest-
weed control is unsatlsfactory. Use of fertlllzers is qenerally 11m1ted.
The Farmers use about 30 kg of fertilizer per hectare on an average.
Types of fertilizer used are Ammonium Sulphate and Ammophos (16-20-0).



Chemical control of pest and diseases is not common. There is no
farmer's institutions responsible for collective irrigation water dis-
tribution. Farmers take water at discretion from rivers/canals as
they require if water is available.

December. - Harvesting is carried out manually with sickle knives.
Threshing is usually made by tractor or under the feet of buffaloes.
Winnowing is effected manually. The rice is thereafter bagged and
transported, either for storage or for sale.

4.9.6 Crop yvield and production

Crop productioh in the prospective irrigation area of 46,700 ha
is roughly estimated, by multiplying the estimated crop areas and unit
yield data given by the Agricultural Extension Office at Lat Yao, as
follows:

Cfo.s ' Cultivated Area Unit Yield Production

ps . rail ha kg/rai ton/ha (ton)

Wet scason paddy
- Irrigated 137,500 22,000 450 2.8 61,600
— Semi-irrigated 92,500 14,800 250 1.6 23,100
- Rainfed 48,800 7,800 200 1.3 9,800
Dry season paddy 6,900 1,100 560 3.5 3,900
Mung beans (paddy) 20,600 3,300 100 0.6 2,000
Mung beans (upland) 5,000 800 80 0.5 400
Maize (upland) 13,100 2,100 350 2.2 4,600

4.9.7 Livestock

Various kinds of livestock; i.e., buffaloes, cattle, swine, goat,
chicken and duck, are raised individually in the Mae Wong river basin,
Buffaloes still play an important role in land preparation. Others are
not economically significant in present farm economy.

4.9,8 Crop marketing and processing
(1} Agricultural marketing system

The marketing system is, in principle, of free trade. Agricultural
institutional organization such as agricultural cooperative has not been
well worked mainly due to shortage of their capital, facilities and staff.
Private ‘agents, therefore, have a very important role in the agricultural
marketing system. The markets for agricultural produces may be divided
into three types; local, provincial and terminal (Bangkok) markets.

These are well networked. Details of the marketing system are described
in ANNEX-VIII.
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(2} Marketing sitvation in the project area

In the ptcjeCt'area; most villages are accessible by road.
Merchants can visit almost all villages by truck. . The market is there-
fore quite competltlve, with a smaller range of price variatiom., ‘ The
p11c1ng of agricultural produce is generally made based on 1ts Bangkok
price, deducting transportatlon costs and a proflt margin,-

Accordlng to the soclo= economic survey conducted by the Economlc
Branch of RID in 1985, the percentages of crop production sold to local
merchants (including rice millers) in the project area are estimated
as follows: '

Percentage Qf Crop _Averaéé.Price
Production Sold. .~ {Baht/kqg)
Wet season N
Paddy ' 7206 2.80
Maize . 99.9 © 2.09
Mung beans ' 99.4 7.12
Dry season
Mung beans 97,1 - 7.863

(3) Current price of major crops

Farm gate prices of major crops produced in the project area are
as follows: :

(Unit: Baht/ton)

iv82 : - 1983
Rice {5% broken) _ : 2,957 _ 2,868
Mung beans (Ofdinary-grade) ’ - 6,950 7,310
Maize 2,120 2,660

Source: Office of Agricultural Economic, MCAC
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Farm gate prices of rice and maize are recently rather stagnent with
declining trend'f;om the last peak in 1980. On the other hand, trend
of mung bean’ price is gradually increasing with considerable fluctuation.

(4) Processinq:

' The total number of rice mllls in the project area amounts to about
'130. The milling capac1ty is estlmatod at about 1,200 tons per day and
this. is considered to be sufficient for the present output and to have
a plenty of reserve capacity for the incremental paddy in future.

4.9.9 Farmér's'economy

In order to grasp econonic ‘acdtivitieés of farmers in the project
area, the. socio-economic: survey was conducted by RID for 180 farmers.
Farmer's- economy is studied prepallng on the basis of the socio-
economic survey. The study is made by the representative farm budgets
for three farm size classes, small farm (S) less than 20 rai, medium
farm (M) from 21 to 50 rai and large. farm (L) more than 51 rai both
in the irrigated area and non-irrigated area.

The results of analysis are summarized as follows:

R : (Unit: 103 Baht)
Irrigated Area Non-irrigated Aread

S M L s M L
Planted - Area :
- paddy (ha) 1.2 4.5 . 12.0 1.2 3.5 9.5
- Mung beans (ha) - 0.4 1.0 -. - -
- Maize - (ha) - - s - 1.0 . 2.5
Cash Income (A) ' 20.2  40.0  95.4 12.1  29.2  £3.3
Farm Income : 12.4 32,4  86.8 7.0 24.2 56.4
~ Paddy 10.0 30.0  79.8 6.9 184  44.9
- Others 2.3 2.4 7.0 0.1 5.8 11.5
Off-farm Income 7.8 7.6 6.6 5.1 5.0 6.9
Expenditure (B) K 16.1 22,3 41.0 13.7 19.5 34.3
- Parm expengesx 2.7 7.8 41.0 13.7  19.5  34.3
- Living expenses 13.4 14.5 19.7 11.6 12.2 17.3
Balance (A = B) 4.1 17.7 54.4 -1.6 9.7  29.0

Note: _?:  Excluding farm family labour cost.
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The above table indicates that:

(a) . About 70% to 80% of net incowe is derived from farm operatlonf
and remaining 20% to 30% conslsts of off/non-farm income.

(b) Most of farm income are'deiived'frOm paddy produétion in
irrigated area, but in non-irrigated area, importance of
upland crops production is high.

4,10 Agricultural Support System
4,10.1 Outline of governmental organization and activities

Agricultural and rural development services are mainly provided
by Ministry of Agriculture and Agricultural cooperatives, Ministry of
the Interior and Office of Prime Minister. The activities of these
Ministries are described in ANNEX-VIIT. . :

4,10.2 -Agricultural extensioﬁ

The Ministry of Agriculture and Cooperatives (MOAC)} consists of
nine major departments, one of which is the Department of Agricultural
Extension (DAE). The DAE is primarily respon51ble for pr0v1d1ng exten~
sion services for nost agrlcultural crops to farmers.

The extension services of DAE are currently being_expanded;and
strengthened through a country-wide program which has been made in
two phases; National Agricultural Extension Projects I and II (NAEP r
and II) with technical and financial assistance from IBRD.  These
projects have provided one extension agent for every 1,000 farmers at
the sub-district level. JUnder the project program,_thefsub"dist;iét
extension agents follow the training and visit system (T and V system),
in which the agents visit each village in respective sub-district at
least once every two weeks and attend bi-weekly training sessions given
by the district agricultural officers and subject matter specialists
(sMS} from the provincial office on a varlety of tOplCS relatlng to
their services. :

The Nakhon Sawan province has been covered in NEAP-I, and the
number of agricultural extension staff has been. increased remarkably,
together with other improvewment measures on the agllcultural exten51on‘
services, under the NEAP-I. :

4.10.3 Agricultural reseaxrch

Agricultural research is mostly carried out by the Department of
Agriculture (DOA). L

In general, rice research has been concentrated ‘on breeding,
agronomic practice, and .foundation seed productlon. In the field crops
research, improved agronomic practices and plant breeding are empha51zed
£o increase the unit yields of economic fleld crops, :
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"In the project area, theré is no research station, but several
stations are operated in Nakhon Sawan province and in Chainat province.

~ The Chaihat'Ricé'Experiment Statioh, which is one of . the sub-branches
of. the Phltsanulok Rice. Research Center under the Rice Research Institute
of_DOA 1s a major experlment ‘station for irrigated paddy

_ Fleld Crop Experiment Stations under the Field Research Institute
are situdted in Nakhon Sawan province and Chainat province. The Nakhon
Sawan Experlment station is mainly conductlng the research for maize and
cotton under ralnfed condltlon. The Chainat Fxperiment Station is also
conducting the research for mung beans, soy beans, maize, cotton and
sugarcane under irrigated condition.

4.10.4 BAgricultural credit

Agricultural credit is available through credit institutions and
from informal sources. . Traditionally, about half of the farmers borrow
from infoimal sources, such as relatives, friends, merchants and money-
lenders at varying, but usually high, interest rates.

" The major sources of institutional credit are BAAC and commercial
‘banks. BAAC has expanded its program rapidly over the past ten years
to cover V1rtually the entire country and now reaches approx1mately 30%
of ‘all farmers.

There are 123,600 farm households in Nakhon Sawan province at pres-
ent, of which 55% of the farmer receive the agricultural credit -through
credit institutions. About 24% of the farmers, or 30,000 families
receive loans directly from'the BAAC, 15% from farmers associations,

10% from agricultural cooperatives and 6% from commercial banks.
The loans of BAAC Nakhon Sawan Branch amounted to 425 million Baht in
1984. ’ :

1 4.10.5 Agricultural inputs

Seed

The Goveinment has 6perated the Seed Exchange Program since 1981
to accelerate the distribution of high yvielding seeds, by exchanging
the present low yleldlng seeds with certified seeds of new improved
varieties,

In Nakhon Sawan province, about 90% of paddy seeds are of local
varieties produced by farmer themselves. In order to increase the
yield of paddy, the seed exchange project has launched for 3 years plan
period from 1982, with a total target area of 700,000 rai or 30% of the
total paddy planted area in Nakhon Sawan province.

_ In addition to the above, the MOAC has now carried oul the Thailand
Seed Development Project with a flnan01a1 assistant from USAID, EC and
OECF. .Under this progect Seed Center No. 4 was already established in
Chainat prov1nce, and Seed Center No. 16 are now under conStruction in
‘Nakhon Sawan province.
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There are two (2) lnstltutlonal channels Eor fertlllzer dlqtrlbutlon,
one ig agricultural cooperative and the other 13 ‘farmer's group under

the control of DAB. ln Nakhon Sawan prov1nce, agrlcultural cooperatLVe
dealt with 1,300 tons of fertilizers and farmer’'s group alsc did 1,000
tonsg in 1984.' The fertilizers have beéen supplied to these instituticnal
chaunels through MOF with a govexnmnnt subsidy. The prices of fertilizers
are, therefore, cheéaper than the merchant prices. Quantlty of fertilizer
distributed by MOF, however, has some limitations due to Government
budgets' constraint. '

-4.,10.6 TFarmer's organization
(1) Agricultural cooperatives

. The Department of Cooperative Promotion (DCP) is in charge of
providing the support services for the eéstablishment and operation of co-
operatives throughout the gountry. ' :

 In Makhon Sawan province, there are fifteen agricultural coopera-
tives {13,434 members) and one fishery cooperative {269 members}. In the
Mae Wong irrigation area, there are two agricultural cooperatives with
total members of 1,544 families. The activities of these ccoperatives
mefmmwdontm,mmht,mmnmbofmmchmmrhramemeamm Other
activities are not 1emarknble. :

(2) rarmer's s droup

Major functions of the farmer’s group are to propagate the agri-
cultural extension advices from DAE, to distribute farm inputs at fair
price, and to arrange the credits from BARAC on a group basis.

There are 82 farmer® groups {18,835 mﬂmberb) at 10 farmer's groups
(2,127 mewmbers) 1n,haknon‘8awnﬁ province ‘and in the Mae Wong irrigation
area, respectively. These farmer's groups have been lnveiveé in the
above-mentioned activities,



_CH_APTE'R_ v PROSPECTIVE DEVELOPMENT PLAN

5;1- Needs of - the Project'and Basie Development Concept

-The’ Mae Wong . Irrlgaflon Scheme should ‘be recognized as the first
stage of" 1rr1gat10n developmerit under the Sakae Krang Irrigation Project.
The scheme will. greatly conitribute to the realization of the basic
_requlrement for rural development in the Sakae Krang river basin, which
baSLCally aims at:

(1) 1mpr0vement of'present jelelel'y economic position of the area through
‘full utllnzatlon of the endowed water resources for increase of
paddy productlon,'and

(zy upllftlng of rural llVlng standard and 1mprovement of present income
' dlsparlty in the area. :

These baSic principles are exactly conformed to the government policy
given in the Fifth National Development Plan, and with this in view, the
Government has accorded the high priority to the water resources develop-
ment of the Sakae Krang river system in the said plan.

The Mae. Wong Irrigation. Scheme will have, following the basic concept
of the Sakae Krang River Basin Irrigation Project which has been discussed

in Chapter 111, various aspects of development which include:

(1) explOltatlon of new water resources by constructlon of the Upper
Mae Wong-dam, -

{2} up-grading of existing farmer's irrigation system

(3) expansion of 1rr1gated paddy fields (1rr1gatlon to ex1st1ng rainfed
T paddy flelds) :

(4) . cher aspecbs of development including:

a. - hydropowef development'at the Upper Mae Wong dam,
.. b:; iﬁlandwequacuitdre'develqﬁment_at the ﬁpper Mae Wong reservoir .
e flood mitigatien-by dam construction
fesettlement of fhe fafmers who are living in the reservoir area

e, lumbering in the reservoir areca

5.2 Water_ReSOUrcee Development.Plan:

.szﬂl 'ASSéssmeﬁt_of water resources -

(1) annual in:fl.ow'. :

| .Potentlal watershed aree for the etorage ‘reservoir in the Mae Wong

river basin is limited topographlcally only along the western hilly
. .region. ‘The reservoir’ catchment area_for the proposed Upper Mae Wong dam
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is counted at 612 kw2, Applying the results of streamf)ow simulation and
observation records at CT-5a, the annual inflow to the reservoir was
estimated for 30 vears from 1954 to 1983, Average annual inflow was
estimated at 220 MCM, : -

Inflow to the Regervoix

TInflow Rainfall

ftem ' _ (MCM/year)  (mm/year)

1. ‘Average year _

Pec. -~ July | 41 644 -

dug. — Nov. 179 694

Annual 220 , 1,338
2. Droughtyest year (1977) -1 967 .
3, 1/10 drought probability 122 1,111
4. 1/5 drought propability _ 148 1,176

There are two to three months discrepancy between the start of rainy
wonth and start of river flow increase. The rainy season starts usually
from May but river runcff increases from July or August.  The significant
annual fluctuation of the streamflow and long period of low flow for about
successive % months from December ko July give rige to the necessity of
construction of dam and reserveir to control and regulate the streamflow
for optimum utilization.

{2) River water exploitation

Major hydrological dimensions, such as catchment area, annual inflow
and effective storage volume are shown in Table 5.2.1 for 17 numbers of
existing or under construction daws in Thailand, having more than 100 MCM
effective storage. The average ratio of effective storage veolume versus
annual inflow to the reservoir for these dams gives 1.06. This indicates
that the carvy over operation of reservoir is generally accepted and the-
maximum exploitable amount of water resource will, in many dams, define
the project scale. Average annmual inflow.to the reservoir for these dams
in Table 5.2.1 is 0.358 MCM/km< while it.is 0.360 MLM/ka in case of the
Upper Mae Wong reservoir,

Assuming that hydrological characteristics of watershed of the Upper
Mae Wong dawm is similar to the average of sbove 17 dams, the sxploitable
water resources by reserveir construction will be given as foilows:

Effective storage = 220 MCM x 1.06 =-230'MCM

Az for the annual sediment inflow, it is asqumad at 20 HMCM oz
300 m /kmzfyeax evaluating from the bed load and suspended load analysis
together with the geclogy and ground coverage of walershed. The exploitable
total reservoir storage velume will be estimated from the point of water.
resources assessment Lo be about 250 MCM. o



{3) Grouhdwater exploitation '

As: for the. groundwater ex9101tatlon the basin seems to have a

llmlted potential’ productivity from the point of geologlcal formation.

The unconfined aqulfer was formed within the area along the river course.
In the downstream area of the Upper Mae Wong dam, topographical ‘and
g eologlcal formatlons are favorable to receive the groundwater fléw from
the watexshed. However, the permeablllty of the aquifer is considered
relatively low. Small scale‘groundwater development will be suitable
within the Mde Wong river basin and will be accelerated under the tech-
nical a551stance of RID and flnan01al support of BAAC,

lt is considered necessary to continue the observation and study on
the groundwater balance and water quality to clarlfy the effects of
reservolr construction at upstream and- irrigation development at down-
stream of the ba51n. ’ '

5.2.2 Water balance study

The water balance study aims at clarifying the followings over the
Mae Wong river basin:

- to clarify_the_present use of existing farmer's irrigation system
in the basin and xeveal the areas actually irrigated in the
existing irrigation service areas under the water balance study
of present chdition,vand

- to clarify the relationship among the proposed dam scale, irrigable
area and cropping intensity for each alternative developmeni plan
under the water balance study of with-project condition and con-
sequently get the useful results for determination of Optlmum
development scale.

(1) Water balance study of present condition

A systematlc 1ayout of irrigation water supply system of present
condltlon is shown in Fig. 5.2.1. In accordance with the above system-
atic layout_of irrigation water supply, the water balance calculation
was carried out during the period from 1954 to 1982 on 10-day basis by
using runoff estimated in the hydrologic study and irrigation water
requirements estimated on the present cropping patterns. In the calcu-
lation, éhe'fellOWings were taken into account,

- Return flow 0.33 of diversion water réguirement
- Excess water of ralnfall = 0.20 x (Rainfall - Effective rainfall)

it

The follow1ngs were clarified through the water balance study of
present condition: :

_- The present water use in the basin is shown in Fig. 5.2.2. As
 shown in the figure, the def1c1t of irrigation water in the
downstream reach is severe than that in the upstream reach, and

- The areas actually 1rr1gated are estimated based con the ratio of

h deficit amount versus irrigation water demand as shown in Table
5.2.2. Bbout 60% of the existing irrigation areas are actually -

'-'1rrlgated in the drought year with S5-year return period.
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{(2) Water balance study of with-project condition

Figare 5.2.3 shows the systematic layout of irrigation water supply
systenm under the with-project condition. The watex balance calculations
of with~project condition are divided into the follow1ng two {2) steps.

step 1 ¢+ The water balance of irvigation avea is qalculated in
accordance with the same procedures as water balance
calculation of the present condition. Through this
calculation, required water amount for irrigation to be
released from the proposed storage dam is estimated.

Step 2 : The reservoir operation is carried out to determine the
possible irrigable areas and reserveir capacity of the
proposed dams by trial and error method based on the
released water amount for irrigation estimated through
Step 1 and given reservoir capacity.

Water balance and resexrvoir ooeration calculations were carried out
for 29 yvears from 1954 to 1982 on the LO0-day basis. In the calculation,
the followings were takenh into consideration. '

- Return flow = 0.27 of irrigation water requirement
- Excess water of rainfall = 0.20 x (Rainfall - Effective rainfall)

- Water use for the people living in the Lower Mae Wong area

Pessible irrigation area was determined through the reservoir cperation
calculation in Step 2 on conditien that reservoir is completely depleted
five (5) times at least for the 29 years period, or in other word, drought
damage recurs by S-year return.

Through the water balance calculation, the relaticnship among the
dam scale, irrigable srea and cropping intensity for the altsrnative
development plans was clarified as shown in Table 5.2.3 and Figures 3.2.4
to 5.2,5. The alternative plans are broadly divided inte the following
cases:

Case 10l to Case 1Q4: In these plans, the upgrading works for the
existing farmer's irrigation systems would not be carried out under the
project. To secure the delivery of irrigation water to the paddy fields
the small size pumps would be provided at certain places in the area,

Case 20) to Case 302: In these plans, the ugqrad;ng'works for the
exlstxng farmer's irrigation systems would be carried ocut to secure the
delivery of irrigation water te the paddy fields by gravity.

As shown in ¥ig. 5.2.4, it was confirmed that the gross reservoir
capacity of 250 MCM was the maximuam capacity to be expected from the
nydrologic viewpoink, because no more extension of irrigable arsa was
expected even if the resewrvoir capacity increased more. Subsequently,
the alternative plans of Case 104, Case 204 and Case 302 were deleted in
the opbimization study of Qavelopment scale. The alternative glan of
Case 202 was alse dsletsed in the study, because the irrigable area of
304,900 ral (48,300 hal exceeds the potentlal maximum Gevelopment arega of
291,900 ral {46,700 ha) in the Mae Wong river basin.



As stateéd hereafter, the alternative development plan of Case 301
was selected as the optimum scale of development. The results of water
balance calculation for Case 301 are summarized in Table 5.2.4. The
storage change of reservoir in Case 301 is shown in Fig. 5.2.6.

5.2.3 Optimum scale of development
{1) Alternative plan
From the results of water balance caiéulation, the following 11 cases

of alternative plans were examined for the determination of optimum
development scale.

Alternative Irrigable Gross Régervoir Croppi?g

Case Area. Capacity Intensity
(ha) (MCM) (%)
101 36,800 200 100
102 36,800 250 105
103 37,600 : 250 100
201 36,800 120 100
202 36,800 250 130
205 : 42,400 170 100
206 42,400 250 116
207 . 45,600 200 100
208 ) 45,600 - 250 108
209 46,700 220 100
301 46,700 250 105

The upgrading works of existing farmer's irrigation system would not
be done in the alternative plans of Case 10l to 103. Only two intake
weirs would be provided to assure the stable intake of irrigation water
at: the diversion places to the Ban Tha Ta Yu and Khlong Saingu irrigation
service areas.

(2) Preliminary estimate of cost and benefit

Preliminary prbjéct cost was estimated as shown in Table 5.2:5
(Details are reffered to ANNEX-III). Preliminary irrigation benefits were
also estlmated as shown in TPable 5.2.6 (Details are referred to ANNEX-III).

(3) 0s&M cost ‘and replacement cost

In case of the alternatlve plans of Case 101 to Case 103, the upgrading
works of ex15t1ng farmer's irrigation systems would not be executed under
the prdéject. Unless the irrigation water is assured at the diversion
points by the release water from the Upper Mae reservoir, the gravity
irrigation to all existing irrigation areas is not expected by the farmer's
irxigation systems without the upgrading works. The 1rrlgat10n by small
pump is required for the areas where the gravity irrigation is difficult
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taking the above situation into considerationy the operatlon and mainte-
nance cost of small pump was estimated in Case 101 to Case 103. . The
annual operation and maintenance cost and replacement cost for each
alternative plan are shown in Table 5. 2 7 {Details are- referred tof
ANNEX-TIT).

(4} Bvaluation

Using the costs and benefits, the écqnomic'intérnai rate of return
(EIRR) are calculated as follows (for details, see Table 5.2.8):

Alternative ReserYoir Irrigation Croppi?g' fEIRR.
Case Capacity Area Intensity :
(MCH) (ha) — (%) (%)
101 . 200 ' 36,800 100 '11.6
102 250 36,800 105 - 11.6
103 250 37,600 100 11.5.
201 - 120 36,800 100 11.5
202 - 250 36,800 130 2.1 .
205 170 42,400 100 12.0.
206 250 - 42,400 116 12.5
207 200 45,600 100 12.6
208 250 45,600 108 12.5
209 220 46, 700 100. 12.8
301 250 46,700 . 105 13.0

(5) Selection of optimum development plan

Following the development concepts, the criteria for selection of
optimum development plan are prepared as given below:

Criteria-l : The alternative plans with higher economic internal
rate of return should be first selected. '

Criteria-2 : Higher priority should be'given to’ the alternative .
plans with larger irrigation area because larger
number of farmers-cobld_be-benefitedh

Criteria-3 : Dry season cropping should be conQ1dereq as a second—
ary lmportdnce 80 as to expand the irrigation area
in the wet season. :

Criteria-4 : The alternative plan with the most sizeable. reservoir
* should. be salected within economically reasonable .

range, in view of maximum expl01tatlon af the endowed”
-water resources. : :

'Cxiteria45-; ‘The.laternative plan prov1d1ng Larger agrlcultural

henefits should be selected in wvi e of greater con-
tribation to the. leglona3 economy -
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The assessment of alternative plans is summarized as follows:

- All the alternative caées;are economically feasible, with more
“than 11.5% of EIRR.

- The alternative plans from Case 101 to Case 103 show a bit lower
economic viability. This means that upgrading of the existing
farmer's irrigation systems will create .greater benefit by saving
enourmous operation and maintenance costs.

- The ‘alternative plans with the reservoir capacity of 250 MCM show
higher intexnal rates of ‘return as compared with those of ones
having other. capacity of reservoirs. This indicates that the dam
with a capacity of 250 MCM has the highest efficiency in irriga-
tion area/effective storage and/or dam construction cost.

The alternative plans with 250 MCM reservoir capacity should be
put under - further consideration and others be disregarded.

- Among four alternatlve plans, i.e., Cases 202, 206, 208 and 301
which have 250 MCM reservoir capacity, only the alternative
Case 301 meets all the criteria given above,

Considering all these, it is recommended that the alternative Case
.301 with the following features should be selected as the optimum develop-
ment plan. ' '

Réservoir _ Irrigation - Cropping
Capacity L Area Intensity
250 MCM . 291,900 rai {46,700 ha) 105%

‘5.3 Agricultural Development Plan
5.3.1 Assessment of land fesour¢es

For ‘selection .of the land for irrigation development, the first
priority has - been .given to the existing irrigation area of 230,000 rai
(36,800 ha).  This will be the minimum area for irrigation development.
If the avallable water w111 still remain after supplying sufficient
water to the existing irrigation area, the rainfed paddy field that
will be irrigable by gravity, will be developed to the maximum extent,

The maximum development area including the rainfed paddy fields
has been delineated with special attention to topographic condition,
‘present land use and land capability for irrigation, and its total area
is estimated at 291,900 rai (46,700 ha), which comprises:
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S {Unit: . rai)

E 3 y : y Py . B
xisting Irrigation Ralpfed Total
Area . . .- . Area ] o
230,000 61,900 291,900

(36,800 ha). {9,900 ha) (46,700 ha) .

The selected development areas are all irrigable by gravity and
are endowed with productive soils suitable for irrigated paddy cultiva-
tion. Most of the larnds . outside the selected areas:are generally not
irrigable due to their undulatlng topography coupled with poor s0il
conditions. :

5.3.2 Change in land use

The present land use in the potentlal maximum area will be changed
as follows: : :

(Unit: ha)

. Without - T With

Land Use Categories . Project- project
Paddy field

~ irrigated ' . 22,000 ' .. 46,700

- semi-irrigated 14,800 S -

~ rainfed 7,800 -

Sub-total : 44,5600 - 46,700

Upland (reinfed) ' 2,100 -

Total 46,700 ' 93,400

Paddy cultivation is a mainstay in the area and its importance in
rural economy will increase continuously. Drastic change in land use
will not be occurred- under such condition. All the paddy fields will
be provided with the: lrrlgatlon facilities through realization of the
Project. The selected irrigation development area: includes about
13,100 rai (2,100 ha) of upland where, if irrigation water is provided,
paddy cultivation will become possible. These upland areas are to be
reclained into new paddy fields. o R '

5,3.3 Proposed cropping'pattern

Paddy and mung beans are selected as main crops in future framework
of cropping pattern. Paddy will be cultivated in the wet season and
mung beans will be grown after harvest of wet season paddy in the dry
season. '

- 52 -



_ -Pa@dy'iszhailand's'mOSt important crop. It is the main staple for
domestic consumption. and is also the major source of foreign exchange
earning. The ‘country produces about 14 to 19 million tons of rice
annually. About three- fourths of production is consumed domestically
and the rest 1s exported '

"'Ih'January 1985,-the Government of Thailand announced that in antic-
ipation’ of over=production problems for rice, the Government would change
its policy for dry season paddy and seek the possibility of a reduction
- in local paddy production by'encouraging rice farmer to grow other cash
erops in the dry season yielding parallel income. The Government
accorded its prlorlty to sorghum and mung beans as substitute crops.

For wet’ season paddy, in due consideration of its importance and present
unstable productlon largely affected by the weather, the Government would
make every possible efforts to stabilize the production.

Mung bhean is one of the prospective crops since its demand in the
world market is high. Thallend is one of the major producers and
exporters of mung beans The country produces about 10% of the world
output “and export a value of over one (1) billion Baht annually (about
133,000 tons). "In the Mae Wong area, mung bean is main crop in the dry
Season, being planted with the area of 25,600 rai (4,100 ha) per annum.
The farmers have lohg experience for mung kean cultivation and local
marketing channels for this crop have already been well networked.
Moreover, ming bean is one of the ideal crops in crop rotation and soil
amendment due- to leguminous crops.

The' proposed cropping pattern is shown in Fig. 5.3.1. 7Pwo kinds of
paddy varieties will be introduced; i.e., (1) high yielding RD varieties
(H.Y.V.) and (2) improved local varieties. High yielding varieties will
be cultivated mainly for export and improved local varieties w1ll mainly
be for home consumption.

5.3.4 Proposed farming practices

. After the Mae Wong irrigation scheme is realized, the existing paddy
fields will be fully irrigated and improved farming practice will be
gradually introduced to the project area. The recommendable farming
practices will be those developed by the Chainat Rice Experimental Station
and the Field Crop Research Institute.

{1) Paddy cultivation

_ For the'increase of paddy vield, use of high quality seeds is
egssential.  The RD varieties such as RP-7, ED-21 and RD-23 are recom-
méndable as the high yielding variety. Lueng Yal 148 and Khao bawk
Mali 105 which are non-glutinous improved local varieties, are also
recommendable for local consumption.

The amount of seeds needed is aboukt 5-6 kg per rai (35 kg/ha).
The requlred amount of -fertilizer for nursery (6% of main crop area) is
100 g of urea and 50 g .of. TSP respectively. Prior to the seeding, seeds
should be selected by a solution of 1.13 specific gravrty and further
be treated with seed disinfectants like Benlate-T or Homai. .

- 53 -



Land preparation will be started a half month before transplanting.
For transplanting, the recommendable number of seedlings is 3 -4 per
hill and plantlng density of 20 hills per m2 will be recommended.

Ammophos (16 20- 0) of 19.2 kg/lal (120 kg/ha) wlll be applled
as the basal fertlllzer_at the time of 5 days before transplanting.
Top dressing will be carried oubt 2 - 3 Ltimes; about 15 days after trans-
planting, at the young panicle formation stage and at the full heading
stage. The amount of fertilizer will be 8 kg/rai (50. kg/ha} of urea
for each top dressing.

Insect and disease control for paddy cultivation should be carrled
out at the proper time without delay. Recommendable agro- -chemicals are
Sum;thlon, Diazinon, ete. for insect control, and Kasumin, Kitazin, etc.
for disease control.. Weed contrel will be carried out 2 -3 times accord-
ing to the condition of the wéed growth. The weeding will be made by
use of the rotary weeder. :

Proper water management is very essential on paddy cultivation.
There are critical périods in the life of the rice plant against the
shortage of water, i.e. Jjust after transplanting, panicle initiation
stage, reduction division stage and flowering stage., = Proper irrigation
nanagement should be 1ntroduced accordlng to the growth stage.

At present, harvesting of paddy is being done manually u51ng
sickles, and threshing is also being done manually or using animal =
power. In future, however, the mechanical threshing by means of engine-
driven harvester and treadle thresher will be introduced to the area.

(2) Mung beans cultivation

U-thong-1 is the recommendable variety. A new variety, VCL178,
which is under multiplicatiocn, is also recommendable due to its _
characteristics of short growth period (60 - 65 days) and high yielding.

The seed requirement will be 6.4 kg/rai (40 kg/ha). The seed
will be drilled at 50 cm interval. Fertilizers (ammophos) will be
applied after germination at the rate of 9.6 kg/rai (60 kg/ha). Top
dressing is also required. Ammophos of 6.4 kg/rai (40 kg/ba) will
be applied at the intermediate stage of growth. Pest and diseases
control will also be carried out by application of appropriate agro-
chemicals. Harvesting will be made by hand.

5.3.5 Anthlpated crop yleld and productlon

The antlclpated crop yields under future condltlon with the pr03ect
are estimated, on the basis of data and information given by the Depart-
ment of Agriculture, as follows:

paddy - H.Y.V. 720 kg/rai (4.5 tons/ha)
- Local . 640 ky/ra:i {4.0 tons/ha)
Mung beans 190 kg/rai (1.2 tons/ha)
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Rice research'andIEXPEriments have been carried out at Chainat
Agricultural Centre. 1In 1969/70, nitrogen response to the variety
C4-63 was examined, and more than 800 kg/rai of crop yield was obtained
under standard cultivation technigue with irrigation, as shown below:

N Level - Paddy Yield

{kg N/ha) {(kg/rai) : {ton/ha)
50 - , 846 5,29
75 822 5,14
100 928 5.80

150 845 5.58

_ RD varieties have been released since 1969, by the Rice Division,
Department of Agriculture. RD varieties have a high productivity and
a good response to fertilizer application under irrigated condition.
In 1979, RD-7 and RD-11 were tested at Chainat. The result is as -
follows:

N Level Paddy Yield (kg/xai)
(kg N/rai) RD~7 RD~11
13 _ - 823
17 o 773 -
19 - 838
28 ' : 802 -

~ The experiments on the effect of different soil series on the N
response of rice grown in the farmers fields were conducted in many
locations in the Central Chao Phrayo Plain during the years from 1976 to
1983. sSeven soil series were tested. Nakhon Pathom series which is
one of the representative soil types in the prospective irrigation area,
is included in the experiments. It has been observed that there is
a clear relationship between N application level and paddy grain yield
on Lhe Nakhon Pathom series. Paddy yield is expressed as a result of
the experiments, as follows:

609.6 + 22.8X - 0.41x°¢

H.Y.V. Y

Local Y = 541.9 + 20.0%X - 0.39x2

where, Y: Paddy grain yield (kg/rai)
X: N level (kg/rai)

The proposed amount of fertilizer under the Project is 100 kg/ha
of urea and 120 kg/ha of Ammophos (16-20-0) which approximately corre-
sponds to 65 kg N/ha (10.4 kg N/rai). If applied to the above equation,
the expected paddy yield amounts to 802 kg/rai for RD varieties and
708 kg/rai For improved local varieties.
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Judglng from the above 1nformat10n, the antlclpated paddy yleld
mentioned above would surely be attalned : R % .

The antlclpated mung: beans yleld of 190 kg/ra1 ige not hlgh as ‘com=,
pared with the experlmental results obtained at Chalnat which show about
350 kg/ral (2.17 tons/ha) . under 1rr1gated condltlon with proper farming

practices. The ant101pated mung boans yleld is rather conqervatlve.

. The crop yield will gradually increase durlng the bu1]d~up perlod'
of 5 years after completion of the Project. The 1ncremental crop pro—
duction at the full development stage is estlmated as follows

" Without Project ' ' With Project.

cro Planted ~Unit  Pro- DPlanted Unit  Bro-  Lorerentad
rops Area . Yield duction Area Yield. duction ecuctron
' (ha): “(ton/ha)  (ton)- - (ha) - (ton/ha) (ton); (ton)
(1) Wet Season
Paddy - _ . R ;
- irrigated 22,000 2.8 61,600 46,700 = 4.4 205,500 107,100
- semi- _ Co ' - : _ . _
irrigated 14,800 . 1.6. = 23,700 - - - o= -
- rainfed 7,800 1.3 10,200 - - - -
(2) bry Season ' ' _ : _ _
Paddy 1,100 3.5 3,900 B E B S
(3) Mung Beans 4,100 0.6 2,400 2,300 1.2 _ 2,800 400
(4) Maize 2,100 2.2 4,600 - - - -

5.3.6 Farm inputs’and labour requirement
(1) Farm inputs

after implementatlon of the Project, the userof-féfm'inputs will
increase substantially.  The farm input requirements under  future "with"

and "without" project conditions are estimated as follows {sep Tables
5.3.1 and 5.3.2): : I
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Sceds (ton)'_Fertilizei(ton) Agfo-chemicais (kL)
"H. Y. v Local Urea Compound Insecticides Pungicides

(&8 Wlthout Pro]ect L o .
Paddy - ' . 940 2,690 1,020 . 2,430 6 -~

Mung beans - -~ 160 - - - -
_ Malze Lo - - 80 - © 60 - -
(2) With Pro;ect o L
Paddy . 1,050° 70 4,670 5,600 110 56
- Mung beans 90 - - 230 4 _ 1
(3} Increment: S . .
Paddy . . 110 S~ 3,650 3,170 104 56
‘Mung beans. 90 .- - - - 230 4. . 1 -

“Total .- - 3,650 3,400 108 _ 57

- - The: farm lnputs requlrement undexr future "without Project" condition
w1ll be same as those under present condition. The farm inputs require-
ments under future Vywith PrOJect" condition are estimated on the basis
of the proposed farmlng practices. :

(2} “Labour requiremeht‘

Family labour.will mainly be used for farming throughout the year.
Some temporary labour will be emploved during the periods of transplantlng
and harvesting. The proposed farming will be practiced basically by.
famlly labour w1th some agro- machlnery such as. hand fractor, sprayer,
thresher and other farmlng equlpment and tools.

'”he ‘labour requlrements under the future "with" and “"without" pro;ect
conditions are estlmated as follow (Tables 5 3.1 and 5.3.2, to be refer-
red):

' Unit "¢ Total
¢ Pﬁfnifd Labour Labour
FLreps: - Area Requirement Requirement
" {ha} (man-day/ha) (103 x man-day)
(l)%Withdﬁt=Project Lo _ _
Paddy i v . 45,700 63.5 - 2,901
‘Mung: heans 4,100 32.5 133
. Maize. " . © 2,100 44,5 93
Total = : . : _ : 3,127
(2) Wlth PrOJect _ : :
Paddy : 46,700 73.8 3,446
Mung . beahs o 2,300 40.5 93
 Total © B ' _ : 3,539
(3)-inérement_ ~ - 412

: _The family labour can cover the incremental labour requirement as
"shown in Table VIII-10 of ANNEX-VIII.
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5:3.7 Marketing and price prospects
{1 Markéﬁing prospects

Production surplus of rice in the year of 1995 is gstimated. as
follows: o )

Mae Wong ' Nékhon Sawan

Irrigation Area Province
population in 1985 R 74,500 1,028,000
Population Growth Rate (%)} 2.4 2.2
Population in 1995 . 94,440 1,277,900
Rice Consumption pér_Cgpita (kg) R 300 ‘ __3007
Total Consumption in 1995 (ton) . . 28, 330 | _ 383,370
Total Paddy Production in 1983 : : 95 420 :825,180
Total Paddy Production in 1995 205,480 - 935,240
Total Production of Milled Rice in 1995 | 133,560 607,906

surplus 105,230 . _224,536

Antlclpated surplus of rice in 1995 w111 be Slgnlflcant 1n and
around the project area. - The annual marketable surplus will be about
105,000 tons at the full development stage. The surplus in the pro;ect
area w1ll constitute about 3% of the ‘total rice ‘exports.

The incremental production of mung beans will be about 400 tons.
This is a negligible fraction of the total domestic production of about
0.3 million tons,

(2) Price prospects
{a) Paddy

Economic prices of rice/paddy at farm gate are estlmated on
the hasis of the projected international market prlces foracasted
by IBRD for the year of 1995 in 1983 constant US Dollars and
further taking into account the costs for transportation, process-
ing and others. The economic price of paddy at the farm gate is
estimated at 4,230 Baht per ton, as shown in Table 5.3:3.

rinancial prices of rice/paddy at farm gate are estlnated
based on available data on farm gate prices collected through farm
sconomy survey and prevailing local market prices in Nakhon Sawan.
The estiwmated financial or;ce of paddy for the year of 1995 is
3,950 Baht per ton._ - :
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(b) Muhg‘béans

. Economlc prlce of mung beans is estimated, on the basis of
actual F.0.B. Bangkok export prices, at 6,920 Baht per ton as shown
in. Table 5:3.4, Plnanclal price of mung beans at farm gate is
estimated from the results of RID socio-economic survey. The
financial price for the year of 1995 is 8,400 Baht per ton.

5.3.8 Farm_budgét

Farm budget analy51s is made for both cases of "with" and "without™
prOject condltlons; using the crop yields, crop production costs and
financial . ‘crop’ ‘prices estimated above. Farm budget reflects the future
COHthlOH in the target year of 1995. The analysis is made for different
sizes of farmers, as shown below:

(1) Existihgrifrigation area

(Unit: 103 Baht)

Small Farm Medium Farm Large Farm

{less than 20 rai) {21 - 50 rai) {more than 51 rai)
With Without With Without With Without

Project Project Project Project Project Project

Planted area

- Paddy ' l1.2ha 1.2ha  4.5ha 4.5 ha 12.0ha 12.0 ha
- Mung beans 0.1 ha 0.1 ha ~ 0.2ha 0.4ha 0.6 ha 1.0 ha
Gross income (A)  39.6 29.2 96.6 = 59.7 237.5  237.5
- Farm income 3405 141 82.3 45.4 221.0  221.0
- Others 15.1 15.1 14.3 14.3 16.5 16.5
out-go (B) 33.0  29.4 63.8 51.5 139.9  139.9
- Farm expenses 11.0 7.4 40.0 27.7 107.2 107.2
- Living
expenses ©22.0 22.0 23.8 23.8 32.7 32.7
palance (A-B) 6.6 -0.2  32.8 8.2 97.6 31.5
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{2) Rainfed area

(Unit:. 103 Baht)

CSmall Farm Medium Farm -; . Large Farm
{less than 20 rail) . (21 ~50'rvai) ¢ f{(more than 51 rai)

With  Without = With ' Without . . With; Without

Project Project Project Project Project Project

Planted area R
- Paddy 1.2 ha 1.2 ha 4.5 ha

3.5 ha ~ 12.6 ha 9.5 ha
- Mung beans 0.1 ha 0.1 ha - 0.1 ha 0.6 ha 0.2 ha’
- Maize - - - 1.0 ha, -~ 2.5 ha
' Gross income (A) 39.6 15.8 96.6 34.5  237.5 ...77.2
- Farm income . - 34.5 .. 6.0 . 82.3 25.3 . . 221.0 64.0
- Others B T . 9.5 14.3 9.6 . 16.5 13.2
out-go (B} 33.0 25.6 63.8 37.8 139.9 82,6
-~ Farm expenses 11.0 5.6 40.0 20.2 107.2 53.8
- Living expenses 22.0 19.4 23.8 19.6 ‘32.7 28.8
Balance (A~B) 6.6 -3.5 32.8 . ~4.9 97.6  -5.4

The implementation of the Project will significantly increase
the farm incomes in every sizes of farm.

5.3.9 Net incremental benefits of the Project

The net incremental benefit of the Project is defined as the aif-

- ference between the nel production values under "with project" condition
and "without project" condition.. The net production value is further
defined as the difference between the gross production value and the
crop production costs in both “with project® and "without project"
conditions.

The following shows the incremental benefit of the Project at the
full development stage {for details, seé Table 5.3.5).

TRy {Unit; B/million)
Without With -

‘ Net
‘Project Project - =~ Incremental
Wet season paddy . S . ' .

- Irrigated 1le6.7 604.1 437.4

- Semi~irrigated 44.3 - o -44.3

~ Rainfed _ ~15.8 - -15.8
Dry season paddy : 10.9. - -10.9
Mung beans (Paddy field) ' 6.3 0.7 0 4.4
Mung beans (Upland field) 1.0 - -1.0
Maize ' ' , 5.8 - -5.8
Total : 250.8 614.8 . 364.0
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5.4 Trrigation and Drainage Development Plan
5.4.1 Irrigation water reguirement

Irrlgatlon water requarements under the following conditions are
calculated

- Irrigatidn-water requirements under the present condition based
on the present cropping pattern to gragp the areas actually
irrigated through the present water balance calculation, and

- Irrigation water requirements mnder the with~projedt condition
based on the pfqposed-cropping pattern to determine the project
-scale through the optimization study.

“Since no. data on the field measurement of consumptive use of water
by crop are available in the Mae Wong river basin, the consumptive_use of
water is estimated based on the potential evapotranspiration made by the
modified Penman method. The net irrigation requirement is calculated on
the above consumptive use of water taking percolation rate, water reguire-
ment for land preparvation, effective rainfall into consideration.

The following overall irrigation efficiencies are assumed for
calculation of diversion water requirement.

{Unit: %)
: B P With-project
Crop Present Condition Condition
Paddy - 45 55
Upland crop 40 45

Thus, the following two (2) cases of irrigation water reguirements
for both "present" and "with-project” conditions are estimated.

" Present condition

- irrigation water requirements in the irrigated field

~ irrigation water requirements in the semi-irrigated field

With-project condition

- irrigati@n water réquirements for with~ﬁpgrading of existing
farmer's irrigation systems (overall irrigation efficiency of
55% for paddy and 45% for upland crop)

- 1rrlgat10n water requ1rements for without-upgrading of existing
farmer's irrigation systems {overall irrigation efficiency of
45% for paddy and 40% for upland crop)

The calculated 1rr1gatlon water reguirements are shown in Table 5,4.1
to Table 5.4.4.
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The unit design water duty for canals and related structures 13
determined at 1.25 f/sec/ha (0.20 f/sec/rai).
5.4.2 Drainage modulus

_ The design discharge of drainadge canal is estimated in accordance
with the following criteria: o ' '

Return period'of design rainfall.is 5 years,

H

Design rainfall is of 3-day consecutive rainfall,

i

Design rainfall shall be drained fo:fpr 3 dayé; and

On-field storage of an average surcharge of 75 mm.

Design rainfall with return period of 5 years is determined at 170 mm
based on the daily rainfall records at Lat Yao from 1983. Using this.
de51gn rainfall, the dralnage modulus of paddy fields is determlned at
3.67 f/sec/ha.

As for the’ dralnage modnlus of high terraces and hills, it is
estimated at 4.84 f/sec/ha based on the floods with return perlod of
5 years at the CTSA statlon.

The above drainage modulus is applied for the'drainagé area less
than 3 kmZ. The following runoff reduction ratio is applied for the
drainage area larger than 3 kmZ.

Drainage Area Reduction . Drainage Ared Reduction
{km?) Ratio’ - (km2) Ratio
0-3 1.00 20-28" . 0.70
3-4 0.95 ' 28-40 0.66
4-6 0.90 40-60 R 0.61
o-8 0.86 - 60-80 0.58
8-12 0.80 80-120 ; .55
12-16 0.76 120-160 C 0.52

5.4.3 Irrigation and drainage system
{1} Irrigation canal system

The prelihinary'ldyoﬁt pléﬁningigf_iﬁrigation éanal is made on the
topegraphic maps on a scale of-l/lQ,OOO prepared by RID. In the planning,
the following matters are taken into consideration:

~ Canal alignment should be stréight'and short as far as possible,

- Existing farwmer's irrigation systems are to be 1ncorporated into
the project as far as possible, and

~ Embankment portion should be minimized as far as:pdsSible.
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For the upgradlng plan of- ex1sL1ng farmer's irrigation systems,
the follow1ng concepts are cons;dered

- Exisiing'intake weirs and fegulétor {(gate) would be integrated
under the project to simplify the water management on the Mae Wong
“river.

-~ Existing intake weirs and regulator other than the proposed orx
integrated ones under the project would be removed and all cutting
of the Mae Wong river bank by farmers would be reclosed to assure
the stable intake of irrigation water released from the Upper Mae
Wong dam to each irrigation area,

- Existing farmer's irrigation systems with difficulty of gravity
irrigation would be embanked to raise the water level in the canals
for assured gravity irrigation,

- Related structures such as check, turnout, drop, syphon, spillway,
cross drain,; culvert, ete. would be provided to assure the distri-
bution of irrigation water in a timely and efficient manner as to
meet the crop water requirements,

- Measuring devices would at least be provided at the head of main
canal for proper water management, and

— There exist no inspection roads along the existing. canals.
Inspection roads would be provided for proper operation and
maintenance of irrigation facilities.

The layout of irrigation canal system is shown in Fig. 5.4.1.
(2) Drainage canal system

. The preliminary layout planning of drainage canal is also made on the
topographic maps on a scale of 1/10,000. In the layout, the existing
natural streams in the areas are incorporated into the drainage canal
system as many as possible. The layout of drainage canal system is shown
in Fig. 5.4.1.

5.5 Other Considerations for Devel opment
5.5.1 HYdropower development

Slnce the Upper Mae Wong dam is to built mainly for 1rrlgat10n
purpose, it has been planned that the Upper Mae Wong reservoir be operated
accordlnq to an 0peraflon rule of the reservoir to supply the required
amount of water for 1rrlgatlon. The power generation plan is to fully
utilize the irrigation water to be released from the Upper Mae Wong dam.
Consequently, it has been planned that the power plant be of a type to
utilize ‘the head of the dam.
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As a result of a series of the studies, the fOllOWlngS are detalls of
the hydropower development with the optimum scale. -

Maximum high water Level : 2075 m
Normal high water level 1 204.5 m MSL
Rated water level : 197.0 m MSL

(in case of waximum output)

Minimum water level ' H 180 m MSL

Tail water level Y 152.3 m MSL -
Gross head. : 44.7 m
Rated effective head : 42.5 T
Maximum discharge : - 18.5 m3/ééc
Maximum outpﬁt : : 6, 500 kW
Annual energy production L 15,23S-Mﬁh7

- The construction cost would be 144 million Baht, of_9.45 Baht/kwWh.
Raising of dam height. to obtain higher ratéd_head is not recommendable,
since it would require the incremental cost of 56.5 Baht/kWh.

5.5.2 Return flow to the other basins

According to the results of water balance study of with-project
condition, the return flow to the other basins is estimated as follows:

Wet Crop Season Dry Crop Season
Drought - year with
5-vear return period :
(1982) 53,012 ® 1063 w3 - 2,081 x 103 md

The above return flow can be used as irrigation water and/or
domestic water for the people living in the other basins. The paddy
fields of about 4,800 ha would be irrigated in the wet season by using
the return flow. If thé'return-flow'of dry crop season would be used
as domestic water, the people of about 230,000 would benefit  for sbout
three months from January to March. T

5.5.3 Flood mitigation

The most important constraint to agriculitural development in the
Mae Wong river basin is the shortage of available water for irrigation.
Among other major constraints in the bablh, such as lack of proper
irrigation facilities, yleld limitation of local variety, etc., khe flood
damage is of minor iwportance \hen uo:sxﬁarnd against almost regular crop



damages caused- by shortage in water supply. However, incidental but
considerable reduction of flood scale and frequency will be attained from
the. implementation of dam and reservoir:at upstream of the basin, even in
case the purpose of operation of reservoir is single for irrigation.

'Baséd on the regults of flood routing analysis presented in ANNEX T,
the reductions of flood peak and flood volume by the reserxvoir are cal-
culated as follows:

Flood - Without Reservoir With Reservoir. Reduction

Probability " Peak Volume Peak Volume Peak Volume
C{year) . (m3/sec) (MCM) - ({m3/sec) (MCM)  (3) (%)

10 - .80 91 650 70 24.4  23.1

50 1,200 127 990 103 - 17.5 18.9

100 1,340 141 1,130 116 15.7 17.7

Above calculation was conducted assuming the flood inflow against
full reservoir storage. According to the reservoir. operation study for
30 years, reduction of flood freguency is more remarkable because the
reservoir water level is usually low at the beginning of rainy season.
It is summarized in Table 5.5.1.

5.5.4 Water'éupplies
The water use for the people living in the Lower Mae Wong area is

considered in the form of allowance in the water balance study. The water
amount kept for the people is shown as follows:

- Released water from the 2,652 x 103m3/year .
~Uppex Mae Wong dam
- Non-regulated water 6,333 x 103m3/year
Total ' 8,985x% 103m3/year

' The above amount of water would be used as follows:

- Domestic water supply : 24,000 persons including
water use of livestock

-~ Irrigated agriculture : 625 rai (100 ha) along the
(Cropping intensity = 200%) Mae Wong river

~ Trrigated agriculture = 2,690 rai (440 ha) along the
(Cropping intensity = 100%) . tributary of the Mae Wong river

The regulated water flow resulting from the construction of the Upper
Mae Wong dam would improve the water supplies for domestic uses in the
irrigation areasrby utilizing the return flow of irrigation water.
Upgrading of the existing farmer's irrigation systems would alsc improve
the gituation. New construction of irrigation canals in the rainfed area
would provide the farmers with easy access to domestic water. Total return
flow from the irrigation service areas is estimated at about 113><lo6m3/year.
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.5.5 Inlaud fLshely

The current National Development stateq that "speed up the prcductlon
of fresh-water fishes and release them to multiply in natural water
reservoirs and various irrigation projects in order to prOV1de a source
of protain®. :

The ploject will provide a large possibility of inland’ fishery deve-:
lopment in the area, by creating a reservoir and irrigation canals. In
the reservoir, an. ammual fish production of about 170 tons is expected
under natural condition without fish releaslnq and feeding. It is
dppl@klmately valued at’ 8 million Baht. The possibility of aqua- -
culture is also large in the reserveir. High production of high-valued
fishes is expected; in the case of cage culture or heedless culture,
an average of 1.6 tons per rai “111 possibly be realized under proper
management .

There are many irrigation ponds in the Mae Wong area. The farmers
collect the water during the wet season in the ponds and use it when they
need mainly for irrigation. Actually, however, water is always scarce
and the ponds do not function well. After completion of the Project,

a part of irvigation water could be utilized to fill the ponds, and the
fish culture in these ponds would become possible. The pond cultures of
valuable prawn and fishe$ like Giant prawn, Snake head and Sand gOblOS
are recommendable.

All these prospective activities on inland fishery devalogmeht should
be made in close cooperation with the Department of Fishery, MOAC.

5.5.6 Resettlement

The resettlement program is recognized as an important step to the
project 1mplementatlon with the intention of mitigating the impacts on
the guality of  life values. There is presumably little or no specific
problem as to the relocation of inhabitants in the reservoir area, if they
are provided appropriate compensation and resettlement site. The potential
site for such resettlement is conceived in the forestry village project
area which is managed by RFD and located close to Ban Wang San in Amphoe
Lat Yao. There is, however, some uncertainty of the attitude of existing
dwellers who had migrated there previcusly. Therefore, the inter-agencies
cooperation should be rwequired for partial cession of the lands in the
forestyy village. '

Based on the experience obtained from the Thap Salao dam project,
the total resettlement cost for about 100 households im the reservoir arsa
is estimated at about 17.3 million Baht, including compensaticn cost of
4.7 million Baht.



5,5.7 Forestry resource

~ Since the forests which are commercially valuable are found in some

parts of -the reservoir area, it is possible to gain the income by selling
merchantable timber trees in advance of the inundation. Unit selling

prices have a variation by various uses of different timbers, they are
estlmated in six types between 400 Baht/m3 and 8,600 Baht/m3. The most
expensive timber tree is Teak and the least expensive one is firewood.
unit net profits in different types can be calculated by deducing the
costs for: logglng and selllng from the selling prices, to be between
70 Baht/m3 and 5,100 Baht'/m . - The timber volumes$ of each type, which are
estimated from result of field survey, vary from 500 m3 to 114,600 m3.
Total net profit is calculated by multiplying the unit net profits and
their corresponding timber volumes. The calculated total net profit is
about 33.2 million Baht. It is highly recommended from this result that
the forests in the reservoir should bhe cleared before impounding the water.
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 CHAPTER VI  PROPOSED PROJECT WORKS

6.1  Dam and'Réservoir
6.1.1  Damsite.
(1} ‘Location and accessibility

' ‘The 'proposed Upper Mae Wong damsite is on the Mae Wong river and on
the boundary of Kamphaeng Phet and Nakhon Sawan provinces, approximately
‘at Latitude 15°55'N -and Longitude 99°19'50"E. = The nearest village is
Ban TalingTSung;.about'13 xm ddwnstream. : :

The dam51te is easily acce551ble during dry season by 4WD vehlcle
through cart road from the v1llage but not always during wet season.
This road is about 20 km in length and would be widened, straightened and
surfaced ‘for use as an access road during the period of censtruction.

(2);'poography

A topographic map of 1: 1 000 scale with l-meter contour intervals
coverlng ghout 10 km2, a distance of 1.5 km upstream and 1.5 km downstream
from the damsite; was completed in June 1985 and used in the design of
the dam.: Another map of 1:10,000 scale with S-meter contour intervals
‘covering about 60 km? was also made at the same period of time and used
in designing the. area-storage capacity.curves for the proposed reservoir.
‘An aerial topographic map of 1:50,000 with 20-meter contour intervals was
used for general purposes. ' '

The first two basic maps'were prepared by RID. The method used in
the ground survey consists of the horizontal control referred to RID grid
system and the Vertic,a'l -control referred to the mean sea level.

Topography of damsite is rather complicated. valley shape is wide
and river courge is winding. Left side abutment is relatively thin and
deep’ topographic’ depression is located at right side abutment. Saddle
shape topography is located at about ‘1,5 km north of damsite, where the
ground elevation is almost same as proposed dam crest elevation and deep
valley develops at downstream of saddle shape.

(3} Geology and  embankment material

A geological investigation of the damsite and the reservoir area was
carried out to determine the soundness of the site and the watertight
qualities of the reservoir. Twelve holes, including percolation tests and
standard pénetration tests, were drilled to a total depth of 297.95 m.
R0ck was drilled by diamond_bits of Nwm and Bwm with double core tube.

; Nlneteen test pltS of 2x 2 were excavated for a total depth of
37.7 m. 1n order to 1nvest1qate the: embankment materials and to cbtain the
.samples for soil mechanical tests. Twenty nine auger-hold drillings were
conducted around dam axis for total depth of 26.8 m. All these geclogical
1nvestlgat10ns and soil mechanlcal labhoratory tests were conducted by RID.
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From a detailed study on the geological data, it was concluded that
the dam foundation consists of hard rocks of Quartzite, Calc-silicate and
Schist and that there will be no leakage through the abutiments or the
foundation of dam. However, curtain grouting will be necessary to seal
all fractures, joints and shear series near the rock surface. Consolidation
grouting to supplement curtain grouting would be required.

Reservoir area is generally formed by granite rocks. Dissolvable
limestone groups are not expected in the reservoir geclogy. A fault is in
evidence crossing the reservoir from northeast to southwest at about 1.5 km
upstream of dam. This fault is old and small in scale. . There will be no
problem of leakage and no treatment will be required to prevent such
losses from the reservoir. Geoloygical map is shown in Fig. 6.1.1.

Deep-weathered granite material is found at downstream of damsite and
will be suitable for impervicus material. However, such impervious
materials as suitable for dam embankment will be limited in volume.
Decomposed granite material having semi-pervious ‘characteristics’ is
deposited at about 2 km upstream of damsite within the reservoir area.
Generally, the earth materials suitable for dam embankment are deposited
thin and rock materials are dominant.

(4) Hydrology

The catchment area of proposed damsite is 612 kmZ. The annual inflow
to the reservoir varies from 55 MCM to 541 MCM with an average of 220 MCM.
The effective storage capacity. of 230 MCM is required to irrigate
46,700 ha. The reservoir capacity and the height of the dam was determined
on the basis of optimization study presented in Chapter V. The area-
capacity curve of the reservoir is shown in Fig. 6.1.2. The summary of
reservoir hydrological data is as follows: :

- Total storage capaéity' 250 MCM-

- Effective storage capacity © 230 MCM
-~ Dead storage capacity (lOD_year) © 20 MCM
- Water level at total storage (FWL)} El. 204.5 m
- Water level at dead storage (DWL) - "El. 180.0 m
~ Flood water level (HWL) El. 207.5 m
- Area at total storage - ' - 17.6 km?
- Area at flood water. level . 19.8 km2

6.1.2 Selection of dam type

puring the initial phases of investigation of dam, concrete, rockfill
and earthfill types were considered. However, as so0il mechanical and
geological investigations progressed, it became quite evident that a
concrete dam and eathflll dam would not be economical.
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Earthfill type dam was not selected with the following reasons.

- {1) Sufficient volume of earth materials would not be obtainable
in the vicinity of dam.

(2) Excavated materials from the appurtenant structures of dam,
would not be balanced with the embankment, which would result
- high construction cost with plentiful disposals of excavated
rocks.

‘Foundation rocks are quite hard and solid and the deformation of
foundation will be.negligible small even in case of concrete dam. The
factors leading to the selection of a concrete dam are the savings
assumed from river dlver510n and spillway over the dam body. The river
diversion would be plannea on the confinement of flows to one side of the
channel during initial stage, followed by diversion through partially
‘completed blocks during the second stage. The spillway would: be designed
on the dam_body, These designs would result generally considerable
savings over cohstruction cost throngh diversion tumnel and side spillway
‘as would be required on the abutments with a £ill type dam.

- However, the valley shape is so wide, 400 m at the base of dam and
neary 800 m at the crest of dam, that total concrete volume of dam body
will not be less than 700,000 m3. It was confirmed from soil mechanical
investigations that the excavated materials from service and emergency
spillway, in case of rockfill dam, would be utilized as embankment
materials.  Estimated volumes of embankment and excavation are balanced
with a rockfill dam of the height being considered. Borrow. area for core
zone is located onlyrz xm downstream. Total constructlon cost of rockfill
dam will be less than half of concrete dam.

It was therefore concluded that rockfill type dam was suitable in all
aspects such as material availability, suitability for high dam and
econonic construction.

6.1.3 Selection of dam axis

Detailed study on available topographic maps and geological conditions
led to the comparison study on the alternative dam axes. The topographic
conditions of damsite are relatively complicated; the directions of ridges
on both abutments are in discord, the river course is crossing damsite in
almost parallel with dam axis and a depression, small but deep and steep,
is located at right abutment.

The surveyed dam axis, selected from the aerial topographic map of
1:50,000 scale, was considered unsuitable as it is located on the said
depression and its crest length is considered too long. Three alternative
dam axes were selected for comparison as shown in Fig. 6.1.3.

_ ‘Preliminary designs and cost estimates were conducted on the alter-
native dam axes. The results are summarized below, and dam center line
No. 2 was selected.. In this comparison, the costs for intake and outlet
faqilities,_foundatidn—treatment, emergency spillway and temporary works
are excluded since they are common for each dam axes and the cost of

temporary works will be proportional to the direct cost.
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Work Quéﬁtity'f

Dam Center Line . -

No. 1 No. 2 No. 3
1. River diversion _ , : :
1-1 Diversion tunnel  (m) 370 230 1390
1~2 Diversion canal {m3) 152,300 - 138,300 66,000
1-3 Diversion dam {(m3) 75,600 78, 700 213, 500
2., Dam . R T
2-1 Excavation (m3) 126,000 108,000 99,000
2-2 Embankment (m3) 2,654,000 2', 388,000 2,769,000
3. Service spillway . _ 7 _
3-1 Barth works (m3) 463,000 . 659,000 304,000
3-2 Concrete works (m3) 44,000 53,400 . 50,300.
Construction Coét: _
_ U (unit: MCM H)
_ Dam Center Line o
No. 1 No., 2 . No, 3
l. River diversion _
1-1 piversion tunnel 74 a6 78
1-2 Diversion canal 8 - 7 3
1-3 Diversion dam 3 4 9.
Sub-total 85 ‘57 90
2. Dam
2-1 Excavation 24 21 19
2-2 Embankment 584" 525 609
Sub-total 608 546 1628
3. Serviée spillway o
3-1 Earth work 69 - 99- 46
3-2 Concrete work 97 117 111
Sub-total 166 216 157
Total 859 819" 875
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6.1.4 Dam design

{1} Features governing design

- Sediment deposition, 100 years 20 MCM

- Spillwayfdesién fiood . 1,770 m3/sec
-~ Intake discharge fbr—irrigatién 43 n3d/sec
~ River diversion, id—year probabiiity 480 m3/éec

{2) General description

Phe Upper Mae Wong dam is classified as a rockfill dam with an
impervious center core. Major dimensions of dam and reservoir are
summarized in Table 6.1.1. Site map, general plan and cross section of
dam are shown in Fig. 6.1.4, Fig. 6.1.5 and Fig. 6.1.6 respectively.

ihe height of the dam will be 57 m above the dam foundation. The
‘crest of the dam was designed at elevation 211.0 m with a minimum free-
board of 3.5 m including crest road pavement thickness of 0.5 m and
excluding camber allowance. The dam has 10 m top width. The length along
the dam crest will be 794 m. The slope of the upstream and downstream
faces of the dam was designed at 1:1.75 and 1:1.6, respectively. The
total embankment velume of the dam will be about 2,500,000 m® and is
divided into five zones, to permit optimum use of materials excavated
from spillway and available-in the vicinity of damsite.

The dimpervious core zone has maximum thickness of 22 m and volume
estimated to be about 360,000 m3. The source of materials to be used for
core embankment will be deep-weathered granite and available from the
borrow area located at about 2 km downstream, right side of the river.
Stockpiling of core material will be required to accelerate weathering,
to control moisture content and to obtain uniform guality.

Reservoir seepage through the embankment and underiying foundation
will be controlled by 3.0 wm wide filter zone along the downstream face of
impervious core zone. The upstream filter zone was also designed to
provide for relief of internal hydrostatic pressure and improved stability
during rapid fluctuations in reservoir level.

ThéKOuter zones of the filter zone, both upstream and downstream,
were designed to be semi-previous zone. Materials will be decomposed
grahiﬁe obtainable in the reservoir area less than two kilometers from
the damsite.  Excavated materials frow diversion canal, service spillway
and emergency spillway will also be utilized.

Rock zones will be divided into two zones, rock zone and transition
zone, according to the rock size and gradatjon. Sources of rock materials
are mainly excavations of service spillway, emergency spillway and dam
cut-off trench. Expected rocks will be quartzite, calec-silicate and schist.
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(3) Stability analysis

SLablllly of the dam against sliding was analyzed by means of sliced
slip circle method for follow1ng cases.,

Case A : End of construction with statlc condltlon

Case B : Raptd drawdown with static and seismic condition
Case C : Steady-state seepage COHdlthﬂ_Wlth seismic force
Case D : Surface plate sliding

Results of analyq1s are summarized below and Stablllty of dam was
confirmed.

Reservoir  Embankment Seismic Safety Min. Factor -

Case Water Level Slope Coefficient Factor- Requlred
Empty Upstream 0 : 1.60'. 1,40
-  Downstream o 1.44 1.40
® EL. 204.5  Upstrean 1 0.03 1.42 1.10
- El. 180 - :
C El. 204.5 Upstrean 0.06 1.35 1.30
¢ El. 204.5 Downstream 0.06 1.39 . ©1.30 .
b El. 204.5 Upstream 0.06 1.33 1.20
D - pownstream 0.06 1.36 1.20

6.1.5 Poundation treatment

The dam foundation and abutments will be treated by curtain grout to
seal all fractures, shears, joints and all cracks made during explosive
excavation of cut-off tr nch. The maximum depth of curtain grout was
designed at 20 m at abutments and under the cut-off trench.

in addxtlon to the curtain grout the consolidation grouts will be
arrvanged into four rows. It was found "that a small scale geological
fault is crossing the emergency spillway site and the additional groﬁting
treatment was included in the design.

6.1.6 Spillway

The Upper Mae WOng dam will have a serv1be spillway of ungated side~
channel type at rightside abutment and an emergency spillway of ungated
chute type at about 1.5 km north of damsite. Design floed of 1,770 m3/sec
are allocated with 1,200 m3/sec at 50-year return period for service
spillway and with 570 m3/sec for emergency spillway. Flood overflow depth
was designed at 3.0 m at service spillway and 1.5 m at emergency spillway.
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The reasons to layout the comblned two spillways are topographic and
geologic corditions and conveniences during construction. It is summar—
ized as follows:

(1) Saddle shape topography is located at about 1.5 km north of |
damsite, where the ground elevation is abolt 210 m and 1ower
than the dam crest elevatlon.

(2) & geological fault line is crossing this saddle portion and
was confirmed by drilling hole No. 8. Some treatments will
be necessary even without construction of emergency spillway.

(3) In the vicinity of the saddle portion, schist rocks are found
~and considered to ke the guarry site nearest to the damsite.

(4) Dpelay or too much progress in the rock materials supply from
the excavation of service spillway will not hinder the
progress of dam embankment because of adjustment of material
supply from the gquarry site at emergency spillway.

6.1.7 River diversion

A diversion tunnel alignment was selected at left abutment from the
topographic conditions. Diversion of the river will be accomplished
through a concrete lined tunnel, 7.6 m in diameter and 230 m in length,
which will pass the design flood of 480 m3/sec with a water surface
elevation of 173.0 m at upstream,

- Geology along the tunnel alignment is expected'to be hard rocks of
schist, guartzite and calc-silicate. Since these rocks are hard, the
tunnel will not require steel support except portal portions. Considering
the subsequent increased costs for explosive excavation and concrete
lining, thé tunnel length was designed to be shortened as much as possible
congsistent with dam embankment safety by the use of approach channel and
diversion channels ewxcavation.

To avoid the possibility of over-topping during the early stage
of construction, the crest of the upstream coffer dam was set at an
elevation of 174.0 m. With this diversion tunnel, it has been estimated
that the comstruction of dam will be protected from flood damage up to
10-year return period.

6.1.8 Intake and outlet works

For the purpose of furnishing irrigation water, the design discharge
of 43 majsec will be released with.the minimam water surface elevation
of ‘180 m in the reservoir. The intake structure was designed to bhe
located at the inlet portion of ‘diversion tunnel with & drop-inlet type.
The outlet plpellne of 3.4 m in diameter will be located through diver-
sion tunnel.  The flow water through the pipe will be controlled by high
pPressure gate of 1.5 m in’ dlameter.

-Tunnel plugs will be prOV1ded at upstream portal of the diversion
tunnel for:clogure and at the dam axis to resist reservoir pressure.
The portal plug will contain temporary slide gate for closure.
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6.1.9 llydropower devalopment works

The optimum hydropower development plan was examined bhaﬁﬁinguthé
maximum discharge released from the Upper Mae Wong.dam, Economic.com-

parison was made based on the constxuction cost per kuh,

Through the

aoonomic comparison, "Qumax. 18.5 m 3/sech has been flnally selected as
the most economical maximum dlschdxge in obtalnlnq the annual energy

produetion..

The followings ave the ballent features of the Optlmum hydropower

development plan,
{1} Regervoir

Catchment area

Total storage volume
wEfective stovage volume
Dead storage volume
Water level

Total storage level
~ Flood surcharge level
Dead storage leval

Reservoir area

Total storage area
{2} Penstock

Type

Inney diameter
{3} Ppowerhiouse

Type
Dimensions (waln building)

(4}  Power generation facilities

Unit capacity

Nunber of wait

Tyvye of turbine
Hoxmal effective head
Dischargse quantity
Rat&d cagacity

Revolving speed

(3} Transmission system

~d

s

612 km?

250, MCM
230 MCM
20 MCM

El. 204.5 m
El. 207.5 m
E1l. 180.0m

17.6 kw2

Embeadded
Im

Semi-underground type

Width 19 m x length 19 m

6,500 kW
1

.Horizontal Francis type

42.5 m

13.5 om. R S8C
6,500 k¥
300 ®eM

30 km



6.2 Irrigation and Drainage Facilities
6.2.1 General

. The.major feature of the project is to properly supply the irriga-
tion water to the paddy fields. The facilities required for the project
include irrigation canals and their related structures, drainage canals
and inspection road networks. The salient features of irrigation and
drainage facilities are summarized in Table 6.2.1

6.2.2 Intake weirs

. Two {2) intake’ weirs are proposed to divert the 1rr1gat10n water

to the Ban Tha Ta Yu irrigation area of 105,000 rai (16,800 ha) and the
Khlong Salngu 1rr1gatlon_area of 51,000 rai (8,160 ha). For design of
these weirs, RID prepared the t0pographic maps on a scale of 1/1,000 at
the sites. ’

(1) Design flood discharge

~ According to the hydrologic study, the flood discharge with 50-year
return period at the Upper Mae Wong dam site is estimated at 1,200 m3/sec.
The flow capacity ©f the Mae Wong river, however, is supposed to be less
“than 100 m3/sec. The flood discharges of intake weirs for the ex1st1ng
small scale irrigation project is so designed as to be the same as the
river flow capacity at the sites. Subseqguently, the de51gn flood dis-~
charges for the proposed intake weirs are estimated at 88 m 3/sec for the
Ban Tha Yu and 63 m3/sec for the Khlong Saingu based on the flow capacity
calculated at the sites.

(2) Intake discharge

- The unit peak:irrigation water requirement with 5-year return period
is estimated at 1.25 {/sec/ha (0.20 [f/sec/rai} based on the results of
irrigation water reguirement estimation. Accordingly, the intake dis-
charges to the irrigation service areas are calculated as follows:

Ban Tha Ta Yu area: 21 m3/sec

Khlong Saingu area: 10.2 m3/sec
(3) 'Design:of intake weir

The intake weir of Ban Tha Ta Yu irrigation area would be 2.7 m
high and 30 m long including the scouring sluice portion. 1In the left
end of the weir, a scouring sluice :with 2 sets of date, 2.0 m wide and
1.5 m high, would be provided so that the deposited sand can be flashed
‘down. The scouring sluice gate would be operated by man power. The
intakc'gate would consist of 4 sets of slide gate, each 2.0 m wide and
2.5 m hlgh Wthh would be operated by man power,

_ The 1ntake weir of Khlong Saingu irrigation area would be 1.3 m
high and 28 m long. Two (2} scouring sluice with stop-logs, 1.5 m wide
and 0.8 m high would be provided on the intake weir body. The intake
gate would not be hecessary, because RID already constructed the Khlong
Saingu regulator.



6.2.3 Irrigation canal system

Irrigation zanal system to be provided under the project includes
all the main canals and the lateral and sub- lateral'canals. All the
existing farmer's 1rrlgatlon systems would be upgraded for 1ncorporat1ng
into the project as many as p0881b1e. :

(1) canal
{a) Design @ischarge

The design discharge for the irrigation canals was calculated
based on the unit irrigation water regquirement of 1.25 X/sec/ha
(0.20 f/sec/rai). Taking. water management, soil textures, cropping
patterns, ad;ustment of tlmlng of 1rr1gatlon water supply during
the day, etc. into con51deratlon, the. following adjustment factor
was adonted from USBR design standard. .

Area (ha) Adjustment Factor

20 - 50 3.0

50 - 150 o 1.75

150 - 250 1.20

250 - 500 1.15
500 --1,500 1.10.
1,500~ 2,500 1.05
2,500 and greater -1.60

The schematic'irrigation diagrams are made by using above
figqures and adjustment factor (see DWG No. 16 to DWG No. .19).

(k) Canal lining

The proposed main canal route in the Khlong Saingu 1rr1qat10n
area runs along the Cenozoic Quaternary Pleistocen dlluvlal lower
gerrace on the upstream right bank of the Mae Wong river. The
diluvial deposit is comparatively consolldated consisting gravels,
sands, silts and laterite., The permeabllltv is rather high.
Cousegquently, the proposed main canal would be lined by concrete
with 10 om thick to protect seepage. from the-canal bank and bottom.
No .canal lining would he required for the proposed canals Jin Lne
lowlying areas.

(¢} Veldcity

The maximum and minimum permissible velocities are as follows:

= TE-



(2}

ciently convey and regulate the irrigation water.

_ Maximum Minimum:

Canal Velocity Velocity

' {m/sec) {m/sec)
Concrete-lined canal : 1.5 0.8
..Unlined canal, ' . 0.7 0.5

{d) Roughness coefficient

The following Manning's roughness coefficient is used in the

calculation of canal section:
Concrete-lined canal
Unlined canal

(e) side slope

0.015
0.030

. The side slope. of canal is assumed at 1:1.5 referring the
results of soil mechanical investigation in the irrigation area..

Cconsidering the above design criteria, the preliminary designs of
main canals and lateral canals were made as shown in DWG No. 23 to
DWG No. 32.

Related structures

Many different types of structures related to the irrigation canals
are required in the irrigation canal system to effectively and effi-

structures are prcoposed:

The following

Function Structures

1. Distribution of irrigation water Turnouts
2. Regulation of lrrigation water level Lhecks, drops
3. ‘Conveyance of irrigation water over Syphon, culvert

or under road, river, streams, etc. bridge

. _Prdteétion of1cana1_ . Spillway, cross drain

5. 'Measuring of canal discharge Parshall flume

‘The typical drawings of related structures are shown in DWG No. 33

to

DWG No. 37.
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6.2.4 Drainage vanal system

The design dlscharge of respectlve dralnage canals were calculated
on the drainage modulus estimated in Section 5.4.3 (see DWG No. 20 to
DWG No. 22). In design, the existing natural streams were lncorporated
into the proposed drainage canal network as far as possible. . The designs
wore made with the same principles as those of 1rr3gatlon canal system

(see DWG No. 23).

6.2.5 Inspection road

For proper opeération and maintenance of project facilities, well
arranged inspection roads are of vital importance.

(1) Main inspection road

The main inspection road is required for 1nspect10n, operation and
maintenance of the main canal. Considering the future increase of
vehicles for the 1nspect10n and operation and heavy construction to be
required for the ¢anal maintenance and repair, all the main inspection
roads are so designed as to have a width of 5 m and effective width of
4 m to be laterite-paved, These roads are also used for transportation
of agricultural products, equipment and goods.

(2)  ‘ratexal inspébtion road:

The lateral inspecticn road is mainly provided alongside the
lateral canal. All these roads have a width of 4 m. .

he typical cross sectlon of 1nspect10n road is shown in DWG No. 23.

6.3 Construction Plan
6.3.1 Basic assumptions
(1) Workable days

25 days per month are applied to the workable.aays'of:normal_works'
such as concrete works, foundation treatment works, construction works
of irrigation facilities etc. On. the other hand, as the: impervious
materials of dam ewbankment are affected by heavy rainfall, the workable
days for these materials in & wet season are reduced from the 25 days of
normal works, and total 286 days in a year are computed in accordance
with the criteria.

{2} Definition of earth materials

The abbreviation of earth materials on the construction plan would
pe correlated with the geological definition as given in the table below:
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Earth Materials-

. of the | Abbreviation Geological
___Construction Plan L Definition
Sand, Filter, Drain s Sand, Gravel
Common Soil, Top Soil ' c/s, 1/58 Talus Deposit

' De-composed Granite
Gravel & Weathered Rock G, W/R © Weathered Granite Group

- : Weathered Green Rock
Excévated Rock R . Green Rock*, Granite
Group

Note: *: Quartzite, Calc-silicate, Schist

(3) Conversion rate of earth materials

The cdnvérsion rate of earth volume necessary for the estimation
of earth work capacity by construction equipment is assumed as follows:

. Status of Material
Earth Materials =

Iin Place Excavated Compacted
8 1.00 : 1.20 0.95
c/s, T/s ' 1.00 1.25 0.90
G, WR | 1.00 1.20 1.00
R S T 1l.00 1.60 1.30

(4) Basic method of earth works

Following equipments are basically introduced for earth works of
the Project: '
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Earth Works_

Barth Méterials

Proposedequipméﬁts

Excavation
Weéthered Rock
Rock

Loading- - Any Kind of Excavated
Materials

Hauling Iny Kind of Excavated
Materials

Spreading Any Kind of Excavated
Materials '

Compacting Impervious Materials

Coarse Materials

Common - Soil

Sand, Common Soil, Gravel

Bulldozer, Back-hoe Shovel

Ripper Dozef;:Baékwhoe Shovel

-Blasting'&'éulidoZer

Tractor Shovel, Back- hoe
Shovel

- Dump Truck

Bulldozer

Tamplng Roller _ o
Vlbratlon Roller, Twre Roller

Compactor, Tamper

6.3.2 Dam construction.

(1)

Dam construction

(a) Eaxth movinq:pian

Taklng into account the avallable ‘earth materlals, conver51on
rate of earth, most economical construction method, etc., the earth
moving plan for the dam construction is confirmed as shown in

Table 6.3.1.

{b) Construction procedure

After preparatory works, the dam construction works will be
commenced from the beginning of dry season., The dam having enough
length, the. excavation works of the foundation can be progressed
in parallel with river diversion canal and diversion tunnel WOrks.,

After completion of foundation excavation and foundation’

treatment, dam embankment will be commenced. - Excavation of spill-

way will be executed -in paralliel to the dam embankment, because
the useful excavated materials are planned to haul directly to the

dant. -

{c) Construction method

Diversion'tuhnél’excavation will be executed by blasting and.
picking, and excavated-muck is hauled to stock pile by dump truck.
Concrete lining w1ll be done by using steel form.
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(2)

- Excavation of dam foundation will be mainly made by heavy
duty equipment such as bulldozer, ripper-dozer and back-hoe shovel.
Rock excavation will be executed by blasting;

After excavatlon of the dam core trench, curtain-grouting will
be executed by the comblnatlon of hydraulig borlng machines and

"groutlng punp .

According tQJthe earth moving plan, embankmeﬁt materials to be
transported from the proposed areas will be spread by bulldozer
at the specified thickness and compacting runs.

These specifications will he as follows:

Zone ' Thickness of Compaction Compaction
. _ Spreading (cm) {runs} . Machine
Core Zone . S _ 20 1S “Tamping Roller
Filter & Drain : 30 3 Vibration Roller
Semi-pervious Zone . - 25 6 Tire Roller
Transition Zone 50 4 Vibration Roller
Rock Zone . : 100 o Bulldozer

Exéavation of spillway will be executed following to the ecarth
moving plan, and after completion of the excavation work, concrete
works placed by concrete pump will be commenced.

- The concrete works of intake structure will be also executed
in parallel with the construction of spillway by the same method.

Outlet steel pipe in diversion tunnel will be set up by using
trolley and jack.

After completion of all facilities concerning to the dam
construction, plug works in the diversion tunnel will be executed.

Majof temporary works

‘Taking account the proposed guantity and placement plan of concrete

for the relevant structures, a concrete batching plant having 150 m~/day
of productlve capacity and a aggregate production plant of 400 ton/day
will be 1nstalled as a temporary construction equipments.

Furthermore, SOO kvVA of power generator will be required for above

eQuipment taking account a poor supply condition of electricity at the

site.

Besides, construction of reserveir which can store the muddy water

caused by the excavation works during the construction will be required.
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$.3.3 Construction of irrigation and drainage facilities
(1} Canal construction

Excavation of main and laterals will be mainly made by heavy duty
construction mdchlnerles such’ as’ bulldozer and back-~hoe: shovel and -
man power will be contributed to the sub-lateral canals constructlon and

the mlnor w01ks

A part of proposed main canals and laterals in the Khlong Salngu
1rrigatlon area will be lined with 10 ¢m thick of concrete, -The concrete
will be produced by portable concrete mixer and placed by man power with
use simple sliding concrete form. : :

{2) Intake weir

The constructlon works. of lntuke welr w111 be; malnly executed during
dry season in due consideration of magnitude of floodlng in the river,
and furthermore, the cencrete placing of the weir will be executed by
dividing into a scoring sluice ‘portion and weir body portions taking
account the diversion of river flow during constructions. :

Concrete will be proaﬁCed by several nunber.of portabie’concrete
mixers and placed using backet hanged by truck-crane.

6.3.4 Implementatién.séhédule'

The Qroject lmplementatlon schedule is shown in: Flg 6 3.1. First
two years will be necesgary time for preparatory works lncludlng tender-
ing, survey and wapping, detailed design works, construction of offices
and quarters and so on. The actual construction works will be commenced
from the third year. : ' '

Dam construction 1nuludlnq relevant fac111tles will need five years
in total. :

After completion of the d&am construction, plug works of dlverslcn
tunnel and minor works will be executed,. : s

In parallel with the abOVA'cam _construction schedule, hydro power
facilities and 1r11gatlop facilities will also be eéxecuted and finished

before completion of the dam construction, so as- to enable to use stored _
water as early as possible. o : :

6.4 Cost Estimate
6.4.1 Basic aszumptions

The construction cost is estimated based-on the followifig condi-
tions: ' ' ' -

{1) The uwnit plLCtb ale analy?nd in gonstant mldleSS cur*&nt urlce:
basis prier to cost estimate. :



. {2) . The exchange rate used in the estimate is shown as follows:
US$1.0 = P27 = ¥240

(3) The depreciation costsof machinery and equipment are considered
" in the estimate of the construction unit cost.

{4) Taxes on the construction materials, machinery and egquipment
to be imported from abroad are excluded in the cost estimate.

(5} The construction cost is divided into local and foreign cur-
rency portions. Local currency portion is estimated on the
basis of ‘current price in and around the vroject area.
Forelgn currency portlon is estlmated based on the CIF prlces
at Bangkok.

(6)  The physical contingency, 10% of direct cost is included in
the construction cost and price contingency is also taken into
account at an annual escalation rate of 5% for forelgn currency
portion and 6% for local currency portion.

6.4.2 Financial construction cost -

Financial construction cost comprises direct constructien cost,
land acquisition, resettlement, compensation, physical contingency, and
price contingency. The total construction costs of the project are
estimated at 2,895.1 million Baht, comprising 948.9 million Baht
(32.8% equivalence of the.total construction cost) of local currency
portion and 1,946.2 million Baht (67.2% equivalence of the total con-
struction cost) of foreign currency portion.

The swmmary of the construction cost is shown in Table 6.4.1.

6.4.3 - Anpual disbursement schedule

The énnual disbursement schedule is worked out based on the construc-
tion implementation schedule. The details are stated in Table 6.4.2.

6.4.4 Ahnual operatiCn and maintenance costs

The annual operation and maintenance costs including the salaries
of project admlnlstratlon and water control staffs, the materials and
labour costs for repair and maintenance of Q&M equ1pment, and running
- cost of project facilities. The annual operation and maintenance costs
are estimated at 32.0 million Baht. (Tables 6.4.3, 6.4.4)

6.4.5 'Replacément cost

" Some of the fac111tles, especially mechanical works have shorter
useful life than the civil works and require replacement at a certain
time within the progect useful life. The Table 6.4.5 shows the useful
life and replacement cost of the mechanical works.

_84_






CHAPTER VIT = ORGANIZATION AND MANAGEMEWT

7.1 Organizatidn'for Project Execution
7.1.1 Royal Irrigation Department (RID)

) The'pralmIrriqétioﬁ beparﬁmenE'(RID) will be' the main impieﬁenﬁation
body for the Mie Wong Irrigation .Schéme' (the Project). It will be respo-
sible for_the détailed design and construction of project works.

RlD is in charge of plannlng, developlng, operatlng and managlng for
most of all natlonal and p10v1n01al level irrigation systems. RID has
35 DlVlSlOHS and 12 Regional Offices under a Directdr General with
assistance of three Deputy Dlrector Generals and two Chief Englneers
(see Fig. 7 1. 1)

7.1.2 Eléctfiéity Génerating‘Authorit§ of Thailand'(EGAT)

The maln purpose of the PrOject is to irrigate the area of about
46,700 'ha by constructlng ‘the Upper- ‘Maw Wong dam which has the gross
storage cana01ty of 250 MCM: -Incidentially, the Project has a. possibility
~ of hydropower generation of about ‘6,500 kW by using the dam head and the
released water foy irrigation. If the hydropower generation plan will be
realized under the Progect the Electricity Generating Authority of '
Thailand - (EGAT) will: 1mplement the de51gn and COnstructlon of hydropower
'generatloh fa0111t1es.

7.1.3 Proposed Construction Office

 For the execution of the Project, RID will appoint a Project Manager
under the Deputy Director General. The Project Manager will be directly
responslble for execution of the Project as a chief of the proposed
Construction Office.  The proposed organlzatlon structure of Constructlon
Offlce is shown in Flg 7.1.2.

Main functions of the Construction Office will be as follows:

- Fihancial arrangement needed for congtruction of dam and its
related structures and 1rrlgat10n, dralnage and ingpection road
networks, :

© = Design and construction supervisibh of all the construction works
including the assistance of tertlary development (on farm develop-
ment) to be’ done by farmers, and

= Acéounping'and'managément of construction works.

The. Construction Office will consist of a main office and four branch
offlCes taklng the- pr03ect scale into consideration. The main office will
have: foux sectlons such as admlnlstratlve, engineering, construction and
tertiary development sections. The branch offices will take responsibili-
ties for quallty control of works, measuring of work quantltles, records
‘of work progress, etc. at each work site.
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7.2 Orgaiization for Operation and Maintenance
7.2.1 Proposed O/M Office

Genexally, the followings should be taken into con51deratlons for
the proper water management:

- Planning of irrigatidn schedule,

- Contrel of irrigation water delivery,

- Hydrological measuremént, .

- Operation rule,

- Recording system (periodic data ieﬁurnf. _

- Maintenance and_repair of project facilities, and

~ Operation and maintenance equipment and facilities.

In light of the aboves. to be con51dered, the Construction OfflCe
should be re—organxzed into the 0 &M Office after completlon of construc-
tion works.. A Project Engineer will be assigned as a chief of the O&M
Office and responsible foxr operation and malntenance of the Pr0]ect.

The proposed organlzatlon structure is shown in Fig, 7.2.1. The Office
will consist of a main office and four branch offices.

The main offlce wwll be responsible for all act1v1t1es for OPeratlon
and maintenance of the PrOJect The office will con51st of two divisions,
administrative division and technical division, and the technical division
will have three sections, namely engineering, operation and maintenance
and mechanical sections,

Four branch offices will be corganized under the technical division of
the main office. The main works of branch offices will be to carry out a
daily work for operation and maintenance of the project facilities in
their responsible areas in accordance with the irrigation schedule,
maintenance program and instrucition given by the main office. In addlthH,
the periodic data collection will be also very important responslblllty
of the branch offices,

7.2.2 Water management
(1} Relationship of organization for the Project

The success of irrigation project depends fully upon the proper
‘water management which assures the distribution .of irrigation water in a

timely and efficient manner as to meet the crop water'requirements.

Nowadays, RID is facing with the following constralnts and problems
in water management for 1rrlgat10n pro;ects.

- Insufficient budget,

- Insufficient staff and quallfled staff to operate the gro;ect

- Insufficient equlpment for water management, such as motorcycles,
vehlclea, construction machlnely ate.
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- Poor_Cpmmunication'syStem, i.e. telephone, wireless set, walky-
talky, etc., and

- Poor cooperation between farmers and RID staff.

_ For the proper water management, a suitable government organization
and farmer's organization should be established to ensure that even
distribution and optimum use of water available from the Project would be
made for profltable 1rr1gaL10n farming through proper uvtilization of the
' project facilities. -

,_In,May 1985, the Cabinet approved a basic framework for post-
construction operation/maintenance and management of irrigation project.
This framework is to'be applied to all ongonng ‘and future projects,
1nclud1ng ‘the PrOJect In light of the basic framework, the relationship
among O &M Qffice, governmental organizations and farmer's organization
is presented in a diagram as shown in Fig. 7.2.2.

(2) Water management for the Project

The water management . for the Project will broadly be divided into
the water management for the Mae Wong river including the operation of
the Upper Mae Wong dam and the water management for the irrigation service
area. ' '

In the full operation stage of the Project, the Mae Wong river will

' play an important role to feed the released water from the Upper Mae Wong
dam to each irrigation service area. In order to assure the stable intake
~of irrigation water to the field at diversion points on the Mae Wong river,
the river should properly be managed and maintained by RID (0 &M Office).
For this, the existing diversion structures on the river other than the
proposed diversion structures under the Project should he removed and
reclosed durlng the construction stage. Any violation action by farmers,
such  as bank .cutting, blocking of the river course, stealing water by pump
should be prohibited and protected.

Efficient operation of the irrigation systems in the irrigation area
“should ensure, that the right amount of irrigation water is supplied to the
crop at the right time. Accordingly, it is very important for the farmers
to fulfill their planting time scheduled beforehand, because the delay of
planting time gives a great influence on the water management. The water
management of main systems such as intake facilities, main and lateral
canals will be full responsibility of the O &M Office. The water manage-
ment of on-farm facilities will be the responsibility of the farmers.
For the proper water management at farm level, the establishment of Water
User's Association by farmers themselves is indispensable.

{3) Water User’'s Association (WUA)

' As already stated above, the operation and maintenance of the facili-
ties in. the tertiary.block will be carried out by farmers themselves.
Before completion of the construction works, the Water User's Association
(WUR) should@ be established. There exist no WUAs in the project area.
it isg recommended to follow the following concepts for establishment of
WUA: '
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-~ The member of WUA should be the owner farmers and/or tenant
farmers whose cultivating lands will be served by irrigation
"water from a sole turnout,

- The benefited area of WUA is bounded by the tertlary block

- WUA should be an antonomus organlzatlon and separated £rom the
V111age admlnlstratlon,

- The member of WUA should péy the admission fee at the time of
registration and annual fee thereafter, and

- WUA Federation should be established' for systematlc operatlon and
maintenance works. .

The proposed organization of WUA is shown in Fig. 7.2.3. WUA will
have a committee which will consist ‘of a chairman, deputies, treasurer
and farmer's representatives. The chairman will be selected from and by
the members and will manage the association.: Irrigation supervisors who -
will be selected from the members of WUA, will carry out water management
in the tertiary block, such as. preparation of_lrrlgatlon calender,
handling the canal structures, diverting the schedule amount of water
to the guarternary canals, supervision of maintenance works, etc.

For the assistance of irrigation supervisor, the farmer's chief will
be engaged in water management for the quarternary blocks. Each WUA
shall have an advisory group which will consist of the head of willage,
agricultural extensioh worker and zoneman of the O &M Office (RID).

(4) Training of field staff and farmers

Proper operation and maintenance of the Project depends largely on
the proper water management of farm level by the irrigation supervisors
as well as the farmers and their co'operétion with the staff of O&M Office.
One of the main purposes of the 0 &M Office is to demonstrate the proper
water management in the field and to train the irrigation supervisors. and
farmers in the practical irrigation farming. The training course of
personnel related to the water management at farm level will consist of
lecture and field practice. The training program shall be preparéed by
the O& M office, ' : '

7.3 Future Improvement of Agricultural Support Systems .

RID has been responsible for planning and construction of the irri-
gation works and for the operation and maintenance of the projécts. _
It is not possible, however, for RID to provide all services whxch needed

to maximize return from the project investment.

Under the Project, farmers will 1ﬂqu1re thé techhical advices on' farm
manaqement, farming practices and en-farm water management. Moreover,
the supply of agricultural inputs recessaly for irrigated farming is alsc
needed. Agricultural credit is also essentlal for the purchase of agri--
cultural inputs. : :
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A part of these services has been rendered through private sector
such as merchant, rice mill, etc. It is strongly expected that their
activities will be enhanced for smooth supply of such services as more
needs for such services will arise after implementation of the Prolject.

As regards the services provided through the Government agencies,
it is recommended that these services should be provided through the
existing channels {see Fig. 7.2.2). A new organization for providing
agricultural supporting services will not be necessary.

However, it is desirable, in order to achieve successful implementa-
tion of the Project, that (i) the government agencies will provide the
required seérvices in close cooperation‘with others concerned, (ii} each
agency will allocate their staff and/or budgets for the development of
the: project area as far as possible, within a framework of existing
system in force. In addition to the above, the scope of the agricultural
support services will have to be modified because the farmer's needs
for supporting services may be changed to a certain extent after the
completion of the Project. In order to cope with such changes, some
institutional arrangement may be needed at national (Bangkok)} and pro-
vincial levels.

1t is therefore recommended that RID should study, in close
coordination with other agencies concerned, the future institutional
arrangement required for successful achievement of the development
target, making reference to the experience obtained in other irrigation

projects.
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CHAPTER VIII = PROJECT EVALUATION

8.1 Generai

The prellmlnary ‘economic. evaluatlons were carrled out for eleven (11)
alternative’ development opticns as part of the proaeet Optlmléatlon process
dlscussed in Chapter V. - The height of the Upper Mae Wong dam had been
fixed at 57 m, correspondlng to a reservoir storage capacity of 250 MCM,
as the optimum sizée of the dam which also made optimum use of the avail-
able water resources.

" The- results from these 1n1t1al evaluations, which revealed a number
of- economlcally fea81ble optxons, led to selection of the proposed
development for an area of 291, ‘900 rai {46,700 ha),_enabllng a cropping
intensity of 105% . The development area comprlses 230,000 rai (36,800 ha)
of the existing’ 1rr1gatlon areas and 61,900 rai (9,900 ha) of the exten-

sion area on. ‘the right bank of the Mae Wong river., 1In this Chapter,
overall progect evaluatlon is dlscussed in detail for this selected one
) partlcular case,- :

The prOJect evaluatlon has been made through an. assessment of project
fea51b111ty in v1ew of economlc, financial and ‘socio-economic aspects.
The economle fea51b111ty is. evaluated by calculatlng the internal rate of
return’ (IRR) and-the ‘net’ present value (NPV) at the discount rate of 10%
Sensitivity analyses have also been made in order to elu01date the
econonic: Viability of the ‘project against the changes in the benefits,
bulld—up perlod, constructlon perlod and’ prOJect costs.

FlnanClal evaluatlon has been carrled out by analy51ng the effect of
the' Project on. a typlcal farm budget and by preparing the repayment
schedule of,the project capltal cost

o The 3001o-econom1c 1mpacts from the 1mplementatlon of the Project
have also been briefly studied.
B.2 Economic Evaluation
8.2.1 'Besic'assﬁMEtioﬁs 3

f The economlc evaluatlon has been made on the following basic
assumptlons. o

'(l)~ The constructlon perlod w111 be seven (7) years 1nc1ud1ng two
_(2) years for detalled deésign and preparatory works.

(2) The:eeonomic useful 1ife of the Project will be 50 years.
.(3)' sll.ﬁrices exe expressed in constant mid-1985 prices.

(4) The exchange rate of USS1.00 = B27.0 = ¥240 as of mid-1985 is
used throughout.
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{(5) Only irrigation benefit is counted in the evaluation, and any
" benefits to be derived from the fishery; hydropower generation,
water release for downstream areas, etc., are not taken into
acgcount,

2,2.2  Fvaluation of economic factors

Por evaluation of economic pllces and costs, the follOW1ng criteria
have been used:

{1} Standard convention factor (SCF}

In order to evaluate the project costs and benefits w1th Tespect to
world market prices, a SCF of 0.92 has been applied to the price of non-
traded goods and services, This figure has commonly been adopted in
Thailand, as it has been recommended by IBRD in the Staff Worklng Paper
Ne. 609, 1983,

{(2) Transfer payment

From the v1ewP01nt of the international econeomy , the transfer payments
such as contvact tax, duty, SLbSldy and’ interest are considered as a
domestic monetary movement without direct productivity., These transfer
payments are, therefore, excluded from the project cost as far as the
geconomic analysis is concerned.

{3} Economic prices for agricultural outputs and inputs

The economic prices for farm preducts such as paddy and mung beans
and farm inputs such as fertilizers and agro-chemicals have been estﬁmated
on the basis of the projected international market prices forecasetd for
the year of 1995 by IBRD in the long-term range in 1983 constant US dollar.
The IBRD forecasted prices are adjusted to 1985 constant price level using
the factor of (.977 based on manufacturing unit value {MUV) index computed
by IBRD. The domestic components are adjusted by S5CF of 0.22,

{4) XNconomic opportunity cost of farm labour

At present, a large part of the farm labour requirement are generally
met by family labour. Seasonal labourers required for transplanting ard
harvesting are mainly hired from neighbours or small and/or tenant farmers
in nearby srea at the rate of F40/man-day. A general shortage of labour
has beon observed during the wet seasos. On the country, farm work is
scarce during the dry season and the demand for farm labour decreases
nccordlnqiy Daily wages also fall by about 2¢- 30% to an average
¥i0/man~-day during the dry season, wWith the implsmentation of the Project

and @ futurs situation with increased agricultural production, the average
dry season wage rate would most liKely increase to the level of the wet
season wage rate. It is assumed that the present market wage rate is
closed o the sronomic rate, The adjustad conversion factor For farm
lavour is therefore taken as 1.00 x 0,92 (5CF) being wage rate of
g37 man~day both for the wet and dry seasons

i
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(5) Economié‘opportunity cost of unskilled construction labour

~ During the wet season, which is the season of peak demand for farm
labhour,; the construction activities would slow down and labour would be
less required. During the dry season, the Project would require more
construction labour and such non~-farm employment would be an attractive
alternative for many of the local labour because of scarce farm work.
In the case of short supply of unskilled construction labodr, sufficient
labour could be drawn from nearby areas. This suggests that the economic
opportunity cost of unskilled labour corresponds to that of hired farm
labour.

The fact_obserﬁed in the Mae Wong area shows that, however, local
-labour reguire at least a 50% premium to be attracted to the construction
work since it is harder work than in agriculture, This has been re-
flected in the financial wage rate that is an average E60/man-day, but
should not in determination of the corresponding economic opportunity
cost.

The economic opportunity cost of unskilled construction labour may
be assumed to egual that of hired farm labour of B30/man-day during the
dry season. Related to the average financial wage rate of ¥60/man-day,
this would give a conversion factor of {F30/E60) x 0.92 = 0.46,

(6} Construction conversion factor (CCF)

_ The individual financial costs for major project components are
split into four (4) categories of transfer payment, unskilled labour,
non-traded costs and traded foreign costs, for each of which an economic/
financial conversion factor is applied. The construction conversion
factor (CCF) that is the weighted average of the above components, is
calculated as 0.87 for the dam and 0.84 for the irrigation work, as shown
in Table 8.2.1.

8.2.3 Economic benefits

The irrigation benefits are primarily derived from the increased
crop production attributable to a stable irrigation water supply. These
benefits are estimated as the difference of the annual net crop production
values under future with and without project conditions.

The net. production value ig defined ‘as the difference between the .
gross production value and the crop production cost. The net production
values under future with and without project ¢nnditions are summarized as
follows (for details, see Section 5.3):
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i o (Unit: mllllon B)
3 el : Without . With
Descr;ptlon . project Project Increment

1. Gross production value

{(a) Paady = 42000 869.3 . 449.3

(b) Mung beans : 16.5 0 19,1 2.6

{c) Maize . o : 11.4 - o Ce o =11.4

2. Total production cost

(a) Paddy 182.3 265.2 82.9
{b) Mung dbeans _ 9.2 8.4 -0.8
(¢} Maize 5.8 - -5.8
3. Net production value

©(a) paddy 231 . 604.1 366.4
(b} Mung beans - 7.3 10,7 3.4
() Maize | 5.8 - -5.8
Total - . - 250.8 614.8 364.0

It is assumed that the irrigation beneflts will 1n1t1ally accrue
from uwp-grading of the existing 1rr1gatvon facilitiss in 6th year by 10%
of full incremental benefits and 20% in 7th year, and after Lompletlon of
dam construction, it .will gradually increase during the build-up period
of 5 years from 60% in Sth year to 100% in 12th- year, -as shown in -
Table 8.2.3.

8.2.4 Economic cost
{1) cCapital cost

The project cost broadly comprlses {1) cost for preparatory works,
{2) construction cost for project facilities including coptractor's
overhead, profits and contract tax, (3) cost for land ascguisition,. . :
(4) cost for compensation and resettlement, (5) admlnlstratlon expenses,f
(6) procurement cost of O/M equipment, {7) expenses for engineering.
services, (8) physical contingencies and (9) price contingencies. Pll
these costs are estimated on a flnanc1al basis as given in Table 6.4.1.

The flnanc1al costs axe convented 1nto the economic costs by apoly~
ing the CCF for each of major components {see Table 8.2.1) ¢
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Financial Cost Economic Cost

Cost Component CCFr

{Million ¥) {Millien B)
(1) Dam & Reservoir = . - 1,051,0 0.87 914.4
'(2)”irri9aﬁi¢ﬂ Works _ 638.8 0.84 536.6
(3 office Quarters ' 24.2 0.77 18.6
{4) Land Acqulsltlon, Resettlement _ ) :

& Compensatlon S , 28.0 0.92 25.8
(5)'O/M Equ1pment _ N .44.6 O.9§ 44,2
{6) Admlnlstratlon : 42;9 0.92 39.5 -
(7) on-farm Development/l - - 11.4
(8) Phy51cal Contlngencles (10%) 183.0 - 159.1
{9} Enaneerlng Servxces 235.3 0.89 .209.4

(10). Price Contﬁngen01es : o 64?.3 ' - -
Total : 2,895.1 1,959.0

Note: /l: The cost for on-farm development is not included in the
: ~financial coét'estimate since the on-farm development is
to.be executed by the farmers themselves. It should be,
however, included in the economic project cost
(see Table 8.2.2).

(2) Annual operation and maintenance costs

The anmal O &M cost estimated in Chapter VI includes the depreciation
cost of O &M eguipment and gates. In the economic evaluation, however,
the deprec1atlon is taken as the replacement cost, and accordingly it is
excluded from thé economic O & M cost. The O0&M cost after exclusion of
the said depreciation.cost is then converted into the economic cost u51ng
‘respective CCF for each item:

L Financial Cost Conversicon Economic Cost
Description

{million ¥) - Factor/L  (Million E)
(1) salaries & Wages . 1.34 0.73 . 0.98
(2) Office Expenses . _ 0.03 0.83 0.02
(3) O0sM for Project Facilities '
‘(a) Dam . 5.37 0.81 4,35
{b) Irrigation o 15.97 0.80 : 12.78
Total | , 22.71 18.13

Note: /l: See Table 8.2.1



(3) REPIacemEHt‘cost 

The replacément costs estimated in Chapter VI comprise (1) O &M
cquipment in every 10 years and (2) gates and their attachments in
25 years after project ‘implementation. These costs are converted 1nto
the economic costs’ u51ng a Spelelc CCF of 0.99 for. 1mported goods.

_ . Useful Financial  Con- o Economic“
Description ‘Life Cost version = Cost
{year) {Million F) Factor ~ (Million §)

(1) 0 &M Bquipment 10 44.6  0.99 44.2
(2) Facilities _ ' ' '
(a) Dam . 25 27.6 0,99 27.3
(b) Irrigation : - _ S o
Works - 25 . 17.9 0.99 17.7

8.2.5 Internal rate of return (IRR)

The economic internal rate of return is calculated on the ba51s of
the flows of . economlc beneflts ‘and costs mentioned above (see Table 8.2.3).
The calculated result is: :

IRR = 13.0%

8,2.6 Net present value (NPV)

The net present value at the dlSCOunt rate of 10% is -also calculated
on the same assumptions mentioned above, and the calculated result is:

NPV = 475 million Baht

8,2.7 SensmthLty analy515

In order to evaluate the soundness of the Project aaalnst tne _
pessible changes in future econom]c condltlons, sensxtlvlty analyses are
made for the follOW1ng cases: : .

Case-l: 10% oxoject LOSt 1ncreaoe due to unforeseen geoloclcal
and topographlcal condltlons and unexpected 1nc1eases of
material costs

Case-2: 10% proiect benefit decrease due to unexuected decrease
: in torepasted pr;ce of farm products and in- crop y1eids

Case-3: Two years overrun of build-up perlod dug to unexpected

inefficiency in O & M management and ajrlcultural
extension sexrvices :
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Case-4: 'Two years overrun of construction period due to unexpected
and unforeseen reasons

The effects. of these changes on IRR and NPV (discounted at 10%)
are summerized as shown below: '

Cage.. . IRR (%) NPV '(Ma.l’llon_ ]3)

10%
Case~1 :- 11.9 | : | 33i
Case-2 1178 284
case~3 . o S 12.5 ADG
Case—# ' i1.8 ' 285

8.2.8. Results of economic evaluation_
From the above results, the Project could be justified economically
with IRR-of 13.0% and NPV of 475 million Bsht at the discount rate of

10%.  The sensitivity analyses indicate that the economic feasibility of
the Project is rather insensitive to the possible changes. '

8.3 Financial Analysis
8.3.1 Financial cost
The financial cost estimated on the basis Qf'the current prices as

of mid 1985, 1is as follows:

{(Unit: Million ¥)

Foreign Currency Local Currxency Total

. 1,946.2 948.9 : 2,895.1

In this estimate, the price contingencies of 6% per annum for local
currency portion and 5% per annum for foreign currency portion are included.
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8.3.2 Farm budget analysis and payment capacity

In order to evaluate the Project from the financial aspect of the
farmers, the farm budget analyses on different sizes of farmers are. made
under both future with and without project conditions as des cribed -
Section 5.3 of Chapter V. ' ' '

The payment capa01ty is recognized as the ablllty of the project-
benefited farmers to bear the expenses requ1red for operatlon and
maintenance of the project facilities as well as for repayment of capital
cost. The payment capacity is measured by the difference of net disposable
reserves under future with and without project conditions, which the.
farmers can actually earn from the Project after all the farm expenses
and living costs are deducted from the gross farm income.

The payment capacity under the Project at the full development stage
is estimated: :

Payment Capacity

(Unit: B/farm/year)

‘ Average . Ex1s§1ng Irri- Ralnfeg Weighted
Farm Size Farm Size gation Area Area Average
rai ha (36,800 ha) {9,900 ha) -
{1) Small Size Farm 7.5 1.2 6,800 10,100 7,500
(less than 20 rai} -
(2) Medium Size Farm 28.1 4.5 24,600 37,700 27,400
{21 ~ 50 rai)
(3) Targe Size Farm 75.0 12.0 66,100 103, 000 73,200

(more than 51 rai)

The increased net disposable reserve would offer the incentives for
farm reinvestment and further development té the farmers, and the sub-
stantial payment capacity would enable the farmers, if necessary, to make
some payment for irrigation water.

8.3.3 Anticipated project revenue

In Thailand, the participating farmers are not imposed any water
charges, but contribute indirectly to the. government revenue and also
by selling their rice surplus at low price whlch enable the exporters
to contrlve the export tax and premlum.

Water charge will not be collected from the farmers. Mo dlrect
project revenue .is therefore anticipated. However, the Government will
receive indirectly some revenue from the Progect as rice export duties,
rice expor premium and mmicipal tax. These 1nd1rect incremental
revenue would amount to about 46. 1 million Baht' per adnum in total
under present regqulations, as shown below:
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Incremental Revenuc amount (Million E)

Export Duties ) 16.8
‘Export’ Premium 19.4
Municipal Tax _ ' 9.9

wotal 46,1

(1) Exporf &ﬁties

The export dutles are- 1mposed upon the export amount of ride at the
rate of. 2.5% agalnst “the’ ba31c prlce ammounced by the Ministry of Commerce.
The exportable amount of rlce to be produced in the Project area is about
105,000 tons- (sée Section '5.3). 'The basic prices for different gquality of

rice are averaged at ¥6,410 per ton. The anticipated export duties will
therefore amount to about 16.8 million Baht.

(2). Export premium

A certain rate of export premium is imposed to the exporters upon
the exoort ‘amount of rice. The average rate of export premjum for average
quallty of rice is about K185 per ton. It is expected that the Government
will receive about 19.4 million Baht as export premium annually for the
exportable surplus of 105,000 tohs.

(3) Municipal tax

The municipal tax is paid by rice mills and exporters at the average
rate of 2.2% for handling amount of rice valued at the current market
price. The municipal tax will increase by apout 9.9 million Baht for
105,000 tons.of increased surplus at current market price of F4,300 per ton.

8.3.4 Repayment of project cost

It is assﬁmed‘that the capital required for the project implementation
will be arrangéd_under the following conditions:

(1) For forelgn currency portion, the capital is financed by
bilateral or international organizations with an interest
rate of 3.5% per ‘anmum for a repayment period of 30 years
including 10 year grace period.

(2) For_local currency portion, the capital is arranged by the
~‘government budget allocation with no repayment.

Based on the above conditions, the repayment schedule for the foreign
currency portion is prepared as shown in Table 8.3.1.
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8.3.5 Result of financial evaluation

The Project will bring abbut a great improvement in farm budget, and
give an incentive for farm reinvestment to the farmers. The Project
could be justified from the farmer's viewpoint. .

Since no financial revenue is expected frdm_the’Project, difficulties
are involved in justifying the financial feasibility of the Project.
Following could, however, be'said”from finan¢ial viewpoint of the Project.
During the repayment period of 30 years for foreign loan, the average
amount of the government budget allocation required for covering the loan
repayment, . loan interest and 0 &M costs is about 125 mllllon. The in-
direct financial revenue from the Project in terms of export duties,
export premium, mun1c1pal tax and land tax is, on the. .other, estimated at
about ¥46.1 million. Although it is not direct progect return, it means
that the Project will. contrlbute such amount to the government budqet
The farmers who will not pay any water charge and. receive a large economic
return, will spend thelr increased income for various purposes and the
economic activities will thereby be enhanced. . Increased tax revenue will
also be expected from such future economic circumstances.

8.4 Socio-Ecconomic Impacts

In addltlon to the dlrect project benefits. counted in the economic
evaluatlon, various secondary and intangible benefits and/or favourable
socio-economic impacts are expected from-the implementation of the Project.
The major socio-economic impacts are described hereunder,

{1) Possibility of hydropower generatlon

The proposed Upper Mae Wong dam will prov1de a possibility of hydro~
power development. According to the preliminary study results, about
15,240 MWh of annual energy output will be produced with an installed
capacity of 6,500 kW at the Upper Mae Wong dam. The construction cost
will be about 167 million Baht or. 11 Baht/kwh.

{2} Increase of potential fish production

After creation of the reservoir, .the potential fish prodﬁctibn will
be increased to a great extent, and it would be made possible for the
farmers to manage stable aqua-culture of valuable fishes.. The estimated
fish producticn in the reservoir is about 170 tons per annum whlch
corresponds to a value of 8 million Baht per annum.

{3) Effective use of return flow

After implementation of the Project; about 53 MCM of return flow
will drift down the Mae Wong river to other river basins in the wet
seasen. . About 4,800 ha of the paddy flelds in the downstream basin could
be irrigated with this return flow. The return flow in the dry season -
will be about 2 MCM. Tt could be utilized as a domestic water source in
the downstream basis.
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{4) Revenue from forestry resources

The forests with some economic value are observed in some parts of
the reservoir area. The total net value is estimated akt about 33 million
Baht for a total merchandable timber volume of about 136,000 w3, after
deducting all the costs needed for logging and selling. These profits
could be obtained by seiling the timber trees in advance of the inundation.

(5) Foreiqn exchange earning

After completion of the projects, significant increase in crop
production is expected. With the increased production, the marketable
surplus of paddy and mung beans will also he increased. The estimated
marketable surplus would be about 105,000 ftons of rice and about 2,800 tons
of mung beans.

These surplus would increase the annual amount of exports, resulting
in the foreign exchange earning equivalent to around 945 million Baht per
annum. '

{6) Increase of enmployment opportunity

Employment opportunity to the local people will be increased by the
project implementation, and a favourable impact will be given to the
national economy. Furthermore, the employee will be able to gain more
experience, technical know-how, skillfulness in the various working
fields. These accumilations would be applied to the future development

in the region.
(7} Improvement of local transportation

The local transportation will be much improved by the construction
of the operation and maintenance road along the irrigation canals. The

expanded road system will not only enhance the economic activity but also
contribute to inter-regional accessibility and communication.

(8) Mitigation of flood damages
Flood control is not considered primary in the Project. However,

incidental flood control could be realized to some extent by the operation
of reservoir, especially in early part of the wet season.
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CHAPTER IX  ENVIRONMENTAL CONSIDERATIONS

9.1 Scope of Environmental study
9.1.1 'General 

_ Dam and 1rrlgat10n pleects are generally considered 1nfluent1a1
in. altering. the environmental resources. . The National Environmental
Board (NEB) worked out "Guidelines for Preparation of Environmental
Impact Evaluations" in 1979, with a view to conserve the environmental
resources: in Thailand, all the development agencieés who propose to
‘undertake construction of any nev projects are reguested by NEB to
prepare an appropriate "Environmental Impact Statement (EIS)" in accord-
ance with the said gu1dellnes and to submit it to NEB for review and
further actions. .

The detailed EIS is required if. the main features of the proposed
project exceed the following guideline:

(1) "Effective stotége: 100 MCM

(2) Reservoir area  : 15 km?
(3) Irrigation area - : 80,000 rai

The proposed Mae Wong Irrigation Scheme is larger than the above
guideline in scale and therefore the_detailéd EIS will be required.

The environmental: study required by NEB comprises manifold items
of environmental impact evaluations, They are classified into four (4)
categories (Table 9.1.1, to be referred) as follows:

(1) Physical resources

{a) Surfacé ﬁatér.hydrélogy

{b) Surface water guality

(Cj.fGroundwater hydrology
'(aﬁ- Groundwater . qudllty

(e) Soils

(£} Geology/Seismology

(g) 'Er0¢1on/8edlmentat10n

(h) ' Climate

{2} Edological resources
(a) Fisheries _
(b) Aguatic biology
(c) wildlife
(d)' ForéS£s'
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{3) Human use values

{a) Agriculture/Irrigation
(b} Agquaculture

(c) Water supplies

{(d) Navigation

(e) Recreétion

(f) Power

(g) Flood control

{h) Dedicated area uses
(1) Industry .
{j) Agro-industry

(k) Minefal developnent
{1) Highway/Railway

{(m}) Land use
(4) Quality of life values

{a) Socio-econowmic

{b) Resettlement

{c) Cultural/ﬂistorical
{d) Aesthetic

{e} Archaeclogical

{f) Public health

{g) Nutrition

In case of large scale dam/irrigation development like the Mae Wong
Irrigation Scheme, a full-scale environmental study- is vequired for
preparation of the detailed EIS which will cover all the above items
with appropriate analysis and recommendations in sufficient detail.
However, such full-scale environmental study has not been included in
the "Scope of Work for Feasibility Study on Sakae Krang River Basin
frrigation Project" for the veasons that (1) such env1ronmenta1 study
will be made more efficiently after the project. fea31blllty is surely
verified and {2} NEB requirement for environmental impact ‘evaluations
has not been clearly specified yet and no detailed specxflcatlons for
the regquired study and/or environmental standards’ ‘have not. been made

available yet, therefore difficulties are involved in making such full-
scale environmental study in sufficient detail within the limited time
of study period under the present frame-work of the feasibility study.

Such being the case, only preliminary study is possibly carried
out at the present stage of the study for the purpose to point out the
present environmental problems and the antlclpated alteration in envi-
ronmental resources which may be caused by the project ronstructlon.



9.1.2  Scope of environmental study

The fellowing method of environmental study was mutually agreed
between RID and the JICA study Leam in the meeting held on March 14,
1985,

(1) study area

The study area covers the Mae Wong river basin of 2,170 km? which
may receive more or less environmental impacts by the development of
dam and irrigation under the Mae Wong Irrigation Scheme.

{2) study items

The environmerital study required by NEB . comprises manifold items
of envirconmental impacts evaluatith. In order to cover all the items,
enormous efforts will be reguired for collection of data and information.
Bll these items are, therefore, classified as listed in Table 9.1.2.

{(a) For the items already included in the original scope of the
feasibility study, additional data collection is made by the
JICA study team in close cooperation with RID and the study
results in those fields obtained through the feasibility
study are fully utilized in the environmental impacts evalua-
tions,

{b}. For the remaining items which are not included in the original
sgope of the feasibility study, additional survey and data
collection are reguired. RID is requested to make such survey
and data collection to the extent that RID considers necessary.
These study items are divided into two (2) groups: 1} the
items which the JICA study team would assist RID to make the
additional survey and data collection, and 2) the items that
RID would be solely responsible for the additional survey and
data collection.

The JICA study team makes the required study on the basis of the
data and information to be collected in the above manner, and prepares
a report on the environmental impacts evaluations as part of the
feasibility study (not official KIS).

The major items that the JICA study team has carried out the
additional survey and data collection are as follows:

{1) Ecological resources : Fisheries
Aquatic biology
Terrestrial wildlife

Forest
(2} Human use values :  Aquaculture

(3) Quality of life values: Resettlement
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9.2 Preliminary Assessment on Environmental Impacts

' The anticipated environmental impacts affected by the.Project are
divided into two- grohps, i.e., (1) those by construction of dam and .-
reservoir, and (2) those by development of irrigation system. The
following items are concelivable as environmental impacts due to dam
construction:

Physical resources

(1) Change of the river flow pattern,'sédiment transportation
mechanism and water quality in the river system

(2) Increase of groundwater potential in the basin, particularly
in Lower Maeé Wong area
Ecological resources

(3) Impacts on aquatic Fauna and flora

(4} '~ Increase of productivity of aquatic life, especially fish
population

(5) TImpacts on terrestrial wildlife

(6) Loss of forest resources in the reservoir area
HE@§E~9§§_Y§}B§§

{7) Mitigation of flood damages

(8)7 Develdpmeht poténtial of ﬁfdropower
Quality of life values

(2} Inundation of farm lands and house in the reservoir area

(10) Development potentlal of recreation area in the vicinity of
the reservoir o

The follow:ng items are concelvable as env1ronmental 1mpacts due
to development of irrigated agriculture:

Physical resource
(1) Change of soil fertility condition under the irrigation
(2) Change of water quality

(3) Increase of producL1v1ty of flsh production and p0331blllty
aquaculture in the irrigation area
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Human use value

(®)

(7

(8)

- Increase of crop production

Acceleration of development for agro-industries and marketing
activities in the irrigation area

Provision of easy access to domestic water for farmers

Improvement of local transportation

increésé_qf employment opportunity

9.2.1 Dbam Construction

(1) Physical resource

{a)

(b)

(e)

By the operation of the proposed dam, the pattern of river
flow will be remarkably changed in the downstream of the
damsite.. However, the irrigation water from the dam is once
released to the river channel and taken at the downstream
diversion weirs to the irrigation areas. Thus, it is expected
that the future river flow will become more steady than the
present natural river flow and contribute to maintenance of

river channel fisheries, local navigation, domestic watex

use, ete.. The situation of the present river water gquality
will not turn worse.

Exploitation of water resources by a storage dam and irriga-
tion development will increase the potential of groundwater
in the whole basin, particularly in the downstream area of

- the Mae Wong river., The present observation of groundwater

in the area should be continued for future development.

‘A storage dam on a river will change the transportation

mechanism of sediment in the river system. In the upstream
of the -dam, sediment will be trapped in the reservoir and

the channel bed of rivers flowing into the reservoir will be
elevated because of back sand at the edge of the reservoir.
The elevation of riverbed will cause flooding in the riparian
area at the reservoir edge. The compensation of the land to
be damaged will be a possible solution. In the dam design,
it is planned that the lands of reservoir rim up to the flood
water level of 207.5 m are to be compensated, and the cost
has been counted in the project cost.

.Onkfhé‘contréfy,'in the downstream of the damsite, reduction

in sediment supply will cause degradation of the riverbed.

‘Careful consideration will be taken in the design of such

structures as diversion weir and bridge on the downstream
river channel of damsite.
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(2)

(3)

Ecological resources
{a) Fisheries

The dam construction will create ‘a new opportunlty for fish
production in the reservoir.  The anticipated fish production is
about 170 tons per annum which corresponds.to the value of 3 -8
million Baht. .If aguatic culture is made in the reservoir; more
fish production is expected.

(b} Terréstrial wildlife

The impact on Wlldllfe will be derlved from the loss of the:r
habitats in the reservoir area. It is con51dered however, from
the following facts that the impact on Wlldllfe is relatlvely small:

1) TForests in the reservoir area have already recelved the
human pressure, and fauna is decrea51ng in number recently.

2) The area to be inundated in about 12,400 raa. (19.8 km?) or
only about 3% of the whole. watershed.

3} Most of w1ldllfe in the reservoir area w1ll be able to move
toward surroundlng area.

(e ForeSts

Forests of 9,400 rai {15 kmz) whlch occupy about 2.5% of the
whole watershed w111 be inundated’ by dam oonstructlon. The endowed

forest lesources are evaluated as follows.

1} "Two types of foreet are observed in the reserv01r area;
Mixed Déciduous Forest and Dry Dlpterocarp Forést. Most of
them: are second-growth forests with an average DBH (Diameter
at Breast Helght) of 14.3 cm.

2) Volumes of all. merchantable trees in the reserv01r ‘are
estimated to be 136,000 w3 (488,000 trees) ‘ Only about 16%
{21, 000 m3) of them are con31dered valuable as tlmber and
others (llb,OOO m3) are_only_usable for flrewood

Loss of Tlmber volumes, w1ll be relatlvely large but natural and
'commerclal value of the forests is low. i

Human use values

{a) Although the proposed plan does not include’ flood control in-
its purpose, operation of reservoir will have incidental
effects on flood control through reductlon 1n flood frequency
and peak dlscharge :

{b} The proposed dam w1ll créate the pOSblblllty of hydropower
" development. The estimated annunal’ energy outputs are .about
15.2 GWH. The hydropower generation will" contrlbute to rural -
electrification.
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{c) - The reQulatediwater flow resulting from the dam construction
will improve the water supplies for domestic uses.

_(4);'Quality_of_lifeivalues

(a) Resettlement problems are most 1mportant as the reserv01r area

Sis:partly occupied by about 100 households. ‘Most of those
v1llaqers are illegal encroachers to the forest reserves in

- the reservoir area. However, their movable properties are
subject to compensation and resettlement area for them will

. have to be prepared. Moreover this, the resettlement area is
not easily found in the vicinity of porposed reservoir unless
the- reserved forest area is to be sacrificed. (Table 9.2.1
and Fig. 9.2.1)

9.2.2. Irrigation development .
(1 Phyéical réSourcea'

The proposed 1rrlgat10n scheme has. been formulated and designed on
the ba51s of technical assessment on present condltlon of fertility and
water quallty in order to minimize the environmental impacts in future.
Serious impacts are not therefore ant1c1pated

{2) - Ecolegical resoﬁ;ces

The irrigation developmeﬁt will provide the farmers with more
steady supply of irrigation water and thereby fish production will be
-remarkably increased in tha‘prOSpective irrigation area. An aquacul-
ture will also become possible if the farmers use.the ponds for this
purpose with steady supply of water.

(3} Human use values

(a) Irrigation will improve the present low land productivity and
_increase crop production in the Mae Wong river basin. The
increased crop production may accelerate the further develop-
mentaof”agrq—industries and marketing activities in the area.
It will also increase the employment opportunity.

(b} Upgrading of the existing canal system will also improve
the situation-of water shortage. ' New construction of irriga-
tion canals in the rainfed area will provide the farmers with
easy access to- domestic water,

(Q)I,Qaalit§ df:lifé'vaiﬁes'

The 1nspectlon roads whlch will be constructed along the 1rr1gatlon
canals, will enhance Lhe ‘economic activities in the area. The improve-
ment’ of road netwark will give favourable impacts to socio—economic
aspects ‘of the area. .
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9.3 Proposed Measures for Unfavourable Environmental Tmpacts

The environmental impacts will give more or less some influence to
the Mae Wong river basin area. Most of the anticipated impacts are not
serious. Further, unfavourable impacts will be mlnlmlzed by taklng
the following consideration and measures:

(1) Dam construdction

From the environmental points of view, dam designs should follow
the following requ1rements-

(a) keeping natural beauty of the surrounding area intact,

{(b) creating esthetically satisfying structures and land scapes,
and '

{c) causing minimal disturbance to the areal ecology.

Keeping the above in mind, the following measures should be con-
sidered in design and construction stages. The borrow areas should
have their final slopes flattened to conform with the surrounding area’
and yet be flat enough for easy reseedings. Scenic overlooks should be
provided for viewing the dam and reserveoir. The river diversion works
should be such that excessive siltation created during construction
will not find its way into the downstream water. Unusable materials
from excavation should be spoiled in the reservoir area. As much natural
vegetation as possible should be left in place. Borrow area should be
vegetated with grasses, trees, and shrubs, soon after the job is com-
pleted, All slopes cut adjacent to the reservoir area should be reseeded
and mulched. Erosion control should be stated at the beginning of the
job. PRoads, cutslopes, and borrow areas should be provided with texrace;
berms, or other check structures if required.

{2} TForests in the reservoir

Tn order to sustain the water quality in the reservoir, the forests
should be lumbered before inundation. Since the forests that are
economlcally valuable are found in some parts of the réeservoir area,’
it is possible to gain the some profits by selling the: merchandable
timber txees. Clearing of the forests in the reservoir area should
therefore be considered.

{3) Ecoldqiéal resources

Quality, temperature, and flow change of river Water are 1mpor+ant
to the survivals of fish and wildlife. The quantity of pollutants which
will enter the stream durlng construction perJod should be kept to.the
fiinimum. For the futufe flshery development, care should,be taken- to
avoid the entire destructlon of vegetatlon in the reserVOLr areas.

The forests along the anticipated waterfront of the reservoir- should
partially he malntalned. Standing trees debrls left in the’ reserv01r
area may provide habitats for several spec1es of fish. Certain aguatic
plants may be desirable for water birds feedings. Prlorfto.the inundation, -
forest clearing of the reservolir area should be started from damsite
toward the upperstream, in order to evacuate wildlife from inundation.
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After completion of the Project, the accesibility to the upstream
forest areas will much improved and further illegal logging and burning
are anticipated, In order Lo prevent such Future destruction of forests
in the upstream areas, a strong government control will be required
under present regulations.

{4) Rescttlement

The impacts on living and working conditions of evacuees will be
mitigated through resettlement program. Recommendable site for such
resettlement is conceived in the Fforestry village area located in
amphoe Tat Yao. Practically it may not be easy to meet all the require-
ments of the resettlers who are the farmers in the forest. The important
measures for such impacts will be provision of the agricultural support
services during the initial stage of the resettlement. These will in-—
clude followings:

(a) supplies of agricultural inputs, together with agricultural
extension services for training the resettlers at site,

(b) establishment of the.Cqueratives'for crop production as
~well as community development, -and

{(c) provision of credit for the resettlers during the pertinent
term.

" (5) Recreation -

The rapid increase of rural population around the Nakhon Sawan
municipality will cause a sighific¢ant increase in the use of reservoir
for recreational activities. 1In fact, in the existing Bhumiphol
reservoir, fishing and boating have been enjoyed by local people.
Provision, therefore, should be made t0 obtain the maximum recreational
benefits from the completed reservoirs.

(6) Irrigation development

In order to minimize environmental problem on irrigation develop-
ment, the following considerations and measures are recommendable:

(a) To avoid inflow of pollutants caused by construction works,

(b) To guide farmers for proper use of fertilizer and chemicals
under irrigated agriculture;

{c) To practice appropriate farming such as fertilization, deep
tillage and liming for keeping soil fertility, and

{d)  To make a long term improvement in hygiene and sanitation.
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CHAFTER X RECOMMENDAT ION

10 1. Early Implementatlon of the Pro;ect

Agrlculture in. Thalland accounts for about 24% of GDP, 74% of national
labour force and 65% of total export. It has been and will contlnue to be
the most important kay determinant in national econcmy of Thailand.

Durlng the last decade, the agrlcultural production has expanded at
annual rate of 5% mainly owing to expansion of farmland.. It is recognized
however.among_the_government”offlclals concerned that further expansion of
farmland has become difficult due to the limited land resources. Under .
such situations, more emphasis will -have to be paid to the improvement of
agrlcultural productivity; in order to uplift the llvlng standard of the
farmers. who QCCupRy | the majority of the nation and also to improve the
agricultural structure whlch basically constitutes the framework of the
national economy : :

For 1mprovement of agrlcultural productlvlty, 1rrlgat10n development
coupled wilth exploitation of new water resources, is the most important and
will have to be realized under the long term government program, irrespec-.
tive of present difficulties in socialweconomibefinancial aspects.

Rice is by far 1mportant crop in Thalland,_accountlng for 60% of the
total farmland, 36% of: the total crop production value and 21% of the
agrlcultural export. Paddy yield is however still at low level, ranging
from 255 kg/rai (1.6 tons/ha) to 326 kg/rai. (2.0 tons/ha) in the last
decade. If the. present low yield is continued, the present level of rice
export {(3-4 million tons/year) will nokt be maintained because of increasing
domestic demand for rice. The World Bank forecasts that in order to meet
the domestic demand and maintain the present level of rice export, the
irrigated paddy fields will have to be expanded at an average rate of 4%
-per annum. : :

Rice ig produced throughout the country. Rice surplus for export is
hOWever“mainly supplied from the Central Chao Phraya Plain. Other rice
prdducing areas may not afford to'prdduée the surplus. This situation will
not change even in future. Agricultural development in rice-deficit
areas. is, needless to say, necessary for improvement of poor economic
situations in these areas; however, it will limitedly contribute to the
national agricultural production as a whole, because of the limited
availability of land and water resources. The Chao Phraya river basin is
endowed with Jarge land and water - resources and still have a-potential for
further 1rr1gat10n development which - requires less investment and sustains
high ‘economic returns. Tt is therefore considered that the irrigation
development in the said area.will largely contribute to the effective
utilization of dOmestic-natural'and financial'resources.

The Sakae Krang rlver ba31n whlch extends over the. northeastern part
-of ‘the. Central Chao Phraya Plain, is endowed w1th the vast land resources
su1table for,rlce production. ' Water resources, however, have not been fully
exploited for agricultural development. About 0.32 million people in the
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Sakae Krang river basin primarily rely on rice cultivation. The area is
surely suitable for rice cultivation in economic-social-historical-
cultural-physical context. The farmers are accustomed to rice cultivation
and heavily rely on this crop economically. It however gives them only
instable and poor result of yield due to irregular supply of water.

Two provinces of Nakhon Sawan and Uthai fhani where most of the Sakae
Krang river basin are includéd, have about 2.6% of the Kingdom's population.
The share of the provinces in GDP is however only less than 1.3%. . Theé.
relatively poor position of the area is also indicated by its lag in per
capita income; the average in the past five years amounts to.about 3,670
Baht, corresponding to roughly two-thirds of national average (5,610 Baht).
The area suffers also from the instability in annual income which fluctuates
largely year by year. Such poor economic situation of the area is malnly
derived from low product1v1ty of agrlculture.

The farmers in the Sakae Krang ‘river basin Have cOncentrated their
efforts to improve the agricultural productivity by constructing the
irrigation facilities by themselves, Due to.unstable river -flow, however,
these facilities are not fully utilized. This means that iﬁ new water
resources are exploited, the existing farmers irrigation systems will
effectively be utilized at less additional investment cost and agricultural
production will drastically -increase, '

Agricultural development in the Sakae Krang river basin should thus
be primarily geared to the ixrigation development inclusive of new water
resources exploitation.  The feasibility study on the Sakae Krang River
Basin Irrigation Project 1dent1f1ed with this in view, the following
irrigation development prOJects

{1) irrigation of 291,900 rai (46,700 ha) by Upper Mae Wong dam
(Mae Wong Irrlgatlon Scheme) ,

(2) irrigation of 111,900 rai (17,900 ha) by Khlong Pho dam,

(3) idrrigation of 81,300 rai (13,000 ha) by Upper Khun Kaew dam,
and .

(4) groundwater irrigation development of 218,800 rai (35,000 ha)
in the downstream areas.

It is recommended that these projects be realized gradually in
several stages. ' As discussed in previous Chapters, the first stage of the
irrigation development in the Sakae Krang river basin should be the Mae
Wong lrrigation Scheme which will cover the largest ifrigation area and
give the largest economic impacts to the area,

The Mae Wong Irrigation Scheme (the Project) is technically sound-
and economically feasible. About 74,500 people--in the project-benefited
area have long desired its early implementaticon. Irrigation  development
in the Sakae Krang river basin was started in the Thap Salaoc area-in the
Uthai Thani province and the Mae Wong area which bélong t6 the Nakhon
Sawan province, has been left behind. This situation causes some social
tensions. : ’
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Iif progect implementation is délayed the watershed area will be encroached
by illegal immigrants and the forests will be cleared for farming. These
will result in more serious problems of water shortage and floods in the
downstreamn area. The 1mplementat10n of the Project will also become
difficult, if construction is delayed because of the increasing number of
illegal immigrants in the reservoilr area.

With such background, it is highly recommended that the Project be
implemented as early as possible.

10.2 TFurther Survey and Investigation for Project Implementation
(1) Photogramuetric mappirg

In the feasibility study, the topographic maps on a scale of 1/10,000
made by RID were mainly used for the preliminary design works of dam and
reservoir, and irrigation facilities. More accurate topographic maps,
however, are requiréd for the detailed design works of the Prolject.

Before commencement of thé detailed design works, the following topographic
maps should be prepared by means of photogrammetric mapping to smoothly
implement the Project. '

- Topographic-maps on a scale of 1/5,000 with 0.5 m contour
intervals covering the entire irrigation service area, and

- Topographi¢ maps on a scale of 1/5,000 with 1.0 m contour
intervals covering the proposed reservoir area.

{(2) Geological investigation

‘The seismic exploration was recommended for the geological investiga-
tion of proposed damsite during the course of the pre-feasibility study.
However, the exploration could not be executed due to difficulty of
preparatory works. It is recommended that the geological investigation by
means of seismic exploration and core boring at the proposed dam axis and
both service and emergency spillway sites should be executed and completed
before commencement of the detailed design works. '

(3) Survéy for establishment of resettlemeht program

The resettlement program is an important step to the project implemen-
tation. - In the fea81b111ty study, the preliminary resettlement plan was
formulated: based on the data from RID. Many governmental agencies will be
associated for establishment of the resettlement program. More detailed
field survey in. the reservoir area should be carried out to smoothly
establish the resettlement program. Such aspacts as land use, house,
population, public facilities, etc, should be clarified through the field
survey. The topographic'survey_for the potential site proposed in the
feasibility study should also be carried out in c¢ollaboration with the
other governmental agencies concerned.
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10.3 Ancillary Works related to the Project

To successfully implement the’ Progect and maximize the 1mpacts from
the Project, the following matters should be con51dered in collaboration
with the Other qovernmental ageéencies concerned:

(1) Hydropdwer development.

In the feasibility study, it was found that the substantial hydropower
development would become possible if the Project would be realized.. It
would greatly contribute to the effective utilization of the endowed water
regsources and also to the increasing power demand in the project area.

It is recommended that further detailed study of the h]dropower developrnent
should be carried out in collaboration with EGAT.

(2) Inland fishery

he p0551b111ty of aguaculture in the reservoir area was 1dent1f1ed
through the preliminary study. The ‘estimated fish productlon is about.
170 tons per annum which corresponds to a value of 8 million Baht per annum.
although production of aguaculture is not so large, its activity will play
an important role for providing the rich protain food to people, .especially
those living in the depressed rural areas. Further detailed study of
aquaculture should be made to increase the impact from the Project.

{3} Strengthening of agricultural support system

In order to ensure the proposed agricultural development plan and to
reap the fruitful project'returns,_the current agricultural support system
should be strengthened through increase of staff and budget allocation.

In particular, cooperative movement should be enhanced through effective
extension services.

(4) Establishment of Water User's Association

The water management at farm level is very important to ensure the
right amount of irrigation water to the paddy fields. The water management
of on-farm facilities will be the responsibility of farmers. For ‘the
proper water management at farm level, the establishment of Water User's
Association. (WUA) hy [farmers themselves is 1ndlspensable. ‘Sin¢e there
exist no WUAs in the project area, WUA should be established before
completion of the construction works.

10.4 Further Studies for Possible Irfigafiqh Develdpment Projects

PollOW1ng the 1mplementat10n of - the Upper Mae Wong Irrlgatlon Scheme,
thé remaining possible irrigation development pro;ects would be 1mplemented
gradually in several stages as recommendad above.' Accordlng to the overall
implementation schedule of possible irrigation development projects prepared
in the pre-feasibility study, the further studies for these remaining
possible projects should be carried out in due order.
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Table 4.4.1

MONTHLY RIVER RUNOFF SIMULATED BY TANK MODEL

(1,000 cuin/sqg. km)

THE MAF WONG RIVER AT GAGING STATION : CT-5A
ﬁ:;ir apr. May June July Aug. Sep. Oct. Nov. Dec. Jan, fgb: 'Ma%. Total
1954 0.9 1.6 8.9 18.2 40.3 B83.1  128.8 9.0 3.8 2.9 1.7 1.0 300
1955 0.9 6.2 71.0 27.1 5.7  96.0  67.0. 11.6 4.6 .3.6 3.0 2.5 295
1956 1.9 5.5 17.9 -13.2 62.8 108.1  82.6  15.5 5.6 © 4.7 3,7 3.0 324
1957 2.6 1.9 12,5 48.5 ~74.8 106.0 172.2. 14.0 5.8  4.9. 4.0 3.3 451
1958 2.3 1.6 14.5 29.1 . 39.5 104.9 135.3 1.7 5.1 4.1 3.0 2.1 343
1959 1.6 1.5 7.8 .20.3 77.9 107.4 132.8  16.1 . 5.1 4.1 3.0 1.7 380
1860 0.4 0.5 8.7 15.8 36.6 62,2 1097  27.5 4.1 3.2 2.2 13 272
1961 0.5 5.8  27.6 20.3  79.9 103.9  {{1.3 20.2 4.7 4.0 2.9 ‘1.7 383
1962 1.2 1.4 5.5 21.9 7.3 116.¢ 128.7 12.3 4.8 3.8 2.8 ‘1.8 158
1963 0.9 . 0,8 2.7 12.8 43.4  87.5 158.0 54.7 4.9 4.0 2.9 1.7 374
1964 0.9 3.9 ° 32.9 d4i.5 54.9 122.2 175.9 55.8 6.0, 5.0 4.1 3.4 506
1965 2.2 2.2 16.9 14,7 37.6  97.4 102.2 24.6 ~ 5,7 5.6 4.7 3.9 318
1966 3.1 3.4 12.4 14.5 - 46.4 - 85.6 70,7  39.5 &6 6.1 5.0 3.6 297
1967 2.9 4,2z 17.7 1i.6° 12,0 48.1 6.8  15.1 5.8 4.8 3.4 2.8 196
1968 2.7 10.1 18,7 37.0 69.7  34.3 3.8 10,9 5.2 4.7 - 3.7 2.6 . 231
1969 1.4 1.9 4.2 5.6 . 22.7 70.2 S4.6. 61.9. 10.8 4.3 1.8 1.4 241
1970 1.6 14.6 26.3 11.5 46.1  S3.1 134.4 1.6 S6.2 12.7 5.7 3.7 427
1971 3.1 9.1 13.7 19,2 32.6 8.9 109.1  30.5 '11.7 6.5 3.2 2.4 330
1972 1.2 0.8 6.8 4.2 5.8 72.1 155.4  87.0 47.0 15.3 6.3 5.9 402
1973 3.2 8.6 33.6 20.2 18.8  80.1 128.3  42.6 19.8 11.1 6.4 5,7 379
1974 11.2  13.3 9.3 8.9 31.% 172.0 222.1  99.8 20.0 17.5 8,3 5.4 620
1975 4.1 15.8 23.4 14.0 15.2  79.8 133.0  59.4 20.5 11.2 5.7 3.9 386
1976 3.0 16.4 4,7 5.2 23.0 ©8,2 95.8 107.8 11.1 5.6 2.2 - 1.4 364
1977 2.4 4.5 2.6 3.5 5.8 27.%  126.5 9.4 3.5 2.0 1.4 1.5 .90
1976 1.4 8.8 6.3 359 26.6 89.9 159.7  20.9 9.1} 4.4 1.9 1.3 366
1979 1.5 5.1 28.7 7.2 7.9 03,4  55.6 8.6 3.9 2.3 1.3 0.7 226
1980 1.3 76.7 31.1  23.3  26.8  87.2 220.3  30.4 9.4 5.5 4.0 3.4 520
1981 4.9 15.8 23,9 18.8 27.8  $9.0  96.4° 894  24.6 64 3.0 - 2.2 342
1982 2.3 9.6 16.5 13.7 18.4  27.0 61.8 14.7 7.9 5.5 3.8 3.6 185
1983 0.6 3.7 12.3 . 9.6 33.5 112.7  422.6 235.3 25.7. 13.6 . 9.2 5.3 884
Mean 2.3 8.5 15.4 18.6 37.6 ' 85.1 45.0 12.0 - 6.3 3.8 2.8 360

125.0

Note ; 1954 - 1968 ; generate by tank todel

1969 - 1983 ; abserved at CT-5A
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Table 5.2.1 EFFECTIVE STORAGE/ANNUAL INFLOW
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- _ Catctment  Annual _Effectivé
Dam River Purpose' Ared Inflow Storage  E/A
) : © {km?) A(MCM) E {MCH) .

1. Bhumibol ‘ping i,p,F . 26,386 8,600 8,600 1.0

2. sirikit Nan 1,P,F 13,130 7,006 ‘8,800 1.26

3. Chulabhorn phrom p 545 170 165 .0.97

4. Kang Krachan Petchburi I,P,F 2,200 880 640 0.73

5. Lam Phra Lam Phra I,F 807 116 145 1.25

Phloeng Phloeng ' ‘
6. Pranburi Pranburi I,F 2,029 320 375 1.17
7. Sirindhorn Lam Dom i,F,P 2,097 1,313 apd . 0.69
Noi '
8. Lam Takhong Lam I,F 1,430 212 250 1.37
' ‘Takhong

9. Nam Pung Nam Pung I,P 297 106 122 1.15
‘10. Lam Pao Huai Yang 1,F 5,960 1,363 1,260 0.92
11. Ubon Ratana Nam Pong I,P,F 11,980 1,750 1,920 1.10
12. Nam Un Nam Un i,F 1,100 365 475 1.30
13. pattani rpattani I,F,P 2,080 1,460 1,100 0.75
14. Krasieo Krasieo I,F 1,200 165 200 1.21
15. Khao Laew Quae Noi P,T,F 10,640 5,500 7,450 1.35
16. Mae Ngot Mae Ngot i,r,?P - 1,281 406 265 .65
17. Mae Kuang Mae Kuang I.F,P 569 254 311 1.22

Average 4,925 1,764 1.06

i Irrigation

P Hydropower

F Flood Control



Table 5.2.2 ACTUALLY IRRIGATED AREA

{Unic : rai}

Actually Irrigated Area

Irrigation Ir)_ciqar.ion ) Average Yeag 80% Dependable Dryest Year
Block Service Area {1954 to 1982) Year (1982) (1977}
ML 105,000 85,000 81,500 . 48,300
M2 10,000 6,600 4,900 1,600
MWy 3,000 2,800 2,900 2,100
M4 © 3,000 _ 1,800 1,200 200
S 73,000 : 44,500 30,000 11,000
MG 19,000 - 9,200 9,700 ; 7,000
W 26,000 13,500 6,800 2,300
Total 230,000 163,400 } 137,400 72,600
{71%) - (60%) {32%)
Note ;. BWL : Dan Tha Ta Yu
BW2 : Khlong Saingu
BW3 : Huai #Hin Lab
BWd : Ban Wang Nam Khao
BWS : Khun iard Boriban
BWGE : Khlong Haim Hom

BW7 : Wang Ma

Table 5.2.3 RESULTS OF WATER BALANCE CALCULATION
UNDER WITH-PROJECT CONDITION

Arermacive e o )

(ha) (rcm) (%)

081 36,800 200 100
102 36,800 250 105
103 37,800 250 160
104 - 37,600 290 _ 100
201 36,800 120 100
202 36,800 250 130

. 203 48,300 250 160
204 48,300 290 100
205 42,400 170 100
206 42,400 _ 250 116
207 45,600 . 200 109
" 208 -45,600 250 108
209 46,700 220 100
301 “46,700 250 105
362 46,700 29¢ 105

Hote : Hxistiné_!trigatian Area = 36,800 ha
Potential Haximum Develepment Area = 46,700 ha
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pable 5.2.4  RESULTS OF WATER BALANCE CALCULATION (CASE 301)

S . (upit ¢ 10° @)
Year Inflow for ?ialrizziion—'— Evagoration Spilléu’t De'fi;:i.t
1954 186,570 158,271 15,771 75,389 0
1955 180,776 193,279 14,075 2,072 0
1956 196,781 144,626 15,164 - 0 0
1957 275,353 96,354 16,122 151,228 0
1958 221,851 170,294 _' 15,630 50,161 0
1959 230,936 120,083 15,744 , 96,106 0
1960 169,826 174,190 14,409 0 0
1961 232,091 120,114 - 15,761 68,411 o
1962 218,252 138,071 15,569 76,718 0
1963 230,919 115,113 16,435 56,839 0
1964 309,768 60,024 17,271 231,020 0
1965 195,743 152,539 16,401 44,942 0
1966 182,081 163,908 16,122 0 0
1967 123,339 301, 460 6,459 0 0
1968 135,804 298,943 ' 2,784 0 154,407
1969 155,223 201,911 ' 5,009 0 87,876
1970 259,108 198,794 10,619 o 48,698
1971 195,740 188,611 12,644 0 0
1972 252,293 183,007 13,832 0 0
1973 239,414 213,530 15,730 0 0
1974 376,448 92,700 17,360 242,150 0
1975 236,002 137,644 17,379 80,978 0
1976 215,393 200,379 16, 886 13,099 o
1977 57,336 361,315 . 4,065 o) 98,042
1978 221,867 150,871 9,304 0 0
1979 182,122 316,153 2,855 0 93,852
1980 282,828 134,009 13,531 0 0
1981, 204,075 165,131, : 16,019 0 0
1982 108,338 279,883 8,021 0 o
Mean 209,527 180,386 . 12,999 41,004 16,651
/1 ¢ Including the release wéter of 2,652 5'10‘3 m3 Ifor_ the‘péople iiving ir{

the Lower Mae Wong area.
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