4.2 HWater Resources bevelopment Plan
- 4.2.1 Surface Water Development Plan
{1) Run-off condition

Nong Khon Kaen

In this area, groundwater is available as a supplemental
irrigation water. But, effective use of run-off shall be required to

control withdrawal of groundwater. Amount of run-off and rainfall are as

follows.
Annual Apr. to Aug. Sep. to Nov.
Rainfall {(mm) 1,259 759 452
Run-off (MCM)
-Noi canal 1.9 - 12.9 0.9 - 6.3 1.0 - 8.6
{(Average) {5.4) {2.5) (2.7)
-Ban Mai ocanal 2.9 - 20.3 1.3 - 10.0 1.5 - 13.5
{Average) (8.5} (4.0) (4.3)

Thung Sai Yart .

In this area, water resources for irrigation is surface wabter and

rainfall. These amounts are estimated as follous.

Annual Apr. to Aug. Sen. to Nov,
Rainfall (mm) 1,035 572 h29
Run-of f (MCH) 19.4 - 57.6 8.5 - 21.2 10.6 - 36.5
(Average) (40) {18) (22)

In this both areas, storage facilities shall be required to use

run-off water effectively.
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{2) Scale of storage facility
1} Basic concept

The purpose of storage facility is to secure initial water
requirement for-wet paddy and to extend irrigable area in dry
season by using storage Hatef retained at:the end of wet season.
Scale of storage facility, therefore, is planned based on relation
between excess run-off available and extension of irrigable area. _
Apart from the hydrological conditions, the following constraints

are considered from viewpoint of facility construction.

- Taking account of the present flat topographic condition, it will
be impossible to construet a large-scale storage facllity with
full operation throughout the year in the study areas. Surface

water, therefore, is stored by some small ponds.

-~ The larger is capacity of storage pond, the less is utilization
efficiency of storage facilities, due to uncertain amount of run-
off.

- From viewpoint of land loss for public facilities, area for’

storage facilities will be limited at 1.0 to 2.0 % of whole area.

- Existing swamps and ponds are usable as a water storage facilities,

by means of dredging.

Irrigation water is supplied from ponds to field by two alternative

Hays:

Plan (1); It is supplied by'dual purpose canal leading to pond
without any control. Water is lifted by portable pump to
field by farmer.

Plan (2); It is 1lifted by public pump installed at pond to
irrigation canal. Lifted water is conducted directly to
field by gravity. Effective depth and available volume of
pond is larger than the plan (1). But, water management
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group is required for fair operation and management of the

pump .

Application of these ways has to be examined under the conditions on
possibility of water management by farmer in future farming
practices. In examination on development model, plan (1) is
applied in model (1) and (2), and plan (2) is applied in model {3},
taking account of close relation to the composite agricultural

infrastructure development.
2) Socale of storage facility

Nong khon Kasn

As a result of water balance study, relation between storage

capacity and irrigable area is as follows.

- In Noi canal, maximum irrigable area for wet paddy ias around 550
ha with available storage volume of around 0.7 MCM in a normal
year, on the assumption that run-off is used effectively during

the initial stage of paddy growing.

- In Ban Mai canal, larger scale pumping station is necessary to
extent irrigable area due to low-lying canal. In case of
pertable pump by farmer, irrigable area is limited at around

250 ha along the canal.

Therefore, from viewpoint of amount of water resources available,

scale is considered as follows.

~ In Noi canal, for the purpose of supplemental water supply for
Wwet season, its scale may be planned at less than 0.7 MCM. In
Ban Mai canal, run-off may be utilized effectively by means of
large scale pump in wel season regardless of capacity of

storage ponds.

- For the purpose of extension of irrigable area in dry season,

capacities may be planned at around 2.7 MCM in Noi canal systenm
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and at around 4.3 MCM in Ban Mai canal system.

On the other hand, procurable land may limited at less than 10 to
15 ha in line with the public land for other projected facilitiles,
_ based'on_the above consideration, its scale, therefore, is
planned at 1.0 to 1.5 MCM.

Capacities by development model are planned as shown in Table 4-U,

Model-2 is applied baszed on overall examination of development

planning (Refer to #.4).

Storage facilities are consisted of canals and ponds. As a result
of study, eleven storage ponds including dredging of the existing
swamps are planned and three of them have funciion as a fishery

pond.

It is desirable to dredge around 6 km in length of the canal
upstream from the road No. 12 to conduct run-off water smoothly
into the study area. 1In this case, however, it is necessary to -
make arrangement on intake water with the beneficial farmer along

the canal.

Thung 3ai Yart

As well as the Nong Xhon Kaen, relation between atorage capacity

and irrigable area has been examined as follows.

- In a normal year, maximum irrigable area is assumed at around 50
to 55 % of whole area, with around 5 MCM of available storage
capacity and effective use of run-off at the initial atage of
wet seagon. And, the less is available sforage capacity, the

lesa is irrigable area,

- Irrigablé area in dry season is dependent on amount of storage
water at the end of wet season. Its available amount is
estimated at less than around 20 MCM in a normal year, based on

run-off analysis.

- T4 -



2eYq uorjdunsse syl U0 peseq €T BAJE STYRITJIJT ‘TepOM YOmE UT
utem moJgl sreueo ATddns ou 03 snp pejIUIT ST ToJe 9[qeITJJT ‘UOTFTPUOD qUSIJAND Ul

*pepTacad aJaE SPTATJ 0% S8TATITOR] aFewu048 mot] sTeued Arddns

*SPISTJ ©9 WERaJ3S

1930N

(€)-T5POK

one - - 000°2 61 92 {(1}-T2PoK
- - - 002 f1°l 72 UCTATPUOD JUBJIJIND
puetdp Apped puetdp fpped {HOH) {WOW)
A3roeded Aqtoedeo
ucsess Kag UOSEa8 1390 BAT309 719 Te30L

(BY) esde aT1qedTaay

#3rJ098 J8QBRM S0BJING

uoT4TPUOD

{ 3uex TEg Junyl )

*UOT4ERTIIT TINJ J4O0J WOW 0°9 Ueyg agomw ge psqoedxs s efaeyostp Furdand ‘(£)-Tepou oYy ur

"HOW £ 3® pslroujuon &1 sdJeyosTp Burdund FUTasTXe 8yj3 4By3 @se)d : () 930N
g86°0 9Lt 0°g 0L 0 04 006 (€)-T2poK
L4°0 60 1 oLt - L'g 04 006 (2}-T3POK .
1670 S9°0 9°1 062 - firl 04 0%6 (L}-T®POK
6170 €n°0 {(€-1)e° 1 - (0nL)06% Lot ne TA] UOTFTPUGD 3USIING
{WOW) . (KOH) (HOW) {=Y) (24} {WOW} (=Y) (=u)

£aT1oRdRD A3tomded 23uaeyosIp pueTdp Apped s8aeyosTp puetdp Apped
afeao0ls afea09s 2ardund Jutdund
SAT302734 TE30] mamwnmomz zaJe mﬁmmmﬁanH Raessaosy eaJe 31qedTdar UoT3THUOD

28eJ018 J99EM 20BJANG

uosess £aq

UoSESs 39N

£410edey 93eu018 pPUE BSJY STQEITJIJI] UISMIQ UOTIARTSY

{ ueey uoyy 3uoy )

fi-tr ®IqEl

-T5 -



Range of available total ocapacity, theréfore. may be planned at
less than 5 MCM for stable water supply of wet paddy and at less
than 20 MCM for extension of dry Bseasonh cropping.

And, storage capacities by development models are planﬁed as shown
in Table U-4, in relation to the other development components and
constraints.” And, the following problems on surface water

development are considered.

- Amount of run-off fluctuates year by year. Therefore,
utilization efficiency of pond is lower in case of large

capacity pond.

- And, run-off characteristics may be changed by water resources
development projects in the upstream basin.

Based on the above consideration, storage capacity is less than 5
to 6 MCM, which is consisted of ponds and canals. As a result of
study, sixteen ponds are planned and four of them have function as
a fishery pond, ' |

{3) Inland fishery pond

In the both areas, fish culture is practiced by using storage
ponds as a side job of agriculture. Inland fishery available in this
region, is Nile Tilapia, Common Carp, Thai Cérp, Rohu and Chinese Carp,
according to the Department of Eishery; Rearing period of these fishes is
nearly one year, of which fingerling are to be obtained through DOF in
Sukhothai or Phitsanulok. And, excretion of livestock and rice bran are
ugeful as a feed. Ponds shall be planned at the location of easy intake
and no flooding, in which no contamination by agficultural chemicals

occurs.
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4,.2.?2 Groundwater Resaurces Development
{1) Nong Khon Kaen

In this area, many aquifers are found and then groundwater resources
are relatively abundant. But groundwater level is falling year by year
due to overpumping. Therefore, current pumping discharge should be

restricted to be less than around 3 MCH of annual recharge.

In this area, there are many aquifers of Pleistocene under Alluvium.
But,'there'is,-at present, a little pumping from Pleistocene aquifers as
domestic water. Volume of recharge and withdrawal available in this
aquifer is unable to be assumed due to insufficient investigation data.
Bukt, in Sukhothai GrounduateE~Development Project (Phase 1) in
Sawankhalok, 104 deep wells serves for irrigation area of 5,600 ha, under

discharging approximately less than annual UQ MCH.
" Under the above situations, the following alternative are considered.

Pian-{A); The existing shallow wells are used as they are. But,
annual pumping discharge is controlled at less than 3 MCM.
In this case, adequate management of pumping shall be
required.

Plan-(B); The existing shallow wells are being used as they are,
without any control. 1In this case, construction and
rehabilitation of wells and their intake facilities are
being repeated by farmer as groundwater level falls.

Plan-(C); Some of public deep wells are constructed to cope with
current irrigation demand, of which pumping discharge is
expected at more than 3 MCM. In this case, public and
private wells are mixed in this area.

Plan-(D); New deep wells are constructed in whole area, which takes
discharge from both of shallow and deep aquifers. The
existing wells will be closed in order.

Comparison of the above plans is shown as follows:
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Plan Advantage Disadvantage

{A) - It's favorable from viewpeint - Difficult to control pumping
of groundwater management.
- less influence to surrounding

area
(B) - Same condition as the present. - Falling of_groundwater¢
' - Increase in heavy burden by -
farmer for improvement of well.
{(C) - Stable water supply - Fair water management is
difficult due. to existence of
private and common use wells,
(D) - Stable and sufficient water - Much influence to. groundwater
supply. development in surrounding
' area. .
- Water management is
indispensable,

In the above plans, the (B) is not adopted from viewpoint of
groundwater management of shallow well. And, in cése of the (L), fair
operation and management may not be realizable because of mixed wells.
Therefore, (A) and (D) are examined in line with agricultural
infrastructure development planning. As a résult of étudy, plan-(A)} is
applied.(Refer to 4.U). '

{2) Thung Sai Yart

Groundwater use for irrigation is curfently, not available in this
area due to poor aquifer and groundwater resources, according to the
result of the test wells and the existing data. It would be, hoﬁever,
poassible to expect the discharge from 500 to 1,000 m?/day from a new deep
well, such as the result of test well JT-3. But it is, at present,
diffiocult to limit their specific area with a boundary, because of the
lack of groundwater survey. Groundwater use for irrigation, therefore,

is not planned in this area.

It is possible to use groundwater for domestic use.
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4.3 Agricultural Development Plan
4.3.1 Land Use and Zoning
(1) Land Use

When irrigation and drainage facilities are to be provided in both
the study area, the farm land ocan be alternately used as both paddy and
upland fields, from view point of soils in the study areas. Therefore,
it is planned to utilize whole farmland as paddy field, except those
areas of presently non-cultivable area and for facilities to be newly

constructed under the project.
(2) Zoning

The study areas of Thung Sai Yart and Nong Khon Kaen are extending
over 33,535 rai (5,365 ha) and 7,283 rai (1,165 ha), respectively.
Within these arsas, there exist physical and socio-economic differences
from part to part. Therefore, it is considered more effective to
formulate development plans, taking those speciality prevailing by part
into account. In this study, the following physical conditions are taken

into account for the zoning;

Thung Sai Yart Nong Khon kaen
First Division 1. HWestern high portion 1. Northern half
{Over El1. 68 m) (North from high

tension line)
2. Middle portion

(E1. 58 - 64 m) 2. Southern half
{South from the
3. Eastern low portion line)

{Below El1. 58 m)

Second Division 1. Northern part of 1. Westaide of
Sai Yart canal Noi canal
2. Between Sai Yart 2. Eastside of
and Wan Tong Daeng Noi canal
canals

3. Southern part of
Wan Tong Daeng canal
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4,3.2 Crop Selection
{1) Purpose

In order to attain an increase in farm income as the final target
of the Project, the crops to be grown in the Area shail be selected to
maximize the farm land utilization taking into account the most effective
and efficient use of limited water resources, labor forces, the most
favoufabla conditions for ecrop husbandry in the Area, ete. The wet
season paddy cropping, which is the dependable income source of the local
farmers, uill'be vitally important for the both areas in the future as
well. Furthermore, the local farm income increase is expected by keeping
the paddy yield stable as well as decreasing production cost. In the dry
season, upland cropping shall be practiced in the better use of

groundwater, surface water and residual moisture in the soils.
{2) Primary selection

Study for crop selection has been made in the premise as follows,

in view of local suitability of various crops to be applicable in the area.

- those crops which will be little affected by fluctuating market
conditions in their prices throughout the year,

- those crops which will be well-suited to the local goil conditions
are free from troubles by consecutive cropping and can
maintain/increase soil fertility,

- those cropa which will not overlap with preceding paddy cropping
in the man power mobilization, and can make farm machinery use
more efficient resulted in lower production costs,

- those crops which the Provincial Experimental Station or any other
Research Institutes can give constant technical assistance to
farmers in their cropping.

1) Soybean

In Sukhothai, soybean is one of the representative upland crops,
having average yield of 1.27 ton/ha. And appropriate fertilization
and other well-managed farming works will enable to increase the

figure to 1.8 - 2.0 ton/ha. In other respect, Sukhothai Frovince
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produces almost one quarter of the national total of soybean with
atable producers' price of 6.5 Baht/kg on five-year average baais,
"The troubles with consecutive cropping of soybean will be avoided

with combination of wet season paddy cropping.

On the other hand, soybean plant residues in the fields after
harvesting will be plowed into so0ils to make s0ils fermented and
fertilized, and dosage of nitrogen fertilizer will could be.

economized,
2) Mungbean

Mungbean is ancther representative crop in Sukhothai Provinee. It
has a wide range of demand Ehroughout the nation. Mungbean as a
legume is well-suited to the paddy field soils of the areas.

The average yield of Mungbean is about 0.7 ton/ha and appropriate
fertilization and well-managed farming works will enable to raiss
its yield to 1.2 - 1.8 ton/ha.

3) Groundnut

Grbundnut.has a large demand throughout the country, and.further
extension of this crop is expected in the Saraburi Series and Ban
Dan Series soils if the irrigation water be ensured. The Province
produces groundnut by 1.45 ton/ha in yleld, occupying about 105 ¥ of
the national production. The average producers' price is about 6.3
Baht/kg on the five-year average, which is considered reagonable,.

The nationwide demand is expected to be expanded in future as well.

(3) Secondary Selection
The cropping items and acreages based on the proposed cropping
pattern for the both areas will be restricted to a certain extent due to

the limited available water resources and various soil conditions.

Sereening the candidate crops should be made on the atudy of those

crops expected by farmers and those experienced already as the results of
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Farm Survey Conducted under the Projéct as well as consideration of
opinions given by the related provincial officers. Finally, the crops to

be introduced have heen sgelected by areas as foilous:
{1) Nong Khon Kaen Area

Saybean .
Vegetables (Leaf vegetables & fruit vegetables)

Orchard (Mango, Coconut, Bamboo Shoots)
(2) Thung Sai Yart Area

Soybean
Orchard (Pomelo, Lemon, Jackfruit)

4.3.3 Proposed Cropping Pattern
{1) Nong Khon Kaen

The proposed cropping pattern is illqstratéd in Figure 4-2, aﬁd
the cropping plan is made for the blocks.uhich shall.be developéd”by
dividing the area into two, the north and the south, and irrigation shall
be practiced not by traditional free irrigation from shallow wells, but

by planned irrigation for the bloeks.

The wet season paddy shall be eropped with storage irrigation and.
pumping irrigation from shallow wells and HYV shall be introduced for the
whole area With broadeasting sowing unpder irrigation in considering river
improvement works to be completed in the Ban Mai canal which will bring
the south bloeck free from inundation damages. While, cropping in the dry
season shall be of pattern with vegetables, and soybean to be introduced
into the north block and cnly soybean shall be croppedrin the south bloek,

And on the right bank of the branching point of Noi canal, orchard shall

be developed.

The cropping acreage for the dry season will be fully dependent

upon proper pumping amount by the existing shallow wells.
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{2) Thung Sai Yart

In- the area, since crop-hﬁsbandry fully depénds its water sources
upon farm pond watef_from'surface'runmoff:and residual moistﬁre contents
kept in the soils, the proposed cropping pattern has to be the wet season
paddy and dry season soybean, all of which shall be grown in the limited
beneficial fields of such water resources. .The proposed cropping péttern
for the area is illustrated in Figure 4-3, and the wet season paddy shall
be introduced for the whole_afea in_transplanting method. And the
effective and efficient irrigation water use shall be ensured by
practicing irrigation'from the upstream western part to the downstream

eastern part in order.

Nursery shall be made in common fields by_biocks in takiﬂg into
account the conditions for effectivé irrigation for addpting cémmén
variety and overall water management. The péddy varieties proposed for
each area are HYV for all irrigable fields, and LIV for the eastern part
with inundation to various extent so that all of these varieties can have

bumper of harvest.

For the dry season cropping, soybeah cultivation after péddy shall
be introduced in taking into consideration the conditions of irrigation
and soil suitability. In the eastern part as well, the well-drained
field shall be planted with fruit-trees to form production group.

4.3.4 Farming Pattern and Farm Mechanization
(1) Farming Practice
The cropwise work volume and required labor for the cropping of

the proposed cropping practice in the both areas are shown as follows,

while those by areas and crops are shown in Appendix C-2.
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Labor Supply and Requirement

Monthly Annual - Max. Labor Working  Annual Labor

Areas Work Vol. ¥Work Vol. Requirement Time Requirement
(Man/day)  (Man/day} (Man/day) (Month) {Man/day)
N.K.K 27,324 327,888 13,050 10 80,990
T.8.Y :
Amp. Muang 43,676 524,112 43,350 8 285,150
T.5.Y

Amp. B.D.L.H. 22,143 265,716 18,140 10 59,390

The maximum monthly labor reduirement appears in those months from
August to October. The maximum labor réquirement to the monthly work
volume by areas is about 48 % in Nong Khon Kaen, 99 % in Amphoe Muang and

81 4 in Amphoe B.D.L.H. in Thung Sai Yart, respectively.

The farming pattern by proposed cropping pattern Will be as
follows by areas.

Farming Pattern

Areas (Average Cfopping Area in ha)
North N.K.X Paddy (2.5) + Soybean (0.9)
Paddy {2.5) + Vegetables: b (0.9)

Vegetables - a
(Wet Season {2.5) + Dry Season {(0.9))

South N.X.K Paddy (2.5) + Soybean {0.9)
Paddy (1.6) + Fruit trees (0.8)

West T.35.Y Paddy (4.4%) + Soybean (1.2)
Paddy (4.4)

Middle T.S.Y Paddy (W.4) + Soybean (1.2)
Paddy (4.4)

East T.S.Y Paddy (4.4) + Soybean (1.3)
Paddy (3.4} + Fruit trees (1.0)
Paddy (4.4)

(2) Farm mechanization
Farm mechanization for the both areas has been studied, taking

into account the proposed cropping pattern, most effective and efficient

use of the farming machines present available for the wet season paddy
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cropping, upland cropping to be introduced, and demand-and-supply balance
of labor (Refer to Appendix C-2}.

~ Paddy cropping
Nong Khon:Kaen; Introduction of HYV for the whole area will
enable to shorten the cropping period by about 20 days, and the
labaor allocation will become easy owing to widening of cropping
interval. With broadcasting in flood fields diffused, short
paddy varieties can be introduced and manual sickling works at low
point of planis from the ground. Such works will result in
efficient hérvesting.by preventing paddy plants from lodging so
as to avoid competition of farming labor allocation with easy

treatment of residual paddy hills ih the fields.

* Plowing and puddling: Small-size farming machines shall be used
for land preparation in the fields, and effective water
management shall be made with simple equipment like fields

ditches with control boards, and so forth.

+ Pest and weed control: Manual works for granular chemicals will
be promoted, but shoulder type power sprayers shall be planned

to be introduced.

+ Harvesting and post-harvesting works: Introduction of HYV will
enable to practice harvesting and post-harvesting works as
sickling paddy plants nearer to the ground - air-drying - -
threshing in general way. In future, however, binding - air-
drying - power threshing system shall be planned along with the

proposed cropping pattern.

Thung Sai Yart: The limited irrigation water resources will be
restrictive for introduction of HYV cropping, and the collective
nurseries for transplanting shall be encoufaged. For the
irrigated fields, the harvesting and post-harvesting works shall
be improved to introduce the proposed cropping pattern

successfully in the same way as that in Nong Khon Kaen.
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- Upland oropping .
Soybean will be introduced to the both areas in taking into
consideration the most effective énd effioiént hse of paddy
farming machines as well as the best use of the land available.’
Due to olayey soils, however, it is diffioult to adopt 10 PS
machines in the dry condition of the soils. - And, the medium-size
tractor (5 PS) can be applied to secufe the works of plouiﬁg in
the dry conditions so as to have more adequate sowing ensured.
Small-size machines will enablé to practice those works of plowing,
erushing, leveling, sowing, eovering,-ete; For therprOposed
eropping pattern, the existing small-size fafming machines are
planned.

s Plduiﬁg, crashing and leveling: The fields shall be irrigated
prior to plowing.  The paddy fields in Thung Sai Yart shall be
irrigated by flooding with surface flow water in the end of the

wet season.

+ Sowing: Sowing works will be made by machines with attachment
of roll or disk, for the proposed cropping pattern.

+ Pest and weed control: Using by shoulder type power aprayers

shall be promoted cocperative control mechanical tissue.

* Harvesting works: Sickling will be made in manual works, and
harvesting works shall include sickling - drying - threshing
(thresher) in the order. The threshers will be operated on the
rental basis in the same way as milling machines. Reduction of
miiling losses shall be secured by introducing less breakable
varieties like Nakhon Sawan No. 1.

« Milling works: The large-size milling facilities have already
been provided in Sukhothai City, and functional operation of
these facilities shall be further studied in the detailed design
stage.

~ Vegetables and fruits

It ia expected to introduce mechanized plowing and land
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arrangement for dry season vegetable cropping in the Nong Khon
Kaen area with clay loam soils in the Saraburi Series. And for
pest and weed control, a further study will be required in the
detailed design stage for introduction of large-size fixed type
power sprayers {5 - 7 PS).

3.3.5 Crop Yield and Production
The present crop production found by the economic farm survey and
that based on the proposed cropping pattern are shown as follows. And the

crop production by models are presented in Tables 3-3 and 3-4.

Yield and Production

Present Proposged
Cropping ' Cropping
Crops Acreage Yield Product Acreage Yield Product
{ha) {t/ha) (t) {ha) {t/ha) (t)
Paddy _
Broad. & Trans.(LV) 69 2.2 1,063 - - -
Broad. & Trans.(HYV) 556 3.3 1,835 900 4.9 4,410
4gg°! 4.6 2,249 - - -~
Sub-total 1,514 3.3 5, 147 900 4.9 4,410
Soybean 2u*t 1.0 24 310 1.8 550
Vegetables
{Leaf vegetables) - - - 60 18.0 1,080
Vegetables
(Fruit vegetables) - 54%  23.0 115 30 23.0 690
Fruits (Mango, ete.) - - - 4o 5.6 ** 620
Total 1,543 1,340

Note: *'-:Dry Season Paddy °®*--Mungbean *°--Watermelon
*4.. Fruit-trees grown by six-year-old and over.

The proposed land use rate of Thung Sai Yart is about 113 4 with 4,
800 ha of arable land included.
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Present Proposed

Cropping _ Crbpping
Cropa ~ Acreage Yield _Produgt Acreage Yield Product
(ha) {t/ha) (t) (ha)- - {t/ha) (t)
Paddy '
Transplanting (LV) 5,021 1.0 5,021 1,890 1.2 2,260
310*! 2.5 770
Transplanting (LIV) - - - 380 3.4 1,290
Broadcaating (HYV) - - - 2,180 k.2 9,150
Sub-total 5,021 1.0 5,021 4,760 2.8 13,470
Soybean hu*t 1.2 52 - 660 . 1.8 1,180
Fruits :
{Pomelo, ete.) - - - up 15.6 ** 620
Total 5,065 5,460

Note: ""fo.drainage improvement *? ... Mungbean
*? .. Fruit-trees grown by six-year-old and over.

The proposed crop production will be as follows by crops: paddy
increases by about 9,900 ton, and soybean by I,TOOIton. The proposed-
vegetable production is worked out in view of favourable soil conditioﬁs
found in Nong Khon Kaen, improvement of irrigation and drainage, demand-
and-supply balance of labor, etc. -These products will be forwarded to
the consumer's market of Phitsanulok City under systematic production

groups of each c¢rop.

Farming techhology of the creps shall be extended tb'the local
farmers through feed-back of verified results at each pilot farm. And
the technology innovation will be made on the following items in future
{Refer to Appendix C-2}.

- For direct sown paddy in flooded fields, the study shall be made
on water control ditches for successful and stable sowing,
germination, nursing, etec.

* For paddy harvesting, the study shall be made on apprbpriate
fertilization for preventing lodging with short stem HYV as well

as harvesting rich and substantial grains.

* For pest control, study shall be made on encouragement of pest and
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insect control in stem borer, ete. so as to have rich panicles
with substantial grains.

For transplanting, the study shall be wmade on shallow planting
with density of 16 hills per square meter and on transplanting
With young healthy seedlings of 25 - 30 days of age so as to
ekpedite'good growth.

For soybean varieties, ﬁhe atudy shall he made on collective
introduction of superior varieties of Nakong Sawan No. 1 and

Sukhothail No. 1 as recommended varieties.

For soybean sowing, the study shall be made on introduction of
two-row sowing machines so as to enable to sow and fertilize at
the same time with planting density of more than 5 hills per

square meter with two rows.

For vegetable cropping, the study shall be made on straw mulching
so as to prevent soil moisture from evaporation in the middle term

of plant growihg.
For vegetéble and fruits tree cropping, the study shall be made on
mulehing after flowering stage to protect plants from drought

damages as well as from insects in bearing stage.

For pilot farm, well-irrigated and -drained fields shall be

selected as pilot farms to make various studies and researches with

appropriate on-farm facilities like drains, ete. so as for groups of

farmers

to make direct investigation and study for new technology.
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4.4 Agricultural Infrastructure_Development
4.4,1 Basic Dev_elopment' Component
(1) Nong Khon Kaen.

‘As a result of the study, the following improvement shall be

required for better agricultural production activities.
- Dredging of Noi canal and construction of weirs for both purposes
of drainage and canal storage.

- Dredging of the existing swamps for waler storage and inland
fishery.

~ Construction of dike and sluice gatés at terminal points in the
Ban Mai canal for protection of flood intrusion from downstream

area.

- Construction of farm roads and canals for better farming
activities,

~ Construction of storage'ponds for saving pumping discharge from
the existing shallow wells.

- Conatruction of deep wells as a stable water reaources.
-~ Land leveling for adequate water control.
- Re-allocaticn of farm plot for effective farming'practices.
Development planning includes all or some of the above components,
taking account of the present constraints from viewpoinis of agricultural

development.

Alternative Planning

Scale of development have to be examined, based on the'proper
investment cost, impact to the surrounding agriculture, capability of
farming technique ‘and organizing possibility by farmer after improvement.

Therefore, alternative developmént models has been studied as follows.

In each model, rate of land loss for new construction of public
facilities is planned to be less than 7.0 % of whole agricultural land.
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Model-(1);

- As a basic improvement of physical condition, (a)Dredging of Noi
canal and construction of weirs, (b}Dredging of the existing swamps,
(a)Construection of dike and sluice gates at Ban Mai c¢anal, {(d)

Construction of additional farm roads, are carried out.

- The existing shallow wells are used, under control of annual pumping
discharge at less than 3 MCM.

~ Farming practices will be unchanged due to no improvement in field.
 Plot-to-plot irrigation and drainage are applied as the preéent, by
using storége water in the improved swamps and canal. Therefore,

beneficial farmer is limited in the vicinity of improved facilities.

HModel-(2);

-~ In addition to the Model-(1), farm roads, canals and ponds are
constructed in field. Storage ponds are not provided with pumping
stations and water supply is conducted by dual purpose canal leading
to ponds. Therefore, irrigation water will have to be lifted from

canal to field by portable pump.

~ Beneficial farmer and irrigable area are extended along the

constructed canals and roads more than the Model-{1).

- The existing wells are used at less than around 3 MCM, as well as
the Model-(1).

Model-(3);

- New deep wellas are constructed as described in para. 4.2.2. Pumping

discharge is expected at more than 6.0 MCM.

- Road and canal networks are required at higher density than the

other models, because of operation and maintenance of public wells
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and fair water distribution.

- And, plot realignment and land leveling are alsc required not only
for better farming practices but also for equal water allocation by
public wells. Whole farmer benefits equally after implementation.

-~ But, water use groups shall be needed for practice of fair water

allocation by using public wells.

Comparison of each model is summarized in Table 4-5. - Approximate
construction cost is estimatéd at 2,500, 5,100 and 25,400 baht per rai and
rate of land loss is assumed at 2.0, 7.0 and 7.0 % in Model-{1), {2) and
{3), respectively. As a result of examination, Hodel*(2)'is proposed

based on the following consideration.

This improvement level is not attended with outstanding contrast

to the surrounding aéricultural infrastructure.

- More intensive groundwater development such as the Model-(3) will

be possively implemented later on a more economical basis.

- Water use groups is reliable, considering that management
activities accompanied with fagility improvement will be easy for

beneficial farmers.

- Investment cost is moderate, compared with the other relevant

projects.
{2) Thung Sai Yart

As a result of the study, the following components shall be

considered as a basic improvement.

- Dredging of the existing canal for both purposes of drainage and
water starage.

- Dredging of the existing swamps for water storage and inland
fishery. . - ' '

- Construetion of dréinage facilities under the road 1113 to eape
with flooding.
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- Constructicn of farm roads and:éanals for better farming
activities.

- Construction of storage ponds for stable water éupply in wet
season and extension of dry season cropping.

- Land léveling for effective farming praotices_and plot realignment

for procurement of the various public facilities.

Developmént planning includes all or some of the above components,
as well as the Nong Khon Kaen.

Alternative Planning

Alternative development models have been examined as well as the
Nong Khon Kaen. ' o

Model-{1};

- A basic facility for better farming practices, (a)Dredging of the
existing canals and swamps, {b)Construction of additional farm roads,
(¢)Construction of drainage facilities under the road 1113, are

planned.

- Borrow pits, improved canals and weirs constructed across the canals

are used as they are, a water resources facilities.

- Poor drainage area exists because of nc drainage canal within the
field.

Beneficial farmers are so limited along the canal of the irrigable

area.

Model-{2)};

In addition to the Model-(1}, construction of new ponds, farm roads

and dual purpose canals, are planned.

Irrigation water is lifted by portable pump and plot-to-plot
irrigation is applied. '
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- After improvement, available capacities of ponds and canals exbtends

irrigable area more than.the Model-(1).
Model-(3);

- New ponds with pumping station are constructed along the canal, of
which available capacity is larger than the model-{2). Irrigation

water is supplied to field by irrigation purpose canals.

- In thia model, water use groups should be organized by beneficial

farmer to operate and manage the pumping station of ponds.

Comparison of each model is shown in Table #-5. Same as the Nong
Khon Kaen, approximate construction cost is estimated.at 1,600, 5,700 and
18,100 baht per rai and rate of land loss is assumed at around 1.0, 5.0
and 6.0 % in Model-(1), {2) and (3), respectively. As a result of study,
model-(2) is proposed as well as the Nong Khon Kaen, taking account of
conatruction cost, organizing possibility and impact to the surrounding

agriculture condition.,
4.4.2 Irrigation System Planning
{1) Nong Khon Kaen

In this area, irrigation agficulture shall be practiced in whole
area with the existing shallow wells and constructed water resources
faciiities. For the purpose of that, dual purpcse canals are planned to
connect with constructed ponds as a irrigation facilities. Four
irrigation blocks are planned, considering the topographiec condition and
road network. But their boundaries are undefined due to conservation
irrigation method with connected ponds and canals. In a block, stored
surface Water may be used preferentially and pumping from shallow wells is
controlled'possibly, though the distribution of the existing wells is

different in each blocks.

Irrigation method is the same as the present, that is, lifted

water from the wells is supplied directly into each farm. Storage water
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shall be oonducﬁed from pond to canal and lifted by portable pumps of
farmers from canal to fisld. 1In the field not adjacent to canals,

irrigation water is adpplied by pleot-to-plot irrigation.

Amount of pumping dischabge from the wells shall be controlled at
around 60 % and 47 % of the present in wet and dry seasons in a normal

year, since surface water is available with the ponds.
{(2) Thung Sai Yart

“Limited waler resources restricts irrigation agriculture to

partial area along the water resources facilities, as mentioned in u.u.1.
Remainder of agricultural 1and is forced to be rain-fed field. Scale of
both areas is deferent year by year in accordance with available amount of
seasonal run-off and rainfall. Irrigation method is the same as the Nong
Khon Kaen, in which irrigation water is lifted by portable pump. In most
of fields, however, plot-to-plot irrigation may be applied. Return flow
from upper field is expected as a supplemental water, considering the
topographic condition with uniform gentle slope. Canals as a storage
facility, therefore, are planned at the lower area in the irrigation block

to be capable of repeating water use for downstream block.

Irrigation area is divided into nine blocks, considering road
network and the location of existing canals. Their boundaries, however,
are undefined each other due to conservation irrigation as same as the
Nong Khon Kaen.

{3) Calculation of water requirement

1) Potential evapotranspiration (ETp)
Potential evapotranspiration is estimatéd by Penman method used
generally in Thailand and all climatic information at Phitsanulok
observation station is applied.

2) Consumptive use of crop

Consumptive use of crops are estimated by the potential
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ovapotranspiration (ETp) and crop coefficient (K) by orop growing
stages. Estimation has been carried out on a 10-day basis.

3) Fisld water requirement

Field water requirement is estimated on a 10-day baasis under the

following conditions and proposed cropping patterns,

- Percolation loss is taken as 1.5 mm per day, based on the =oil
characteristics.

- Water reguirement for nursery bed is 300 mm at the & ¢ of
transplanting paddy cultivation area.

- Water requirement for land preparation is 180 mm for wet paddy.
In case of dry season upland crops, preparatory irrigation shall
be required for plowing before cultivation due to the hard soil.
Residual soil moisture is available at the initial stage of crop
planting of which period is from the end of rainy season to the
middle of Decewber based on the soil moisture sampling test.
Preparation requirement is assumed at 60 mm for cropping in
November and at 90 mm after November.

1) Irrigation water requirement.
Irrigation water requirement is caleulated based on the field
water requirement,.available rainfall and irrigation efficiency.
Available fainfall is assumed at the.rate of 60 to 90 % of monthly
rainfall. Irrigation efficiency is applied at 60 ﬁ,_cqnsidering
irrigation system with earth canal, shallow well'énd‘utiliiation

of portable pump.

Based on the above conditions, annual water requirement is
estimated at 592 mm and 599 mm in Npﬁg Khon Kaen and Thung Sai Yart,
respectively {Refer to Appendix B-3).

4.4.3 Drainagé System Planning

(1) Basic concept

Drainage problem is summarized as follows.
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(a) Innundation_ochrS'within whole area due to insuffioient
drainage capacity to cope with oontinuously intensivé rainfall.

{b) In 1bw"1ying area, inundation occurs because of insufficient _
dfaihage,faeilities against intrusion'ofrfiooding from outside

of study area.

New construction of drainage canal and improvement of the existing
facllltles to drain excess rainfall and peak dralnage discharge, are

required for the above problems.
1} Unit drainage di=charge for new;constrﬁetion of canal in the field

Related to paddy field, it iz capable of retaihing excess water by
border. And, it does not suffer inundation damage if inundation
depth and its duration are allowable for paddy'gfowing. Therefore,
design discharge is estimated, on the.assumption that'allowable
inundation depth is 250 mm and its duration is three-day. 1In this
study, three-day rainfall of 10-year return period is applied. And,
unit drainage discharge is designed at 4.7 and 5.3 lit./s/ha in
Thung Sai Yart and Nong Khon Kaen, respectively.

In upland, crops, excess water has to be drained rapidly without any
severe inundation damage. Unit drainage discharge is estimated at
7.7 1it./s/ha in both areas, based con one-day rainfall of 10-year

return period (Refer to Appendix B-3).

2) Peak drainage discharge of canal
Peak drainage discharge in lowest points of both areas is estimated
by raticnal method and run-off simulation model. As a result of

study, five-year peak drainage discharge is assumed at 10 m*/s in
Noi canal in Nong Khon Kaen and at 162 m*/s in Thung Sai Yart.
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(2) Drainage system planning

Nong Khon Kaen

Low lying cultivated land adjacent to Ban Mai canal is subject to
flooding/inundation, whieh is brought about by insufficient drainage and
intrusion of flooding by backwater from Yom river. High water level of
Yom river in downstream of the study area is assumed at 0.0 to 42.0 m
during about 1.0 to 1.5 months in flood season. Considering monthly
rainfall of 200 to 300 mm, drainage benefit is expected by means of drain
of excess rainfall and protection of flood intrusion from outside. For

the purpose of'that, the following measures are considered.

- New drainage canals are constructed in the field, based on the

above unit drainage discharge.

- Noi canal is rehabilitated with peak design discharge of 10 m*/s.
In this case, its capacity is planned as it has storage function
for irrigation use, with effective use of the present wide cross

gsection.

- Dikes with elevation of 42.0 m and sluice gates at terminal points

are constructed to protect backwater from Yom river.

Thung Sai Yart

Flood damage caused by inflow from upsiream basin shall be reduced
by means of rehabilitation of the existing facilities, as desgribed in
3.4 of this report. New drainage canal is also necessary for appropriate
drainage of excess rainfall. The following measures are planned for

drainage problems.
-~ New drainage canals in field.are constructed based oh unit
drainage discharge, which have simple weir at terminal point to

store drainage water for repeating use.

- Exiﬁting four canals are to be rehabilitated based on 162 m®/s of

peak design discharge to protéct fiood intrusion. Weirs are also
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installed to have storage function as well as the above.

- Bridges or culveris are ooﬁstructed under the road 1113 at the
terminal points of the existing two canals having no drainage
‘facilities at present. Their design discharge is based on the

peak run-off discharge. '

Completion of the above construction may cause sévere flooding in

the downstream area due to much run-off discharge through improved canals.

Rehabilitation of the downstream canals leading to Yom river, therefore,
shall be also required in future.

4.4.4 Farm Road Plan

Farm road networks are planned in both areas, considering
irrigation and draiﬁage system and lénd consolidation planning. They are
consisted of main, lateral and branch roads of 6.0, 4.0 and 3.0 m of width,
respeétively. some of which are planned to be connected with maintenance
banka of dredging canals. Road interval is planned basically based on
land consclidation plan, especially the length of long and short sides of
farm plot due to no criferion. But, overall plot-reallocation is not
involved in consclidation planning of both areés. Road networks,

therefore, are planned based on the following consideration.

- Road interval is generally desirable to be from 300 to 600 m, from
viewpoints of future farming practices and water management
activities. But, the shorter is road interval, the higher is
road density and rate of land loss.

- In case of intensive land consolidation planning, road density is
more than U0 m/ha.

- Planning should be considered within total land loss of 7 %.

Nong Khon Kaen

Network is planned at intervals of 500 to 700 m and at around 30
m/ha of road density, taking account of the present density of 13.3 m/ha

and overall planning of land loss.
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Thung Sai Yart

It is planned at intervals of 1,000 to 1,500 m and at around 15
m/ha, considering the present density of 6.2 m/ha and limited irrigation

area.
4.4.5 Land Consolidation Planning

Improvement of on-farm facilities shall be required for effective
farming practices. The development ﬁay has to be planned based on the
agricultural target, farmer's intention and its constraints., From
viewpoint of technical aspects, the following measures are considered for

improvement.

- Construction.of systematic irrigation/drainage canals

~ Construction of farm roads for farming activities

- Land leveling for adequate water control

- Re-allocation of farm plot for effective farming practices and

water use.

In both areas, plot realignment and land leveling for whole area
are not planned. Roads and canals, therefore, are basically plannted
along the pfesent plot bouhdary. But, planning may be required not along
the boundary but within the plot to avoid meandering canal-road system.
At that case, disposition for substitute lot is necessary together with

procurement of public land for road and canal.

Rate of land losa should be planned to be less than 7.0 % of whole
agricultural land. But, some of plot may be forced to supply public land
more than 7.0 %, depending on location plan of irrigatioﬁ and drainage
facilities. In any case, arrangement among beneficial farmer shall be
required. Land leveling may be carried out in partial area, if necessary.

And, partial farm ditch and road into field may be constructed by farmer.
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4.5 Rural Infrastructure Development Plan
4.5.1 Rural Water Supply

Rural water supply is regarded as a basic human need and a
priority issue in Thailand. Hence, rural water supply facility to
improve the current situation of water supply to villagers, schools,

health centers, and'other public institutions are planned, in this study.

Nong Khon Kaen Area

Because villages in the area is relatively ooncentfated,'a piped.
water supply system is planned for residents of two villages away from
- existing water supply system and three other villages without tap-in the
present service area. The number of population ssrved is 818. To secure
a atable water supply, water source is deep well and deep water is drawn
by turbine pump. %The water is treated by rapid filter with aerator .used

for piped water supply system in Thailand.

Thung Sai Yart Area

The four larger villages in the area are divided into two groups
along the two main roads. Those are Wang Thon Daeng and Sam Nak, and the
others are S5ai Yart and Rao Rang Ngam. Piped water supply systems are -
planned for each. The population in each group is'1,277 for the former
and 1,098 for the latter. As same as Nong Khon Kaen, the water source is

deep well, and rapid filter is employed for water treatment.

Five clustera and one small village (Lan Du) are relatively
distant from the four largest villages.' To include these villages into
the service area demands not only higher construction costs but causes
problems in facility management as well. Therefore, public deep well is
planned as cooperative water supply facility for each village, and water
is drawn by hand pump. Water quality is improved by installing a simple
sand filter. The number of wells is determined at 7 to be within 500 m to
well.
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The piped water supply system is planned on the basis of PHA's
design oriteria and standard design. ALRO also has expertise in
constructing deep well with handpump. Therefore, facility planning is

based on_its teohnical knowhow.

PWA and ALRO will take initiative in construction of water supply
facility, and it is recommended that the beneficiaries take active part in

the .construction worka to reduce construction cost.
4.5.2 Rural Electrification

Rural eleétrification is a basic minimum need. 1In the study, the
electrification plan is laid with the following points taken into

consideration.

- Rural electrification is a minimum requisite for improvement of

living environment.

- Television and radio play the important role of transmitting
information on improvement of living standards and health.
Stable and cheap electricity supply should be secured for spread

of these media.

- Rural electrification is being promoted by Provincial Hleetricity
Authority {PEA), but intensive investment of PEA budget for study
area during the next several years is difficult. Hence, it must
be included in the plan to promote electrification at an early
date.

Electrification of all households is desirable, but complete
electrification in the near future is difficult because there are many
isolated villages and scattered households. Since the projected
electrification rate is 85 % for all of Sukhothai and more than 90 % in
the two progressive villages in Nong Khon Kaen, target is planned at 90 %,
and the number of households to be supplied electricity is determined at

50 in Nong Khon Kaen and 399 in Thung Sai Yart.
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_ Related to facility planning, the existing 22*KV high~vyoltage
power lines are extended to non-electrified villéges. and houséholds
served are dividéd into two groups of less than 20 and less than 30
households. Low-voltage pbwer lines are installed for each group, which
then lead to connecting lines with meter installed to each household. = In
villages already electrified, line is linked to low-voltage lines with
extra capacity, if there is no allowance. Electrical power for pubic
facilitiea is supplied from the nearest high—voltage line via a new low-

voltage line.

In the electrification work, contribution of beneficiary farmers
in form of labor is expected. PEA stipulates allocation of constructicn

cost in an electrification work to be:

- If village residents are to use electricity for domestic purposes,
the villagers will contribute 30 % of construction cost excluding
connection line and meter (inoluding labor), and PEA to finance
10 %.

- Villagers will bear all costs for the connecting line and meter.

- The entire construction cost for supply to small factories,

business offices, and public facilities are paid by the owner.
4.5.3 Social Infrastructure
(1) Education and rural health

Present condition on education such as commuting distance and

number of classes, satisfy national requirementa.

In the light of the percentage of contraction and infant mertality,
the medical care pose no serious problems, and health centers in the area
meet standards for equipment and service area. For these reasons,

educational and medical facilities will not be included in the study.
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{2) Public sanitation

To promobte envireonmental improvement in the areas, the spread of
sanitation information and improvement of sanitation facilities are
essential. To spread knowledge, radio, television and guidance by health
center are expected to play major roles. From viewpoiht'of facility
aspect, to prevent leak of human waste and to clean the environment,
toilets with tanks are supplied to all households without it. The number
of households to be installed is 60 in Nong Khon Kaen and 518 in Thung
8ai Yart. In the planning, installation worksz shall be done by the

beneficiaries themselves.
(3) Rural community

To promote advanced farming and organization of farmers for
technology improvement and facility management, it is necessary to secure

technological and training activities.

For this reason, multi-purpose halls equipped with technological
materials, books and training facilities and meeting facilities for '
convenient and frequent gathérings,'are planned. Considering the size of
each village, one multi-purpose hall in Nong Khon Kaen, and one multi-

purpose hall and four meeting facilities in Thung Sai Yart, are planned,
To expand publicity activities in the areas, wired broadcasting

facilities are installed at each meeting facility, and wireless

communication between these facilities is introduced.
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4.6 Supporting Services
4.6.1 Necessity

As stated above, farmers have settled and comnenced farming
independently in the study area. The enqueﬁe.survey has revealed that _
farmers point out 1aek.bf'knou how on cultiQatioh of diVersifiéd'erops as
one of constraints against introdueing diversified gropbiﬁg, and they
appeal a lack of production credit as one of Qohstréints égainst.general
farming pradtiées, because of restriction that farmers could not1borrbw an
institutional credit by using his provisionally allocated land as
collateral. As such, the study area has varioﬁs handicap from

viewpoints of farming technology and social selidarity among farmers.

For the realization of the effect arising from an integrated rural
development project, it is not always sufficient to provide such hardware
as agricultural and rural infrastructure. ' Further, ALRO is obliged to
secure income of beneficial farmers after development of the hardware. In
this project, it is prerequisite to place same significance as the
hardware on the strengthening and enrichment of software, which inecludes
an agricultural extension on such diversified crops as upland crops and
fruits, institutional supporting sérﬁiees inoluding farmers' organization,

and 8o on.
4.6.2 Concrete Measures

For the purpose of strengthening and enriching the software part,
it is planned %o newly establish "Farmers Training and Strengthening
Station (F.T.8.5.)", of which main objegtives are (a)systematizing
farmers, (b)guiding and training farmers, (e)introducing concept of
marketing farm products, and {d)managing demonstration farms. From
viewpoint of the project organization, the hardware component of F.T.S5.85.
shall be implemented under the responsibility of the field sub-project
office (ALRO), on the other hand, the software component be managed and
supervised by the Project Working Committee (See.Figure 5-1). F.T.S8.8.
is responsible for firstly training those governmental officials

concerned who shall be a leader as well as trainer of farmers, secondly
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educating and training a leading farmer and thirdly educating and training
general farmers.. During the project implementation stage, the F.T.5.5.
shall look ﬁo proper experts including foreign one for assistance, and
then the activities shall be suceceeded under a leadership of those
government officials who would complete the training course. The

required experts to be mobilized for F.T.S8.S. during the project

implementation stage are planned as follows;

One foreign expert: Farmers organization and crediting
(25 man-months)

Three Thai experts: Agricultural extension (48 man-months)
Agronemy (25 man-months)
Marketing (25 man-months)

The demonstration.farms to be managed under the F.T.5.5. shall
take charge ﬂb research and experiment on cultivation practices for crops
and varieties to be newly introduced as well as substantiate improvement
of present cultivation practices, in the farm to be offered by a diligent

farmer.

Through the activity of F.T.S5.8., various farmers groups shall be
established, such as water users' groups for operation and maintenance of
irrigation facilities and village water supply systems, creop production
groups for management of multi-purpose storages. Each farmers' group
shall consist sub-group of the set-up commititee for proposed agricultural
land reform cooperative who shall generally operate and maintain the

project.

As for definite content of the supporting program including
establishment of F.T.S.5., shall be prepared by the Project Working
Committee by reviewing the basic concept of F.T.5.S5. which is compiled in

Appendix D-2.
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4.7 Proposed Facilities
4.7.1 Agricultural Infrastructure

The design of F/S level. was carried ocut a Nong Khon Kaen Area and
Thung Sai Yart Area, according to the development plan'of each area. The

policies of design are as follows:

~ Facilities are to fulfill their funection for their own aim.
- Facilities are to be designed following the structural form and

criteria in Thailand.

The quantities of agficultural infrastructure of both area in case

of development Model-2 are shown in Table 4-6.
Design criteria and form of major facilities are as follous:
(1) Reservoir and swamp rehabilitation

The depth of the reservoir without fish pond is designed at 2.20 m
considering the dead water of 0.20 m in depth, and the ohe with fish pend
is to be 2.50 m considering the dead water of 0.50 m in depth. The depth
of fish pond is to be 1.00 m with the area of ohe-third of reservoir
bottom, according to the criteria applied by DOF.

Slope gradient of reservoir is designed to be 1:2. At the
position inside reservoir in which the leaded water drops down, thickness
of 20 om for riprap and stone pitching are to be planned to proteet the

scouring.
Reservoir which seems to have a trouble of percolation is to be
set. up clay coating. The thickness of coating is, about 10 4 of water

depth, from 0.20 m to 0.25 m.

Swamp rehabilitation is to dig the existing ground with the depth'
of from 1.0 m to 2.0 m, and to increase the available slorage capacity.

The quantities of the proposed reservoirs of both area are as
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Table U-6 Quantities of Construction Facilities
. Quantitiss
Deseription Unit Nong Khon Kaen Thung Sai Yart

1. Agricultural Infrastructure

1-1.

Water Resources Facilities

Pond {18 ~UL72 X 1,000 m?®/place)
Dredging of swamps{depth 1 ~2 m)
Weir with gate

. Irrigation and Drainage Facilities

Dual purpose earth canal
Road crossing

. Drainage System for Inundation

Canal improvement
Dike crossing

- Bridge

1-4, Farm Road
- Main road - (width 6.0 m)
- Lateral road (width 4.0 m)
- Branch road {(width 3.0 m)

1-5

2.

2-1.

. Land leveling
Rural Inrastructure
Village Water Supply

Piped water supply system

~ Public use well with handpump

2-2. Rural Electrification

2-3. Public Sanitation{toilet with tank)}

2-li, Rural Community Facilities

Multi-purpose hall {176~224 m?)

-~ Meeting hall (126 m?)

- Broadcasting system

3. Post-Harvest and Marketing Facilities

- Storage house

place

”

7

place

place
"

ha

place

”

L.S

set

place

"

set

place -

31,680
Lo

10,000
L

3,800
6,810
14,290

~110.

60

63,040
29

38,600
30

15,400
3,100
39,200

530

-

518

—

10
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follows;

Nong Khon Kaen;

Description Quantity Remarks
1. Reservoir Type I 2 plaoce 100 x 150 m
Reservoir Type W 5 0 100 x 100 m
Reservoir Type M 1 " 200 x 200 m Fish Pond
Total _ 8 places
2. Swamp Rehabilitation -
No. 1 1 place 19,200 m? Fish Pond
No. 2 1 f 33,000 m? Fish Pond
Total 2 places
Thung Sai Yart;
Descripfion ‘Quantity Remarks
1. Reservoir Type 1 9 place 200 x 200 m
Reservoir Type IV 1 " 600 x 400 m
Reservoir Type V 2 " 400 x 250 m Fish Pond
Reservoir Type VI 1 " 300 x 300 m Fish Pond
Reservoir Type W 1 n 400 x 250 m
Total 14 places
2. Swamp Rehabilitation
RID'a Weir 1 place 95,100 m? Fish Pond
Farmer's Dike 1 " 19,000 m?
Total 2 places

(2) Heir

1) Overflow type weir
Overflow type weir is planned in the improved canal, and it has a
function to intake the water to the resérvoir easily. Moreover, the
storage water in the improved canal is avalilable for irrigation

with hand pump facility.

The design oriteria and form of overflow type weir are as follows;
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a) Structure
The body are filled with earth materials, and the surface is
protected with masonry which is the thickness of 0.30 n.

b) Form
. Top Bottonm
Name of Canal Type Height Length _Length
Sra Ket, Sai Yart I {H) 1.25m (Bi) 20 m (B2} 14 m
W.T.Daeng, M.L.Onn Il 1.45 il 8.2
Noi 111 1.50 16 10

¢) Slop gradient
Referring to the existing RID's weir form in Thung Sai Yart Area,
the slop gradient is designed to be 1:1.5 on the up-stream side

and 1:4.0 on down-stiream side, respectively.
2} Weir with gate facilities
The weir with gate facilities is proposed in order to keep away the
backwater of Ban Mai canal, in Noi canal which is located along the

‘southern boundary in Nong Khon Kaen Area.

a) Structure
Weir has iwo slide gate, the dimension of which is 1.0 m x 1.0 m.

b) Weir crossing culvert
Reinforced concrete pipe of diameter 1,000 mm is to be laid
under the weir, the length of which is 10 m.

{3) Dual-purpose canal

Dual-purpose canal is constructed along the farm road. The

criteria is as follows;
T)'Structure and form

The depth of canal is 2.0 m, according to the effective water depth

of reservoir.

- 113 -



The width of bottom is 1.0 m, and slop gradient inside is to be 1:
1.0, The longitudinal slope is designed to be 1/3000. The canal is
to be constructed as unlined canal. '

2} Design canal unit discharge

Design canal unit discharge is to be elected the bigger one,

comparing unit area duty of wabter with unit area drainage discharge.

~ Unit area duty of water 3.0 1it/s/ha
- Unit area drainage discharge 4.7 - 5.3 1it/s/ha

Therefore, design eanalhuhit discharge is designed q = 5 lit/s/ha.
3) Capacity of canal'

3.4 mi¥/s
682 ha (= Q/q)

]

- Capacity of Canal ; Q

1!

- Catchment Area i A

(4) Road crossing

On the place where the dual-purpose canal is across the farm road,

reinforced concrete pipe of diameter 1,000 mm is to be laid.

On the place where the improved canal is across the farm road,

reinforeed concrete pipes of diameter 1,000 mm x 3 seits are to be laid.

The thickness of 10 em for riprap and stone pitehing are to be

planned on the inlet side and outlet side.
{5) Canal improvement
Dredging and dike construction is carried out in order to improve

drainage condition and increase canal storage capacity for irrigation on

all existing canal in project area.
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1) Proposed canal section

Referring to the typical section designed in Thailand, proposed

canal section are designed as follows;

-~ Depth on canal 2.0nm
- Width of berm ' 1.5m
= Slope gradient inside canal 1:2.0

2) Dike

The width of top is 3.0 m to keep traffic on dike, however, laterite

pavement is not planned.

The quantities of the proposed canal improvement of both area are as

follows;

Name of Canal Type Length Remarks
Nonﬁ khon Kaen Width of bottom

-floi up-stream v - 5,100 m 200m

~Noi down-stream i1 1,700 m 10 m

-Ban Mai A 4,200 only dike const.
Thung Sai Yart

-S5ra Ket I 8,600 m 10 m

~%ai Yat I 10,000 m 10 m

~¥.T. Daeng I 8,600 m 3 m

-M.L. Onn I 11,4800 m I m

3) Dike crossing culvert
Reinfofced concrete pipe of diameter 1,000 mm is to be laid under

the dike, the length of which is 10 m. And a 5lidé'gate of the size

1.0 m x 1.0 m is to be installed at one side.
(6) Bridge
Two bridges are planned on route MNo. 1113, which is iocated along

the eastern boundary in Thung Sai Yart Area, in order to make drainage

condition good.
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1) Structure and section

- Structure ; Reinforced concrete box culvert

- Section : 3.3mx 3.3 m x 3 series
2) Width of bridge

The width of bridge is 9.0 m, according to the width of route No.
1113.

{7) Farm Road

The width of top and thickness of laterite pavement of main road,

lateral road, and branch road are planned as follows;

Top Pavement

Width Thickness
Main Road 6.0 m 0.20 m
Lateral Road L.Om 0.20 m
Branch Road 3.0m 0.10 m

The duantities of the proposed farm road of both area are as

follows;

Description Nong Khon Kaen Thung Sai Yart
Main Road

New construction - 9,300 m

Rehabilitation 3,800 m 6,100 m

Lateral Reoad '
New construction 6,810 m 3,100 m

Branch Road
New construction 14,290 m 38,100
Rehabilitation - 1,100 m

=B

(8) Land leveling -
Land leveling is carried out in both area for arrangement of land

form and land elevation. According to the existing land gradient, average
cut depth is designed as followWs;
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Average

' Area  Cut Depth Working Area
Nong Khon Kaen 0.10 m 110 ha (10% of project area)
Thung Sai Yart 0.20 m 530 ha (10% of project area)

4.7.2 Rural Infrastructure
(1) Rural water suppiy

1) Piped rural water supply
{a) Design criteria

The plaﬁ and design are based on PWA's design criteria and standard

design. The outline is as follows.

Target Year; Year 2000

‘Ratio of population increase

In the said criteria, population growth rate is 1.5 4 up to 1990
and 1.0 $ up to 1995. 1In the study, 1.0 % is being applied.

Daily water consumption per capita

502 cd
Daily maximum consumption = 1.5 average consumpticn
1.5x50 — T75£cad

Daily average consumption

Pumping hours: Average 10 hours and maximum 15 hours

Storage capacity of tank

Clear watser tank: T0% of daily average supply
Elevated tank : 209 of daily average supply
{b) Amount of water supply

The amount i=s fixed on the basis of projectéd population.(Refer to
Appendix B-1).
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(e)

(d)

(e}

Water resource facility

Pumping discharge

Amount of water available from a deep well in Thung Sai Yart is

assumed to be around 10 m® /hr.

On the one hand, daily driving time of pump is around 10 hours,
and piped water supply facility is standardized by DOH on a 5.0 m?

basias. Design discharge is, therefore, planned 10 m®/hr.

Deep well
Three deep wells are located each for three supply system. Depth

of is plammed to be around 60 m in Nong Khon Kaen and 100 m in
Thung Sai Yart. Diameter of casing pipe is 200 mm and its

material shall be resin.

Pump for well

Turbine pumps which meet the design discharge of 10 m®/hr and head
¢f 35 m in Nong Khon Kaen and %0 m in Thung Sai Yart, are
selected (Refer to Appendix B-4).

Treatment facilities
Sand filter
Rapid sand filter with capacity of 10 m®/hr is planned as a water

treatment facility.

Clear water tank

The clear water tank is proposéd to alleviate and adjust the
imbalance between filtration and supply water occasioned by
sudden changes in water demand. The storage capacity is planned

at 80 m*, around 70 % of daily average water supply amount.

Elevated tank’

Elevated tank is located near the clear water tank. Water is lifted
by service pump from the clear water tank up to the elevated tank,
and- is conveyed through the pipe line by gravity. Height of tank is
planned at 17.0 m in H.W.L. and 15 m in L.W.L. over the ground
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surface. Storage capacity is 15 m® of daily average water supply.
(f)} Water transmission pipe line

Route of pipe line

" The pipe is laid in the road and depth of laying is 1.0 m on

‘standard.

Type of pipe
PVC is generally used because it can be easily purchased and

installed.

Diameter of pipe
It is desired that the water head at the end point of pipe line is

nigher than 5.0 m. Diameter of pipe is based on the hydraulic

examination by Hazen-Williams formula.

{g) Distribution facilities
Distribution pipes branching from transmission line are laid to
connect households in village. A group served by a distribution
pipe, is consisted of around 15 households.
The diameter of pipe is # 25 mm and the type is PVC.

(h) Service pipe
Service pipes linking the distribution pipes are laid to serve for
each household. A meter and a waber tap are installed in a

service pipe.

The diameter and length of the pipe is ¢ 12.5 mm and the type is
PVC.

{i) Water supply facilities

Supply facilities by each system are summarized in Table 4-T.
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Table M—?

Piped Water Supply Facilities.

Ttems

Nong Khon Kaen

Thung Sai Yart(1)

Thung Sai Yart{(2)

Service area

Na Taew and other

Wang Thong Daeng | Sai Yart and .

four village and Sam Nak Rao Rang Ngam
Population 813 1,271 1,098
served _
Daily maximum | 129 m?/day 113 m3/day

water supply

74 m3/day

Deep well

$ 200, Depth 60 m
Pumping discharge
= 10 m?/hr

¢ 200, Depth 100 n
Pumping discharge = 10m*/hr

Pump for well

Turbin pump ¢ 50
0.17 m*/minxX 35 m
X 2.2 kw

Turbin pump ¢ 50
0.1Tm¥/minX 50 m X 3.7 kw

Pump station

Area

= 4.0mX 7.5 m

Treatment
facility

Rapid sand filtration with
aerater of 10m®/hr

Clear- water tank

Concrete structure with storage capacity of 80 m?

Sérvice pump for
elevated tank

'Single suction centrifugal pump
$ 50X 0.1Tm3/minX 22 mx 2.2 kv

Elevated tank

Concrete structure with storage éapacity of 15 m?

Hight ; H.W.L = G.L + 17.0 m.

L.W.L=G.L+ 15.0m

Transmission PVC 450X 2,950 m PYC¢ 60X 4,300 m PUC¢ 60X 5,200 m
pipe

Distribution PVC ¢ 25X 1,200 m PYC$ 25% 1,800 m | PVC¢ 25X 2,100 m
pipe '

Service pipe
with water tap
and meter

PVC ¢ 0.5 ineh
X20 m
160 sets

PVCé 0.5 inch
X20 m
260 sets

PUC9 0.5 inech
X220 m
236 mets
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2) Public water supply well

{a)}

(b)

(e)

(e)

{f}

Public well is planned in Thung Sai Yart, based on the standard
design of ALRO,

Daily maximum water supply

Daily maximum water supply is estimated at 3.75 m?/day, based on the
daily average consumption of 204 ed for publie water supply
facility and projected population of 12% in case of largest village

isolated.
Number of well

Location is planned in consideration of adequate interval based on
cirele of influence and distribution of village. In this study,
well is located to be shorter than 500 m in distance between the
well and farm house. As a result of study, total of seven are
planned. Two of them are in a village along the road and remainder

is located respectively in five villages.

‘Depth of well

Depth is planned at 50 m based on the amount of water supply and

hydro-geological c¢ross section.
Diameter of casing pipe

Diameter is 150 mm in conszideration of the size of suction pipe for

handpump. Type of pipe is PVC.
Drilling diameter of well
Diameter is 350 mm.

Handpump

Handpump used generally in ALRO is adopted.
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(g) Treatment facility

Simplified sand filter standardized by ALRO, which is consisted of

sand, charcoal and gravel layer, is installed.
(2) Rural electrification
{a) Nong Khon Kaen

High voltage power line (22 kv)

Power line is extended along the road from the terminal of Mai Suk

Kasem to Na Taew for electrification in Na Taew.

Low voltage power line

Household served is divided into two groups in which the number of
households is less than 20 and 30. Power line with necessary
capacity is insﬁalled_fdr each groups. Transformer of 20 KVA or 30
KVA is equipped at the beginning of the line. As a result of study, -
new installation of two lines for each groups is planned in Na Taew.
And, apart from these lines; new line for mulbti-purpose hall is

also planned.

Connecting line to household

Connecting line with electric meter is installed from the nearest
low voltage line to each farm house, of which average length is
planned at 40 m and the number of line is estimated at 51 gets

including one aet for multi-purpose hall.
{b) Thung Sai Yart

High voltage power line (22 kv)

For the purpose of electrification in Lan Du, Roa Rang Ngam and

other isolated villages, power line is extended from the existing
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terminal pointa to each villages,

Low voltage power line

The number of groups, same as Nong Khon Kaen, is estimated at 17 and
8. Power line is installed for each groups and multi-purpose hall.

-Meeting hall is also connected from the nearest line.

Connecting line to household

Cohnecting line is planned at U0U sets ineluding one of multi-

purpo=e hall and four of meeting hall.
(¢) Electrification facilities

Projected facilities are summarized as follows.

Items Nong Khon Kaen Thung Saj Yart

High voltage line (m) : 960 12,300
Transformer (set)

- 20 KvA ' 1 17

- 30 KVA 1 8
Low voltage line {m) 1,300 12,000
.Connecting line with meter (set)

- For 10 A 50 Lo3

- For 20 A 1 1

{3) Community Facility
(a) Meeting hall
Location

Four halls are located in each villages in Thung Sai Yart.

Scale

Its scale is estimated on the basis of the number of forecasted
participator that is regarded as the same number as households in
each villages and area required for one participator. And, to

standardized the building, each of halls is planned to be the same
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scale., Neceasary area is eatimatgd abt 124 m?, based on average

number of household in the four villages.

Structure
It is a one-storied house. Design is based on the Example Manual of
General Building Construction for Rural Creation Project by
Secrefbary of Prime Minister's Office, as shown in Drawing.

(b) Multi-purpose hall

Location
It is located each in cenﬁral parts of the bdth areas.

Scale
is has some rooms required for various activities, such as trainihg.
iibrary and office, ete. In Nong Khon Kaen, required area is
estimated at 224 m?, taking account of various functions for
meeting in Na Taew in backward village, as no planning of meeting
hall in this area. In Thung Sai Yart, it is around 176 m?, based on
appropriate space for training and other activities.

Structure
It is designed under the =ame concept as meeting hall.

(e) Communication facility.

Nong Khon Kaen

Wired broadcast system with two speakera is intriduced at along the
proposed high voltage power line to Na Taew., And, radio transceiver
is equipped in the multi-porpose hall and Tambon office for smooth

communication between them.
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Thung Sai Yart

As well as Nong Khon Kaen, wired broadcast system is introduced in
among proposed meeting halls and villages. Radio transceiver is
also equipped in each halls.

{(d) Community facilities.

Projected facilities are summarized as follows.

Ttems Nong Khon Kaen Thung Sai Yart
Meeting hall
~ Number of hall{place) - 4
- Area (m?) - 126
- Structure : - Wooden =ingle story

Multi-purpose hall

- Number of hall(place} 1 1
- Area (m?) 221 176
- Structure Concrete wall . Concrete wall

Wired broadcést system

- Number of system (set) 1 4
- Length of wire {m) 1,200 7,600
- Number of speaker(set) _ 2 23
Radioc transceiver (set) 2 5

4,.7.3 Post-Harvesting and Marketing Facility

The multi-purpose storage is to be built in both area. The
capacity of one is 100 ton, and the floor acreage of one is 12 m x 6 m =
72 m?.

The quantity of the multi-purpose storage is as follows;

ang Khon Kaen ; 4 houses

Thung Sai Yart ; 10 houses
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4.8 Project Cost

4.8.1 Bases of Estimation

{1) Implémentation Moede

The implementation of project construction is divided into two

modes, force-agcount basis and contract basis.

Force-account Basis:

The project construction is directly carried out and supervised by

the owner, mobilizing staff and using own construction equipment.

Contract Basis:

The project construction will be carried out by entrusting the work

to a private company under contract.

Contract basis shall be adopted for the project, taking the

following matters into consideration.

a)

The project cost on the force accounﬁ basis may be estimated
lower than that on the contract basis due to excluding overhead
costs of contractors. However, if the force account basis were
taken for the project construction, many types of construction
equipment, many engineers, labourers, and materials, in
particular, experts and special equipment would be provided by
ALRO according to the characteristic of the project. After
completion of the project, it would be also difficult to use
such equipment and personnel for another project effectively.
ALRO will have to provide expenses and equipment maintenance
fees during the period for next projects (idling period).
Therefore, the force account basis is not economical from the
viewpoint of the total cost of project.

The increased capability of private firms will be very useful
for the further development of the Thai economy in the future.
The technology level of private Thai firms for publié workz will
be increased by executing the works on the contract basis.
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¢) There are some big firms which have many kind of construction
equipment around Sukhothai. The execution of construction works

will be implemented easily on contract basis.

d) Most of construction by‘ALRO in recent year has been implemented

on contract basis.
{(2) Component of project cost
The component of project cost is consisted of the following items.

. Construction cost

‘Project administration

- Project Cost Consulting services

. Training package program
. Project monitoring activity

Physical contingencies

-1 oW E oW N -

Price escalation

1} Construction cost

Constbruction cost is consisted of material cost, labour cost,

machinery cost, and overhead cost of contractor.

2} Project administration
Project administration under construction is consisted of salary of
temporary employee, stationary, communication, water and electric
supply chérge of temporary office, etec.

3) Consulting services
Consulting services are consisted of review of feasibility study,
detailed design, tender document, assistance of tendering and

awarding and supervision., The cost shall be estimated, usually at

10 £ of the project cost.
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4) Training package program

The cost of experts on the training package program is estimated .
based on the number of staff and their expenses.

5) Project monitoring activity

Monitoring team shall be establishéd for the monitor of project
progress. The cost of them is estimated based on the number of

staff and their expenses.
6) Physical contingencies

There shall be some difference between the planning stage and
construction stage due to inerease in the acreage of the project

area and some modification of structure.

To adopt such a case, the cost shall be estimated, usually, at 10 %
of the project cost.

7) Price escalation

Price escalation from the point of cost estimation to project
completion is estimated based on the price escalation rate of World
Bank's data.

4.8.2 Unit Prices
(1) Unit Price of Materials

The cost of construction work is estimated based on the data
collected on prices from ALRO and RID as of December 1989, and the data
collected in Sukhothai. The unit cest for the construetion works is
estimated taking into account the costs such as efficiency of the
construction equipment, labour, materials, and operation cost of the
construction equipment. Details on the unit prices are compiled in
Appendix B-5.
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4.8.3 Construction Method and Schedule
(1)'Horkab1e term

Accordlng to the investigation in Sukhothai, the workable term of
earth work in Sukhothai is between the end of October and the end of May
next year. It is rather difficult to execute the earth work in the wet

season.
(2) Supply of construction materials and equipment

Such major construction materials as sand, gravel, laterite,
cement products, gto., are éasily prdcurable around the study area (See
Appendix B-5). As for constfuotion equipments, there are several
compénies which have many kind and number of them around Sukhothal and
Phitsanulok.

Major equipments for construction are as follows:

Deseription ' Application
Bulldozer Excavation, Moving, Spreading, Compaction
Front Loader Loading _
Back hoe Excavation, Leading
Pump Truck -Hauling
Swamp Bulldozer Excavation, Moving, Spreading, Compaction
Vibration Roller Compaction
Motor Grader Spreading, Grading
Water Tank Truck Spray

Construction method and combination of equipments for various
works, and construction term by equipment capacity are compiled in

Appendix B-5.
(5) Construection schedule

In consideration of the huge volume of overall works, construction
shall be carried out by dividing three phases in Nong Khon kaen and four

phases in Thung Sai Yart. Implemetattion schedule is illustrated in

Figure 5-2.
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Phasing of Construction

Phase Nong Khon Kaen Thung Sai Yart Implementing Year
I N-1 _ -1 2nd to 3rd year
T N-2 T-2 3rd to Uth year
I11I - N-3 T-3 Uth to S5th year
Iv o - T4 5th to 6th year

Note: N- and T~ mean Ehe number of construction blook {See Appendix
B-5) ' :

As for construction sequence in each construction biock,
principally farm road construction shall be preceded'tosget.the
gonvenience of transporting materials, and then reserveir construction
shall follow. In the latter half of the dfy 5eas0n, the swamp
rehabilitation and the canal improvement shall be carried 6ut, as the
awamps and the canals become dry,'in which construction equipments are
operated efficiently.

The construction works for village water supply and rural

electrification shall be entrqstéd to PWA and PEA, respectively..
4.8.4 Project Cost

The estimated project cost on the basis of Development Mode-2 is
453,297,000 Baht, of which details are shown in Table 4-8. The exchange
rate applied for the cost estimation is Baht 1.00=JYE 5.58 and US$
1.00=Baht 25.76.

The cost of agricultural infrastructure occupies most of
construction cost. The unit construction cost of agricultural
infrastructure per rai in Nong Khon Kaen area and Thung Sai Yart area is

aa follows;

Unit Nong K.K. Thung S.Y.
Agricultural Infrastructure 1,000 Baht 37,150 191,880
Command Area Rai 7.283 33,535

Congtruetion Cost per Rai Baht/Rai 5,100 5,700

On the other hand, Table 4-9 shows the disbursement schedule of
the project cost over the implementation schedule.

o= 130 -



Table -8 Project Cost

Description

1.

o

(oY)

n.

5.

Lo}

Construction Cost
1-1 Nong Khon Kaen area
- Agricultural Infrastructure
- Rural Infrastructure
- Post-Harvest & Markebting Facility
Sub-total
1-2 Thung Sai Yart area
- Agricultural Infrastructure
- Rural Infrastructure
- Post-Harvest & Marketing Facility
Sub-total
1-3 Farmers Training & Strengthening Station
Sub-total
Total (1)
. Project Administration
. Consulting Service
- Detail Design
~ Bupervision
Sub-total
Total (1-3)
Training Package Program
Project Moniforing Activity
. Physical Cohtingency
Total {1-6)

. Price Escalation

Grand Total
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Quantity Amount
(1,000 Baht)

LS 37,150
LS 5,261
L8 1,092
13,503

LS 191,880
LS 21,027
LS 2,734
215,641

LS 10,000
10,000

269, 144

LS i,308
LS 8,040
LS 15,430
23,470

296,922

LS 24,464
LS 3,750
LS 29,692
354,828

LS 98,469
453,297




L8E "gS¥ 888 0L 06¥ ‘001 ¥eg *101 617 ‘23l BEY “¥S L86 ¢ [Bj0] puel)
£PE°0¢ S6Z°0S €668z L6V 'IL 88S°LZ 93L°CL GLO'PE PPLLB E19°GI 9E8'8E 8¥9 608 ¢

69¥ ‘86 02v'9  18S°VD 6S6°L ¥0€°8T €LE'9  BLO'QT QOF'9  L98°%T Z21'T  cg6y <SS 19% BOLIRIEISY ¥21dg 'L

828 ‘7S¢ €26 6T BOL'SE ¥EO'IZ E6I'ES GIT'Ig 889°LS L92°'82 LLB'2L 16V 'E1 168°CE E6¢ 8762 (9-1) teiof

768 62 PLICT 8Y1°E Z8L°1  S0LY  GBL°T - 2ES'W  QVY'Z 96L°S ERI'T  LBZ 1€ 892 K0T X (g-1) 4ouasdsijuoy g

0SL°¢ 008 - 06L - 08L - oSl - GsL - 057 A11A130Y BULIOIIUOW 133f0ad g

ver ‘ve L0% 080°T 9.9 0¥v 1T 99 Gv8°L  9L9 021'6 691 08¢ 'z - - WeI301q 33THOR4 FUIUIRIL P

285 ‘96¢ GVL'IT 68V 'IE 928°LT B¥O'Ly 066°LT 9IE°Sy T10¥V'¥2 196°L5 6eb ‘11 LEL'BZ 2Tt 083 g (6-1) 1EI0]

0LV "8% - 1L6°2 - 868 'E - 858 ¢ - Bs8 ‘s - 8¥9°9 - 0892 [8101-07§ ur

0E¥ ‘Sl - [F5:4 - 858 ‘g - 88 ¢ - 8ag ‘g - 98721 - - torsrazadag- )

0708 - - - - - - - - - 098°S - 08%°Q u31sap frelaq- _
3314135 1UBIIASUO) E .

808 ¥ 918 - 218 - 986 - 9e6 - 8¢6 - gIE - goliedysiuimpy ‘g

¥FI 692 89211 606°8% VIO'LT 061 °€F ¥S0°LT 8SF¥°I¥ GOV '€¢ EOI'PS 867 0T 26022 - - [B103-4n§

00001 - - - - - - 61’  S09°G  660°T B60O°T - - UollElg § 3 | siamiey.

179612 99611 60682 Z9'ST 9EZ°'0v 6¥0°'€l 719V 'ZC GEV'GT Z¥6°GE FLE'9  O¥L'cl - - E94E 11T] lBg 3URQL-

€05 gy - - ¢66°T ¥s6'z  SO0Cy L66°8 ZEB'S 9GS gl 08S'e  L¥gS - - E9Je U3y U0YY FUON-
juduodwoy) aiempaey °f

Tziel 31 4 21 a4 21 24 1 4 31 4 1 23 B013d1089]
(423] uig) (1e3x y16) (43} 9ip) (de3f pigy (Jeaj pug) (4e3) 387)
9661 G661 pe6t £661 2861 1661

(iged 0001 :3ivp)

1509 138{04d leRUUY 6-F a1qey



. CHAPTER 5  TMPLEMENTATION PROGRAMME






CHAPTER 5 |MPLEMENTATION PROGRAMME
5.1 Implementing Organization
5.1.1 Project Coordinating Committee

The specific feature of the integrated rural development project
is, generally, to cover various component. In this project, ALRO could
not solely handle all the component ineluding the hardware and the
software ones. While most of all the component ia under management of
Ministryjof Agriculture and Cooperatives, the components of rural water
supply and rural electrification are to be implemented by PWA and PEA
under Ministry of Ihterior, réspectively. In order to amoothiy and
satiéfactorily implemeht'this pfoject, it is, therefore, planned to
establish a project coordinating committee at three levels of the
governmeht, namely, Project Executive Committee (P.E.C.), Project
Coordinatiﬁg Committee (P.C.C.) and Project Working Committee (P.W.C.).
Theée committees basically have their functions; (a)to formulate policy
énd/or,programme. (b)to coordinate and solve various issues, and (e)to
supervise progress of project implementation at the respective level (See
Figure 5-1). Composition and responsibility of these committees are

detailed in Appendix b-1.
5.1.2 Exécuting Agency

Under the Project Executive Committee, ALRO shall be an executing
agency by appointing a project director who shall be a secretary of P.E.C.
as well as a chairman of P.C.C. Under the project director, ALRO shall
be fully responsible for the hardware component except the village water
supply and the rural electrification with appointment of a project manager
and a field project manager. On the other hand, “"Farmers Training and
Strengthening Stétion (F.T.S.8.)" shall be responsible for the software
component under management and supervision of the Project Working
Committee (See Figure 5-1). The F.T.5.S. shall carry out intensive
activity for strengthening the software part of the project with technical
assistanqe of experts including foreign one during the project

implementation period.
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In order to assist the project manager and the field project
mahager, it is planned to mobilize consultants, whose main activity is to
provide technical assistande‘on preparation of detailed design and
supporting service program, and supervision of construction worka., On the
other hand, it is also planned to mobilize a monitoring team whose main
activity ié to monitor progress of project implementation in comparison
of the plannéd schedule and to review and arrange problems and
constraints agéinst project implementation. Through the monitoring
activity, it can be obtained valuable information which could contribute
to the current project implementation as well as the future similar
project as a feedback system. Since this monitoring activity requires
fairness, it is desirable to mobilize the third party like a university in
Thailand.

5.1.3 Impiementation Schedule

As for overall project implementation schedule, it is planned to
allocate seven years after completion of the feasibility study including
necessary procedure for fund arrangement, detailed design and tendering.
Thus, the real construction period is scheduled for four years as shown in

Figure 5-2.

3.2 Orgaﬁization for Project O & M

5.2.1 Responsible Agency

(1) Eétablishment of Agricultural Land Reform Cooperative

During the project implementation, in parallel with development
and construction of various facilities, intensified program for
atrengthening and training governmental officials including ALRO staff and
farmers, will be carried. Under the program, it can be expected to
establish operation and maintenance organization of project facilities by
mainly farmers themselves. Although it is one of way to organize the
respective 0 & M organization, because each facility has different
beneficiaries, it is more effective and efficient to establish a unified 0
& M system from viewpoints of effective operation and management of the
project. Therefore, it is planned to establish an agricultural land
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reform cooperative in both Nong Khon Kaen and Thung Sai Yart, respectively,
under Sukhothai Land Reform Office. In the heginning, these cooperatives
would start as set-up committee composing of several farmers' groups as
its sub-committee. The farmers' groups responsible for 0 & M of the
respective facility would continue their activity for enrichment of the
cooperdtive's'systematization, in parallel with performing their daily
obligation; The respective 0 & M syatem for the project facility are
described below (See Figure 5-3).

{2) Agricultural infrastructure

For operation and maintenance of the agricultural infrastructure
'shall be taken part by farmers' groups to be systematized by mainly ALRO
in both the area.. After completion of project construction, the 0 & M of
irrigation facilitiéa shall be carried out by water user groups to be
formed by beneficial farmers, and that for roads and drainage facilities

be by 0 & ¥ group in the respective Muban office.
(3) Rural infrastructure
1) Village water supply

a) Piped water supply system'
With guidance and assistance from Tambol office and PWA, the 0 & M
shall be carried out by water user group to be formed by
beneficiaries. Fir management of the facilities, it is necessary to
save 0 & M cost through maximum utilization of membérs' assistant
labor for operation and inspection of equipment, collection of

water charge, adjust and repair works.

b} Common wells
It is necessary to keep environmental condition around the well good
as well as to inspect and repair hundpump, and to adjust'treatment
facility. Thérefore, beneficiaries shall be rotationally on duty

'for the above works.

¢) Rural electrification

Since this component is under PEA, O & M of the project facilities
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shall be carried out by PEA.

d) Multipurpose hall and meeting room
0 & M of the multi~purpose hall be mainly by ALRO during the
construction stage, and Amphoe office be after the project
implementation. Similarly, 0 & M of meeting rooms shall be

responsible for 0 & M group of each Muban office.
{4) Post-harvest and marketing facility

_ 0 & M of multi-purpose storage shall be carried out by crop
production groups during the project implementation and by the land reform

cooperative after the project implementation {Refer to Appendix D-3).
(5) Farmers training and strengthening station

Activities of F.T.5.5. shall be taken over by the land reform
cooperative with assistance of Sukhothai Land Reform Office as well as

those governmental offices concerned.
5.2.2 Operation and Maintenance Cost

The operation and maintenance cost of the project faclilities shall
be, principally, born by the respective beneficiary under the farmers’
groups to be systematized. Annual 0 & M coat for each facility is

eatimated in the following.

Agricultural infrastructure 1,020,000 Baht
Rural infrastructure 702,000 Baht
Post-harvest and marketing facility 498,000 Baht

Total 2,220,000 Baht

5.3 Consulting Services

The proposed project involves various components, for which
coordination among related agencies shall be required. In this connection
and for smooth iﬁplementation of the prolect, engineering consultants
shall be mobilized. They'are responsible for assisting ALRO in
preparation of detailed design and supporting program in F.T.3.85.,

" tendering activity, and supervision of construction works.
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CHAPTER 6  PROJECT EVALUATIDN
6.1 Method 6f Evaluation

The proposed project shall be comprehensively evaluated from

viewpoints of economic, financial, environmental and social impact.

The economic evaluation has been made by calculating an economic
Ainternal rate of return (E.I.R.R.)} with sensitivity analysis, in which a
projeoct cost and a tangible benhefit are to be calculated by applying an
economic price (accounting price)}. The E.I.R.R. can be worked out by
discounting both streams of economic cost and benefit over a period
anaiyéia with several discount rates. On the other hand, a sensitivity
analyéis-is one of method to check the risk of the project to be affected

by change of key factors.

In this study, the financial analysis has been carried out to
examine possibility whether beneficial farmers oan bear such project cost
as the_initial investment cost and the operation and maintenance cost,
through'calculating incremental farmers' economic surplus. The prices to
be applied for this analysis is derived on the basis of market prices of

the respective good and service.
6.2 Prices

All prices to be applied have been estimated on the basis of the
recent available information and data so far cbtained as of the beginning
of 1990. Out .of input and output, the internationally traded goods and
services have been estimated on the basis of their border prices, by
quoting “Price Forecast for Major Primary Commodities" published by the
World Bank. In addition, in order to calculate theih economic prices of
internally traded goods and services, the following conversion factors
have been quoted from the recent information provided by the World Bank:

.Standard conversion factor N RN 0‘92
Conversion factor for consumption seesccencrerevrerses. (3,95

" " margin of middleman etc, veersr++ 0,70
" " Construction ++seessscsssssnsceds O 88
n n Transportation s+sssseeceesssscce 0,87
# i Farm labour +sesessssessccsctscass 0,G2
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Table 6-1 summarizes both economic and fiﬁaneial farngate prices
of agricultural input and output in 1990 constant prices. Calculation

basis for some important items are compiled in Appendix C-3.
6.3 Economic Evaluation
6.3.1 Economic Cost and Benefit

After deducting'the price contingency (98.47 million Bahta) fronm
the estimated financial initial'investment_coSt'(u53.30 million Bahts} in
Chapter U of this report, the economio cost has been estimated at 312.25
million Bahts, by applying the oonversidn_factor of construction.
Similarly, the economic cost of operation and maintenance after
completion of the project is estimated at 1.954 million Baht per year at
full development stage. |

Tangible benefits in monetary terms in this project are those
arising from crop sector and fishery in storage ponds. . In every case,
these benefit are calculated as an incremental net production value
(N.P.V.) between “with project® case and "without projedt“'case. The
crop N.P.V. can be oomputed'byrdeducting a respective crop-pfdduction
cost from a gross production value (G.P.V.) which is obtained by '
multiplying crop yield with a respective crop price. That of pond fishery
is the difference between a gross production #alue at one year after
release of fingering and cost for the fingering. It is pianﬁed that no
special care will be carried out after release of fingering. The net
productibn value of the pond fishery accounts for 50 % of its full
potentiality, due to lower preciseness of the calculation basis. Table

6-2 summarized these economic benefits.
6.3.2 Economic Internal Rate of Return (E.I.R.R.)

A period of analysis for calculating E.I.R.R. is fixed at 30 years,
on the basis of synthetic durable life of.various ma jor faeilities with
prenise that every prbject facility shall be properly operated and
maintained. In considering'four years of gestation period until
attaining full benefit, the E.I.R.R. for the Sukhothai Integrated
Agricultural and Rural Infrastructure Development Project is calculated at
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Table 6-1 Economic and Financial Farmgate Price
(at constant 1990 prices)

Year 2000
Unit Finaneial Economic
Crop .
Paddy Baht/ton 3,140 3,620
Soybean . " 6,580 6,440
Mungbean ' " 8,000 8,000
Leaf Vegetable " 2,000 2,000
Fruit Vegetable " 1,500 1,500
Seed
Paddy "~ Baht/Kg 3.5 k.0
Soybean o 10.0 7.0
Mungbean . " 10.0 10.0
Leaf Vegetable Baht/dl 200.0 200.0
Fruit Vegetable n 200.0 200.0
Fertilizer®
Urea Baht/ton 7,610 7,350
T.8.P. i 8,300 8,020
Potassium Chloride o 5,340 5,140
Nutrient Basis - N Baht/Kg 16.5 16.0
- P i 18.4 17.8
- K " 8.9 8.6
Labor_
Nong Khon Kaen Baht/man-day 55 45
Thung Sai Yart n us 35
Apr. Machinery
Hand Tractor Baht/hour 16 13
Medium-size Tractor n 300 220
Thresher (4 ton/hr) " 150 120
Pump (Shallow Well) " 18 13
Pump (Low-1ift) " L 12
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Table 6-2 Annual-Agricultural Benef'it

(Unit: 1,000 Baht)

Without Project  With Project Inerement

Nong Khon Kaen (1,165 ha)

Paddy . 5,868** 10,061 4,193 -
Upland Crops 118 983 865
Uegetébles 66 1,010 gih
Sub-total _6,052 12,054 _6,002
(B per ha) (5,152)
Orchard*’ - 1,838 1,838
Inland Fishery {Farm Pond)*? - 539 539
Total _6,052 14,431 8,379

Thung Sai Yart (5,365 ha)

Paddy 3,630 24,924 21,2éﬁ
Upland.Crops 32u u,259 .3,935 '
Sub-total 3,954 29,183 25,229
{E per ha) {4,703)
Orchard®’ - 1,838 1,838
Inland Fishery {(Farm Pond)*? - 1,883 1,883
Total 3,956 32,904 28,918

*' at full production stage (11 to 15 years)
*? 50% of full potentiality

** Paddy cropping area during dry season be adjusted by proper pimping
amount by exsiting shallow wells
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7.9 %,

While the E. I.R.R. of 7.9 % is rather lower than the opportunity
eost of cap1ta1 in Thailand, which is ranging from 10 to 12 %, the
E.I.R.R. is, eoonomically, Jjustifiable taking into consideration the
nature of the integrated rural'development.which usuallj includes
intangible benefits in the component of social infrastructure development.

In the following sensitivity analysis, an E.I.R.R. of the agricultural

infréstructufe development shall be calculated.
6.3.3 Sensitivity Analysis
A sensitivity analysis is one of effective method to examine and

judge risk of the project during implementation and operation. The
sensitivity has been carried out on the following basic factors:

Item E.I.R.R. (%)
1. Original Case : 7.9
2. Agricultural Infrastructure only 9.1
3. Storage amount decreases by 20% 6.3
4. Initial investment increases by 10% 7.0
5. Crop prices decrease by 104 6.4
6. Crop production cost increase 10% 6.8
7. Crop_yields.decrease by - 10% 5.4
8. Construction period shorten by 1 year 8.6

7 The above ana1y51s reveals that decrease in crop yields shows

hlghest risk on. the project, and also the projeet economy would lower by
decreasing crop yield and crop prices, it is, therefore, prerequisite to
attain tﬁe strengthening“of software component. In addition, it is also

importanE to secure stable water resources for irrigation.
6f4 iFiﬁanci'gl Analysis
6.4.1 .Farm Budget
Iﬁ order fo.evaluate a financial impact on beneficial farmers
through implementation ofrthe prbjgct, farm budget analysié-fdr fypical

farm has been made in cases of “without” and Ywith" project. The size of
the typical farm has been derived from the farm inventory used for '
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interview survey, and 25 rais (4.0 ha) in Thung Sai Yart and 16 rais.

(2.56 ha} in Nong Khon Kaen were obtained.

For these farm sizes, the

reduction rate of land for the proposed facilitiés'is taken account in

case of "with Project™.

- Typical farming patterna to be applied_in this analysis are as

follows:

Sub-project

Nong Khon Kaen

- North Block

- South Block

Thupg Sai Yart

- Rainfed Area
- Irrigated Area

Without Project
Wet Season Dry Season

Hith Project
Wet Beason Dry Season

Paddy(100%) Paddy(19%)
Vege.( 14)
Paddy(100%) Paddy(10%)

Paddy(100%) -
Paddy(100%) -

Paddy(100%) Soybean(27%)

_ Vegeta.( 7%)
Paddy (100%) Soybean(15%)

Paddy(100%) -
Paddy(100%) Soybean{27%)

As for off-farm income and household expenditure, the results

obtained from the farm economic survey for 65 farms are referred. All the

prices for calculation of a net producbion_value and a prdduction cost

are financial ones on the basis of those market prices.

The preliminary result of the financial analysis is summarised

below:

—

Nong Khon Kaen
ut Project With Project

. Famr Expense (Baht) -

- On-farm 3,532
- Hired Labor . =~
H.H. Expense 19,053
Total 22,585

. Farm Surplus 3,132

(Increment) -

South North  South

2.56 2.37 2.37
2.82 3.89 2.73
4 110% i6ug . 115%

16,045 52,543 31,980 25,170 58,319 40,729

Thung Sai Yart
Without With Project Witho
Rainfed Irrigate North
. Farm Size (ha) 4.00 3.79 3.79 2.56
. Crop Area (ha) 4.00 3.79 .81 3.08
. Crop Intens. 100% 1004 127% 120
. Farm Income {Baht)

~ Crop 12,560
- Off-farm 13,157 13,157 13,157 20,60

- Total 25,717

& 20,606 20,606 20,606

29,602 65,700 52,586 45,776 78,925 61,335

4,637 21,258 16,867 12,123 25,202 14,757

60 T2
19,053 19,053 28,82
23,750 41,023 145,68

5,852 24,677 6,897
(21720) (21a5u5) -
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6.4.2 Répayment Capacity of Farmers and Cost Recovery

As basic data on farmers' repayment capacity, the above farm
bﬁdget analysis provides onhe of indicator, in which a part of ineremental
farm economic surplus by implementation of the project becomes a basis
.for oalcUlating it. In this case, it is a general rule that a beneficiary
who receives higher profit from thé project should bear heavier burden of
its cost. Supposing the repayment capacity of farmers is 50 % of the
incremental farm economic surplus, it could be ranging from 1,360 bahts

to 10,772 bahts per farm.

On the other hand, preliminary computation works out 1,820 bahts
for farmer with irrigation benefit and 1,296 bahts without that as an
annual O & M cost of ﬁhpie project facilities per beneficial farmer.
Therefore, farmers under rainfed condition in Thung Sai Yart is able to

bear only the annual O & M cost.

In order to calculate farmers' burden to recover the direct
construction cost for the project facilities, the following premises are
taken into account: (a)repayment period is 25 years including ¥ years’
grace period, (bjinterest rate is 12.% % per annum, and (¢)interest during
the grace period should be included in the principal. Under the said

condition, annual amount for the cost recovery is worked out in the

following:
Nong Khon kaen Thung Sai Yart
Farmers under irrigation 23,217 Bahts 54,455 Bahts
Farmers under rainfed - 16,782 Bahts

In every case, the cost recovery amount exceeds farmers' repayment
capacity, a certain subsidy by the government should be considered by
area and farm type. In this study, it is difficult do identify number of
farmers by farm type and size, it should be carried out during the
detailed design stage to establish the cost recovery program. Furthermore,
apecial consideration to exempt or to reduce the cost recovery amount
should be paid that those farmers who are obliged to submit their farm

land for public use.
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6.4.3 Ecdnomic Farm Size

In addition to the cost recovery aﬁalysis on the bésis of the farm
budget for typical farms, an econdmio farm size has been studied for
various cost recovery paﬁterns by sub-project area as. well as proposed
eropping pattérn. The ¢ost recovery cases applied in the analysis ére as

follows;

Case 1: Annual O & M cost only by beneficial farmer
Case 2: Case 1 plusrdirect conatruction cost of post-harvest
facility by beneficial farmer |
Case 3: Case 2 plus a half of direct construction cost of
' | agrieulturél infrastructure by beneficical farmer
Case U: Case 2 plus full of direct construction cost .of

agricultural infrastructure by beneficial farmer

For basic figures on the present condirtion such as a household
expenditure, an off-farm income and a farm econonic surplus, reference is

made to the result of the farm economic survey.

Tahle 6-3 shows basic indicators to be applied in this analysis,
and the results of the analysis are summarized in Table 6-4, indicating
that economic farm sizes in cost recovery case 3 are mostly same as the
typical farm sizes under irfigated condition, while it in coat recovery

case 2 is same as one under rainfed condition in Thung Sai Yart.

- 148 -



Table 6-3 Basie¢ Indicator for Economic Farm S5ize Analysis

1. General infermation _
' ‘Nong Khon Kaen Thung Sai Yart

Project Area (ha) 1,165 5,365
Cultivated Area (ha) 970 - 4,800
- Irrigated : 970 2,600
- Rainfed | - 2,200

No. of Farm . . 565 753

2. Direct Construction Cost {1,000 Bahts)

Total Disbursement Annual Amortization'

| NKK _ TSY NKK T8Y

Agri. Infra. _—
- Irrigation 19,837 118,332 4,338 25,874
- Others (Road ete) - 17,313 73,548 3,786 16,082
- Sub-total 37,150 191,880 8,121 41,596
Post-Harvest 1,092 2,734 239 597
Total _ 38,242 194,614 8,363 42,193

Note: ! Interesti 12.5%, Repayment: 25‘years {incl. U years grace period}

3. Operation & Maintenance Cost (1,000 Bahta/year)

w : Nong Khon Kaen Thung Sai Yart
Agri. Infra.
- Irrigation . h 296 214
- Others (Road ete) | 219 291
- Sub-total _ : 515 505
 Post-Harvést | | 213 285

4, Targeted Farm Boonomic Surplus (Bahis/family)
Aiming the increment of about 2,000 Bahts per family.

Nong Khon Kaen . Thung Sai Yart
North B. South B.
- Without Project 6,897 4,831 3,132
~ With Project g,000 7,000 5,000
- Increment 2,107 2,169 1,868
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Table 6-4 Financial Analysis on Bconomic Farm Size
Nong Khon kaen Thang Sai Yart
North South Irrigated | Rainfed
(a) Household Requifemeni {B/UH) 7 _
- Household Expenditures 28, 822 28, 822 19, 053 18, 053
- Targeted Farm Suvplus g, 000 7, 000 5, 080 5, 000
- Sub-total 37. 822 35, 822 24, 053 24, 063
{b) Off-Farm Income (B/BH) 20, 606 20, 606 13, 157 13, 157
(c) Required Farm Income {(B/HH) 17. 216 17.216 10, 896 10, 896
{(dy Gross Crop Income per ha (B/ha) 12, 747 10, 951 10, 146 3,116
{e) Cost Recovery per ha (B/ha)
- Lase | 751 751 202 120
- Case 2 947 997 326 224
- Case 3 5,185 5, 185 6, 977 - 1,919
- Case 4 9, 372 9, 372 13, 627 3, 594
{f) Rel Grop lncome per ha. (B/had ‘
- Case 1 11, 296 10, 200 9, 944 2, 996
- Case 2 11, 750 9, 954 9,820 2,872
- Case 3 7,562 5, 7166 3, 169 1,197
- Case 4 3, 375 1,579 - 3,481 - 478
{g) Required Farm Size (ha)
- Case | 1. 44 1.49 1.10 3. 64
- Case 2 1.47 1.53 1.11 3.79
- Case 3 2.28 2. 64 3. 44 9,10
- Case 4 5. 10 9. 64 - -
Cost Recovery - Case 1: 0 & M cost only
Case 2: 0 & ¥ cost + Post-harvest
Case 3: 0 & M cosi + Post-harvest + 1/2 of Agr. Infra.
Case 4: 0 & M cost + Post-harvest + Agr. Infra. cost
Note: (e)=(a)-(b), (d), Ce): Refer to Appendix C-3-8., (f)=C(d)-(e), (g&)=(c)/ (D)
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