road would be considered to be small and its repair would
be easy. [Easy access of the regulator bodies can be
ensured because the access road to the regulator is

elevated higher than the extra- ordinaly flood water level,

5.1.3 Construction Plan ana Schedule

(1

(2)

Physical Environment

The physical environment of UTR ‘and LTR is adveree in
rainy season for the construction which extends for four months
from October to January. fhe river water level rises extremely
in Novemember and December as inditated in Table 5~6. The
effective work pellod is eight months per year, though few work
items are avallable in moderate ralny months. The moblllaatlon
and demobillzation of equipment and dredger,'temporary work

and finishing work are allowed to deal with.

According to the meteorologieal data at Narathiwat and Tak
Bai for recent ten years, monthly 25 days of less than 2 mm
rainfell'afe identified as workahle'&eys; hence,.QOG workable
days are led throughout a year. There are eight hours of daily
labour being deemed offieiel standard, and additionel'hours are

allowed for over-time.

Traffic Conditions

Physical distance from Bangkok to the site along the
national highway is 1,200 km. The Yala gquarry is 120 km far
away from UTR, and UTR is 35 km from LTR. The laterite mine at
Sg. Kolok is 55 km away from the center of the Project area,

"The trafflce condition from Sg Kolok to the site along the

national highway 4084 and 4035 is excellent, while that of Yala

‘ quarry along the local highway is also good
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(3)

(4)

The branch being stem from highway is fairly good but the
access to each site is not deemed good; for which an access
foé&“and its maintenance have to be kept during the
construction work. Temporary. laterite pavement is effecitive
means.to keep the access road and work yard's trafficability

good.
Construction Work Mode

The civil work construction of UTR and LTR would be
implemented in the form of package contract under the
simnlténeously-proceeding programme from commencement to
completion. - Design, manufacturing and Installation of the UTR
and LTR gates‘Would proceed to keep abreast with the pfogress
of civil work. The work starts from the equipment
mobilizaition from Bangkok and Hadyai and completes at the

accomplishment of gate performance test.
Materials

‘All quarry products are conveyed from the Yala plant.

Sand is taken from thé mid-stream of Mae Nam Yakang., Laterite

is taken from the source.located at Sg. Kolok. Cement is

difectly conveyed form the production plant in Yala. Steel bar
is procured from the rolling mill in Bangkok. . Timber and
plywood are gathered in the general domestic market in and out
of the Southern Region. RC piles are manufactured at the

centrifuged plant in Bangkok and conveyed to the site.

Excavated soil from the river'bed for new connection
channels is fully utilized for land réclaiming in UTR and LTR.
The so1l taken from hill top.in the UTR area is applied for
access road embankment and jetty access, Excess soil is
applied for general filling. Filling material necessary for

the LTR access road is forced to bring from the nearest borrow

.bit ‘around LTR by all means. Closure dam embankment material
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(5)

(6)

for Mae Nam Bang Nara is taken from the river bed after

stripping top loose by a dredger.

Only the steel sheet pile is imported from overseas via

Port Bangkok,
Labour

Labour force is formed as mixed manpower organization
adopting the better part of skilled and unskilled labourers
gathered in the Project area and partly very skilled from
Bangkok and Hadyai. TFor the dredging/reclaiming work, the
alien expert crews would.be required to deal with the dredger,
1ift boat and tug boat operation for six months in the Project

year 4,
Civil Work Construction Procedures

For the UTR and LTR regulator body construction, the
caldron is excavated by backhoe and soil is conveyed cutside by
dump track. A size of the caldron is planned so as te flt to
the regulator body size taking into account the workablility of
heavy equipment. The caldron is protected from the overflow by
a temporarily built coffer dam, and dewatering pumps are
arranged to keep 1ts bottom dry during the construction work.
In the caldron, the main structures of regulater body, wing
wall, apron and riprap are constructed and the gates are also
installed. Such work extends for two years over the one rainy
season; however, the most of civil work should be properly
arranged to complete before the flood season., The coffer dam
for caldron work is removed by the dredger's breakthrough

during the construction of connection channel.
RC pile and steel sheet pile are driven by the crawler

Diesel driver. ~All embankment being done by on-land equipment

is compacted with tire roller and certain percent of laterite

5-20



sandwitch layer, and the water content is adjusted by sprinkler
and proctor density tester. The surface of reclaimed land is
levelled by Bulldozer 32 ton all ways. PC bridges,
post—-tengion for UTR and LTR are manufactured near the

regulator body and are erected before the rainy season,

Concrete plant is trans-relocated from the existing Sg.
Kolok site to a new plant site at hilly tract nearby UTR. The
plant of 30 cu.m per hour batching capacity processes more than
200 cu.,m per day of concrete to be conveyed by certaiﬁ numbers
of truck mixers to UTR and LTR, and to be casted by concrete
pump of 43 cu.m per hour capacity. The total volume of
concrete mixing for all structures including PC bridge and
architectural work would reach to 14,200 cu.m, while the

regulator body nedds (2,980 cu.m of concrete placing.

A set of the dredger fleet consisting of 1,350 Hp dredger
with capacity of 5,800 cu.m per day dredging, lift boat, tug
boat, pontoon and floated sand pipe plays the role of dredging/
reclaiming work for UTR and LTR to process about 600,000 cu.m
dredging Including stripping top loose within limited time.
The work starts from UTR and terminates at LTR after onme and
half of roundtrip navigation along Mae Name Bang Nara. A
complete set of the dredger is due to be mobilized and
demobilized from and to Singapore via trans-Malaysia at the
beginning of the Project year 4. New comnection channels are
excavated by the dredger and are broken through after the gate

installation. Channels' side slope is shaped up by dragline.

The Bang Nara closure dam is filled by two stage banking
method. The lower stage is built by sub-water level filling
method using off-shore discharge pipe floated and anchored, and
the uppef stage is filled by off-shore trestle discharge pipe.
Jetty and access road are constructed beforehand., Toe riprap
is dumped by barges'being towed by tug boat after receiving

riprap from dump truck at fetty stage. The jetties are
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(7

situated in the upstream of UTR, and remain. afler the
completion of job for the- convenience of speed boat quay in
future, River bed-top loose is stripped befqre_the.toe;riprap
dumping and- dam material dredging. Surplusdembankment and
slope, and crest road shape—up are carried out. after the
dredger's dam embankment and slope is protected by riprap

pitching.

Power lines are arranged at the beginning of civil work to
make temporaxry supp1y50f=eiectricity tonUTR,_LTR.andrbatcher
plant for lightiﬁg, welding, vib;atipg, batching, etc: The
mode of power cupply is converted_ffom'the temporary tc_the
permanent before thé,performance test cf gate function for the
permanent use, The power_supplj_tdmigg is indicated in the
schedule., RID, in this regard, is requected to take necessary

procedure to get the timely supply from PEA.
Gate Work

Gate ﬁanufacturing starts togetﬁcr.wich.thc commencément
of civil work from the process.of gatc-designing and approval
of every detail. Gates and related system are manufactured
within eight months and transported to the UTR and. LTR sites
just after the ralny season, The installation starts

immediately at UTR and LTR_respectively,having common use of

_erection cranes, Embedded parts- and sections ave built in the

civil RC structural. work iﬁ.-advance in orrde':.' to accept the gate

iﬁstalla;ioﬁ, while the necgssary_anchor holes and bank holes

are arranged according to the detailed_designing.

The permanent powér supply has to sfart immediately after
the: completion of wiring - and electric cubicles. The serial

performance tests are carried out before the coming rainy

season, -Operation and_main;enance practlee and know-how are

all due to .deliver to. RID togéther with manual, spare parts,

loosc equipment and tools.
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(8) “Coﬁstruction Schedule

_ Ihe_conStruCtion.échqdule for UTR and LTR_is affangéd-éo
‘as to have clear understanding about the fight time limit and
‘the adver51ty of flood in rainy season. ‘Thé bar chart -
schedule% as compiled in Table 5-6 are endorsed by the: network
dlagram as explalned in Table 5-7 with the work procedureq and

order nunbers.
5.1.4, :que of_Operations

* The ‘both UTR and LTR are the gated weirs to be provlded
:for keeping the water fresh in the Bang Nara storage, with the
“functions of preventing the sea water intrusion from the Gulf

of Thaiiénd'through-the-downstream rivers as well as of
controlling the water level impounded in the storage. For this
purpose, these tidal regulators arewoperated so that the_infiow
into the Bang Nara water storage canrbe Quickly discharged to
the Gulf of Thailand during the flood §tage and also the normal
stége in principle in line with the operation to maintain the

normal impounding water level at EL + 0.40 m.

The structure of the regulators has a two~leaf roller gate
of overflow type &t each of UTR and LTR. The upper leaf of
such gate can discharge the surplus water in the storage by
overflow in case of drop~down of the leaf crest. The lower
leaf of the gate can discharge water by submerged flow in case

. of opening the gate partly, and the regulators have enough
cross«sectibnal area to discharge the flood water with a full

opening of the gates.
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The procedure of epefetions with refereﬁce-to'Figures 5-1

and 5-2 1s outlined as follows:

(1) Closing of the Regulator Gatee
When the water. 1eve1 in the storage 1s 1ower than the.

downstream tide level, every gate 1s closed to prevent the

adverse flow.

(2) Operatlon for Overflow _

When the impounding water level in the storage 1s higher than
the downstream water level and the vertical dlfference between
fwo levels is not large, the surplus weter is discharged as
overflow by the upper leaf. In this way, the_operation of

drop-down of the upper leaf is executed timely.

{3} Submerged Flow _

When the water level in the storage is higher than the
downstream water 1eve1 and the vertical difference between two
levels is large, .the surplus water is discharged as submerged
flow by the lower leaf. In this way, the_lower leaf is opened
partly and high salinity remaining in the lower layer ef.the

Bang Nara water storage can be discharged.

(4)  Full Opening

When a large amount of inflow into the storage during the flood
discharged through the tidal regulators, every gate is fully

opened,

The impounding water level in the Bang Nara eterage would
be generally_operated by adjusting a relatien among the three
funetiens: (1) outflow for the irrigation purpqee, (ii)
grohndwetef IeVel'adjacent te the.ferm]end,.aed (14i1) outflow
to flush the sand bar across the river mouths, If water level

of the storage is 10wer than the normal impounding water level
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for a fairly'léng time, the gates of the tidal fegulatérs would
be closed. But when the water level fluctuates in and around
the hormal impounding water level, these gates would be

controlled pertinently,

The Nam Baeng channel from Mae Nam Bang Nara to the ocean
with a tail tidal regulator about 400 m upstream from its
channel-end was open sometimes during the high flood season,
but wasréoon blocked from the ocean side by a sand bar right.

: cfoss the opening to a level of approx. EL +2.0 m. During the
1984 flodd, the sand bar was opened by diggiﬁg'a narrow ditch
and then adding the flowing water for flushing sand. In order
to make any outlet open, much of the sand would have to be
artificially moved from the east side of the ocutlet to its west
side. In case_of the Nam Baeng regulator, the same operation

procedures would be repeated.



FIGURE 5-1

(1) All Close_que

s

T 43X

1 Fresh Water ;J

Sea Water

If H, < 1.03 Hy, all gatés are
closed in order to prevent the
adverse flow of sea water,
Even if H, > Hj, the following
condition is required to start
the underflow gate operation.
When the water level of the
reservoir 1is 0.5 mj

Hl"H2.> 13 CIli
Hl" Hz > 16 cm

UTR:
LTR:

(3) Submerged Mode

—_—
Fresh =
Water :
Fresh Watcer ///
ty Hy
Saline Wedgg
o

1f the vertical distance between
inside and outside water levels

is considerably large, the under-
flow gate can be opened., Because
water flow through the underflow
gate will have the potential energy
enough’ to push back saline wedge
shown in FIGURE
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(2) Overflow Mode

"fﬂ

" Fresh Water

Hy

Sea Water

‘Even if H] > Hp, when the under-
flow gate can not -be opened . in order
to prevent the adverse flow of

sea water, surplus water and river

maintenance flow are.discharged
through overflow gate.

"{4) Full-open Mode

According to hydraulic simulation,
when water level in the reservolr
is 1.0 m {M5L) and the outside
condition of the gates is in high
tide, the discharge in the river
through UTR is about 500 m¥/s, and
therefore, all gates of UTR must
be opened fully. If the gate
discharge is Q, in the case of UIR,

Q = CBW xV 7g~ M = 0,62 x 120 x 4.8
x/ 1976 % 0.1 = 500 m/s.

At the preparation of flood stage,
when the discharge at the confluence
of the Yakang river and the Bang
Nara river is more than 500 m3/s
(equal to 250 m3/s at x 73 in the
Yakang river) and a rising of water
level in the reservoir continued
more than 0.5 m, full-open mode
should be started.
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FIGURE 5-2 UNDER FLOW GATE OPERATION N ORDER TO
CONTROL THE INTRUSION OF SALINE WEDGE



5.2 Acidic Water Flow Check Facilities
5.2.1 General Concept

The location of the facilities would be chosen in
consideratlon of  the profile of the river: which needs acldic
watér flow check facillties as Outlined in para 4 2.5 of
Chapter 4.' With the fact that the potential acid sulfate
soil exists 0.5 m under the ground.surlace, the facilities
would be located so that the ﬁpsfréam watéfllével ln the
river is less than 0.5 m under the glound surface ‘to” prevent

the potent1al acid sulfdte soil from oxidizing.

In order that the gate for discharglng small amount of
1a1nwater in the dry season can be operated ea51ly, the
facilities would have a fixed weir on either side of the gate

within the range of existihg river width.
5.2.2 Location and Types of Facilites
(1) Location

The optimﬁh'numberuand'1ocatioﬁ of acidic water flow check
gates are detérmined éonsidering longitudinal section of the
'_target river (Refer to Figure 5-3). Location of the water

level check gaté is shown below: _

;oiKhlong Ku Bae Ya Hae (1 place)7
KM, 04000 (At the rviver mouth)

O'Khlong Sg Padi" (2 placeq)
KM; “0+500: (500 i upstream from the river mowth)
KM. 6+000_' o

o-Khlong To Lang (] place)
. KM, 2+200(About 1.5 km upstream from the axisting check gat&)



(2)

Khlong Bang Toel (4 places)

On the boundary of Lhe Study area between Lhe To Daeng Swamp.
Types of Facilities

Two kinds of facilities, (1) fixed'Weif fyse'and (2)'

movable gate type, are designed for the water level control

-facilities. The facility with a Fixed- type welr is of simple

construction, and needs little operation, so that 0 & M cost is

lower than the others. However, the fixed type welr sometlmes
causes overflowimg of flood water; inundating the upstream area
in the flood season. On ‘the other hand, the gate type

structure is movable so that the structure does not cause

~any flood influence at its upstream When adequate flow area is

given. but Lhis invites complicated operatlons and higher 0 & M
cost. Considering these merits and demerits, the most suitable

type would be selected at each of the proposed sites.

o Khlong Bang Toel

"8ince the To Daeng swamp is located at the upstream of the
sites, it would in no way Impede the operation to raise water
level at flooding time. 'Therefore, the fixed-type facility

is used on this river.
o Other rivers

Cpusideriﬁg the topographic and social conditions, the slide
_gate type facility would be applied. Especlally, the radial
_gate type facil:ty would be employed for Khlong 5g. Padi due

to the considerab]e flood discharge.

5.2,3 Site Geology and Soil Properties

Major check gates include those of Ku Bae Ya Hae,



Sg. Padi No,l, Sg.Padi No.2,. and To Lang. The following
desc1ibe the site geology and soil properties of the points'
where the gatee,:other than the To Lang, are to be provided

For the To Lang gate, refer to para. IX-3-1 of Appendix IX.

Topography and Geology

_ The propoeed location of the Ku Bae Ya Hae gate is at a
confluence point between Khlong Ku Bae Ya Hae and Mae Nam Bang
Nava, that of the Sg Padi No. 13 gate at a Confluence between
_Khlong Nam Baeng and. Mae Nam Bang Nara, and that of the Sg
.Padi No 2 gate at a confluence between Khlong Nam Baeng and
Khlong Sg. P&dl.. The elevation of each site is +Q.4 to l.ﬁm,
and the locatioe-is in swaﬁp efea.. These'eifes_are_shown.in

Figufe IX-2-2 of Appendix.iX.

The geologlcal cond{tions at each site consist, from upper
to lower, of a very soft clayey sllt layer, a medium to very
stiff clayey silt layer and a sand layer, and_partly of a peat
layer and a granite layer in other areas {refer tozFigufe'

IX~2-3 of Appendix IX}).

The foundatlon of exisLing bridge (Pi Leng prOJect) is of
the 8 to 18 m length pile construction presumably being held in
a medium to very stiff clayey silt layer. As_is clear from the
fact that N-value of this layer is 3 to 21, it implies that the

.layer would have in part a considerably high bearihg ¢a§a¢1ty
Cand a iarge friction resistance would be generated against the
:pilesjheing drivee in. ﬂcweﬁer,'in.fhe'clayey.eilt'layer,
_sett Lement would poesibly occur., A beefing stretuﬁ should,
therefore, be the sand layer or granlte layer distrubuted at a
depth-of 10,9 to 25.3 m'or lower, The pile 1ength for the

regulator under the Pi Leng project is designed at 20 m,
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The pile length of the.gatgs and thefaildw351e-béériﬁg
capacities of the sand or granite layer when used ‘as a bearing

gstratum are as shown below:

Allowable bearing
Gate -

Length of pile (m)

capacity (ton)

‘Ku Bae Ya Hae 17 ~ 22 119 - 246
Sg. Padi ¥o.l 27 - 28 281
‘Sg. Padi No.?2 25 - 140

Note: (1) Type of pile = precast reinforced concrete.pile
(2) Size of pile = 400 mm x 400 mm
{3) Calculation formula = refer to Appendix IX~3-1.

So0il Properties

The soll properties of each layer are as presented in

Table 5-8. Bulk density, nature void ratio, cohesion, angle of

internal friction, compression index, and coefficient of

perméability are estimated by the same methods as applied to
- UIR in para. 5.1.1.

‘Table 5-8 Soil Properties (Acidic Flow Check)

Ce

Clay - Silt
Layer - Very soft te soft Medium to very Sand
. stiff
N-VALUE 0 -4 5~ 24 8 - 50<
LIQUID LIMIT 47,9 - 78.8 48,5 - 56,25 -
WLo(Z) o : . .
SO0IL CLASSIFICA~ . OH. MH. CL, CH CL. CH SW., 8P,
TION (ASTM) ' SM. SC
BULK DENSITY 1.4 - 1.7 1.9
_rt (g/lem”)
NATURE VOID 1.1 - 1.7 - -
RATIO: €n
COHESION 0.03 - 0.25 0.31 - 1.50 0
O (kg/cm”)
ANGLE :OF “INTERNAL - 0. -0 29 - 42
o FRICTION ¢ (°) . _ .
COMPRESSION INDEX 0.34 - 0.62 0,27 -~ 0.42 -
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5.2.4

(1)

(1)

(ii)

(111)

Preliminary Design

Ku Bae Ya Hae Check Gate
Catchment area

As the poteutial acid sulfate soil in the embankment of
the Ku Bae Ya Hae canal is distributed up to approx. 5 km
upstream of the’ Junction of Khlong Ku Bae_Ya Hae and Mae Nam
Bang Nara at the ground elevation éf + 1 ﬁ, this check gate
would be provided near the above junction point. The

catchment area at this point is 14.3 sq.km.
Design flood discharge

The design flood discharge at this catchment area would
be 12.58 cu.m per sec when calculated on the basis of the
drainage module (8.8 litre per sec per ha) referred to para,
4.3.1.(2) of Chapter 4, On the other hand; the design flood
discharge for the Khlong Ku Bae Ya Hae construction project
Carriéd out.by RID 1s 12.822 cu.m per sec., With this in
mind, the design flood discharge would be set at 13 cu.m per

sec,
Gate width

The 2 kﬁ section of.Khlqng Ku Eae Ya Hae ffom the
junction péint was éonstructed at a drainage canal gradient
of 1: 8, OOO with a design ve)ocity of 0.62'm per sec. To
prevent silt from building up, a velocity of 1, 0 and 1.5 m

per sec is often used, therefore, through-gate velocity would

be taken at 1.5 m per sec. The elevation of the check gate

"bottom would be -2.383 m. AsSumiﬁg the water level is

“maintained at EL 40.5 m because the potential acid sulfate

soil on the:upstream side 1s distributed, at EL +1.0 m, water
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depth would be 2,883 m (Refer to Figure 5-3). From the
above, the width of the check gate would be:
13.0

B= 45« 2.883 =30

" In this connection, the difference in water level
" between the upstream and downstream of the gate would be
hA = 0.10m which is derived from the equation for floed

2

discharge through the gate, Ah | 1 Q
' 2g (U.B.H).

It can be jﬁdged that the gate would in no way affect the

upstream.

The typical configuration of the check gate would be

shown as follows:

I (,n Slide gate
1}

.
o

Fixed weir

3.4m Q.5m
X }

L r g O EL. (4) 1,017

< k™ = | :
*\\\ B P ]

) -~
T~ 2
1S N L TRL.(9)2.383
» 3.0 m
5.0 m

Bottom width of
Khlong Ku Bae Ya Hae



(2)

(1)

(i1)

(iidi)

Sg. Padi Check Gate
Catchment area

The water quality survey made for Khlong Sg. Padi
indicates that the section of about 7.5 km extending from the
polnt where Khlong Sg. Padi joins Mae Nam Bang Nafa to the
upstream contains the acidic water. . And, the soil
distribution chart shows that the strong acld soil is
distributed within this section. Jﬁdgihg from the
topographical conditions based on the rel%ef map (scale:
1/10,000) and assuhiﬁg the junction point bf Khlong Sg. Padi
to he KM.0 + 000, it would be considered neceséary to.provide
a check gate near the stations KM, 0 + 500 and & -+ 000,

_Sihce both stations are located in closge viéinity each other

when measured in comparison with the overall basin and the
left side of the downstream 1s blocked by the dike
constructed as part of the Pi Leng project, both stations

seem to have almost the same catchment area at 78.2 sq km.
Design flood flow volume

From a drainage module (B.2 litre per sec per ha),the

design flood discharge would be 65 cu.m per sec.

Gate width

From the site investigation, the conceivable
configuration of the river near the station KM. O + 500 is 28
m in water surface width and is some 20 m in riverbed width
with side slope of 1.; 1. The estimated riverbed elevation
near this station is -~ 3.50 m, and the estimated river
gradient at the downstream area of Khlong Sg. Padi is 1 to
10,000, When the flow velocity within the flood flow check
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gate 1s set at 1.5 m per sec, the gate width would be:

B = -——-4.._65

8% 3.6 ° 11.2m say 12m

(Ah =

0. 10m)

From the above, the typical configuration of the check

gate would be shown as follows:

o Check gate No, 1

No.0O + 500
-~ Radial gate
N - ‘\\x -
“ - RN g e
R RS
o)
-
{(-}3.5
6. 0m 6.0m
] 20.0m

o Check gate No. 2

No.6 + 000

i Radial gate
|

Fixed welr
K (+)1.6

(4)0.5

1

"f;jl.o

/
~. . /
tj:;xi:" \f:><i:/' (-Fixed welr
7 .\\\\ ///// 1 A2,
Yoo
(0.9}~
&”lf""
{(-13.0
N 6. 0m 6. 0m




(3)

&Y

(i1)

(ii1)

'-h(iv) |

To Lang Check CGate
Catchment area

Currently there is the check gate 700 m upstream from
the point where Khloﬁg To Lang.joins Mae Nam Bang'Nara.
However, judging from the tbpographical_qonditions of the
Khlong To Lang basin area, this check gate wbuld be
insufficient to provide acidic water control. Therefore,
another check gate would be provided at a point 2.2 km
upstream from the junction point. The catchment area at this

point is 6.7 sq.km.

Design flood discharge

Ffom_a'dtainage module (9.1 litre per sec per ha), the

design flood discharge would be 6.1 cu.m per sec.
Gate width

As in the case of the Ku Bae Ya Hae check gate, the flow

veloéity thfough this check gate would be 1.5 m per sec. As

the elevation of existing check gate bottom is EL - 1.0 m and

the riverbed gradient of approximately 1 to 8,000, the
elevation of the riverbed at this point would be EL - (.75 m.
Also, assuming that the width of riverbed is 6 m and the side
slope is 1:2, the water depth.required te allow the above
flood discharge would be 1.65 m. Therefore, when the water
depth where the check géte'stands is taken at 1.65 m, the
gate width would be 2.5 m with “h = 0,10 m,

Cénttol’water level

. From the relief map and other data, the ground level
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(4)

(1)

around the drainage channel upstream from thls gate is around

EL + 1.5 m, therefore, the control water level would be set

at EL + 1.0 m,

From the above, the To Lang check gate would be designed

~below:
|
= — fd o p
ﬁig, .:f/' Slide gate
SO
E o
(Y‘)' \\
o _ <i Fixed weir
E ” . Y ) T .
; 1.5
o M ) CEL.(H)1.0 -
~ : 2__F R -
\\ =] = B L d
~. @ FWL. (+)0.9 .~
~ (_\; -
~ rL.Q// ’ .
| D L AT EL.(-)0.75

[*_QLSm

6.0m

Bottom width of Khloug To Lang

Bang Toei Check Structures

Location

The high acidity registered in this river could possibly

be due to thé-fact that the potential acid sulfate soil

distributed along both banks or upstream of the river changes

into actual onme although the soil distributed along the

downstream section of this river can be controlled by an

gffective operation of existing check gate, it is difficult

for existing gafe to control the water level in the far:

upstream, and then the provision of new check structures at
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(ii)

four places at the upstleam end of the main etream and

tributaries of existing river would be neceesary
Type of structures

The upstfeam side of the proposed check stluctures faces
expansive grassland/swamp area without human settlement. No
problems are envisaged when the water level on the upstream
side is to be raised in the rainy season by the prov1sion of

a fixed welr. In the dry season, as. the wate1 ]evel in the

_ controlled river course is kept 0 5 m below the ground level,

(111)

i N

there would be no effect on the env1r0nment of this regnon.

With this in mlnd a fixed weir type ‘check eructure with

lower construction cost and easier maintenance and control

would be designed
Typical configuration

The typical configuration of a weir would be
accomplished taking into account the cross ~gectional -shape of

the tributary. As the ground level of the upstream side is

approx. + 1.5 m, the top of a weir subject to the normal

overflow would be set at EL + 1.0 m.

6,0m_ oo 2.0m 6, 0m L
2.0m 2, Om I
SN ! | CLEL.(1.5 |
. - _\<\ . gi 'I _ [EL.(+)1.q;/’
. \ .
1 CN o~

0. 5m

2.0m -

'k*CreesieedEion
Khlong Bang

14, 0m

of
Toel
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5.2.5 Mode of Operacions

¢))

(2)

Geﬁeral

Since the subject fac111Lies are to prevent the potential

'dc1d sulfate soil From changing to actual one, the effective
_operation of the facilities during the dry season takes a’ hlgh

;p:iority.: During the ralny season, because the ground surface

is.thordughly_wet by frequent rainfalls, it would not ‘always be

necessary to keep this river water level 50 cm below the ground

_surface of the problem soil, and if the gate is closed, it

WOﬁld'bé fathér dangerous for the upstream region to be damaged

by'pbnding For this reason, the gate should be kept open in

. the- heavy rainy days.

During the dry season, the gate is closed to store outflow

“'watér in the river course so as to hold the surfounding

gr&ﬁﬂdwéfér'level. For the purpose of facilitating the
adjustment of water level, it is suggested'that a pldate bearing
the ground elevation and control water level for use in water
leVel.adjustment is displayed in a visible manner so as to
fender a rise in the water level vs, the rainfall in the

upstream reglon instantly recognizable.
Operation of Existing Check Gates

Since existing check gate has no fixed weir, the water
level gauge on the check gate would be promptly checked to
confirm the curr.ent water level whenever the region is subject
to rainfall, and, if necessary, the gate would be opened to
reléase fhe stored water, In this case, caution should be
exeréiséd in ensuring that the water level in the upstream
reglon does not become toc low. However, in the case of
low- flow discharge, a marginal excess rLIease of the stored

waler is allowable being subject preferably to a thorough
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investigation of the outflow mechﬁnics in the upstream region

to establish a suitable method in advance.
{3 Operation of.the Proposed'Cheek Gates

Ae the new check gate has a fixed Weir,roperation of the
‘gate can be simplified HoweVer; when the ‘water in the
upstream region is ‘above the tolerable level _the gate would be
_ opeued to releaee the water stored In this connection, the
check gate would be provided with the mahimum water level
capable of tolerating an overflow from the fixed weir only 80
‘as to ease the gate operation in- relation to the watel level

in the upstream reglon.

The fOregoiog ﬁas outlined the check gate ooeratlon. In
. carrying oot the_actual operations, the flood characteristics
in.the'upstream region should always berthoroughly investigated
in advance to establlsh the most sultable gate operational

crlterid for each site.
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5,3 ﬁréiﬁégé Impiqvemeﬁt Faciiities

5.3.1 General Concept

5.3.2

(1)

(a)

(b)

lImﬁrévémeﬁtnwbrk'of the'dféiﬁage cahal would Bé carried
out by adopLing the Ldrth canal method. The longltudinal
gradient w0uld be determlned in such manner that the velocity
at the time of flooding would not cause scourlng, and the
drops would be provided wherever required, The embankment of
drainage canal would be used as a maintenance scrvice road
_with sufficient width to endbie it to functlon as a vlllage
road too. Wherever the drainage canal intersects existing
roads, the bridges would be 1ebuilt as occasion demands.
Also, in high*lylng paddy field where the drainage conditions
are poor according to the_site ‘survey, ney drainage canals

would be provided.

Preliminary Design

Expansion of existing canal cross-—sections

Design flood discharge

Thé.deéign flood discharge from each of the canalv

for 1mprovement would be obtained by using a 13 JO 000 scale
relief map for the catchment area and then by using the
drainage module in para 4.3.1 of Chapter # for the design flood
discharge for each point, The design discharge for improvement

is presented in Figure 5-4.

Dimensions of canal

(1) Cross-section would have a ratio of 1 for water depth to
2 for bottom width, so that excavation depth would not be

too great in relation to the required discharge.
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(ii) Conoidering the stability of slope qurface in terms of
consolidated cohesive soil, side slope gradient would be

taken at 1:1.5,

{(iid) Because the riverbed material consists of cohesive soil
| ~and the flood lasts for only a shorL period flow
velocity would be set at 1 1 I pe1 sec which is 50 percent
cgreater than 0. ? ™ per sec of the normal design flow

ve1001ty.

(iv) Freeboard (Fb) would be given will be calculated by
applying the following equation'

Fb 0051) !-‘nv+015 ,
Do Water depth (m) .
hv Velocity head {(m).

”

From the above conditions, the canal dimensions Qould he

given as presented in Table 5-9.
(e}’ Doéign cross-section eanal and 1éngth to.be.improﬁed.
From the above design flood diéchafge and'fﬁe canal
dlmensionq, the improvement section of problem drainage canals

15 shown in Fjgure S-4, and the typical design cross ~gsections

are_shown in Figure 5-5,
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(2) . Construction of new-canals

(a) Desipgn flood discharge

'gghegroject

1. Ban Lo Mo

3. Khlong:Ku-Ra_Po

6. Khilong To. Che (1)
St L@

8. KhléngVChang.

15. Ban Sala Pradu

16.. Khlong Sala Mai

f

Drainage area . Design flood disﬁhérge Q)

(km2) - | ~ (m3/sec)
1.2 1.27
2.3 - 2,44
2.2 2.33
2.7 2.48.
4.0 ©3.68
1.8 1.91
3.2 3.40
(1.1) L @aan
(2.1) (2.23)

(b) Dimensions of canal

The conditions to determine the demension of new canals

are as follows:

(1) The ratio of water depth to bottom width at 1:2.

(i1) Side slope gradient at 1:1.5,

{ii1) Bearing in mind

the riverbed material, the flow

velocity 18 the same as the case of - improvement of

existing canals.,

(i) Fb'= 0.05D + hv .+ 0.15.

(v) From the'topographical conditions at each location, the

- longitudinal gradient of the canal would be generally be

1:1,000,
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From these conditions, the dimensions of,thelganql would
be established as follows. 'Typiéal?cr5384§écfion'df7the=new
canals is shown in Figure 5-6, and the canal dimensions are

given below:

Sib-project’ | Q(m3/sec) | b(m) - d(m)  Fblm)
Ban Lo Mo | 1,27 1,40 0.70  0.25
Khlong Ku Ra Po  2.44"  1.80  0.90  0.25

6. Khlong To Che (1) 2.33 1.80  0.90 0.25

| | () 2.48  1.80  0.90  0.25

8. Khléng Chang 3.68°  2.10  1.05  0.25

15. Ban Sala Pradu  1.91 1.80  0.90  0.25
16. Khlong Sala Mai  3.40°  2.10  1.05 ~ 0.25°
o . (1.17)  1.40  0.70  0.25

e (2.23) . 1.80 0,90  0.25

(3) Maior appurtenant structures
(a} Drops
(i) Type

In order to adjdst’ekcéséiﬁé heads of the canal course as
well as to allow a safe and uﬁhindered functioning of the
.canal, drops would_bé.provided along the canal., Drops
would be of a vertical type and of an inclined drop, as

pfésénte& in Dféﬁiﬁg No.ID 11 at the end:of“this'Réport.

Bécéﬁse of the topographical conditions, most of the drops
would be of vertical type. The inclined type would be
employed at the drop site where the Bang Nara ‘storages
normal 1mpounding water level is maintained ip its
irimmediate dounstream side and its water depth is

T-éufflcient for energy dissipation.



In Eﬁfal"3ludrdps“(26 vé%ttcal'and 5 inuiined)‘would-be
installed for eanh canal according to the design canal

profile, as listed below‘_

Khlong Type of Canal Dfops

(refer to Table 5-9) Vertical = “Tnclined
Khloné'Ku Ra Po v 2 -
Khlong Na Ko ' I1 1 1
Khlong To Che VIl 1 -
Khlong Tm Bo Manang  II 1 -
S . - o ]
Khlong:Kﬁok:Niang ' "11 1 -
R ' 11 2 -
Khlong ct{an'g | T11 3 -
woo v 2 1
Khlong Ba Ngo Du Dung =~ IV & -
" VI 3 -
W yIIT - 1
Rhlong Ku R'on:g Ya Ma 11T 4 1
Khlong Sala Mai ' O Ir ' 1 1
5

Total ' ' ' 26

(1i) Structure

The'vertidal'drop woﬁld have the wmaximum head of 1.5 m,
.7and after heading, water would be thoroughly energy
dissipated in a stilling basin, and subsequently led to
the downstream canal. The vertical drop would be of
reinforced concrete structure. (Refer to para 3;1."Design
of Vertical Drop" in Appendix IX). |



For inclined.drcp, it would be of wet mannry structure

because of low stress dynamically applied to the
structure. (Refer to 3.2 "Design of Inelined Drop" in
Appendix IX)

(b) Inlet structures

(1)

Number of installations

An inlet structure would be provided at the junctiqn‘of'
the improved canal and its tributary so as_tﬁ protect the
embankment of the canal near the junction.énd éuétain the
continuity of the service road. Moreover, in order to
prevent the groundwater level in the area around the
canal from being lowered as a result of the canal w1den1ng
and deepening, a stop-log would be installed upstream of

the inlet to maintain the water level of the tributaries.

The number of inlets provided would be determined from the
topographical survey made for Khlong To Che including

Khlong Lu Bo Manang Section where total number Of

-tributarles entering the 15.6 km section would be nine on

both the left and right embankments i.e. one inlet at
every 3.5 km-interval. Applying this interval to others,

the number of inlets would be as follbws{

Khlong . Length No. of Inlets

~ Khlong Ku Ra Po 9.0 | 6
Khlong HQVKO : | : 4.9. - 4
Khlong To Che 15,6 9
(Khlong:Lﬁ_Bo_Manang) | .

Khlong Khok Niang ' 5.5
Khlong Chang ' 9.8
Khlong Ba Ngo Du Dung 10.5
Khiong'KunRong Ya Ma 4.7

P = O = A

Khlong Sala Mai ' 5.0 4

Total B 65,0 43
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(iij Cross=sections

(c)

5.4

When it is assumed that the catchment areas of all inlets
are approximately equal, an average figure of approx. 2.5 sq.

km for each inlet would ‘be obtained based on the Khlong To Che

_médélf Using .the drainage module to establish the design flood

discharge for this catchment area, a figure of 2.65 cu.m per

:sec.wodld"be obtained. "Assuming the flow velocity is 1.1 m per

‘sec. heing equal to that of the upstream side canal, the cross-

sectional area of the canal would be 2.4 sq.m (1.25 m by 1.25

my..

'Bridges

¢ Whenever the improved canal intersects with existing
roads, Bridgés ate currently provided, Since the cross-section
and’ depth aldﬁg the improved canal would be greater than those

of existing canals, such bridges would be replaced with the

. concrete structure as occasion demands. Table 5-10 shows the

location and size of these bridges.

Irrigation Facilitdies

5.4.1 General Concept

The irrigation facilitles envisaged for the project can be

" elassified into three categories of (1) WUG pumps, (2) RID

pﬁmps and (3) Gravity irrigation facility. Each of the
facilities varies in the methods of water intake and
cbnveyance because the respective location of their water
sburces and 1rrvigation area is all different. With these
differences fully in mind, a proper preliminary design has

been made to fully demonstrate the functlen.



Figure 5-4
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Schematic Diagram of Drainage Tmpwovement Systemg
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) Téxb-l'e\:. 5"9 ; ‘i-).iﬁléns'ioﬁ dfl"rbéosed :Drainagé Canél.', (Typicél Type)

o

‘A, D D

T ype b B B I

'(mB/Sec.) . (mz) - @ (m) m @ (W
I 5 A9 1.3 09 20 0.3 59 4.7 1/700
iT - 10 9.5 1.8 1.4 3.0 0.3 8.4 7,2 1/1,100
m 15 4.3 2.1 1.7 4.0 0.3 10.3 9.1 . 1/1,400
v 20 19.0 2.5 2.3 4.0 0.4 11.5 10.3 1/1,700
v 25 23.8 2.7 2.3 50 0.4 13.1 11.9 1/2,000
Vi 30 28.6 3.0 2.6 5.0 0.4 14.0 12.8  1/2,200
vIt 35 333 3.2 2.8 6.0 0.4 15.6 144 1/2,400
VITT 60 57.1 4.0 3.6 8.5 0.4 20.5 19.3 1/3,500
% 80 76.2 4.0 3.6 13.5 0.4 25.5 24,3 1/4,000
B -]
o B! —




~do- -do- ~-do-

Table 5-10 List of Bridges to be‘_lImprove'd in Drainage - Improvement
o . " Scheme ' ' o ' L

No. Stalt\:%c.m _'Iype qf Road Type of Cénal Spén Ba;ggtﬁ Helght ' ) Note '

Khlong Ku Ra Po 4 ) . a ;__ I - - _,

1 No.14800 Amphoe Road ~ V 1400 40" 300" Type - IIX
2 No.}600 Natiomal Rd. -do- -do- 55 ~-do~-  ~-do-

3 No.M200 Amphoe Rd. v 4.5 4.0 3.5  Iype- II
~ Kilong Na Ko '

1 No.24200 Anphoe Rd. 11 6.5 4.0 2.5 Type - IV
2 No.3#300 - do - ~do-. -do- ~do~ ~do- ~ -do-
3 No.4+200 - do - ~do- -do- -do- =~do- - do -
" "Rhlong To Che - Khlong Lu Bo Manang o

1 No.24000 Amphoe Rd. Vi1 18.0 4.0 40 Type- I

2 No.2+600 - do - ~do- -do- -do- ~do-  -do-
3 No.74700 Natiomal Rd. v 13.0 5.5 3.0  Type - IiI
4 No.114700 Amphoe Rd. I 10.5 4.0 2.5  Type - IV
5 No.13+900 - .do - - do - ~do- -do- - - - do -

Khloog Khok Niang ¥/

1 MNo.6+500 Amphoe Rd. 111 11.5 4.0 2.5  Type - IV
2  No.94800 National Rd. 1 10.5 5.5 - do - - do -
1 No.4+100 Amphoe Rd. v 13.0 4.0 3.0 Type - 111
2 No.7+350 MNational Rd. i1 -do- 55 -do-~ - do -

Kﬁiongja Ngo Du Dung 1 _

1 No.4+750 Amphoe Rd. VI 155 4.0 3.5  Type - II
2  No.74000 National Rd. - do - -do- - 55 -do-~ - do -

¥hlong Sala Mai _
1 No.0+250 ARD Rd. 1. 105 50 2.5 Type- IV
2 No.14750 - do - - do - - do -

-1/ Station No. shows the distance from the Bang Nara Water Storage.
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5.4.2

WUG: Pumping Scheme

.Eie%étion'6fii£rigatien7afee wifh Wﬁé Pﬁhpé

As previouqu described 90 percent of the total paddy
wrea (3, 870 ha) Lo be 1rr1gated by the use of WUG pumps is

]ocated bclow EL +2 m, and the remaining 10 percent at a

'range of FL -+ 7 to 4 m, Based on these figures, the

elevatlon of the area irrigated by the WUG pumps can be

'conqidered as high as + 2 m.

Total pump head

The operatlon waLer level of the Bang Nara water storage
is normally EL + 0. 4 m and rarely EL -0.2 m. Pumps would be
ineLalled along the Bang Nara tributaries and farm drain and
water be pumped up - directly to on-farm fac1lities. It is,
therefore, unnecessary to make allowance for any pipeline
loss. Based on this, the requifed total pump head would be
2.45 m for the low-lying paddy field and 4,45 m for the

. high~lying paddy field taking into account the loss in the

short length of the water conveyance pipe.

Irrigable area per pump

The examination conducted at the sSample area design
indicates that the irrigable area per.pump would be 20 ha
belng managed by one WUG, Since it 1s desirable from the
viewpoints of pump operation ahd ﬁéiﬁteﬁence under one group

to use one pump unit, the irrigable area for one pump unit

- would ‘be taken at 20 ha, With additional consideration given

to the unit - water requirement the required pump capacity

would be 1.65 cu.m per min.



Type of pump

Based on the abovemmentioned conditions, the pump with

the fo]lowing:spec1fications would be selected

Type of puﬁp: Self pr1ming centlifugal pump
Nozzle dia : leO mmx élOO o

Total head :-'5 m .
Capacity :j: 1.65 m3/min
Revolutions : 1,800 rpm

Engine power: 7 HP

In addition, the pump and its gaéolinéHEngihé would be
secured on a common' base and be driven together through a

direct flexible coupling, in order to f301litate

'transportation, The gross weight of pump and engine would be

-approximately 100 kg and they can be easily transported by a

simple carrier.

Number of pumps

Tﬁe irrigable.aréa.by WUG pumps'ﬁould be.3;870 ha for
the whole of the Bang Nara water storage basin, and the

required number of WUG pumps would be 193.

5.4,3 RID Pumping Scheme

eh

Site-of pumping stations

_  _ Based on the conditions where the RID pumping station is
to be 10cated the irrigatlon water would be conveyed by
_ utiliz1ng the drainage canal a8 headrace from the Bang Nara

water storage:
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Né.'. ?umping'étation Dréiﬁégé caha1 ﬁO'be usedr-

Thé‘lécétiou which can be considered fbf-tﬁé'ﬁumbihg'

station would be (i) downstream area, (ii) midstreém area and

With respect to these

alternatives, advantages and disadvantages can be examined as

Upstream

area

Large

Large

Small

Small

3 Du Soﬁg KhlénéINa Ko
5 Khok Ti Te Khlong Chang
6 ~ Maru Bo Khlong Ku Rong Ya Ma
7 _Sala Mai Khlong Sala Mat
(i1i) upstream area of each Khlong.
follows:
Dowvmstrean Midstream
Ttem  area ' area
Excaﬁéfion‘of Small Medium
headface
Right—ofﬂway Small Medium
of headrace '
Length of ' Large ' Medium
conveyance ' '
channel
Right-of-way of Large Medium

conveyance channel

Protection High
against flbod' embankment

level required

Ouly'SMall
scale of
embankment

required
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(2)

No.

Based on .the above in conaideration of the civil work, the
unit cost of embankment is greater than that of excavation,"
and the upstream area is more advantageous. In this case,
however, the depth requiled for a headrace would be great and
consequently this plan would not be of the realistic
configuration. In addition, in consideration of the difficulty
of acquiring any land as Well as -a high flood ]evel during the
rainy season, it can.be judged that provision of the pumping
stations at the midstream of the respectiveJKhlong would be the

most practical.

Examination of elevation at headrace bed

Tirst, the basic fattdr'invdlved is'fo establish the bed
elevation of the headrace vs. the lowest impbunding wafér level
of EL - 0.2 m at the Bang Nara storage, to select the 1ocat10n
of the pumping station within a range less ‘than 5 m in the
excavation depth of a headrace, and then to calculate the
distance of headrace, Based on the concept that the bottom
width of a headrace is the same as that of the draiﬁage canal,
the conveyance loss in the headrace section is calculétéd'by
applying the non~uniform flow equation (refer to para. 4.1.
of Appendlx I¥.). Based on the calculation, the bed elevatlon,
water level at the pumping station and its location from the

river mouth of the respective Khlong would be shown below:

Bed level of

Pumping station dréinage canal Water level _Stétioﬁ Nd.

~ooen oW W

_ (EL ~ m) (EL - m)
DuSong . . - 1.6 . - 0.36 KM.3 + 300
Khok Ti Te - 1.5 0.42 KM.3 + 500
Maru Bo . - 1.1 0.29 - KM.5 + 400
Sala Mai - 1.1 0.29 KM.1 + 300

P

1
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(3)

: It is anticipated that deep excavatibncofnthe:drainager
canal as headrace could result in new acidic water generatiOn.
Soil investigation indicates that the potential 301d sulfate
soil s distributed over Khlong Ku Ra Po from its mouth to
approxlmately 3.5 km upstream point such as an 1atersection
with a national highway and over Khlong Chang £o a point
approximately L km_from its mouth. The possible measures for
preventing such préblem soll from changing the potential into
the aétual would be to install a stop-log ét the upsfream side
of the box culvert (confluénce point with theé tributary) Eo be
?fﬁbidéd under the'draihagé-imprbvement scheme, and the river

flow would be stored in the upstream course of this tfibutary

'during the dry season so as to prevent the groundwater level

from lowering. This stopwlog would be constructed so that
whenever the river flow exceeds the established water level
dﬁriug the rainy wéather, the excess water would overflow its

crest tbnprotect'thé upstream area from ponding.
Punp and delivery channel
Type of pump

' The fixed pumps to be introduced can be divided into three
typaé'bf'(i) volute pump, (i1) axial-flow pump and (iil) mixed
flow pump Since the actual pump head is within the Yange of 5
to 11 m in consideration of the water supply network for
irrigable area and the average discharge of pumps is 22 cu.m
per min, the use of vertical mixed-flow pump 1s the most
sﬁitéble; taRing into account éhe'probable cavitation with the
suction head of 4 to 6 m., 1In addition, the vertical type pump
takes a motor above the pump body, therefore, it is
advantageous with regard to pump equlpment protection

particularly in view of the flood level. Details of the pump

" type selection is discussed in para. IX-4-2 of Appendix IX,
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Type of pumping statioo”

The following three types of configuration would be

contemplated for a pumping sLation.with a vertical mixed»flow

pump:

(1) Provide a yeinforced concrete wei}=aﬁ§ mount  pumps

thereon.

(11) Drive in piles within the headrace, construct a concrete

slab on the driveh piie heads, and mount pumps thereon,

(1i1) Instail inclined pumps at right angles to the surface of

the embankment slope on one 51de of the headlace.

- As a result of compariug these configuratlons, the pumping
station of the type (iil) would be considered‘the_moSt'
beneficial with regard to the construction cost and

maintenance (refer to para. IX-4-2 of Appendix IX.).

Delivery channel

Two types_of-(i)Vopen‘ohannel-and (ii):Pipe channel would
VEe cootempieted for lifeinglwater_to:the-heae_ofrirrigation
ohenpei froﬁ pﬁe pumping.seapion.‘ Its.seleotion wouid deoend
on.thejdifference,io_elevet%OH_begyeeo_the_pumoing_sfetione
point end its.starting point of the irfigefion cﬁaﬁnel .-The
comparison . study for the. both cages as qhown in para.,IXHé 3 of
_.Appendlx 9.4 explains that an open channel Lype takes 1698
'ieonstructlon cost when the height of embankment is less than 3
e_to 3. 5 m and the. pipe channel type is favorable when this
height is more than Lhe above Therefore, the type of delivery
hchannel would be determined in consideration of the
_.topographioal conditions of each pumping Station and Lhe water
: level at the starting point of the open channel, The following
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table shows the proposed pumping stations for which the pipe

channel 1s to be adopted

GL. of WL, of EL, of

Egm?iﬁg station pump  canal  bund h. Delivery channel
i Pu Ta +5.8  47.7 +8, 2 2.4 Open
7  Khao Kong +7.5 19,1 +9,6- 2.1 Open
3 Du Song 4+3.4 +9.6 +10.1 6.7 " Pipe
4 Taﬁ”YOHg Mat +16.,8 +15.7 | +16.2 VR Open
5 Khok Ti Te (1) +3.5 10,8  H1.3 7.6 Pipe.
(2) +3.5 7.4 +7.9 4.4 Pipe
6 Maru Bo +3.9  +8.4 +8.9 5.0 Pipe
7 sala Mai = +3.0  #6.5 47.0 4.0 Pipe
8 Ko Sawat = +4.3 +6.4 +6,9 2.3 Open
9 Phru Kap. Daeng +4.3 +6.9  +7.4 0 3.1 ‘Open
10 Ku Cham +3.0 +6.9 +7.4 b4 .Pipe

ihe typical in—pipe;design flow velocities used for

selecting the pipe diameter are given below:

Diameter ' Design velocity (m/sec)
(mm)

200 - 400 0.9 ~ 1.6

450 - 800 1.2 - 1.8

900 - 1,500 1.3 - 2.0

The pipe diameters for the proposed pumping stations are

shown below:
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Diameter of

Pﬁﬁping station: Q (m3/seéj.- Eigesliﬁe'
_ . f:(ﬁm)‘A'
3. Du Song _ 1.22 . 4900
5. Khok Ti Te (1) '0.84 : $800
() 0.70 | 4800 .
6. Maru Bo 0.65 . - 4700
7. Sala Mai 0.68 - 4700

10. Ku Cham 0.26 - 4600

The prestress concrete pipeé would be used in
consideration of the total héad of each bump in the range of 5

to 22 m and the'pipe'diameter.betweén $600° to 900 mm.

" In addition, water hamsering may occur in the case of pipe
channel laid over a long distance, or depending on the- °
undulafing conditions. The topography in the subject area is
inclined in one direction; however, the possibility of water
hammer occurrence would still exist particularly when the
extension of pipe channel is great. As a result of examining
the_ldngitudinal distance of each pipe channel, it‘is'apparent
that the piﬁe channel of the pumping stations at Dﬁ*Song and
Khok Ti Te (upper and lower) would be susceptible to water
hammering, therefore, the fly-wheels would be attached to. the
pump of each pipe channel in this case. Table 5.11 shows' the
contents of punping station equipment resulting from the above

examinations.

Geological conditions

The Project ‘area is largely divided into beach-sand afea,
swamp and old.swamp area, and flood plain area (refer to Figure
IX-3=1(1)y, Appendix IX. 3.1), where the beach-sand and flood
- plain -areas would be the foundation for pumping. stations. The

clayey silt with N-value of 5 or the sand with N-value between
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(4)

5 and 10 1ies near the ground surface, and no poor:fouﬁdetion

exists, As illustrated in bigure IX.4.2 of Appendix IV the

proposed pumping stations would ‘be of light—weight and
load*decentrallzing structure. Bearjng ‘this fact in mind the
proposed pumping stations would be bui]t without any foundation

Lreatment
Main and lateral channels

Selection of channel types

Based on the lavout of irrigation canal networks .In the

respective pumping irrlgatlon echeme, the typlcal rate of water

'dlscharge in ‘each channel is shown in Figure 5-7. Bearing this

debign discharge in mlnd the gradient with which the
embankment of each chdnnel can be minimized has been selected
from-the topographical conditions, and then the crogs sections

have been given as is in Table 5-12.

 Appurtenant facilities

o Division works or Farm turnouts

A division work or farm turnout would be provided at a
diversion point from the mein channel to the lateral or to a
service unit. The diversion work would have a slide gate at
the inteke and transverse in a pipe culvert under the
embankmeﬁt of a channel. A'partialnflume capable.of
medﬁﬁfing*the discharge rate would be provided at a diversion
point of main channel so that the discharge rate aftex
diverted could be ascertained. The typical design of these

facilities are presented in Drawing No.ID5.
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o Check gate

.In order to eneure that the required water is diverted
-through the division work the water level at the divieion
point should be maintained as, des igned hor this purpose, a
check gate would be piovided at a location determined in
consideration of the 1ong1tudina1 configuration of the
channel The check gate would consist of an overflow palt as

a fixed weir and a gdate section as a movable part.

o Drops

In order that the flow velocity along the channel is -
maintained within the tolerable limit, channel gradiente
would be adgusted " To this end, a drop as shown in Drawing

No. ID? would be provided wherever required
o Crossing structures

At a point where a channel intersects another fac1lity, a
croseing structure would be provided to hinder the function
of the other facility. The pipe culvert, syphon end agueduct
are explained in Drawings No;IDG'and ID8,

o'Combination spillway and outlet

'ih‘b;eef thet.the channei oe:pfevented from‘collapse nhen the
channel neter overflows its embankment as a result of an
-'unusual water 1evel, a spillway would be provided upstream of
Lhe diversion point of the main channel near exieting river
'__or canal In addition, the spillway would be needed with an
'eoutlet function to empty the channel for maintaining and

l.repairing of the channel.
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(5)

Summary of systems

1ist of structures

All of.the.vafioﬁs structures'éo far described:havexgéen:

designed Qn‘preliminary basis in line with the lodggibn_maps

andappofilesiof_the_irfigation channels and are'coliectively
. listed in Table 5-13,

0 & M roads

National.highways, ARD roads and Aﬁphoe foads are currently
available in the Project area. As'is_obvibus from Table 5-13,
when.the_bapks_of.the_main and lateral canals are_nseﬂ for the
.purpése.of_roaq_communicationj_ﬁhe rural road would be newly
éxtendéd by 150km, -and it is expééted that such 0 & M road
wouid also be served for the farm to maketing purpose and be
useful.in improving the life of the villages as a means of

better communications.

5.4.4 Gravity Irrigation Scheme

Intake facilities_

The intake would have a slide gate at its entrance and a pipe
culvert with the diameter of ¢600 mm in consideration of the

diversion rate of 0.25 cu.m per sec to serve 180 ha.

Cross-section of canal

In consideration of the topographical conditions and the
total channel length of 1,6 km, the channel gradiént would be
taken at 1:600, The channel cross-section required would be
b=07m d=20.35m, side slopes of 1:1.5 and V = 0.6 m per
sec, providing that this chaunel ig of the same type as that

of the RID pump scheme,
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Crossing structures

For thc purpose of eliminating the effluent from ‘the mountain
behind the area, three drain culvert would be provided with
each of three dl 000 mm reinforced concrete pipes arranged in

parallel.

Rehabilitation of existing canal -

As. the dischergiﬁg capacities of’existiﬁg cheﬁﬁe1s.Ba§e .
defefierated“es a result of accumulated eEdiment;itheee
‘channels weuld Be"rehebi]ifated'aﬁﬁ tHéﬂ“cehﬁected to the new
channel so that. irrigatlon can be carrled out even in’ the dry
‘season. The total 1ength of existlng channels rehabilitated

would be 6.5 km.
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Figure 5-7 Schemdtic 'Diag'ram of RID Pumping Trrigation
Systems
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5.5 On-~Farm Work and Demonstration Farm
5;5.1 On-Farm Work
(1) Design Criteria

_The on-farm facilities‘consist,of a_farm CUInoﬁt, farm ditches,
division boxes, checks, farm inlef {or farm turn-out), road.crossing
aﬂd.farm drain. A farm road is not recommended in thié aréa in
‘order to avold farm land reducing. After_farm mechanization would
ﬁrogress in future, however, the farm_road would be necessary and be

constructed by farmers themselves. -

- Farm turnout with measuring device
When the watef usérs' group want to get water from the main or
lateral irrigation canal, a farm turnout with measuring device
should be operated to achieve good management in the irrigation

services.

- Farm ditch
A farm ditch which has_to convey'ifrigation_water'to a field
smoothly would be aligned along the existing paddy dike and be
touched to every land owners' field in principle. Depending
upon the ‘topographical conditions, fhe éupplemental farm ditch
would be needed. The ditch has a:tfapezoidal'cros$~3ettion
.with_a side slope of 1:1 and the minimﬁm bottbm width‘and water
depth of 30 cm. The diteh would not be.lined'by concrete or
other materials except for a poftion with high embankment,
sandy soil area and a curve point, The bottom“siope of 1:400
_to_i;S,OOO would be applied_bésed on the topographical

condition.

:\The farm &itcﬁ densify of about 25 to 70 m per ha or 4 to 10 m
:'perffai wouldfbe designed. It would be rather difficult. to
"red@ce_iﬁs denéity because of ‘the topogfaphic condition with

*dimingtive variation of a'gfound surface and the adverse slope
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"égainst water flow. ‘(refer to Figure VIII-2-12 and Tables
VITI<2-20 to -25 in Appendix VIII)

Farm inlet

When the farmer wants to take irfigation-watgr to his field, he
operis a farm inlet on a farm ditch. In principle, the farm
inlet would be provided for each of few land owners' plots.
When' the commanded acreage excéeds more than 15 rai, another
farm inlet would be provided. The ‘farm inlet consists of
concrete pipe Wifh'diameter-of 200 mm and a wooden stbp log.

{refer to Table VIII~2-19 in Appendix VIII)

AppUrtenaﬁt-sttucturés

Vafibus'éppurteﬁant‘strhttures like check, road crossing,
drainage créssing and ete. would be provided at necessary
“points. - Where the farm ditch is crossing a depression area,
‘existing drainage canal and proposed farm drain, the drainage
crossing would be provided to protect the destruction of farm
ditch by concentrating the excess surface water to be drained.

(refer to Drawing No. 0-4)

‘The ‘check which ‘ngeds to keep the field ditch water level for
casy diversion would be located at the lower side of a farm
inlet. The structure consists of a wooden wall and stop logs.

(refer to Figure VIII-2-13 in Appendix VIIIL)
A foot bridge would be provided for farmers to cross a farm
ditch with an average interval of 500 m on a farm ditch length,.

(refer to Drawing No. 0-4)

A farm drain could drain excess water on a field guickly, The

farm drain would be constructed when necessary.

A farm road would be necessary to transport farm inputs to a

field and farm output from the field and to make agriculrural
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mechanization.  The farm road with 2 m width, 0.5 m height and
without pavement will be required along the farm ditch In

future if farmer wants.
{2) Preliminary design of On~Farm Facilities

The sample layout of on-farm facilities has been carried out on
the topographical maps at a scale of 1 to 4,0001prepéted by.RID in
1986. The three sample areas in the Study area have been}séletted
considéring the topographicréOnHifions such as slope,_théQSizg'of a
paddy plot and so forth: A farm inlet would be provided for few
land bwners‘ field which has several paddy dikes,. Therefore,
irrigation water flows from a paddy plot to the neighbouring field.
On the. other hand, a farm drain would be provided at the lowest
portion in a service unit in order to drain excess water and to
convey irrigation water from the Bang Nara water storage to a WUG's
pumping if no existing creek is avai1ab1e. (refer to Drawings No,

0-1 to 0-3 and Tables VIII-2-22 to -27 in.Appendix VITT)
(3) Construction Plan

Prior to the implementation, the topograﬁhic naps on a scale of
1 to 4,000 which have a contour interval of 25 cm in the flat area
in priﬁciple'and indicate the boundaries of paddy plots and existing
road and creeks or streams will be prepared in order to align the
facilities, The coﬁstruétion of these on~farm facilitles Including
appurtenant structures would be carried out by the members of water
users' group under the technical assistance of the RID staff. The

right-of-way for the facilities would be offered by the members.

5-80



5.5.2, Demonstration Farms .
(1) Proposed Locatlon and area

In consultation with:the Changwat Plénning Unit and DOAE
Narathiwat with an agreed target that a demonstrétion_farm is
provided in each:of Amphoe Muang Narathiwat, Rangae and Tak Bai, the
selecfion of such sites have been made at fl) Ban Ku Ra So, Amphoe
Muang, (2) Ban To Lang, Amphoe Rangae and (3) Ban Cha Ro, Amphoe Tak
Bai, as.presented'in Figures 5-8 to ~10. Since these sites are'
locafedjfn the center of a series of exilsting paddy fields, it is.
expected_to.demonétrate the intended objectives to the Project
farmers on effective basis; however, the final location will be
determinéd by the Chéngwat Committee which is responsible for

implemelitation of the proposed Project,
The name and acreage of the farms are as follows;

- Ku Ra S0 Demonstration Farm : in Ban Ku Ra So, Amphoe Muang
Narathiwat 13.81 ha ( 86.3 Rai)

- To Lang Demonstration Farm :. in Ban To Lang, Amphoe Rangae
23.49 ha (146.8 Rai)

- Cha Ro Demonstration Farm : in Ban Cha Ro, Amphoe Tak Bai
26.10 ha (163.4 Rai)

(2) 'Preliminary Design

The Figures 5—8 to 5-10 show the preliminary layout of the
facilities in each demonstration farm. The design criteria for
on-farm facilities as is discussed in para. 5.5 of this chapter has
been employed. Table 5-14 shows the list and quantities of the

on-farm facilities.



(3) Temporary Water Souvrces

It is proposed that the three demonstration farms would be
provided and operated during the initial period of the Project
implementation when the Bang Nara water storage is not completed.
It is, therefore, required to take the {irrigation water from

temporary sources.

‘After construction of two tidal regulators, each farm is in a
position to take water stored in the Bang Nara ﬁater storage. The
Ku Ra So and Cha Ro farms belong to the WUG pumping scheme, while
the To Lang farm would get the irrigation water from the RID pumping

station,
a) Ku Ra So Demonstration Farm

According to the estimate of groundwater availability near the
site, the yield of about 180 litre per min (255 cu.m per day)
would be expected from a deep well. Since this yleld is not
enough for the maximum amount of irrigation water requirement
as envisaged, the Er0ppiﬁg intensity of the upland crops would

not reach the proposed 25 percent.
b)Y To Lang Demonstration Farm

This farm is geographicﬁlly located at the flood plain. The
yield of about 120 litre per min (166 cu.m per day) from a deep
well would take less crop intensity of the upland crops during

the off-season.
c) Cha Ro Demonstration Farm

It would not be so easy to take the Irrigation water from a
deep well iu_this area because of probable salinity
concentration of water at existing wells around the area. The
careful study and detailed analysis of water source for this

farm are, therefore, requested in future,
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Table 5-14 - List of Quantities of On-~Farm Work for

Demonsgtration Farms

LT EM

Demonstration Farm

Ku Ra So¢  To Lang  !Cha'Ro
I Acreage (ha) 13.81 23,49 - 26.10
- (rai) (86.3) (146.8) (163.4)
2. Temp@rary deep well.(set) 1 _l‘ 1
3. wuc's-pgmping faéility (set) 1 1 1
4. ¥arm ditch (m) 729 1,050 1,968
5, Farm Inlet (pls) 7 9 12
6. Road crossing L=4.0m (pls) 1 3 -
7. Divislon box (plé) 1 1 3
8. Curve Protection Works (pls) 8 8 13
q, Check.(éls) 4 10 8
10. Concrete'lining {m) - - 340
11, Drainage crossing 1 - 2
i2. Foot Bridge 2 3 4
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CHAPTER 6 ORGANTZATION AND MANAGEMENT
6.1 Project Implementing Agencies

There are a wide range of the Government agencies providing the
gervices for water resources and related agricultural development in the
Bang Nara Irrigation and Drainage Project, Most of the agencies are
within the Ministry of Agriculture and Cooperatives (MDAE)'or the
Ministry of Interior (MOI). The functions of key agencies are outlined

below:
6.1.1 Royal Irrigation Department (RID)

RID would be responsible for design, construction and 0 & M of the
tidal regulators, fixed drrigation pumps and related canal networks up
to the outlets into the terminal servicé units, and drainage channels.
RID also provides technical assistance, in strong cocoperation with CDD,
DOAE, CPD and others, in organizing the water users' group (WUG) in each
irrigation terminal service unit and extends technical assistance to
each WUG in planmning, design, construction, 0 & M and water manégement

for its service unit,

The programme would be directed and supervised by the head office
located in Bangkok where major tasks would be handled by the Design
" Division for detailed design, the Large Project Construction Division
for construction work and the 0 & M Division for the subsequent O & M
activities together with the cooperation of other Divisions concerned,
It has been informed that the proposed Project would have a project
manager at the UTR site who has the rvespongibility for directing the
Project construction to its completion under the supervision of the
Large Project Construction Division, and the Project office is staffed
with the required construction, engineering, mechanical and
administrative staff to perform all aspects of the construction

activities,
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0 & M activities of the Project would be the joint résponsibility
of the 0 & M Division in Bangkok and the Reginnal Office in Hadyai. The
latter office supervises the operations in Region 12 including the
Changﬁat Irrigation Service, Narathiwat which executes the actual 0 &M
of the Project during the initial period, but later on when approved by
the Budget Bureau, It 1s antiéipated that the 0 & M Project Branch of
the Regional 12 Office would be responsible for the 0 & M of the subject
Project with a project office headed by a project engineer as are seen
in the cases of Pattani and Muno. It is noted that RID was originally
responsible for the formation and supervision of water users association,

but this function has been transferred to CPD.
6,1.,2 Department of Agricﬁlture (DOA)

DOA would be responsible for research on all aspects of crop
production including paddy, all field crops, horticultural crops and
rubber. The DOA's headquarters is in Bangkok which services the Project
area through a regional rice station at Pattalung'and a substation at
Pattaﬁi as well as a regional rubber research center at Hadyai., DOA is
currently being strengthened through the World Bank-supported National
Agricultural Research Project, and it i1s expected that the specific
initiatives would reach the Project for sometime when additional

resources are made available,
6.1.3 Department of Agricultural Extension (DOAE}

DOALE with the head office in Bangkok, its regional office in
Songkhla and its Changwat office in Narathiwat, would be responsible for
extension services on all agricultural commodities except livestock,
marine fishing and forestry. The field services are staffed with a
supervisor (Kaset Amphoe) in an extension office of each Amphoe and with
a number of field extension workers (Kaset Tambol) in the facilities of
Muban Headmen. The extension activities are being strengthened through

the World Bank-assisted National Agricultural Extension IT Project which
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providCS for a maximum ratio of one Kaset Tambol to 1,000 farm families
gith the TV system operation. The subject matter specialists at

changwat level are required to train Kaset Tambol.

POAE is constrained in the provision of extension services in the
project area. The first is that about a half of the field extension
workers cannot speak Jawl with difficult communication with the Thai
Muslim farmers. The second is that Kaset Tambol are not trained to take
a whole farm approach te extension; hence, their services are often
inapproprilate to local reeds ov not coordinated with the development
effort of other agencies. It is proposed in the Project that these
factors would be overcome and a ratio of one Kaset Tambel to 500 farm

families would be realized during the development period of the Project.
6.1.4 Department of Land Development (DLD)

DLD has the headquarters in Bangkok and a regional land development
unit in the Pikulthong educational and development center near
Rarathiwat., TIts current programwes are more detailed soil and water
survey and land classification in Changwat Narathiwat and research on
development and wmanagement of organic soile including the reclamation of
acid sulfate soils, DLD would have a crucial role under the Project in
the specification of land ecgpability at micro level and in collaborative
efforts towards developing proper management practices for the poor

soils in the drrigation service area.
6,1.5 Livestock Development Department (LDD)

LD headquartered in Bangkok would be responsible for all aspects
of the livestock promotion inclusive of breeding, forage production,
animal health, animal production, artificial insemination, diagnostic
services, quarantine and vaceine production, LDD has a Changwat office

and a center in each Amphoe staflfed with ore technical officer and an



agsistant., A 200 rai, forage research center near the Nam Baeng tidal
regulator .carries out the research of forage specles, and a 700 ral seeqd

production center at Sg Padi is being developed for pasture seed

production.

It has been explained that the'iDD’s mejor'prooleﬁ wouid be the
inability to prov1de appropriate extension serv1ceq to the livestock
producers due to under~etaff1ng and under- funding at Amphoe level, In
some areas, the Kaset Tambol from DOAE attempts to cover animal '

production extension needs but he suffers from lack of the technical

backup.
6.1,6 Department of Fisheries (DOF)

DOF would be respousible for servicing hoth the marine and
freshwater fisheries in all espects of production and merketing with the
exception of the:extension service for small pond culture that is the
responsibility of DOAE, Its head_office ig in Bengkok,-and it has the
Changwat office, Narathiwat and the.Amphoe fisheries office, :Tak Bai.
DOF also has a brackish water.fisheries statioh Under canstruction at
- Tak Bal and the National Institute for Coastal Aquaculture (NICA) at
Songkhla. DOF would be responsible for promoting the Bang Nara
freshwater storage fisheries under the Project, for which fish fry are
available from the fisheriles station at Pikulthong and the DOF hatchery

at Pattani.
6.1.7 Cooperative Promotion Department (CPD)

. CPD would be responsible for promoting the establishment of
cooperatlves including the waLer user's group for each irrigation
service unit as well as a cooperative for the Bang Nara water etorage
fisheries under. the PrOJect. In addition to. the Changwat office, CrD
has two officers located at each Amphoe. More particularly, CPD would
play an important role to promote adequate types of cooperative
‘organlzations for economic activities in crop agriculture, fisheries,
1iveStock.production, credit sopply, purchase of production inputs and

~marketing of agricultural produce as well as non-agricultural
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commodities and manufactured goods, making use of the opportunitles of

dealing with farmers of the water user's groups,

-The Land Settlement Division of CPD has been active in Changwat
Narathiwat in attempting to éstablish land settlement cooperatives., A
unit at Pileng, Amphoe Rangae which is located in the Study area has a
plan to settle 334 landless farmers in total upon development of the
area of the Royal Asseut on the margins of the To Daeng swamp. To date,
the land settlement cooperative includes 116 farmers with partial
failure of the project due to over-drainage of organic and acid sulphate

soils and lack of a viable farming system.
$.1.8 Department of Local Administration (DOLA)

DOLA in the Ministry of Interior would be responsible for the
Changwat Administration consisting of Changwat office, Amphoe offices,
Tambol and Muban councils as well as the local administration comprising

Changwat Administration, Municipality and Sanitary District.

The Changwat Government is the primary unit of territorial
administration and is a Local State Government because it is a
hierarchical unit administered and stalfed under the deconcentration
system by thée Central Government, The Changwat Administration,
Narathiwat s under the authority and responsibility of the Governor who
is appointed by MOI and assisted by the Changwat Board consisting of
their respective ministries such as education, agriculture, health and

S0 On.,

Amphoe 1is headed by the Amphoe Officer (Nai Amphoe) who supports
the administrative work of the Governor at district level in the field
of administration and technical services. He is appointed by MOI and is
also respousible to his Governor. Amphoe Officer also supervises the
Tambol and Muban, and he is regarded as the most important link between

the Government and the local people,
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Tambol is a group of Muban, and its delimitation 1s decided by the
Central Government. It is headed by Kamnan elected by Muban headmen who
is charged with several dutieé-involving both civil and crimiﬁal
matters, keeping law and order and looking after public weifare._ Muban
is the smallest unit and the keystone of Changwat Administratibn, Tt is
headed by the elected Puyaiban (Muban Héadman) who keeps 1awﬁénd order,
maintains records and is the leader in public emergenéies. He is not an
official of the Government, but, like Kamnan, under supervision and

control of the Amphoe Officer and the Governor,

The Changwat Governor is responsible for overall coordination of
the various agencies at local level with particular responsibility for
full mobilization of the Changwat Administration and local
self-administration system, and also specifically reéponsible through

the Changwat Planning Office for overall coordination of development for

the Project,
6.1.9 Community Development Department (CDD)

CDD under the Ministry of Interior has .the resbonsibility to assist
Muban people in identifying and planning the rural development scheues,
help supervise the construction, and organize Muban people for 0 & M in
line with a policy to maximize the participationm of Muban people. Fach
Tambol has a Community Development Worker who acts as secretary to the
Tambol Council, and each Muban has a commlttee for CDD projects. The CD
worker relays requests to the Government agencies and helps the people

‘operate projects built by cother agencies,

CDD, Narathiwat would be responsible for strong assistance to the
farmers organizing themselves for self-help, self-reliance and active
participation in planning, construction and 0 & M for the WUG's

irrigation service units under the Project, as a liaison between the
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project farmers and the Govermment agencies, As a matter of fact, the
community organizers in the Special Task Force Unit proposed in the
project would play a crucial role to ensure the rapild and- sound

execution of the Project, (see para, 6.3.3 of this chapter)
§,1.10 Office of Rubber Replanting Aid Fund - (ORRAF)

ORRAF 1s .a statutory body with the Minister of Agricuiture-and
Cooperatives as the Chairman of the Board, established in 1960. Its
responsibilities are to encourage and assist smallholders to replant
gheir senile xrubber areas to high yielding clones and to operate the
accelerated rubber replanting programme. Its programme is financed by
90 percent of the proceeds of the cess levied on rubber exports with the
target of 50,000 ha replanting per antum. 'By law, QRRAF should strive
to allocate.about 90 .percent of dts available funds to smallholders up
to 8 ha. The replanting grant to individual replanters is currently ¥

30,000 per ha spread over five or six vears.

The headquarters of ORRAF ig in.Bangkok, and its Changwat office at
Narathiwat is tesponsible for implementing the programmes in the Project
Amphoes. The rubber replanting programme would be dependent on budget
allocations set by the ORRAF Board. The programme for the Project area
is Inadequate to remove the bécklog of over-aged or low-ylelding rubber.
At presént, ORRAF does not have the adequate financial resources or

manpower to accelerate rubber replanting in Changwat Narathiwat.

It has been incorporated in the Project that the rubber planted
area where the proposed drainage improvement scheme is contemplated
would be improved, 1In line with this improvement and further good
incentive for the Project farmérs to promote the proposed lrrigated
agriculture, the ‘rubber swmallholders would be duly stimulated and
accelerated to replant their old-aged or poor yielding rubber in the
area, for which additional effort of ORRAF to provide such farmers with
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the grant assistance and relevant technilcal extension services is being

sought,
6.1,11 Marketing Organization for Farmers {(MOF)

MOF is a unit within MOAC which administers programmes to improve
the input supply and product marketing. Fund for these is financed by
the Farmers Welfare Fund which comes from taxes on rice exports and the
deposit of local currency under the Japanese Grant Afid for Imcreasing
Food Production (so-called "KR II Aid"). The programme includes the
purchase of paddy when the price falls below acceptable levels, and
distribution of the fertilizers to paddy growing areas at a standard

rate,

At present, Thailand is importing the fertilizers and pesticides
from Japan through KR T1 Aid. MOF is in charge of the distribution of
fertilizers throughout the country, while DOAE for the pesticides. It
has been proposed that the distribution of such commodities at least to
the Project demonstration farms would be directed taking advantage of
lower prices for the Project in Changwat Narathiwat. Although the MOF
operations in Changwat Narathiwat appear limited, there are large number
of small private traders carrying a wide range of the agricultural
inputs. These traders generally offer a competitive service although it

is common to find that some items may not be available to farmers.
6.1.12  Bank for Agriculture and Agricultural Cooperatives (BAAC)

BAAC is 2 statutory body with the Minister of Finance as the
Chairman of the Board. Its main function is limited to lending to
individual small farmers, agricultural cooperatives and.farmers'
associations for agricultural purposes, excluding agri=business.
Farmets who are. members of cooperatives are not entitled to borrow
directly from BAAC.:jMost.of the BAAC loans to cooperatives are made
available under eredit line agreements including the on-lending to

member farmers,
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Short-term loan of one year is offered for crop production.
Medium—térm lean for up to 3 .years 1s for purchase of equipment, draught
animals, aﬁd.constructing or renovating infrastructure. Long-term loan
for up to 20 years is avallable to individual farmers for.the |
investments in agriculture including'onwfarm investment. Interest rates
for farmers ave l4 percent per annum, while those to cooperatives for
Gnalending_are 11 percent. It can be mentioned that the Japanese
Covernment's Overseas Economic Cooperation Fund (OECF) maintains its
position as the BAAC's leading overseas creditor, while the World Bank
has become prominent over more recent years. By the agreement with
QECF, the prodeeds of the OECF loans have been disbursed mainly to the
BaAC's individual farmers as long-term loans for investment in on-farm
development and agricultural machinery and equipment in specially

selected areas.

BAAC has a branch office at Narathiwat and its field offices in
each_Amphoe with 13 credit officers te serve about 20,000 farmers. BAAC
is currently adjusting the staff unumbers to achieve a ratio of one
credit foicer_per_SOO borrowers. About 25 percent of lending is
through the cooperatives and the balance directly to farmers. Currently
over 7,000 farmers or 27 percent in the Project Amphoes are BAAG
clients, The greatest volume of credit is provided for livestock (50
percent), rubber (20 percent) and fishing (10 percent), while very
little for paddy production except in the lower risk area of Tak Bai.
Despite the normzl problems associated with the provision of small
amount of credit to large members of the small farmers, there is no
reason to believe that BAAC would not be able to supply the adequate

credit for future development needs of the Project farm households.
6.1.13 Southern Regilonal Agricultural Office (SRAQ)
SRAQ established at Songkhla in 1978 under the Permanent Secretary

in MOAC has a main function to coordinate development planning,

research, extension, training and conservation of resources in
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14 Southern Changwats including Narathiwat. It has an executive
committee ¢dmpfised of members of the departments concernéd and 10
commodity subcommittees covering key commodities in ‘the region. To-
.date, SRAO has found 1t difficult to exercise its mandate for -
coordination, atfid 1t 1s ¢lear that the eventual role which SRAO would
play in agricultural development in the Southern region has still to be
decided. It can be mentioned that lack of the coordination would remain
a major constraint to the efforts to achieve a successful implementation

of the proposed Project,
6.2  Project Management and Implementation
6.2.1 Prdject TLead Agency

Aside from the construction and subsequent 0 & M of major civil
work which would be under the sole responsibility of RID,'the key issue
for successful implementation of the subject Project should focus upon
realization of the propbééd itrigated agricultural development programme
through the operation of demonstration farms, the organization of active
water user's groups with subsequent development of on-farm facilities
and the implementation of various extension services to the Project
farmers. This is a serious and challenging task that cannot be carried
out ‘without a concerted effort of the various Government agencies being
coupled with increasing pérticipation of the Changwat administrative
pipeline at Changﬁat, Amphoe, Tambol and Muban levels under the Ministry

of Interior.

-~ Although the responsibility for implementation of the various
Project components providing the agricultural extension and support and
the eﬁgineering infrastructure rests with different agencies as
.eXplained in para. 6.1 of this Chapter, all of these agencles concerned
'areIWithin'thé Ministry of Agriculture and Cooperatives (MOAC) . There
is no’'single line department within MOAC whosé mandate is sufficiently
' brbad_to_cocfdiﬁaté‘the*raﬁgé of activities proposed under the Project,
and there is a‘ﬁéé& for a lead agency or coordinating agency to ensure
that the various individual agencies comply with the overall development

programne and assist other agencies as required,
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It is suggested that an anpropriate agency to serve as lead agency
would be the Office of the Permanent Gecretary in MOAC which has both
the mandate and authorlty needed to take a broad overview of the rural
area development Therefore, ‘the organizatlon structure proposed for
development of the Project consists of the Offzee of the Permanent
Secretary in MOAC as the Coordinating lead agency with individual .
departments and agencies as implementing agencies. It is also proposed
that a senior management poeitlon in the headquarteru of tbe OffiCe of
the Permanent Seoretary in Bangkok would be concurrently appointed as
the ProjecthDirector who would be eupported by a financiai officer,

administretion officer and support staff.

6.2.2 MOAC Administration

Some of the MOAC central departments have the operating units
located outside Bangkok which report directly to their chiefs in Bangkok
vithout formal links or contacts with the Changwat Governor. The staff
in their'operation areas are either paid directly from Bangkok or fund
is transferred from Bangkok to the Changwat treasuries to pay salaries.
In the former case, such agencies are able to act 1ndependent]y of the

Changwat authorities.

The Ch'angwat. administration of MOAC operates under the general
supervision of the Changwat Governor. All fund for such agencies are
dravm from the allocation made in their names to the Changwat budget,
and the Governor has the power=to approve all procurement and staff
promotion, The Narathiwat Changwat administration system operates at
least with DQAE, DOF, LDD.end CPD concerned with the Project. These
dual administrative s&étems as mentioned above are that there are two
independent lines of command, and 18 potential for making coordination
of the Project development difficult, especially when the development
effort requiree the.participation of the central administration

agencies,
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6.2.3 Project Policy and Steering Structure

It has been mentioned by RID that a special board to be chaired by
the Mlnieter of Agriculture and Cooperatives would be organized as a
Central SLeerlng Committee for the proposed Bang Nara Irrigation and
Drainage Project, both for overall planning and’ decision—making
functions at the national level 1he Committee would have its members
compr151ng the Permanent Secretary of MOAC and the heads of all line
departments concerned includlng RID, DOA, DOAE DLD DOF, LDD and CPD-
the Changwat Narathiwat Governor Directors of ORRAF and MOF; General
Manager of BAAC; and the representatives of DOLA and CDD Minietry of
Interior as well as the Budget Bureau and the National Economic and
Social Development Board. The Project Director as proposed in para,
6.2.1, would serve as a chief of the Board Secretariat and an executive

officer to the Board.

This Central Board would meet quarterly with its function to
determlne policy, approve the Project component plans and budgets,
ensure the coordlnation of various_actiulties and to resolve the
implementation problems To do this, the Board nonld be reqnired to
evaluate and monitor progress through the formal reports from the
Project Director's Office and through the routine monitoring carried out
as part of the normal functions of the various participating departments

and agencies.

”nn exieting Changwat Development Committee which advises the
Governor and serves as a coordinating body at Changwat level would be
fully mobilized w1th the Progect policy structure and function at area
development level The Committee undcr the chairmanship of the
Narathiwat Governor would have the members including the Director of
SRAO' the Chief of Changwat Planning Office Changwat heads of all
involved depaxtments or the highest ranking oificcrs in the Changwat for
those agencies without the Changwat repreeentation inclusive of RID,
DOAE,_DLD DOF, LDD CPD con, ORRAF, MOF and BAAC; and Amphoe heads of
Muang Narathiwat, Tak Bai, Rangae and Yingo. The officers in charge of



each bejéct cbﬁ§0nénf iﬁcludiﬁg RID_?roject Manager would be eligible
to attend as observers. The SRAO Director would sefve as a secretary
and executive officer to the Changwat Déveiopment'CGmﬁittee'foi the Bang
Nara Project and be supported by the Project Director stationed in
pangkok. The.Committee.would meet Quartefly in the month.proéeeding the
Central Board at national level and would deal with its functions which
would be genmerally parallel with those of the Central Board and submit

its recommendations to that Board.

The nécessary coordination among the line agencies on the basis of
a multi~agency approach would not be suggested on a voluntary basis.
Given that each agency has established a structural pattern of
well-entrenched competition rather thanm of functional COnsultatiqn and
cooperation, one would not expect that the confrontation could easily be
overcome and reversed into the collaborétion.. It is, thérefore,
expected that the above-mentioned Central Board for the Project outlines
directions as to which agency be responsible for what field, phase,
stage, step or spatial unit of planning, implementation and O & M, 1In
particular, these indispensable directions should stipulate purpose,
objective, approach, technique, method, input, link, control and
information, in order to facilitdte or strengthen functional '
effectiveness, Consolidating and reviewing the budgets for the subject
Project of varilous agencies could assist the Board in guiding policy.-
Finally, decisions on strategy are necessarily dynamic in nature;
therefore by learning from past experience, strategy would be improved

over time,
6.2.4 Project Coordination and Management Structure

The overall responsibility for coordination and management of the
subject Prbject'would rest with the Office of the Permanent Secretary in
MOAC. As a chief of the Central Board's Secretariat and an executive
officer to the Committee, the Project Director would be responsible for
ensuring the effective and timely implementation of the Project and of

all the Board's decisions with the following:



-~ To prepare a consolidated Prqjedt annual plan and budget on the
basls of submissions from the SRAD Diredtor_and_thd Project
~component heads, and to coordinate the component programmes and

budgets where required;

- To ensute_the timely provision of staff, procurement and fund
release by the departments concerned and the Budget Bureau ag

required by the Project;

- To maintain the separate Project accounts for the agencies

financing the Project; and_

- To check the progress of specific programmes in the .field and to
.supervize the monitoring and evaluation of the Project in

cooperation with the SRAO Director.

The Project cocrdination in the field wouid be the prime
responsibility of SRAC headed by a director at Songkhla, alfhough‘both
the Central Board and Chéngwat Committee would assist as required; The
SRAC Director wﬁo would serve as a secretary to the Changwat Committee
would have the key functions, through his assistants, to work with and
through the officers in charge of individual Project components, as

outlined below:

~ To prepare a detailed programme_ahd budget for the Project with
appropriate phasing of activities for submission through the

Changwat Committee and the Project Director to the Central Board;

= To ensure in the field the coordination between the Project
components as required and the timely implementation of the
'Project.partichlafly'for:activities of the Special Task Force

:Unit as explained latar} and
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- To prepare the quarterly progless reports for both the Changwat
Committee and Lentral Board 1ncluding monitoring and evaluation of
.Lhe Project performance, and to bring the implementlng problems
lhat cannot be resolved at field level to the Changwat Committee or

Central Boatd as necessary.
6;3 Water User's-Groups/Assoéiations
6.3.1  General View

larmers 1n the irrigatlon service area are the ultimate users of
the Bang Nara Irrlgation and Drannage PLOJECt These farmers would have
to be relied upon to produce the maximum benefits from the Project;
hence, they would be con81dered as key factors in the successful
operation of the Progect To realize thlS, a strong sense of ownership
would be generated to ensure proper operatlon and maintenance of the
Prolect The fival links in the system for dellvery of the irrigatnon
water to the crops are (1) the farm ditches Including their portable
pumLps directly from the Bang Nara water Storage and (2) the tertiary
canals extendlng from the RID's irrigation canal outlets for the RID
pumping and gravity irrigation schemes, to the farm and the field
itself. While there are many forms of the farmer's partlcipation, it
appears to be reallstlc at this p01nt to form a water user's group for
each of the portable pumping irrlgatlon ‘schemes and of the tertiary
service units in the RID pumping and gravity 1rrigat10n schewmes as the
appropriate minimum spatilal unit or important working unit for cthe

Project water use.
6.3,2 Farmers' Participation

It is strongly stressed that the efforts to organize the local
Farmers into a water users' group after a tertiary on-farm system is
completed geﬁerally meet with serious indifference. This means that the

farmersICOmpletely ignored doring the planning stage assume that since



RID is constructing the onwfarm work, RID would also manage and maintain
it, Qince no shared sensge . of commitment to managing the. Un“fﬂrm-system
is developed during its creation, an. “Each Man for Hlmself" nentaljty is

likely to relgn.

In examining this process, it may be oonoluded.that.the on-farm
development would be left entirely to the local initiative,. With this
participatory programme, community organizers where ‘the construction of -
on-farm work is planned are filelded to the area prior to the design and
layout of the system in order to organize a water usersl group which
would ‘work with the RID engineers in determining the layout of
irrigation ditches and constructing such works. Throughout these
aCtiVitlES wbicn are designed to contribute to the development of
responsible leadership and a well-structured group oapable of moving
spontaneously into constructlng, operating and maintalning the on-farm
work, the communlty organizers would work to ensure that there is '
partioipation from the farmersf/ whose fields lie throughout the entire
sernice area, While this“approach is conceptually simple, the building
of the Government capacity to operate in this manner is surely a major
task for successful implementation of the Bank Nara Irrigation and

Drainage Project in orderly and quick~yield1ng manner.

i/‘..l.; The farmers' participation would strengthen their sense of
ownership and concern with the 0 & M with a greater
contribution to construction and development of the physical

system,
6.3,2  Needs of the Special Task Force Unit

"It is needless to say. that the developnent of'irrigated'agriculture
'under the Progect including the establishment and operation of
demonstrdtion farms require a multi dlscipllnary approach utilizing the
knowledge:of_community organizers in CDD, irrigation engineers in RID,

sgrioultural extension'specialists in DOAE, cooperative promotion



gpeclalists in CPD and administrative personnel in Changwat Narathiwat.
This wdu_ld.be all part of the accepted  truth, but remain-an ideal underx
most'cifcﬁmstanceS.  To .make this 1deal more practical, the Cehtral
Board éhd'Changwat Committes as ?roposed in para. 6.2 of ﬁhis Chaptéer
would need to provide proper Incentives for coopération among.such
Government*agencies}- This may take the form of sﬁecial meetings to
examline possible forms Qf cooperafion,_streamlining.specific_forms of
cooperation between the departments which are currently feasible but too
complicated to.carry out, and providing budgetary incentives for

cooperation by increasing the budgets for joint operations.

_ Taking into account the information of communities and target
groups as well as the current problems from a combination of agronomic,
economlc and social cauées which are introduced in Chapter 3, it would
be imperative, among others, to organize Special Task Force Unit in the
Project to commence tﬁe favorable operation of three demonstration farms
during the initial period of detailed design work for two tidal
regﬁlators and to facilitate the formation of viable water users' groups
during the pre-—construction stage of RID major irrigation work., The
Project_Direcfor would be responsible for ensuring the timely
organiiation and active operation of this Unit and effective formation
of watexr users' groups.ﬁnder'the_direcﬁion of both the Central Board and
Changwat Committee. The field coordination and routine management of
the Special Task Force Unit would be the responsibility of the SRAO

Director under the.éupervision of the Changwat Committee.

The Special Task Force Unit would be composed of the community
development workers or organizers in CDD, agricultural extension
specialists in DOAE, irrigation engineers in RID, cooperative promotion
specialists in CPD and administrative personnel in Changwat Narathiwat
and, when necessary, anthropologists dr rural socioclogists from the
Center for the Southern Thailand Studies at Pattanl campus of the Prince
of Songkhla University. The community organizers who play an essential

role in forming the water users' groups would live in Muban and devote



themselves full-time to developing the-water users! groups -on weekends
when the farmers often prefer to hold thelr meetings, It 1is assumed
that one community organizer is needed per approximately 500 ha during
the first 12 months, while later after construction, a lower ratio is
possible if the strong groups have developed, . Building of the staff of
community organizers who can Speak Jawi and are trained and oriented to
the needs of 1rrigdted agriculture with the recommendations to suit
local circumstances would be a major challenging task for the
Government, for which the lessons to be obtained through the operation
of demonstration farms at three sites to experiment with involving the

farmers from the beginning could be fully mcbilized,

6.3.4 Operational Requirements for the Group Formation

There would be several major needs during the stage of planning the

tertiary irrigation system and of developing a water users' group:

-  to make a full use of both the engineers' technical knowledge and
the farmers' local knowledge in laying out the tertiary and on-farm

system;

- to generate the participation by a broad segment of farmers to
ensure that the irrigation system layout is not blased to favor a
few individuale and to create the sense of shared commitment to the

system that is Important to the subsequent O & M;

~ to develop the group leadership gradually through the activities
that would reveal who is committed to the hard work required to

make the group function; and-
- to develop clear understandings between the Govermment and the

water users' group on the Pfoject particularly regarding what is to

.be constructed, when, by whom and at what cost to the farmers.
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A Variety of the mechaﬁisms would be developed to ensure broad
based farmers' partigipatibn in the layoﬁt of on-farm irrigation_systém.
First ié tb have the férmeré, assisted by the community éfganizers and
RTD staff, look into the maps indicatiﬁg all of the bunded paddy fields
in the area. When each farmer'idehtifies his own paddies, it ensures
early'bfoad aﬁéreness and involvement in the Project from all the
potentiai members of a water users' group. It also identifies exactly
which farmgrs are eligiblé for membérship énd how much laﬁd they
cultiQate.' The maﬁ.can be used for discussions of alternative ditch
locations and can prdvide a bétter basis for déterminihg which paddies
can be reached by each ditch, It also provides a basic tool to use
during O &M stage in deﬁermining water allocation, collecting

irrigation fees and mobilizing for maintenance.

Secondly, to ensure an agreement between the farmers and the RID
engineers on system layout, a series of the meetings are held. The RID
technical staff plan the ditch locations and present at the'meeting, and
this explanation is supplemented by'é walk-through of the proposed
ditch ioéatiohé since the farmers generally relate to the on-the-ground
deécriptions better than to the map. As the preliminary ditch locations
are giﬁen, the farmers obtain the fight of way waivers from the land
owners Invelved, and this is an iterative process since if certain
landowmers réfuse, then the ditch locations may have to be shifted.
Finally, farmers identify who will be served by the system and encourage
them to join the water users' group, and they also develop rules for the

treatment of individuals who choose not to joint the group.

The water users' group 1s provided a set of standard by-laws;
howeVer; these may not be well-suited to the particular needs of the
individual local area and are actually ignored by the farmers resulting
in the water users’ groﬁp not having a well-defined Iramework. To avoid
these problems, the Special Task Force Unit encourages [armers to
develop by-laws to fit their own group's needs which are discussed to
ensure that there 1s wide involvement in the process and agreement on

the rules all members would be expected to follow,
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All of the activities proposed so far would reveal the need for
constant coordination between the member in the Specia] Task Force
Unit. While in most cases close coordination among the engineering
staff and organizing/extension staff develop as a natural part of the
field levei activities, there would also be cases where tensions Ehist
between the two, This may be the results of introducing a new approach
which requires substantial changes in a manner in which the engineerlng
stage approach their jobs. It is particularly llkely to occur when
there are distinct differences between ideas of the_deyelopment of the
farmers and engineers. The community organizers-and eoopefative
promotion specialists who work and live with the farmers often develop a
strong identification with the farmers' point of view, while the
engineers' point of view may be shaped by the RID eechnieal considerations
or constraints. The Special Task Force Unit under the responsibility of
the SRAQO Director for field coordination and voutine management would
develop a variety of mechanisms for encouraging best communications and
problem resolution between the two groops. In addition to frequent
review meetings, the specific mechanisme would include (1) flow chart of
pre—construction activities depicting the pafallel ac;ivifies of the
community organizers, engineers and farmers, (2) planning nnd monitoring
forms reporting the stage of accomplishment and planned activities on
different dimensions, (3) joint training courses and workshops to build
a common perspective on irrigation development and help eacn type of

specialists understand the viewpoints and constraints of the other,

As is previously emphasized, foxmetion of the water users' groups
at the pre~conetruction stage 1s the key recommendation to ensure proper
development of the tertlary irrigation facilities with the subsequent
efficient 0 & M. In addition, an ulﬁimate goai'to be expected is to
entrust to an association of several water us sers' groups all of the
O & M activities in each of the RID pumping systems. It.is currently
common- that the pumping system constructed by RID is operated and
managed by RID, To achleve a higher eff1c1ency in its operation, it

would be desirable that rural youths carefully selected from the
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relevant water users' groups or assocciation in the éervice area would be
in charge Qf'such opération and management after their training for some
years ln response Lo the timely and reliable supply of pumped water for
downgtream irrigation needs. Such youths under the RID technical
assigtance would devote themselves to develop their better understanding
of the practices and performahce to be made jn the 0 & M of such pump
system. Aftgf tranéferring the 0 & M to the water users' associatibn,
RID wdﬁld be responsible for monitoring of such system and also major

repair works.






CHAPTER 7 PROJECT IMPLEMENTATION PROGRAMME
7.1 Constructlon and 0 & M of Major Work
7.1.1 Mode and Procurement of Construction Work

RID would be solely responsible for initial construction and
subsequent O & M of such wajor ﬁork as (1) two tidal regulators (UIR and
LTR), (2) eight acidic water flow check facilities, (3) seven drainage
improvement schemes and ten RID pumping irrigation systems down to
tertiary outlets. Tt 1g suggested that all the above mentioned major
work construction would be awarded on the basis of international
competitive bidding in accordance with the premise that the proposed

Project would be financed by the international lending agency.

Aside from the larpge contract for a simultaneous construction work
of the two tidal regulators, the size and phasing of contracts for other
major work would be dictated by the rate at which detailed design and
contract documents could be prepared; therefore, the contracts for such
wyork would probably be too small to be of little interest to
international contractors and such work would be packaged for execution
by the contractors local to the Project area. The manufacture and
installation of tidal gates at UTR and LTR and RID pumping equipment at

10 stations would be procured from overseas manufacturers,
7.1.2 Design and Construction Schedule

Planning and degign of the major civil work would be the
responsibility of the RID Design Division. A proposed schedule of the
detalled design work which would be assisted by the consultants is
compiled in Figure 7-3. Detailed design of two tidal regulators would
be carried out in the first half of the Project year 2 without any
particular item for the pre-engineeving work. In parallel with this,
the planning and detailed design of eight acidic water flow check
facilities as discussed in para. 5.2 of chapter 5 would be done. With
the tendering procedures in the second half of the Project year 2, the
construction work of two tidal regulators would be carried out during

the Project years 3 and 4 aud completed at the end of September in the



Project year 4 after the runming test for tidal gates and ancillary
equipment, The acidic water flow check facilities proposed at eight
sites would be constructed by local contractor in the Project year 3,
and the acidic water flow control into the Bang Nara water storage would
be ready to operate immediately after the storage establishment taking
one year for operational procedures and operators training including foy

those existing nine check facilities.

The Project office would be built at UTR site in the Project year 1}
to accoumcdate staff of the Speclal Task Force Unit and RID counstructioy
"staff. In addition, the residences, dormitory, garage and workshop

would be attached during the Project years 1 and 2.

Prior to the detailed desipgn for RID irrigation and drainage
systems, the pre-engineering work would be executed. The topographical
mapping work which is aerial~photo based with a scale of 1 ¢ 4,000 and 3
contour interval of 0.25 m would be done in the Project years | and 2
covering the area of 130 sq.km for irrigation development, sc¢ that the
subsequent detailed planning and design of irrigation systéms could be
carried out. It is proposed that the detailed design of such facilities
would be supported by the consultants and take 4.5 years including the
pre—engineering work such as the survey of profiles and cross-sections

and hand auger tests for irrigation canals and drainage channels.

1t is suggested that construction of part of the RID drrigaticn and
drainage systems which are located {in the relatively low-lying areas
would be commenced in the Project year 4 takimg into account more quick
accrual of the anticipated benefits to be derived from the two tidal
regulators' construction, the Government's financial load on the Project
as well as the assumed rate of WUG's formation and subsequent on-farm
development as 1s compiled in Figure 7-3, Construction of those RID
facilities would take 6 years with four packages, each of which would
need 2 vears for completion including the precurement of incline pumps
to be imported. This construction schedule has been conceived on the
basis of (1) sound yearly distribution of the construction cost aund (2)
combination of the drainage and irrigation subprojects on the premise
that the drainage improvemeut proceeds prior to irrigation development.
Composition of four packages as envisaged is orderly explained in Tables

7-1 to 7-3,
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.7.1.3 Operation and Maintenance

At the Regional Office level, the ¢ & M Project Branch is the
organizational unit dlrectly responsible for the 0 & M of individual
projects as are seen in the cases of Pattani and Muno. The Branch is
divided into the project offices each headed by a'projectfehgineEr, and
each with a complement_of water masters, zonemen, COMRON irrigators,

maintenance crew, and some administrative and engineering support staff,

At the bottom of the 0 & M chain-of-command 1s the common irrigator
who 1is resﬁonsible for opening and closing turnouts at the direction of
His superior, the zoneman for keeping an assigned length of wain or
lateral canal free of unwanted debris and for reporting any damages
needed for repair. A common irrigator would be responsible for the
equivalent of about 160 hé of the irrigated area including eight
tﬁrnouts{ The =zoneman supervises the work of six common ivrigators and
also is the first supervisor to be confronted with the problem of
farmers who take more than hils share 0f water. The water master is
primarily an adwinistrator in charge of five zonemen and is respounsible
for the repair and maintenance crew attending to the canals, The

project engineer would supervise about three water masters.

O & M of the tidal regulators would be carried.out by one water
master and eight gate operators. In the case of WUG pumping irrigation
schéme which is directly operated by each of the water users' groups,
RID would be responsible for supervision and direction of their
activities with the staffing of one water master and four zonemen. The
acidiczwater flow check facilities at 17 sites would be operated by one
gate operator, each under the supervision of one water master and four
zonemen for the WUG pumping irrigation scheme. The RID irrigation and
drainage system wquld_bé operated under one water master, six zonemen,
38 comnmon irrigators and 33 pump operators (three per each). At the
workshop to be provided at UTR site, two mechanics and ‘two electricians

would be'éﬁéffeﬂ,
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The O & M equipment Including the vehicles for RID staff and those
for routine repair works would be procured in the Project years 5, 7, 8
and 9 1n accordance with the expansion of RID 0 & M work in the Project.

A list of the O & M equipment to be procured is explained in chapter 8,
2.1.4 RID Organization

Reference is made to para, 6.1.1 of chapter 6. The proposed
Project would have a project manager at the UTR site who has the
responsibility for directing the Project construction to its completion
during éevep years (Project years 3 to 9) under the supervision of the
RID Large Project Consiruction-DiVision. The Project office would be.
equipped with (1) the Engineering Service Branch (including the
adninistration-related sections), (2) the Construction Branch for two
tidal regulatoré, (3) the Construction Branch for irrigation and
drainage facilities, (4) Mechanical Branch for gates and puﬁps and (5)
On-Farm Development Branch. The On~Farm Development Branch would be
part of thé Special Task Foree Unit to be organized under the proposed
Central Board and Changwat Committee and concurrently be surpervised by
the RID Regilonal office in Hadyai. The organization of RID proposed for

the Project is shown in Figure 7-1.

As soon as two tidal regulators are completed, the 0 & M Section
for tidal regulators and acidic water flow check structures would be
provided within the Project office and concurrently supervised by the
RID Regidnal offfce. With the progress of construction work for the RID
irrigation and drainage facilities, O & M for such completed systems
would be handled by existing 0 & M Section 1 of the Changwat Irrigation
Services, Narathiwat. After closing of the Project office at the end of
the Project year 9, the 0 & M for tidal regulatérs and acidic water
checks would be transferred to the O & M Section 4 to be newly
established in the Changwat Irrigation Services, Narathlwat. When
approved by the Budget Bureau, a new project office headed by a project
engineer would be responsible for the O & M of the subject Project under
the 0 & M Project Branch of the Regional office in Hadyai. The above

mentioned arrangements are explained in Figure 7-1.
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3.9 OnsFarm Work Development

(1)

$ize of the Tertiary Trrigation Service Units

Many experiences in other areas 1nd1eate that the local farmers

'generally preier to do most of the preconetruction, construction

and subsequent 0 & M actlvitles in small groups with a traditional

-mutual aid system among closer kinsmen, when they belieVe their

participation would benefit them. Taking into additional account
the Projeet farm size and pleeemeal dlstrlbutien of the 1rr1gation
service areas as are specifically featured in the Progect, it has
been suggested in para. 4,3 of Chapter 4 that an appropriate size
of a tertiary unit would range from 20 to 30 ha in comparisom with
the present RID_standard size of 50 ha. As 1s designed on.fhree
sample ereas in para. 5,5 of Chapter 5, an appropriate average size
ofethe'tertiary unit in the Project would be about 20 ha. With
this figure, the propesed_Project would have 193 tertiary units for

WUG pumping irrigation scheme, 299 for RID pumping irrigation

‘scheme and 9 for RID gravity irrigation scheme, with a total number

of 501,

With the reduction o0f this size, the section of tertiary:canals
from the RID turnouts would be smaller resulting in considerable

decrease of the current troubles such as right—of way and canal

maintenance as are seen in the nearby RID projects, and there would

be the increasing possibility to construct by the water users'

groups.

As is stressed in Cﬁapter 6, the formation of water usefs' groups
at the preconstruction stage is the key recommendation to ensure
the rapid and sound implementation of the proposed Project with
timely development of the tertiary irrigation service units, To
realize this, 1t bas been imperatively suggested to organize the
Special Task Force Unit on a multidisciplinary approach in the
Project to achieve the favorable operation of three demonstration
farms at each of three Amphoe concerned and to facilitate the
formation of viable water users' groups on the basis of tertiary

unit,
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Tt is proposed that a special effort:wouid,be made_to-bnild up - the
Special Task TForce Unit in the Project years 1 to 3 which would be
composed of oné Chief, four Community Organizers, one'Agricultural
Extension Officer, one Irrigation Engineer, one GooperatiVe _ |
Promotion Officer and several technical assistants under the fielq
coordination and routine. management of the SRAO Director. This
.Special Unit which would be accommodated in- the RID Projeet Offlce
at UTR site would be supported by the concultant's advisory
services including those of one WUG Specialist, one Rural
Sociologist and On—Farm,Work Specialist in an intenslve manner

‘”particularly during the initlal period

(2) Demonstratlon Farms

- The first task to be carried out by: the Special Task Force Tnit
“would be_the final location and- planning of=three demonstration
farms, the formation of three water.users' groups concerned,  and
the conStrnction'of.water source work and onffarmnfacilities._ It
has been tentatively proposed to locate three demonstration farms

as given below:

(1) Ban Ku Ra So .{13.8 ha) in WUG - pumping scheme (Stage 1)

Tambol Lamphu, Amphoe Muang Narathiwat

(2) ‘Ban To Lang (23.5 ha) in RID Khok Ti Te pumping scheme (Stage IT)

Tembol'Tanyongmilo,.Anphoe-Rangae

(3) Ban Cha Ro (26.1 ha) in WUG pumping scheme (Srage )

Tambol Phraiwan,,AmphOe Tak Bai -

As'is scheduled in Figure 7'3, the'Speciel'Task-Force Unit uould
_-complete three demonstration farms after the formation of-

respectiye,wager users' group at. the end of the’ ProJect year. 2 and
-_would oommenCe.rhe actual operation of irrigated agriculture-by

using deep: wells as temporary water source. until the. switch over to
_:the Project: irrigation water eources. It- is anticipated that the

"demonsrratlon activities at three sites would be terminated in the



Project year 9 in connection with the field training.of
agricultural extension workers, and then-all the activities at
these demqnstratipn areas would: be transformed to the normal

operations. by respective water users' groups.

Tt is commonly understood that the selection and location of
demonstration farms are decisiVe for quick yielding of the. proposed
Project to demonstrate to the Pr03ect farmers-an advanced-
agricultura3 technology coupled with an.efficient: 11r1gation water
management and~tp be used for the field training of staff of the
Speciel_Tesk_Fofce Unit as well as the agricultural extensionA
workers_end the sn~farm development design engineers. The choice
in locating the demonstration farms would be kept free of

undesired influences,_whieh_otherWiSe could easily be a reason for

criticizing the Project at a later stage,

It_is suggested thst'the finel.selection and location of
demonsﬁretion farms_beimade under the_Changwat Developmene_
Committee in the Project year 1. Cfiteria for judging the
demonstratlon areas could be based upon such factors L) past
_agricultural performance,r(Z) 1elationsh1p between farmers ellents
_and Cove1nment staff (3) interrelationshlp between 1nhabitants of
the demonstratlon farms, role of the leadership and the farmers
w1llingness to cooperate 1n water management matters, and (4)
occessibllity f01 inputs and cars. Once the demonstration areas
have been selected, proper arrangements would be made with the
farmers who cultivate the demonstration area under the guldance of
the Special Task Force Unit. TProbably more importanL is the
necessary contact with farmers in surrounding area, and it would be
a major task to explain to those farmers why 1t is impossible to

improve more thnu_one.tertiary unit at this stage,

.To'mske the demonstration scheme successful, the relevant farmers in
esch'erea would, form a wéter users' group and organize anylrequired
construction work within their service unit. It is expected that

thc fqrme1s would rontribute, free of charge, all the unsnilled
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labor for comnstruction and all the land required, while such water
structures as made of concrete-and other materials-asiwell'as the
deep well facilities could be constructed on local contractor or
force account basis under the RID financial assistance. In |
addition, the farmers would organize the rotatiqpal water
distribution between the users of.-a field ditch with a particular
reference to guaranteeing the constant water supply to certain
marginél areas. The last difficulty to be oVercome is_the actual
field irrigation practices, for which intensive gﬁidance and
assistance by the irrigation extension staff in the Special Task

Force Unit would be indispensable.

(3) Construction of On~Farm Work

After the formation of water users' grou§ for each tertiary unit, the
relevant on-farm work would be in ¢onstruction stagé and it is
suggested that the executing agency for this would be the water
users' group. Relevant lessons inherent in development éxperience
in Thadiland indicéte that since the evidence strongly supports that
the free development assistance generates little sense of gratitude
or responsibility for maintenance or production follow~thr6ﬂgh, it
would not be considered ﬁecessary'foi development assistance to be
a donation to be effective and héipful even in Changwat Narathiwat.
1t is stressed, with this concept, that the farmers in each
tertiary unit would be organized to contribute, free of charge, all
the unskilied'labéf and land for construction, while such'ﬁater
facilities as made of concrete and other materials wduld'be.
gdnstrﬁéted on local contractor basls or force account basls under

the guidahce of RID.

The financial fesources'for construction of such facilities which
could not be téchhibally'made by férmérs'themselvés'would be mainly
of two kinds: (1 Government -subsidies. which need not be
%édovéred; éndw(Z)i103&5:Whi¢ﬁ'heed'ﬁo be fecbvered'over:time. It
féénfbe coﬁéfﬂefed that'thé_pfoﬁiéibn fof’loansVWOUl& be ektremely
'uggfﬂi_beéaﬁ$g;'when thé:loaﬁ'is“répaid, thé'farmefs would own such
sttﬂctﬁféé'éﬁd ﬁé1hta1n thém:pfopefly{"'Reeoﬁéry may take some of

: the_fqrmshsuch as paying water charge and land tax. Funds which
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. are recovered can:bé used égaiﬁ, while funds thch cannot be
recovered are a direct transfer to the farmers concarned. The
poverty of farmers in the Project area would be alleviated to a
con91derable extent, however, the poverty alleviation effect would
not necessarily be 1imited by (1) financilal constraints and {2) the
critical need to make farmers self~reliant in future, capable of

taking care of theit 0wn_need without further assistance. It
would be Important to dééign the appropriate construction énd
financihg plan for on-farm work so that it does not undermine
10ng—ferm growth prospeCts introducing gradually‘a serise of
ownership and responsibility, which would ultimately upllft the

poor Bang Nara river babln

There 1s a way of the BAAC's financing for the on-farm work
'construcﬁion.where the borrower is not the water users' group but
indiﬁidual farmeré participating in on~farm operations.' For
investment in agriéulture, viz. purchase or devélop égricuitural
resources or invest in agricultural assets which requireié.lengthy
period before the borrower starts to receive a return on his
investment, repayménf is by installment within its period of up to
ZO_yearé at interest rate of 14 percent, and the borrowers are
reqﬁested to submit their applications (for leoan amount in excess
of ﬁlﬁ0,000).in the form of detailed long-term agricultufal
investment programme for BAAC's consideration, DBorrowers are alseo
required to furnish an equity contribution of at least 20 percent
of the total investment costs and to secure the loan either by the
use of two personal guarantofs or by mortgaging their fixed assets

with BAAC.

(4) Development Pace of the On-Farm Work

In view of the slow achlevement of irrigation development in existing
projects at.Pattani and Muno, a drastical change would be introduced to
overcome the current problems involved and assoclated obstacles in
order to ensure a successful.implementation of the proposed Project
with a gestation periled for the anticilpated benefit accrual as short as

possible, Major concern to achieve this would be to promote the



on-farm work development on more orderly dnd systematic basis in the
Project with a view to recognizing that the farmers in the trrigatlon
service area are the ultimate users of the Pxoject and are to be relied
upon to produce the maximum beneflts from the Project. Several key
recommendations to facilitate the on-farm work_development in the

Project have been examined previously.

With the anticipated maximum éffort:ahd.pdéiti#e services to be made by
the Special Task Force Unit under proper éoofdihatioﬁ'of the Central
Board and Changwat Development Comﬁittée,'the pace of development for
on~farm work for 501 water useré' groups in total has been worked out
as is shown in Figure 7-3. This has been based upon the pfémise that
the formation of water users' group and the ehéineefiﬁg.desigﬁ of
on—-farm work are completed one year before the actual construction of
on-farm work is done. Im connection with the inltial activities of
three demonstration farms, the Special ‘Task Force Unit would devote
himself to accélerate_the organization of water users' groups for the
WUG pumping irrigation scheme which 1lifts water from the Bang Nara
water storage to be completed at the end of the Project year 4., As is
shown in Figure‘7-3, the éonstruction of on~farm'work for 191 water
user's groupé would be assumed to be carried out at 38 units in the
Project year 4, 77 units in fhe Project year 5, 57 units in the Project
year 6 and 19 units in the Projeci year 7, with a total dévélopment

period of 4 years.

For the RID pumping and gravity 1rr1gation scheme, for which 307 water
users' groups are formed the on—farm work construction would take
place in accordance w1th four packaging construction schedules of the
RID subprojects, With the matured performance of demonstration farms
and the refined éctivities to be taken by the Special Task Force Unit,
it is anticiﬁated that an accelerated bace in tﬁe formation of water
usefs”'grdups'and SuBsequent’on—farm work construction would be
achieﬁéd with an assumed rate of 40 percent in the first yéar, 40
perééht-iﬁ the Second'yeat and 20 percent in the third year for each

construction package. In line with the construction schedule of RID
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facilities in the fdrm of four package scheme, it 1s assumed that the

construction of on-farm work for 307 water users' groups'would be made

.at 25 units in the Project year 5, 48 units in the Project year 6, 36
'units in the Project year 7, 51 units in the Project year 8 75 units

in the Project year 9, 54 units in the Project year 10 and 18 units in

the Project year 11, with a total development period of 7 years,

Takihg=into_combination'the above mentioned factors in each of the
irrigétibﬁ.developmenf_schemes, a total of 501 tertiary units to be
involved in the proposéd Project would be deﬁeloped for respective
on-farm work after the formation of water users' groups with a total
perloﬂ of 8 years éxcluding three units for demonstration purpose.

This schedule is explained in Figure 7-3.

Spécial Issues on Pumping Irrigation Schemes

Recent research works of the comparison on the use of three different

scales */ for pumping irrigation water from surface sources have identified

the following:

L7 A

. "Large" belonging to the Government agcency for ownership and 0 & M.
"Medium" to the water users' group.

"Small" to the individual farmers.
° Farmers in the small pump systems would take less time to prepare
their lands, use less pumped water and maintain lower water levels

in their filelds than farmers in larger systems.

Farmers in the larger systems would keep paddy spill-way levels an
average of 20 wm higher than the farmers in the small systems,

“This implies that farmers in the larger systems tend to keep water
at a higher level in tﬁe paddies as a reflection of the percelved

'1ag¥time for resupply by the system.



° Even though the seasonal effectiveness of rainfall would be about
the same being irlespective of the system Sizes,r ater pumped by
farmers in the small systems would be consistently lower than by
those in 1arg¢r systems, This could be attributud to losses in
watér coﬁveyance which are greater in larger systems_because of a

larger distribution network.

In view of the above,- -1t is anticipated that a number of the WUG pumps
to be 1ncluded in the. Project, Stage I which would be owned operated and
managed by the water users' groups would be eager to_attain maximim
efficiency to avoid'any substanfial.losses_in_ope:étipn sinée the pumped
water is costly fo wéste. On the-bther hand, tBeIRID pumping'station to be
introduced in the Project Whlch would serve about 25 tertiary units on the
basis of about 500 ha on average size and be operated and managed by RID
would have a tendency of being less responsive to irrigation needs and to

effectiveness of rainfall utilization.

There would be two particular aspects to be ‘examined for the RID
irrigation pumping irrigation system with the above mentioned scale which is
equivalent to "Small Medium Scale" tentatively classified by RID just on the

extension line of the Small Scale Irrigation Project (SSIP)+

- It is currently common that the pumping irrigation gystem constructed by
RID is operated and managed by RID; To achleve a higher efficiency in its
operation, it would be desirable that rural youths carefully selected from
the relevant water users"groups‘in the service area would 5& in charge of
such oberation and management after their training fof some jea?s in
_respénse to the timely and réliable sﬁpply of puﬁped wﬁter’fof.downstream
irrigation needs. BSuch youths under the RID technical assistance would
devote;tﬁemselveé to develop their Better understanding of the.practices

~and performance to be ma&e iﬁ_the 0 & M of such pump system. After
.transferring the Q-& M‘to_the water.usgrs’ association, RID Qould be

reSponéible for monitoring of such system and also major repair works.
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- While the O & M expenditures on the portable pumps to be introduced in the
Prbjéctfare borne by respective water users' group, it is thé"presémt
practices that those on the RID pumps to be installed in the Project be by
RID. Between the two, there would be a great discrepancy which would be
solved prior to the Project implementation. To consider this item, ready
reference is made to existing WEA pumping irrigation projecté which are
being operated with the water charges (¥0.60 per KWH) from the service
farmers to_cbver part of the pump operating electricity and ¢ & M costs,
It may be noted that collection of the water charge to a reasonable extent
would surely contribute towards the saving of pumped water and the quick

developwent of irrigated agriculture.

- Chapter 8 examines the pumping wmotive power costs of the WUG pumps (type
of self priming centrifugal bump coupled with gasoline engine on common
base) and the RID.pumps {type of inclined mixed flow pump directly coupled
with motor), An average gasoline cost per ha per annum for the WUG pumps
would be estimated at ¥139 at full devélopment; although the engine
‘outputs vary according to 1lift head or location., On the other hand, the
RID pumps would take an average electricity cost of.B387.per ha per annum
rangiﬁg from Bl66 for Tan Yong Mat system to ¥709 for Khok T1 Te, upper
part system, When a half of the annual electricity cost for the RID pumps
that is. equivalent to 194 per_ha is collected from the service farmers in
line with the.NEA current procedures, there would be well-balanced
consideration between the cost of WUG pumps to be borne by the service
farmers taking into additional account the amortization cost of such

pumps.

(Special note) NEA Pumping Irrigation Projects

° Background
Since the year 1965, NEA has implemented a number of the pumping
irrigation projects to promote the electrical vtilization for agricultural
activities in rural areas.. The Fifth Plan indicates that NEA should

expand the pumping lrrigation projects for an area of 200,000 rai of 80

statdions each year throughout the Kingdom,
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In the Southern Border Provinées, the following NEA pumping irrigation
Projects with the standafd type of 3,000 rai”(480 ha) servica:are,ﬁnder

construction:

- Changwat Narathiwat

Baloa, Amphoe Muang Narathiwat
Laraea, Amphoe 5q. Kolok
Tan yong Mas,.Amphoe Rangae

- Changwat Pattani

Ban Pavo, Amphoe Sai Buri

~ Chagwat Yala

Two projects

o

Standardized Project: 3,000 rai

"~ Farm areas less than 2 km from the water resources with perennial flow,

and iess than 5 km ffom the NEA transmission line,

- Farmers should agree to donate the land where irrigation canals run
through, to organize the water users’ groupSw/ for the project

participation and to pay part of the electricity charge for pumping.

*/ ... Effort is currently made by CPD to form "Farmers’
cooperatives” as'cooperative administration body to look

after the project.

- ProjectIInitiation:

Organizing the farmers' group -» Requesting NEA for the project

4PConstructing by NEA
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- NEA Construction:

° pumps (inclined axial flow type, two units) to head tank with a

control switch board and .22 KV powér line,

° Main, lateral and sub-lateral irrigation canals, all concrete lined

down to tertiary turnouts,
® Construction period: three years

- Farmers Group's Responsibility:

° Right of way for all the canals.

® On-farm works within each tertiary unit, size of which 1s less than

100 rai (16 ha).

- NEA's O & M Responsibility:

Pump‘to head tank.

- NEA Pumping Irrigation Service:

To set up Pumping Trrigation Service Centers in Changwat to provide O &
M of pumping stations, give advice, procure facilities and set rules and

regulations in water use to farmers,

- NEA Electricity Charge Collection:

° NEA is currently paying for B1.12 per KWH to PEA.

%
® Farmers groups are collected at B0.60 per KWH—/ by NEA.

This would be equivalent to K100 per rai of paddy in one case and $120

in another case according to the group.

%/ ... By Cablnet Order dated June 1982 when the PEA rate was ¥1.19
per KWH.
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7.4 Consulting Services and Staff Training
7.4.1 Consulting Services

-To ensuxe the rapld and sound executiou of the Project, the Selvices of
a consultant team which would be composed of the fOLEign and Thai local
firms in a ]Oint ~venture manner would be provided under the Project during
the five-year service perlod to assist RID in detailed design and construc-
tion for two tidal regulators and for irrigat{on and dralnage work, ‘as well
as to carry out the advisory services for the Project-related agrlcultural
development inclusive of strengthening the'Spéoial Task Force Unit
responsible for the opérdtion of three deﬁonétration‘farms, the formation of
water users' groups and the implementation of on-farm facilities and
assioﬁiog DLD in programming and ménitoring a soil improvement scheme. It
is estimated that about 300 man-months of consultant effort would be

required as shown in Figure 7-2.

"RID and the Special Task Force Unit under coordination of the Office of
the Permanent Secretary in MOAC would provide appropriate full-time
profeséional and technical personnel who work with the consﬂltants and are
trained and gu1ded in thelir performance by the consultants, General terms

of reference for the consultantq are given below.

(1) Engineeriog Services
(a) Two Tidal Regulators

~ Review all previous. engineering studies, data and reports
including those of the acidic water flow check facilities, with

modificatioo when necessary;
- Prepare detailed design, construction drawings, detailed
specifications, cost estimate and tender documents including

- electrical and mechanical works;

~ Assist in invitation of tenders and evaluation of tender

documents;
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Figure 7-2, Consulting Services: HManning Schedule

Man-Month
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- Assist the Project office in construction'management, quality
control, testing of gates and equipment and any other works

relevant to the censtruction; and

- prepatre the 0 & M manual of relevant structures including

existing Nam Baeng regulator,

(b) Irrigation and Drainage Work

- Review all previdus éngineering'studies, dats and reports,
propose modification if necessaryggnd supplement information as

requiréd by additional survey and investigation;

- Prepare detailed design, construction drawings, detailed

specifications, cost estimate and tender documents;

~ Assist in invitation of tenders and evaluation of tender

documents;

~ Agsist the Project office in construction management, quality
control, testing of pumps and other equipment and any other

works relevant to the construction;

- Evaluate O & M of tidal regulators and acidic water flow check
facilicies and assist in development and water management of the

‘WUGs' pumping irrigation scheme; and
- Prepare the_O'& M manual of reievant structures,

(2) Advisory Ser#iééé for Agricuitﬁfal Development

- Advise and assist in the establishment of demonstration farms
~and in demongtrating improved agriculturél_technology to

extension workers and farmers;

7-22



	CHAPTER 5. PROJECT FACILITIES
	5.1. Tidal Regulators
	5.1.2. Preliminary Design
	5.1.3. Construction Plan and Schedule
	5.1.4. Mode of Operations

	5.2. Acidic Water Flow Check Facilities
	5.2.1. General Concept
	5.2.2. Location and Types of Facilities
	5.2.3. Site Geology and Soil Properties
	5.2.4. Preliminary Design
	5.2.5. Mode of Operations

	5.3. Drainage Improvement Facilities
	5.3.1. General Concept
	5.3.2. Preliminary Design

	5.4. Irrigation Facilities
	5.4.1. General Concept
	5.4.2. WUG Pumping Scheme
	5.4.3. RID Pumping Scheme
	5.4.4. RID Gravity Irrigation Scheme

	5.5. On-Farm Work and Demonstration Farms
	5.5.1. On-Farm Work
	5.5.2. Demonstration Farms


	CHAPTER 6. ORGANIZATION AND MANAGEMENT
	6.1. Project Implementing Agencies
	6.1.1. Royal Irrigation Department
	6.1.2. Department of Agriculture
	6.1.3. Department of Agricultural Extension
	6.1.4. Department of Land Development
	6.1.5. Livestock Development Department
	6.1.6. Department of Fisheries
	6.1.7. Cooperative Promotion Department
	6.1.8. Department of Local Administration
	6.1.9. Community Development Department
	6.1.10. Office of Rubber Replanting Aid Fund
	6.1.11. Marketing Organization for Farmers
	6.1.12. Bank for Agriculture and Agricultural Cooperatives
	6.1.13. Southern Region Agricultural Office

	6.2. Project Management and Implementation
	6.2.1. Project Lead Agency
	6.2.2. MOAC Administration
	6.2.3. Project Policy and Steering Structure
	6.2.4. Project Coordination and Management Structure

	6.3. Water User's Groups/Associations
	6.3.1. General View
	6.3.2. Farmer's Participation
	6.3.3. Needs of the Special Task Force Unit
	6.3.4. Operational Requirements for the Group Formation


	CHAPTER 7. PROJECT IMPLEMENTATION PROGRAMME
	7.1. Construction and O & M of Major Work
	7.1.1. Mode and Procurement of Construction Work
	7.1.2. Design and Construction Schedule
	7.1.3. Operation and Maintenance
	7.1.4. RID Organization

	7.2. On-Farm Work Development
	7.3. Special Issues on Pumping Irrigation Schemes
	7.4. Consulting Services and Staff Training
	7.4.1. Consulting Services



