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TABLE VIIT- 36 -

- DRAINAGE SERVICE AREA BY SUB-BASIN

_ . Basin Beneficial Area
‘Sub=-Area Area Paddy Rubber - Total
- : (sq.km) (ha) (ha) (ha)
Mae Wam Yakaﬁg 16,2 70 50 120
Khlong_Ba‘Keng 12.6 - ~ -
Khlong Ku Ra Po 11.0 590 240 830
Khlong Mae Lamphu 11.0 - - -
Khlong Na Ko 12.0 520 280 800
Khlong To Che 37.6 2,290 1,740 4,030
.Bang Nara -1 6.3 - _ - -
Khlong Chang 53.4 750 3,880 4,630
Khlong Maru Bo 7.7 - - -
- Existing Pileng 5i.2 - - -
Khldng Bang Toei 13.0 - - -
Khiong Khok Ngu 6.5 - - -
Khloﬁg Lan 9,2 - - -
Bang Nara -2 6.2 - - -
Bang Nara -3 10,3 130 - 130
Khlong sala mai 6.8 500 - 500
NBR - East 16.5 - - -
Khlong Lai 9.1 - - -
Khlong To Lang 12.8 - - -
.Bang Nara -4 - 8.5 - - -~
Bang Nara -5 6.0 - - -
Khlong Ku Cham 14.5 - - -
Khlong Pru Kab Daeng 22.4 - - -
NBR ~ West ' 15.3 - - -
Khlong Ku Bae Ya Hae 14.3 - - -
Baﬁg Nara - 6 9.8 - - -
Khlong Pu Cho Ya Mu  21.3 - - -
Khlong Sapi Yo . 35.0 - - -
Bang Nara - 7 . 10.5 - - -
Total | 467.0 4,850 6,190 11,040
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I%-1
IX~1-1

(1

(2):

Tidal Regulator

Site Topography, Geology and Soil Properties

Upper Tidal Regulator (UTR-1)

Topography and-Géoldgy

The' topography and geology around the site are shown in

Figure IX~1 1. Location of the foundation soil investigations

'so_far-carrled out is explained in Tigure [X-1-2. The

. geological cross-sections of the UTR-1 site for regulator,

cloéure, éto. are.shown in Figures IX~1-3 to IX-1-5.

So1l Properties

Soil tests on samples taken from drlll holes were carried

out by the soil laboratory of Pattanl Pro;ect (RID) The items .

_are Liquid llmit (4 samples), Plabtlc Fimit (4 samples) and

Gradlng (17 samples)

.oNQVolue:
Distribution of N-values by depth is shown in Figure IX-1-6.

. Coﬁsistehcy-
The Plasticity Chart of Acu layer is shown in Figure IX-1-7.
The liquid limit (WL) is 50% and distributed around Line A.

. Grain Size
Tho Grain Size Distribution Curves for Asu Layer and Asl layer
are shown in Fipure 1X-1-8. Asu mainly consists of fine sand
~and Asl of medium sand.

LoWer Tidal Regulator (LTR)

Topography and Géology

IX-1



Figure IX~I~I Geology and Topography of UTR Site
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ELEVATION {7

Flgure ]}{—1»-6 N-value by Elevation - UTR Site
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Figure IX-1-7 . Plasticity Chart (UTR Site - Acu Layer)
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(2) Lower Tidal Regulator (LTR)

Topography and Geology

_The geoleogy éndftopography around LTR are outlined in
Figure IX-1-10., Location of the foundation soil investigations
so far undertaken is explained in Flgure IX-1-11l. Geological‘
cross-sections of the regulator site and the closure dam are

shown in Figures I¥X~1-12 and IX-1-13.

Soll Properties

Soil tests on samples takén:from drill holes were carried out
by the soil laboratory of Pattaﬁi_?rpject (RID). Thé items are
Liquid limit (17 samplés), Plastic limit'(l7 samples) and
Granding (8 samples).

. N-Value

Distribution of N-values by depth is shown in Figure IX-1-14,
At the regulator site, it is N=30 at a depth of 25 m, and at
the dam site, N=30 at a deeper depth of 33 m.

. Consistency

Plasticity charts for each of the layers, Acl, Ac2, Ac3 and
Ac4, are shown in Figure IX-1-15. Acl layer shows the liquid
1imit of WL>S50% except in some part and is classified as CH,
It is a.layer that requires particular caution both in

strength and in consolidation settlement.
. Grailn Size

Grain size distribution curves for Asl, As) and As2 layers are

shown {in Figure IX~1-16. As Asl malnly consists of fine sand

while As2 mainly consists of medium to coarse sand, these two
layers can be differentiated. Distribution of 20Z of particle
grain size is shown in Figure IX-1-17.

IX-9
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-Figure ]}{;l~.j.-ll : N-value by Elevation - LTR Site
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(3)

(&)

Selsmicity

Distribution of sarthquakes‘that have occurred within the
range of 0° - 10°N and 59° - 104°E enclosing the: Study area is
shown in Figure IX~1-18. The data were compiled by GRBDS *1
from the NOAA-EDIS Farthquake Data File (1981) and- Nutalaya and

Sodsri's Data (1983)

According to the result of this study, hardly any
seismicity has been tecorded in the Peninsula ﬂaiaysia.' Only a
few earthquakes in the range of magnitude 4, O - 5.4 have been

observed in the Malays1a.

According foVSeed H. B.; Idrigss, I.M. snd Aréﬁgo,'l (1983),
the Study area is not subject to ground acce]exation of more
than 0,03 g, and even in the alluvial plain, not more than 30/
of same. In other words, seismic impact on structures is

considered nil.
Materials of Rock and Soil
Based on the results of geologisal reconnaissance and the

data of GRBDS, the material of rock and soil in the surrounding

area of the proposed site is shown in Figure IX-1-~19,

Sourbe:.'GRBbS Geology Report. March '85
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Figure W-1-18 Seismicity Map
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1%¥-1-2 Preliminary Design
(1) Comparison of Construction Cost for UTR-1 and UTR-2

Case 1. ALT UTR~1, 120 m
Case 2. ALT UTR-2, 60 m + Ya Kang Diversion

Alternative design study for this was carried out during the
final course of Phase I field work and the relevant cost for
both cases was updated during the home office work in the Phase

IT Study.

Table IX-1-1 Summary of Comparative Construction Cost

for UTR-1 and UTR-2

(Unit : Bx106)

Case | Case 2
Ya Kang

UTR~1 UTR~-2 Diversion Total
Civil Work 132.72 117.78 58.85 170.63
Gate Work 120,00 75.00 46.00 121,00
Sub-total 252.72 186.78 104,85 291,63
Contingency (20%) 50.28 37.22 20,15 57.37
Total 303.00  224.00  125.00  349.00

Detail of the construction cost for comparison is explained in

Tables TI¥-1-2, IX-1-3 and IX-1-4.

(2) Gate Type and Span

In general, the gate type of the tidal regulator is either sluice
gate or roller gate. Radial gate with 6 w—span is used for the Nam
Baeng tidal regulator located in the Study area and in wmany other
tidal regulators loeated nearby. Roller gate is adopted in this
tidal regulator taking into consideration the action of hydrostatic
pressure from both inside and outside, the considerably large size

of each span, etc.
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Table 1%¥-1-2 Construction Cost of UTR-1

Degcription Qty Unit rate Cost

A Civil Work (%) (gxiod

1. Provision

1-1. Mobilization &

demobilization L.§, _ 3,500
1-2, Access road & work _

yard L.S. ' o 3,300

Sub~total ° 6,800

2, Regulator and Connection Channel

2-1, Dredging excavation

& reclaiming 600,000 o° 60 16,000
2-2. Excavation 100,000m3 40 4,000
2-3. Embankment with
compaction 100,000m3 - 15 1,500
2-4. Pille foundation _
(RG 12m long) g32"08 10,000 9,320
2~5. Steel sheet pile
" (11 6m.long) 110" 16,000 1,760
2-6. Main RC structure 6,5000° 4,500 29,250
2-7. Apron RC structure 6,000nP 4,000 24,000
2-8. Pitching,dry 10,000 n? 700 7,000
2-9. Office building 1..5. ' _ 1,256
Sub-total . : 114,084

3. Closure Dam

3-1 Riverbed topsoil

stripping ) 16,800m3 . - 40 " 763
3-2 Riprap 17,2000 400 6,880
3-3 Dredger embankment 79,100|n3 60 4,746
3-4 Above WL embankment 5,000 m3 31.8 159
Sub-total E : 11,834

B Gate Work _
Gates, 20m x 5.2m 6" 20,000,000 120,000
C Contingency(20%) 50,282
- D Total ' 303,000
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Table 1X<1-3 Construction Cost of UTR-2

) Desﬁrippion', : Qty Unit rate | Cost

A e : 163
A iGivil Work® ¥ (Bx103)
1. Provision
1-1. Mobilization &

demobilization L.S. . 3,500
1-2. Access road & work

yard . L.S. 5,500

Sub-toral ' 9,000

2. Repulator and Connection Channel

2-1. Dredging excavation

& reclaiming 550;000m3 60 33,000
2-2. Excavation 100,000n§ 40 4,000
2-3, Embankment with
compaction lUG,OOOm3 15 1,500
2-4. Pile foundation '
_ (RC 12m long) 68678 10,000 6,860
2-5. Steel sheet pile
(11 6m long) 60%°" 16,000 960
2-6. Main RC structure 3,500m” 4,500 15,750
2-7. Aprom RC structure 5,000 m° 4,000 20,000
2-8. Pitching,dry 5,000m° 700 3,500
2-9. Office building L.S. ' 1,254
Sub-total 86,824
3. Glosure Dam
3-1 Riverbed topsoil )
sﬁtipptng 21,200m3 40 848
3-2 Riprap 21,500 m° 400 8,600
3-3 Dredger embankment 103,200“9 60 6,192
3-4 Above WL embankment 10,000 o 31.8 318
Sub-total _ 15,958
B Gate Work
Gates, 20m x 6.2m 3"°® 25,000,000 75,000
C Contingency(20%-) . 37’218.
224,000

D Total
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Table IX-1-4 . Construction Cost of Yakang Diversidn Weir

Description gty ' Unit rate ' Cost
2 . (Fx107)

A _Civil Work
. Provision

1-1. Mobilization &

demobilization L.S. ' 2,300

1-2. Accegs toad & ' L
. work .yard L.S. _ - 1,500
" Sub-total o 3,800

2. Weir Regulator
2-1. Excavation 40,000:113 . 4D 1,600
2-2. Embankment with Lo '

compaction ﬁd,OOOm3 15" 600
2-3, Pile foundatiom . :
(RC 12w long)- | 686"0" 10,000 6,860
2-4. Steel sheet pile _ o
(11 6m long) 60" 16,000 960
2-5, Main RC structure 3, 500m° 4,500 15,750
2-6. Apren & Intake RG
structure 5,000 m° 4,000 20,000
3.7, Pitching,dry 5.000m° " 700 3,500
2-8. Qffice building L.S. : 657
Sub-total ’ _223231,
3. Canal (1.5 km)
3-1. Excavation 30,000m3 3 830
3-2. Ewmbankment with )
: compaction 30,000“? 13 390
3-3. Box culverkt RC '
' " strocture - 800 m> 4,000 3,200
3-4, Macadam pavement . 1, 500m 600 ‘ 900
" Sub-total 5,120
B~ Gate Work . . :
Weir gates, 20m x h.2m 3"%% 35,000,000 45,000
intake gates anos 500, 000 1,000
Sub-total _ : 46,000
C ConéﬁngenCy(QO%) . 20,153
D Total 125,000

IX-22



As_for'thé‘dne span Léngth of thé ‘gate, it is detefmiﬁedias 20 m
for the UTR as a fésﬁlt'of the comparison of the construction cost
of the gate by span and the construction cost of regulator body
including-fhe road bfidge.(refer to Table 1X-1-5). The gate

gpecifications by span are shown in the following:

30 m span 20 m span 15 m span

(1) Leaf type Shell type Shell type Girder type
(1i) Quantity _ 4 span _ 6 span 8 span
(iii) Gate hedight = —emmmmno 5.20 m —-mmmmm—
(iv) Hoist ,. Wire rope winch Wire rope winch
with two motors with one motor
and two drums ~ and two drums
vy Hotor llKW. er span 7. oKW >« KW
Capacity per Sp per span per span
(vi) Weditht
. Gate leaf 105 ton per Span 60 ton 40 ton
per span per span
. Embedded
parts 24 - 20 15
. Hoist : 30 24 19
_ o 104 ton 74 ton
Total 159 ton per span
per span per- span

The effecfive:gate opening width of the UTR is 120 m, and it would
be provided with 6 gates with 20 m span. Of the 6 gates in
question, . one would be.é doﬁble'stage roller gate of overflow type
fbr water level regulation of the impounding water in the Bang Nara

storage. As for the LTR, the effective gate opening width is 24 m,
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_One

and it would be proviﬂéd with two roller gates with 12 m span.

of the said gates would be a double stage pollgr,gate which_takes

charge of the water level_regulation,
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(3)

Gate

(&)

(b)

Work
Gate leaf

Gate type of UTR and the lower leaf for a two-stage gate of

'LIR would be of shell type with fixed wheel considering the

clear span and gate height. Other LTR gates would be of
girder ﬁype'with fixed wheel. Shell type gate consists of a
skin plate, a top plate, a hottom plate, diaphragm plates and
stiffners.  Girder type gate consists of a skin plate, main

horizontal beams, vertical side girders and auxiliary girders,

Bach gate is provided with main wheels, guide wheels and

cheave blocks on each side of the gate, Skin plate of

‘one-stage gate faces the upstream side and as for two-stage

gate, skin plate of upper gate leaf faces the upstream side,

Each gate is provided with seal rubbers at the gate boftom,
both sides, and the opening space of two-~stage gate between
upper gate leaf and léwer gate leaf. These sealing rubbers
keep a good sealing performance against the both side

pressure.

Embedded Parts

" The “embedded parts consist of suitable wheel tracks, sealing

surfaces, sill beams, side guide frames and all other
necessary components capable of transferring the loads into
the concrete. The wheel tracks and all sealing surfaces are

of stainless steel.
All embedded parts are set in blockouts and alipgned with the

use of studs field welded to embedded anchors. The blockouts

are fillled with concrete after final alignment,
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(c)

Gate hoist machinery

All gate hoists are of wire rope winch type with one electric
motor and two wilre rope drums., One set of holst is provided
for one-stage gate and two sets of hoists are provided for
two~stage_gate,_one for lower gate and the othef for upper

gate.

Each hoist is mounted on piers located at the both side of

gate and consists of the folldwing_components:

(1) One set of electric motdr, brake, speed reducer, cross

shaft;

(ii) Two sets of wire rope drums, pinlons and spur gears,

wire ropes, sheave blocks and common bases; and
(iii)} Accegsories.

The elegtric motor, brake-and'SpeedIreducer'are mounted on one
éide pler with one set of wire rope drum, pinion and spur
gear. The other set of wire rope drum, pinion énd‘spur gear
are on the oppesite side pier and driven through cross shaft.
Gate is lifted by wire ropes woﬁnd on wire rope drums and
adequate number of sheaves are provided on both side piers and
bothlends_oﬁ gate leaf to minimize wire rope tension, Hoist

for each gate is equipped with the following accessories:
__gi)'Dial type gate position indicator;

(i1) Gate position trans ducer for remote indication;

_(iii)_Limit:éwiﬁphes_tpidetgct gate upper limit, gate lower

limit, wire rope over load and wire rope slacking; and
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(iv) Manual operated gate dogging device for maintenance of

gate leaf,

(¢} Electrical Equipment

(1)

1)

2)

3)

Construction

Local Control Panels (L.C.P,)

These are installed near

the hoist on the piers to operate

the gate at local position.

1) Type

i1} Integrated devices :

Remote Control Panels (R.

: Outdoor self-standing

Push buttons {(Open, Stop, Close)
Indication lamps '
Circuit breakers:

Magnetic contactors

Control relays

C.P.)

These are installed in UTR Control Center and LTR Control

Room to operate the gate

i)} Type :
ii) TIntegrated devices :

Automatic Control Panels

at remote position,

Indoor self-standing
Push buttons (Open, Stop, Close)
Indication lamps

Position indicators

(A.C.P.)

These are installed in UTR Control Center and LTR Control

Room to operate uppeér leaf of two-stage gate automatically

following the change of water level.

i)'Type :

TX-27
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4)

5)

6)

.

11} Integrated devices ; Water level indicators .

Automatic control unit
Water level Transmitters (W.L.T.)

These are installed at upstream and_downstream.side of UTR

and LTR.

Telemeter Units (T.U.)

To indicate water level of LTR at UTR Cbntrql Center, a
transmitter unit is provided at LTR, and a receiver unit 1is
provided at UTR Control Center.

Low Tension Cubicles (L.T.C.)

These are installed in UTR Control Center and LTR Control
Room to distribute electric power to L.C.P, and other

equipments,

i) Type : Indoor self-standing

ii) Integrated devices : Circult breakers

Indication lamps
Emergency Generatorsﬂ(E.Gf)

These are installed in UTR Control Center and LTR Control

‘Room to supply electric power to L.C.P. in case of commercial

power loss. E.G. has the capacity to operate two gates . -

progressively.

CA) Type s Diepel‘engine generator

S Radiator cooling
11) Power = : AC 400V 50HZ
i11) Capacity : 56 KVA (UTR)
N 40 KVA (LTR)
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i)

1)

2)

(114)

Gate control

Local control

Each gate is operated by push buttons fitted on L.C.P. 1In
case of electric power loss, the gate can be operated by
handle manually,

Remote control

"Manual" control mode

Each gate is operated by push buttons fitted on R.C.P.

M"Auto' control mode

Upper leaf of the two-stage gate is operated automatically

following the change of water level.
Electric power supply

Electric power (400V, 200V 50HZ) is supplied from L.T.C. to

"L.C.P.y R.C.P., A.C.P. and T.U.

(e) Specification of the materials and painting

(1)

Gate leaf materials
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Component Part Material Group

a, Gate'strﬁcture + Rolled steel for

General structure

. Rolle&fsteél-fof.

welded structure

b. Gate wheel High tensile strength
' low alloy steel casting

c. Gate wheel axle Corrosion resistant

steel . ..

d. Seal clamp bars Corrosion resistant

steel

(i1) Gate guide and embedded parts

Component Part Material Group
a. Sealing plate Corrosion resistant
steel
b. Wheel track - - Corrosion resisgtant
plate steel
c. All other . Rolled steel for
component " welded ‘structure

identified above Rolled steel for

general structure

IX-30

'Matéri&l Specification

ASTM A36 .
JIS G310l (SS4l)

ASTM A242

JLS G3106 (SMal)

"ASTM.A148
JIS G5111 (SCMaCr)

ASTM A473 (Type 304)
JIS G4303 (SUS 304 N2)

CASTH A240 (Type 304)
JIS GA304 (SUS 304)

-Material Specification

ASTM A240 (Type 304)
JIS G4304 (SUS 304)

ASTM A240 (Type 304)

JIS G4304 (SUS 304N2)

ASTM A242

JIS 3106 (SM41)
ASTH A36

JIS G3101 (SS41)



(111) Hoist

.Compbnent'Parp

a. Rope drum
b. Gear
¢, Pinion .

(iv)  Painting

. Materlal Group . Material Specificatibn
. Roi}ed[steel for ASTM A242
welded structure . JIS G3106”(Sﬁ41)

_ Highstensile'strength ASTM. A148
lowalloy steel casting JIS G5111 (SCMnM)

' Chromium molybdenum .  -ASTM A291 -

steel

JIS G4105 (SCM440)

i) Outdoor exposed surfaces of gate and gate guide

Coating Place Process

Mill maker

Shop

Field

1st. stage

primer

Under coat .

Under coat

“Intermediate

coat

Top coat

IX-31

Standard Film

Kind of Paint Thickness ()

Zincrich primer 20
(organic)

Epoxy resin paint 60

Epoxy resin MIO paint 60

Epoxy resin paint 30

Epoxy resin paint 30



2) JInternal steel surfaces of gate

Coating Place = Process
M{11 maker ~ 1°F Stase
' ‘ primer
“Under coat
" Shop Intermediate
coat
Top coat
3) Hoist
Coating place - Process
Mill maker lst stage
- primer
Under coat
Shop
Under coat
‘Intermediate
Field coat

IX-2 - Acidic Water

CIX-2-1

Top ceoat

- ¥ind of Paint

Standard Film
Thickiess (Q)

Zinerich primer 20
“{organie)

"Tdt-epoxy resin paint 80
Tar-epoxy resin paint 80
' Tar-epoxy resin paint 80

“‘Standard Film

Kind of Paint

Long term protection

type wash primer

Red-lead anti-
corrosive paint
Red-lead anti-

corrosive paint -
Phthalic resin paint

Phthalic resin paint

Flow Check Facilities

Topography. and Geology

Site Geology and Soil Properties

Thickness ()

15

35"

35

25

_ Méjor check gates and -investigation locations are shown in

Figuté IX-2-1. Inveétigétion drillings were carried out by
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thé staff of Geotechnical Division (RID}, and the boring log is
as-shown in Figure IX-2-4. The allowable‘bearing'capacities of .
the piles supported by the sand or granite layer are shown in

Figure IX=2-3. -

Soil:?topeftiéé_

Sbil‘téétsrdq'éémpleg taken from drill holes were. carried
out by the soil 1ébofatory of the Pattani Project (RID). The
 items are Li&uid limit {10 éamples), Plastic limit (10 samples).
The Plasticity Chart of clay - silt layer is shown:

Plasticity Chart of Clay and S$ilt Layer
~ Check Gate Sites -

CH

@) g0
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Figure IX-2-2 (1)

BORING LOG

Ban Ku Bae Sa Lo

PROJECT - LOCATION  Amphoe Huang

- GROUND ELEVATION

BORING HOLE No. B~

DEPTI TO GROUND WATER .

LEVEL IN HOLE

FIELD OBSERVATIONAL RECORD " STANDARD PENETRATION TEST
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Figure iX-2-2 (2) BORING LOG {Soil explorstion)

-""—“‘."__
Ku Bae Ya Hae Canal
. LOCATION Amphoe Muang :
poJECT L ; GROUND ELEVATION 0926 " DATE_OF INVESTIGATION Feb.22,1986
DEPTH TO GROUND WATER
URING HOLE Ne. R=2. ... LEVEL _IN_HOLE 0.300 " INVESTIGATED By P.Chalean .
FIELD OBSE :
iz | DE- [mick: IELD . RVATIONAL RECORD . STANDARD PENETRATION TEST , SAMPLING
e P7H 655 | SOLTN | SN | coLor| Deps [ M/ {Hum.of Blows '
i - (Gf‘pﬁ} e TONER DESCRIPTION barene Evory 10on NUMBER OF BLOWS N |Serele!Deth | Me
win |t om [ Uk ) JolassiFickTioN L " = B0l b 10 20 3 4 s g Ve m |
unragolved organic| (15
N wacter and siit. [0~ n. Lo t -
- upper portion ——
! | organic rich. "}!:, /%6 glo 0 =
very soft. N . -
2 . : 215 . @ -
-{ 1o brackish /ﬁ aln 0
L508 rganic silt {b . -
3 (IOO A0 e 3.00-5. 00m 3}45 /7{6 A% —
A o wediun to aeiff. 4% 3 4 ( =
{— T =415 10
i w8 ol ls / 10 -
"1 lighe - B
5 ————— : -515| 3
. 5.00-7, L—
, N srey very :o::m:o soft. 5 /g) | 2 /‘13
-~ [ 5n aome red 1 B
J ] dark patches, &1% 4 ol I -
622|705 | 415 o=y Gy grey - i
i e ieat) Send 1ghtBTEF ¥ine gand, Zt % 6|7 B
SR HAU US| contained some : 13 L.
81 ~ {ine mand, _.51'5 2
| S——— I i stiff. 845 /% 9 |13 e 22 -
9.,4 ', L g t . 18 _
hH ) . grey with =215 -
5 red 345 /ﬁ 9 9 ‘I 18
11307 1000] 260 {———— Clay patches 16 / i
o0z £00 100 o7 sidey sand :1§hi:x?)“ pravel 12 - / B
. =13
wpper portion / -
" b ‘EEE\; ziw- ”_A 0lelie ~z L.
- . at to very
1219 20
stiff. Ay -
] A some orgsnic "]245"& 9 11t . 20 .
fi~ — —— matter. b yaie] 19
A Po——— Light WEY 01]l%][10 {19
A% 14 T
i-HA021400/ 300 ] ey grey el 9 pd B
a R i coarse sand, 144! 30 4 5 <[a
~ R o quartz rich. . -
B R loose to wedium, |f—q5i5 1 \ |
Lisoieoof 200}t oid's Lehe e R N
tht B L0 -] Send grey . 24 B
| S—— very stiff. "“lal‘.') {0 10l14 .24 —
g S Ligh louerfpor:ion -
jr ght soce fine sand. 20
R4 Sva———" ' ) -
HETU0LIAD ooy ol CCARS — %091 -~ Jeo
o ne s& L] -
18 . medive sand with [ 4Bi5 /(:'-/ - :
1 ot el ligh 8!1:-:: rich - 3 e R R .\g
P I T qua . —
w"‘d@ 19250 LAS EF - oo . Stiey sead  {grey loose, 1 5 y . L
iy . o+ _ 19.25-14,003 1 301819 \IW L
I + + Look like & sandy 17
le,ni h. — b
: Foox Sery i e - Aram st
i + o+ L2114 y / -
i &+ 4+ 2wt <306 |8 (. g :
- + + . 24 i
ST L
: + o4 W _14 9 {15 Seza
23 N + | _omd 19 ' / |
2‘ + 2ad <30 18 11 /;19 i
A~ + 4 14
—0411] -
| 24.00-30.455 7
. * + look like o silzy | 2aag 3019 v «J4 -
B + * " | sand,=ica and Lo 25
4 . Feldspar rich. <, I
2] + + redivm to densc. 23 019 0 /25 -
4 + 21
) —
. 1 + o+ 43 7 114 21
| + 4 P75 % \\ L.
i + 4 T 915 24
- N
— TR i 337 —
, + 2848 730 [izd2 33
7 + 257
J |-sygf <2 =
N + a0 <309 g ;ﬁs
L + : d greyey . 22 / i
W5lamslize) v flsmen [ w8 ol lal L,

IX-37



Figure 1X-2-2 (3) ~ BORING LOG - (5o eaphoration

left bank of
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pigure I1X-2-2 (4)

BOR;NG LOG . {.Soil exploration}
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Figure IX-2-2 (5) BORING LOG (ol explorstion)
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1%-2-2 Acidic Water Flow Check Facilities - Pileng Project
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IX-3

I1%-3~1

Drainage Improvement

Site Geology

The bearing ground of small-sized structures such as

bridges and pumping stations is considered based on the boring

~ Investigations as well as on the foundation structures of

exlsting bridges and regulators. The proposed site consists of
beachwsand.area, swamp and old swamp area, and flood plain area.
As 1s clear from Figure IX-3-1, each area possesses the

characteristic subsurface geology, and the bearing ground can be

classified for each area,

Beach—-sand area

The subsurface geoclogy of the beach-sand area consists,
from upper to lower depth, of a beach-sand layer, a soft to
medium clay layer, and a gravel layer, all distributed at a
depth of between 0 - 20 m. The relationship between vaalue and
depth is shown in Figure IX~3-4, Existing bridges are supported

by the beach-sand layer with piles 12 - 15 m long.

Based on the boring investigation, the bearing piles and
their allowable bearing capacities (Ra) are calculated by
applying the following equation, and the relationship between
pile lengths and allowable hearing capacities is shown in Figure

1X-3-4.

§§-Ls
5

{

Ra = »+ [ 40-N-Ap + (

+ 2-Ne-Le) - U}

(w2

where Ra: Allowable bearing capacity
N: N=15+ 1/2 (N'-15), N'>15
Ap: Cross-sectional area of pile
Ns: Average of N-value in the sand

Ls: Length of pile in the sand
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Nc: Average of N~value in the clay
Le:  Length of plle in the clay

U : Perimeter of pile

Type of pile: Reinforced concrete pile
Size of pile: 400 mm x 400 mm

Existing borehole at B-6 located at the border with the
swémp area is of a thin beach-sand layer showing a small Ra
value, but Ra of other points would be greater than 23 ton when
the pile of 10 m or greater 1s used. However, as 1s observed at
borehole P-6, if a pile of excessive length is used, 1t would
penetrate the beach-sand layer resulting in a smaller Ra, so
caution should be exercised. Also, the vicinity of river mouth
lacks beach-sand as in the LTR point, or is replaced with clay

rendering the interpretation of the foundation ground difficuit,

Swamp and old swamp area

The subsurface geology of the swamp and old swamp area
consists, from upper to lower depth, of a peat layer, a very
soft clay layer, a medium to hard clay layer, and a sand or

gravel layer,

The relationship between N-value and depth is shown in
Figure 1X-3-4, in which proper N-values are generally situated
at considerable depth because of a thick elay layer being widely
distributed. In particular, the consistency of the material at
a depth of 0 to 14 m varies from very soft to soft in many

places.

The relationship between pile lengths and allowable bearing
'capacities is shown in Figure IX-3-5. With a pile of length
greater than 15 m, Ra would be greater than 33 ton, and the
greater the pile length, the greater the value of Ra. The
results of the pile driving test under the Pileng project
indicate the pile length of 8 to 18 m with Ra being 30 to 38
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ton, both of which are proximate to the above calculation

results,

Flood plain area

The subsurface geology of the flood plain area consists,
from upper to 1§wer depts, of a medium to hard clay layer, a sand
layer, a colluvium soil layer, and a granite layer, differing din
that the aréa'is free from layers of peat and very soft clay and
that the colluvium scil layer and the granite layer distribution

starts from a shallow depth.

The relationship between N-value and depth as is in Tigure
IX-3-4 showé_variations, but compared with the swamp and old
swamp area, large N-values are indicated from a shallow depth,
The relationship between pile length and Ra is shown in Figure
I1¥-3-5, in which Ra is greater than 57 ton when pile length

exceeds 10 m.
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Figure IX-3-3 (2) Geological Cross-Section
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1%~3~2

(V)

(2)

(a)

Design of Vertical Drop

The aim of the drop is to adjust Ehe gradient of canal

course, thereby, keep the canal flow velocity within the

tolerable ldwmit. Drops consist of vertical and {nclined types,
As a vertical drop seems suitable for this area in consideration

of its topography, the following design las been made:
Structure
As shown below, the vertical drop would consist of upstream

approach channel, notched outfall, stilling pool, and dowvmstream

approach channel,

Upstream
approach
channel $tilling pool

Downs tream
approach
channel

! -

Ly (Lz) (LZ)

Configuration dimensions
Upstream approach channel

For the purpose of preventing the chanmnel scouring on the
upstream side of the drop, the upstream approach channel would
be provided. The length of upstream approach channel would be
bbtained by the following two equations where the greater value
is adopted:

1.2 + 3/2 Ql/2

%

qe2 - Ll

B |

/2

"

q>2 g1 = 2.1+ 3/2 Q'

£2 = 4Hd ... ivineriennne. 2
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Where (: Total discharge (m /sec), q Unitnwidth discharge
{m” /sec/m), and Hd: Difference in water level between upstream

and downstream (m).

Type of S Y SR S U U R B!

Drainage Canal (m3/5eC) (m) (m3/SEC/m) (m) - (m) -jﬁﬂ_
1 5 3.95 1.3 4,6 6.0 6.0

T 10 5.70 1.8 6.0 . 6.0 6,0

TII 15 7.15 2.1 7.9 6.0 8.0

1V 20 7.75 2.6 2.8 6.0 8.8

v o 25 9,05 2.8 9.5 6.0 9.6

VI 30 9,50 3.2 10.3 6.0 10.3

VII 35 11.10 3.2 1.0 6,0 11,0

VIl 60 14.50 4.1 13.7 6.0 13.7

IX 80 19,00 4,2 15.5 6.0 15.5

(b) Notched outfall

The configuration of a notched outfall of the droﬁ greatly
affects the whole design of the drop. The reasons for selecting

the configuration of an outfall are given below:

first,'a conceivable cross-sectional configuration is
rectangular or trapezoidal. Here, in order to equalize'thé flow
distribution in the cross-section and to perfect the function of
- €nergy dissipator, rectangular cross-section would be. adopted,
Also, as the critical depth occur near the notched outfall and
the upstream side is affected by a drop-down, the outfall is
provided'with the following'cdnfiguratiCn to prevent such
lnfluence' | |
. 0 Narrow the Wldth of the notched outfall.
o Raise the height of the notched outfall,
o Raise the héight of aﬁd'néIIOW“the width of the notched
outfall, |
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As 1t is considered disadvantageous if the conflguration of
the notéhed outfall provided within a drainage canal 1is of a
reduced cross-section to allow the flood to fiow down rapidly, a
.notched outfall of the railsed height type is adopted. The width
of the notched 6utféll is the average of all the widths of
upstream canal courses, and the height of the notched_outfall is
raised to meet the specific. energy of the upstream channel

course, In this context, the raised height (hd) is cbtained as

Follows:
o %ﬁ ‘DJAM
B = A/HL g = Q8 .
He = (aqug)1/3 E = 1.5Hc A EIETN \\¥f
El = Hl + ahvl hd = E1-E~0.1Ahv )

B: width of notched outfall (m)

Ay flow area of upstream channel (mz)

q:  unit width discharge of notched outfall (m>/sec/m)
total discharge (m3/sec)

He: critical depth at notched outfall {(m)

E: specific energy at notched outfall (m)

El: specific energy of upstream channel (m)

Hl: depth of uniform flow at upstream channel {(m)

hvl: velocity head of upstream channel (m)

Ahv: difference In velocity head between upstream channel
and notched outfall (m)

al coefficient of correction (= 1.1)

Type @ HI vi. B q He B El Q.lAhv hd
of (n’ljf {m/ (m3lsec
chan- /sec) {m) sec) (m) Jm} (m) (m) {(m) {m) ()

nel

15

1.25 1.03 3.95 1.27 0.57 0.86 1.31 0.02 0.43

IT 10 .1.72 1.04 5.70 1.75 0,70 1,05 1.78 0,03 0.70
1T 15 2.03 L1.05 7.15 2.10 0.79 1.19 2.09 0.03 0.87
¥ 20 2.47 1.05 7.75 2.58 0.91 1.37 2.53 0.04 1,12

© ¢ 25 2.66 1,05 9.05 2.76 ©.95 1.63 2.72 0.04 1.25
vl 30 3.00 1.05 9.50 3.16 1,04 1.5 3.06 0.04 1.46
VII 35 3.10 1,06 10.80 3.24 1,06 1.59 3.16 0.04 1,53
YIIE 60 3.97 1.05 14.50 4.14 1.24 1,86 4.03 0.05 2.12
IX 80 3.99 1.06 19.00 4.21 1.26 1.89 4.05 0.05 8.1l
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(c)

(1)

Stilling basin

© . $tilling basing are provided to easé the impact caused by
the falling water as well as to dlssipate the energy. Energy

dissipation method generally.consists of ‘a watér cushion type or

cenergy dissipator column . type whén=a.1éfge'ﬁater depth is

available-and'of a hydraulic jump ﬁype,when only a sma117water
depth is aVailabla,-dependipg'bn the'magnitudg of the water
depth of the downstream channel, Since the water depth
required is available on the downstream side or the water
cushion type stilling basin is generally employed for-a low

drop, the watexr cushion type is adopted.
Length of stilling basin

The length of a stilling basin is obtained in such manner
that the vein of falling water enters the center of the stilling
basin. " As shown below, point A is the central point for the
falling water vein in the outfold, and the vein of free Ffalling

water is obtained as follows: -

E

H‘Hﬂ

12 - oK ZVf{&ﬂlgH_C_/?_)}lﬂ |

a’HéB'
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h ¢ Drop height (=1.5 m)

v 1 Water velocity at the Notched Outfall (m/sec.)
He : Critical depth at the Notched Outfall (m)

B : Width of the Notched Outfall (m)

Q Discharge‘(m3lsec).

ar: v 0,656 .~ 0,72 (0.72 is adopted)

(11) Depth of water cushion

In general, the depth of water cushion (D) is obtained by

the following equation:

D = 1/2-/EF

E: Specific energy at the upstream of notched outfall (m)
F: Difference of total head of the up and downstream

channel (m)

Type 1/?
of 2(h +
Drain- @ He B v’ atbefz)l v e F b
age (m™/ )
Canal sec) )  (m) (m/sec) g (m) (=) fm)  (m)
1 5 0.91 2.0 3,82 0.61 4.7 1.36 1.5 0,72
1 W 1.24 2.5 4.4 0.63 5.7 1.86 1.5 0.84
1T 15 L.46 2.9 4.99 0. 64 6.4 2.16 1.5  0.90
v 20 1,71 3,0 5.41 0.66 7.2 2.56 1.5 0.98
v 257 1,84 3.4 . 5.55 0.66 7.4 2,76 1,5 1,02
vi 30 2.06- 3.5  5.84 0.68 8.0 3.06 1,5 1.07
V11 35 . 2.3 34 6,19 0.69 8.6 3.46 1.5 1.14
VEIL 66 2.71 4.5 6.83 0.71 9.7 4.06 1.3 1.23
% 80 271 6.0 6.83 0.71 9.7 4.06 1.5 1.23

(d) Downstream approach channel

An approach channel 1is provided so as not to damage the
downstream channel. The length of approach channel is the same

‘as ‘that of stilling basin.
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IX-3-3 Design of Inclined Drop

(1)

(2)

(3)

o Ro=

Lecation

At those points in the impfovement'éection bf Ehe:dréiﬁage
caﬁal where the elevation ofntherdrop;ﬁ?ddwnstrEam‘aﬁproaéh channel
is below the ﬁormal.impodnding wéﬁernléﬁel bfrthe Bang Néfa storage
and the downstream water depth is considefabie;.the*inclined=drop

type would be taken.

Canal .Locatién
Khlong Na Ko 3+ 100
K. Chang 3 + 300
K. Ku Rong Ya Ma | 5 + 400*
K. Ba Ngo Du Dung 3 +“650*
K, Sala Mai : 1 + 300

L

Figure represents the distance from the Bang Nara water storage,

Basic dimenslons

Canal bottom

, elevation
Bottoﬁ Dis- Up- Doﬁnu
Canal Type Width charge stream stream Head
D (m) . (m>/sec) (EL-m) (m)
K. Na Xo 11 3.0 10 (2.1 (1.6 3.7
K. Chang 4,0 20 (+)0.4 - (<)1.5 1.9
. Ya Ma i 4,0 15 (1.4 ()11 2.5
Ba Ngo ~ VI 5.0 30 . (-)0.4 (=)2.0 1.6
u Dung
K. Sala Mai 1I 5.5 10 (#)0.6  (=)1.1 1.7
§Structure

Sinbéi'dé?énding on the conditions under which inclined drbps

are tc:bé“installéd, the Bang Nara water storage situated on the
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downstream side plays the role of a stilling basin, provision of
the stilling basin is omitted for a drep of this typé. _Also, as
the head is more than 1.5 m and the standard gradient of a chute
section ds 1:2, the chute section in this case is constructed of
.wet masonry. The cross—sectioﬁal shape of inclined drop 1is

trapezbid.

The 1eﬁgth of thé upstream épﬁroégh chammel (L is-the same
as that of vertical dfo?. This section is of riprap bed and '

revetment,
Channel type __{(m)
B & S 6
111 8
v S
VI ‘ 10.5

The channelizing section is of the same wet masonry as that
used for the chute section, = Its length is eqﬁal ro the length of
jumping water. The leﬁgth of jumping water (L) is calculated by

applying the Smetana equation.

L =b (h2 - hl)
hl : Water depth before water jumps.

h2 ; Water depth after water has jumped.




(Z + ho + v02/2g)-“ (hd -+ vd2/28)

o=
= 2 + (ho ~ hd) + (vo2/2g ~ vd?/2g)"
: _ L T R
7 ho Vo wvo . hd  wd vd” F o A2
Khlong (m) {(m) (m/s) 2g (m) (m/s) 2g (m) (m)
II K.Na ko 3.7 1.8 1,059 0.06 2.4 0.631 0,02 3.14 15.84
IV K.Chang = 1.9 2.5 1.055 0.06 3.8 0.543 0.02 0.64 36.86
ITI K.Ku Rong 2.5 2.1 1,061 0,06 3.8 0.407 0.01 0.85 36.86
Ya Ma
VI K.Ba Ngo 1.6 3.0 1,053 0.06 4.0 0.682 0.02 0.64 44.0
Du Dung ) B -
IT K., 8ala 1.7 1.7 0,759 0.03 1.9 0.630 0.02 1.51 15.865
Mai '

The following relationship is established between the head
loss of the energy by hydaulic jump in the channel with rectangular
cross-section and the conjugate depths of the hydraulic jumwp, hl
and h2: '

po (hy/hy-l ) 3

Also, assuming'the unit-width discharge of the given discharge

is g, the critical depth is obtained by the following equation:

and, the following relationship exists between hl and h2.:

T 2 Y3
-h ol . —— -
U h2/h1 (hzlhl + 1) '
e 1: - 3 . | 7 1/3
Fooroony o (hy/hy - 1) 2 s
h, hy b, by by h2/h1 (hzlhl + 1)

IX-66



By obtaining ltic and combining it with the previous F, the values

for hl and h2 are obtained.

Khiong Q B q  he h1 h2  hl h2

@l @@ s @ ke he WL @ (w)

[+

K. Na ko 10 5.7 1.75 0.54 5.8 0.244 11.21 0.13 1.48<2.4

K. Chang 20 7.75 2.58 0.70 0.9 0.405 5.00 0.28 1.42¢3.8

K. Ku Rong 15 7.15 2.10 0.61 1.4 0.362 6.02 0.22 1.33<3.8
Ya Ma . _ _

K. Ba Ngo 30 9.50 3.16 0.80 0.8 0.461 4.04 0.37 1.49<4.0
Du bung

K. Sala Mai 10 8.05 1.24 0.43 3.5 0.276 9.26 0.12 1.10<1.9

'Wheﬁ'cqmﬁaring the above h2 with the dovnstream water level
(hd), h2 is considerably smaller than hd. This is because jump is
indirect and the length of jump is shorter than in the case of
direct jump, However, considering the effect on the downstream,

the length of jump adopted is that of direct jump.

Xhlong 1 (m)
K. Na Ko 8
K. Chang 7
K. Ku Rong Ya Ma 1
K. Ba Ngo Du Dung 7
K. Sala Mai 6

As previously mentioned, because the channelizing section is
designed to be longer than the reéquired hydraulic length, it would
be judged unnecessary to provide downstream approach channel.
However, in prdef to prevent the scouring from the downstream side
of the éhanﬁéiizing section, a riprap revetment with a length equal

to half that of the channeiizing gection is provided,
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IX-4  Irrigation Facilities

I¥--4-1 Examination of'\ﬁéadface

This covers the basic requirements governing'the'headrace
scheme when utilizlng the drainage canals for channelling
irrigation water up to the respective pumping station. Examination

has been made in the follow1ng sequence :

o]

‘Establish the elevation at headrace bed.

J

o Calculate hon—uniform flow to obtain the friction loss (h).

¢

o Obtain the water absorption level at each pump station,

o Re—establish the elevation at headrace bed at a higher level, and
move the location of pumplng station for excavation height to be
5 m. ' i

o Again, obtain h.

o Repeat the above as far as a headréce bed elevation does not

!

o From the above, select a headrace bed elevation which can

converge,

minimize the excavation height.

The head loss under non~uniform flow in the heédracé'would be

vbtained by the following equation:

NPFPTITPTIT (LT ///////7//7//7///////////'//5}
' .
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The Bernoulli's theorem is' applied.

2 2

Vl" . V2 |
Dl% EE“ =_Dz_+ "ﬁg-%_hf_
| 2 e,
Ah = §f L + Eg" - —Eg- St r“-~§—m—-

Calculate in advance the value of the left side vs, Dl which
is established by the above equation, assume D2 of the right side.
Then repeat trial calculations until the value of the right side
becomes equal to that of the left side. By this method, obtain B2

at each pumping station.
(i} Du Song Pumping Station - Khlong Na Ko

The basic conditions for the examination of headrace are as

follows: - -

880 ha x 1.38 l/secfha = 1,214 1/sec
3
1.2 m” /sec

o Rate of discharge Q

I

o Cross-section of the improved drainage canal Type II (Bed width:

3.0 m and total length: 3.3 km)

1 L=3.3 km
[ )

o WL(=0.2m .y - /
;; _ l&h* \\\\\\\ v

Dl

3.0m

At the Bang Nara At Pumping Station

Water Storage

From the results of above examination, the adequate plan for a

headrace in the canal would be as follows:
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Water depth at the Bang Nara  : - Dl =.l.4m

Water Storage

Elevation at headrace bed : . EL - 1.6 m
Head loss due to water conveyance Ak = 0,164 m
Water level at pumping station . CEL - 0.364'm

if

Water depth at pumping station point D2 1,236 m

{(i1) Khok Ti Te Pumping Station - Khlong Chang

o Rate of discharge Q = 1,120 ha x 1.38 1/sec/ha = 1,546 l/sec.

1.6 mB/Seé.-

]

o Cross-section of canal _ . _
Type IX (Bed width: 13.5 m and total length: 0,85 km)
Type IV (Bed width: 4.0 m and total length: 2.65 km)

Although in the Type IX section the rate of discharge (Q =
0.65 m3/sec) to the Maru Bo Pumping Stafion is added, head loss in
this section would be nearly zero because the cross-section is
large. - Therefore, with the dowastream end of the Type IV. section

as the starting point, the results are as shown below:

Water depth at downstream end of DI:= 1.3 m

Type IV section

Elevation at headrace bed EL ~ 1.5 m

Head loss due to water conduction h = 0,218m
-Water lével'ét pumping station point EL ~ 0.418 n
Water depth at pumping station point b2 = 1.082 m

(iid) Méru'Bb_Pumpihg Station -~ Khlong Ku Rong‘Ya Ma

470 ha x 1.38 1/sec/ha = 649 l/sec
0.65 m3/sec.

i}

o Rate of dischatge Q

0 Crbss—sectidn'of'éanalr

g nTYpe;IXa(Bed wldth: 13,5 m and total length: 0.85 km) -
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“Type VIIT (Bed width: 8.5 m and total length @ 2.5 km)
Type III (Bed width: 4,0 m and total lemgth : 1.75 km)

The rate of discharge in the Type IX section is Q = 2.25

mg/sec;and that in the Type VIII section is Q = 0.65 m3/sec. As

both sections are large for the rates of discharge, head loss in

this section would be very minor. With the downstream end of

Type III section as the starting point, the results of the

" exanmination are as shown below:

Water depth at downstream end of
" Type 'IIT section
Elevation at headrace bed
Head loss due to water conduction
Water level at pumping statioﬁ point

Water depth at pumping station point

{(iv) Sala Mai Pumping Station

i

o Rate of discharge Q
0.7 m3/sec

Il

o Cross-section of canal

DI = 0.9 m
FL - 1.1l m
h = 0.087 m
EL - 0,287 m
D2 = 0.813 m

490 ha x 1.38 1/sec/ha = 676 1/sec

Typé IT (Bed width: 3.0 m and total lenmgth: 1.3 km)

The results of similar examinations are as shown below:

Water depth at entrance point to
the Bang Wara Water Storage
Elevation at headrace bed
- Head loss due to water conduction
Wdater level at pumping station point

Water depth at pumping station point
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IX-4~2 Comparison between Types of Pumping Stations

The_following three types of pumping stations can be

considered:

1) Provide a reinforced concrete suction well and mount pumps

thereon (well type).

2) Drive in piles within the headrace, construct a concrete slab

on the driven pile heads, and mount pumps thereon (pile type).

3) Install the pumps inclined along the surface of the bank slope

on one side of the headrace (inclined type).

Figures [X-4-1 to 3 show Ehe-state of each of the .above pumping
stations ﬁith_refeﬁence to a ¢400 mm pump which is an average size,
Based on the estimated construction cost of -the respective pumping

station, the following comparison would be obtained:

Ttem . (1) -Well type - (2) Pile type . (3) Inclined type

Excavation (m3) 990 14,260ﬁ 550 7,920E 430 6,200g
Filling (m>) 890 16,020 - - - -
Soil disposal(m>) 100 1,100 550 6,050 430 4,730
Reinforced '
concrete(n’) 70 348,600 30 149,400 40 199,200
RC pile (pe) . 4 24,000 9 82,800 - -
($600) (4500)
_ (T:=10m) ' {L=10m) : ‘
Pipe Co(my 10 12,000 - 10 24,000 - -
(4900) (4800)
Dry masonry .(m7) = 10 6,300 . 10 6,300 10 6,300
Wet masonry (m3)‘“ 40 34,000 200 170,000 . 80 68,000
Pump . (L8) . 4,100,900 - 4,100,900 4,160,800
Total o B4,557,180 . B4,547,370 B4,445,230
' © (1.000) (0.998) (0.975)
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As far as the construction coSt’iS‘cﬁﬁééined,"the most
eCdnomical 1s the type using the inclined pdmbs. The followiﬁg are

considered with respect to the operation and maintenance of pumps:

o Well type:
The height of the pump house 1s minimized and no crane or
any other equipment is used to minimize the construction
:cbét“ A'tfuck crane'tan take access to the pump'hdﬁéé'to
_hoist any of the pumps requiring malntenance or repairs

:3 with relative ease.

) Plle type.-

- As in the case of the well type, provision of the~ crane
and other equipment is’ omitted in order to have the pump
house of lower height, " However, the pump house of fhis
type is not accessible by a normal truck crane.
Consequently, the ﬁsé_of a truck crane of a super long
boom is inevitable, and the.crane operétion becomes more

difficult.

o Inc]1ned type:
" Embed a concrete base in the slope surface, install
pracks thereon, and install a pump on the tracks.
With the pumplbeing in trouble, on-the-ground repéix is
~  possible by hoisting the pump by the tracks, In this
' cdse, a wlach is the only device required and the types
‘of equipmenf;and tools needed during repairs and checking

can be-felatively simple,
By judging from the above items, the inclined pump would be the

most viable particularly with regard to its repalr and checking,

requiremean.

IX-73



"~ Figure -IX-4-1 Pumping Station Type~l ( Concrete Well Tyt}e }
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 Figure IX-4-2 Pﬁmping'SfaEibh Type~2.( Pile Structure Type )
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Figure IX-4-5% Pumping Station TyﬁeQB ( Inclined Type )
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I¥-4~3 Comparison between Types of Conveyance Channels
As a meéné-of*édnveying water to the high paddy field from the
pumping stations to be provided on the bank of the improved
drainage canal running down to . the Bang Nara water storage, the

following two types of channel can be considered:

(i) Open channel type constructed of earth
(ii) Pipe channel type.

(1} Water conveyance capacity
1) Unit water requirement

The peak unit water requireﬁent dufiﬁg'the period of paddy

cultivation is 1.38 litre per sec per ha.
2) Irrigation area
- Examination has been made of the pumping irrigation in the
vicinity of Khlomg Sala Mai, which is a pumping irrigation scheme
having an average size of the irrigation area. The irrigation area
under the Pumping Station P7 is 490 ha.
3) Water conveyance capacity
Q = 1.38 l/sec/ha x 490 ha = 676.2 1l/sec = 0.68 m3/sec

{2) Cross-section of conveyance channel

The cross-section of conveyance channel required to convey the

above discharge would be as shown below:
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1) Open channel

© B= Right of May® -

In the case of a channel with a thin concrete llning, the
tolerable maximum flow veloc1ty would be 1 5m pe1 sec. A channel
with steep gradlent needs considerably more embankment and is in no
way economical therefore, a tolerable minlmum flow: velocity of
0.7 m per sec to prevent silt from building up and underwater
vegetation from growing has been used to mlnimlze the scale of

embankment.
2) Pipe channel
When deLermlnlng the cross~sect10n of a plpe channel the
,general relatlonshlp between ‘the pipe diameters and in-pipe flow

velocities shown below has been used.

Design flow

Pipe dia. (mm) - velocity (m/sec)
75 ~ 150 ) 0.7 - 1.0
200 - 400 . 0.9-1.6

“ 450 - 800 ' 1.2 -1,

900 - 1,500 1.3 - 2.0

y Based on the . above flgures, the pipe diameter at Q = 0 68
m /sec would be determined as 5800 mm. In consideration of the
':embedment in unstable ground the cross-section of the pipe as

embedded would be as shown below
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{0.8m

0.475m
0~5m,,

(3) Construction quantities
1 'Qpeﬁ channel

‘The estimated quantities per meter vs. the various embankment

heights (H) in the cross-section are as follows:

' "Embankment - Excavation  Right-of-way

H (m) {m3) _ {m3) width (m2) Lining (m3)
1.0 8.1 1.4 15.0 0.184

2.0 20.6 1.4 18.0 0.184
2.5 28.0 1.4 19.5 0.184

3.0 36.1 1.4 21.0 0.184

3.5 45.0 1.4 22.5 0.184

4.0 54.6 1.4 24.0 0.184
3.25 40,5 1.4 21.75 0.184

"2) Pipe channel

o Excavation 8 m3
o Foundation sand 2.5 m3
o Pipe.embedding' 1w
7 (éBOO PC pipe)
o Backfill sl
o Surplus matefial " 3m

to be dis?osed'df
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(4) Comparison of construction costs

Table Iﬁ.{4é341jshows-the-:esﬂlts of éompa%iéon.ﬁéde between
the constiuction costs vs.tthé'Qéxiéﬁs_emﬁahkﬁeﬁt héights of open
channel énd tﬁe'cbnstrudtionfcostiﬁf.pifé channel. ACébrdihg to
the results, the breaking’ point For the selection of open and pipe
chaﬁﬁel types would be near the.embankmént heigﬁt.tﬂ) of 3“to 3.5 mwm

of the open channel.

Table 1X. 4-3-1 Construction Cost by Types of Conveyance Channels

per micter

{Mmit: P per meter)

Ttem - Open canal co ‘Pipe channel

Ebankaent 1.6 2.0 2.5 -3.0 . 3,5 4.0  $800 mm
heipght (m) .

Land - 94 113 122 132 141 150 -

acquisition

Embanﬁ%gné. 438 1,112 1,512 1,950 2,430 2,949'i -
Frcavation 20 20 20 20 20 20 115
Filling | L - - - - 143
Soil.disposat - - - - - - 13
: _Sgud:bed _ - - - - - - 45.
3c§ﬁc£ece 405 405 405 405 .405 405 -
jiéﬁing SR 405 .
 f¢.p{peh'  _i i.:;'.- S ..7 __ .':.~ : ;-ﬁ E’40b7
Cnsﬁ_tdt;;- ' ';;;f-i;ﬁﬁo _gJ059'.2,56;T élggg.;lﬁa&£; ?;1§Q
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