- As individual end-users require water of dif-

fereant qualities, water ard f1
- cation {1 ici-
nity of Dok Krai reservogr is ngt econgmiEgIY -

- The raw water pipeline i{s easier in maintenance
and administration.

~ Since the quality of the raw water is good, prac-
tically no correstfon and abratfon in the pipe is
anticipated.

Design Conditions

Design Criteria

Applicable Japanese design criteria are used exten-
sively in this Report.

Water Source

The Neng Pla Lai sub-project is a prerequisite of
construction of the Nong Pla Lail dam and a supply of munici-
pal and indusirial water depends on the Dok Kral reservoir
while irrigation water on the Nong Pla Laf daw. So, in the
study of this Project, an intake from the existing Dok Krai
reservoir is investigated.

Design Discharge

Daily maximun design water supply is taken as the basis

of the design discharge, The formula below is based on the

anaual demand water.

Qd = Wd/365/86,400-fw/C

Where
Qd : desiga discharge, m3/sec,
Hd : demand water, MCM/yr.

fw : leakage ratio
Cf : load factor

“Cf" is coefficlent of fluctuwation of demand. The CF
value varies with scale, type and operation of receiving
factories in industrial water., Furthermere the municipal
water demand varies with secasons, change in living standard,
etc. Cf=1/1.5 is a larger value of the range observed
actually in the past, As for leakage, mostly observed value
in the purification plant, Leakage ratio (fw) of 1.1 is used
here,

The design discharge of the respective routes is shown
below.



Route Q (m3/sec)

Dok Krai Res. - Mab Ta Pud 3.02
Mab Ta Pud - Sattahip 1.02

Dok Xrai Res. - Laem Chabang 1.16

WATER TRANSMISSION SYSTEM
Selection of Possible Routes

The possible routes between the Dok Xral dam and the
receiving ends are shown in Fig. 3-1 and Table 3-1.

Table 3-1 Possible Routes

The shocrtest route linking Dok Krai dam to Mab Ta Pud.
Capacity to serve one of the three areas: (a) Rayong
region only, (b) Rayong and Sattahip areas, and (c)
Rayong, Sattahip and lLaem Chabang areas.

Alternative of M-I. Plan to intake spill water of Dok Kral
dam from the irrigation channel at its down—streanm.

For water transmission to Sattahip no direct route is
available. The route via Mab Ta Pud is the eanly route,

Laem Chabang.

For the water supply to Pattaya, an effective utilization of]
water caa be reached by a branch line to Map Prachan danm at
the point on the midway of the pipeline "L-1",

The route to Laen Chabang via Mab Ta Pud and Sattahip, Tt
Is easler to supply water to cities and town along the
coast such as Pattaya,

Comparison betweea Routes M~1 and M-2 are omitted here
as it will be treated in 3.2,2., Regarding L-1 and L-2, the
former is for direct supply to Laen Chabang while the latter
1s via Mab Ta Pud and Sattahip. Therefore, the length of
L-2 route becomes longer, and the pipe. diameter of both
routes M and S becomes larger, and needs larger capacity of
booster punp(s). These are definite economic disadvantages,
The merit is easler water supply to coastal town such as
Pattaya, however, the supply is also available to
Pattaya from Route L~1, So there is no partfcular reason
to lay transmission pipeline along the National Highway
Route 3.
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3.2.2 Route for Rayong - Sattahip area

Route from Dok Krai Reservoir to Mab Ta Pud

Three alternative plans are considered in the route
from Dok Krat reservoir to Mab Ta Pud as shown in Fig. 3-2.

After conparison of Plans A, B & C as described below,
it is concluded that Plan A is the most advantageous.

)

Bricf description of plans
Plan-A (Pipeline System)

Punpiag up at Dok Krai dam site to the head tank
located beside Highway Route 3191, and through
pipeline the water will be coaveyed to Mab Ta Pud
by gravity fiow,

Plan-B (Irrigation Canal and Pipeline System)

Transnitted through the existing irrigation channel
located on the right bank of the Rayong River,
punping-up in the vicinity of Ban Nong Saphan,
conveyed to Mab Ta Pud under pressure, Required
volume of water 1s available from Dok Krai reser—
voir,

Plan~C (Open Conduit Systen)

Punmping up at Dok Kral dam site to the repulating
basin located beside the right side of Dok Kral dam
site and conveyed through open condult across the
castern slope of Mt. Chon Hae and Mt, Xhvok down to
Hab Ta Pud. Open conduit is mostly used,

Brief description of main facilities

Plan-A

To be described in detail in 3.2.6.
Plan-B

1) Iantake and punping station

The Intake is located where the irrigation chan-
nel turning left toward the Rayong River in the
neighborhood of Ban Nong Saphan.

The pumping station is also to be located at the
same area. The highest spot of the surrounding
hilly terrain is about 80 meters In elevation.
If the head tank is located at the high land
area, a booster pumping station may be required
before it reached to Mab Ta Pud. The general
plan of pumping station is shown in Fig. 3-3,
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2) Plpeline

Total length of the pipeline is about 23.0 ka
starting fron the pwiping station, running down

to the south until reaching to Route 3,
changing direction at the intersection and
running paraliel with Route 3 to reach Mab Ta
Pud, The pipeline route and its profile are
shown in Flgs. 3-4 and 3-5, respectively.

Diancter of the pipe is tentatively fixed at
1,500 un and a Further study in detail will be
neccessary in this matter from view point of
the punping cost.

3) 1Irrigation channel

The'existing irrigation chaunnel, starting at the
intake at Ban Khai, is to be utilized.

Plan-C

1} 1Intake and pumping statien
Location and type of the intake and punping sta-
tion are the same as those of Plan-A, except the
total punp head which is more than 30 meters
snaller,

Characteristics of punping station

= Rate of flow  : 36,24 n3/nin/punp

1

Suction level P HoWoL. 452.000
L.W.L. +‘.§20000 m

= Actual punp head : 43.0 n

Friction loss : 12,0 m

Total pump head : 55.0 m
2) Regulating basin

A regulating basin is to be located at the hitly
terrain, EL.485.0m, on the right bank of Dok Kral
dam, .

 As the condult downstream of the regulating basin
is open conduit, it is required to mailantain stage
fluctuation of the basin to the possible minimum,
Here, the efféctive capacity of the regulating
basin 1s determined at 162,000 m3 ( 232 m x 232 m x
3.0 m ) with stage fluctuation of 10 cm per 30
ninutes,
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3) Open conduit

The conduit system between the regulating basin
and receiving well at the purification plant
nostly consists of open ¢onduit., Though there
are various types of opew conduits, here, an
embeded type conduit will be used. 1In this case,
the faternal pressure is equivalent to head cause
by water depth, therefore, it is considered that
a reinforced concrete pipe will serve the purpose
well enough, ({(Refer to Fig, 3-6.)

-The natural topographic slope dictates the gra-
dient of the conduit between 1/500 and 1/1,000,
Though called "open conduit™, actually it has to
be a culvert. 1In this case, pre-cast concrete
conduit such as “Rocla Pipe” is considered most
suitable from the viewpoints of workability and
economy. {Refer to Fig. 3-7.)

Section of the conduit, assuming-the circular
shape, 1s calculated and the required diameter
(D) of the pipe is as below:

i=1/1,000 D=1, 800 nn
i=1/500 D=1, 650 nn

The maxinun diameter of "Rocla Pipe" available at
present is 1,500 un, therefore, double-pipe
system is adopted here. By the same procedure in
the foregoing, the required diameter (D) of the
pipe 15 as follows:

i=1/1,000 2% D=1,50 on
i=1/500 2 x D =1,35 am

12

Comparative Study

Comparative list s shown in Table 3-2. The list shows
an obvious disadvautage of Plan~B because higher ruaning
cost though the inftial cest {8 lower than Plan-A.
Furthermore, Plan-B has a fatal drawback, i.e., unsteadi-
ness in water supply capability. Plan "C" is the one with
open condult and the constructlon cost is lower than that of
Plan-A. Plan-C, however, requires much land acqulisition
along the entire voute, When the use of "Rocla Pipe"” is
considered, it takes 4 to 5 years for construction. This is
because of small production capacity of manufacturiag,

A cast-in-place concrete conduit may be considered as

an alternative, however, longer construction period and
higher cost is quite obvious,
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3.2.3

3.2.4

Route from Mab Ta Pud te Sattahip

For the route linking Mab Ta Pud to Sattahip, it 1s
apparent that the one running along Route 3 is nost advan-
tageous, though a detour for a portion is required because
of the high elevation, Since the inside pressure of the
pipe is low the use of pipes made of some other materials
such as Recla, ductile, etc, may be considered suitable.
However, here it is recommended use of the steel pipe with
the advantage of certified leak proof quality, workability
and material cost,

Route for Laem Chabang Area

Route from Dok Krai to Laem Chabang

The route to Laem Chabang is crossing the mountain of
EL. 150 m approx., so nost of the entire length of the route
is a pipeline. At the present study, the route fronm
Sattahip has been abandoned at the initial stage because it
is unsuitable for practical purpose., Several other routes
to Laem Chabang may be found., The one ruaning parallel with
Route 36 is selected as most practical because no road is
existing along the other routes.

On the above-mentioned selected route, one booster
punping station on the route, and a rock tunnel of about
9.0 knn 1n leagth where the route is crossing the mountain of
EL. 150 m. The straight alignment across the nouatain will
require one more booster station and leads to a a definite
disadvantage. Regarding the route to Laem Chabang, still
better one might be found after further detailed study
taking topography of the region and condition of the
existing roads into consideration. However the result of
the subject study shows the proposed route is the most
feasible. According to the schedule of the occurence of
demand, construction of Laen Chabang Route will be somewhat
late to that of Mab Ta Pud Route. When Construction of Laenm
Chabang Route is started, no extension of the pumping sta-
tion is considered. Up-grading of the capacity of punp(s)
and motor{s) is considered as a counterneasure, instead,

No additional pipeline to the one between Dok Krai res,
~- Head Tank, running along Route-3191, is considered. But
ane additlonal head tank will be constructed, and from there
the pipeline to Laem Chabang will be branched out.

Pipaline

Pipe Materials

Since the pipetine i{s embeded along almost the entire
length, pipe materials resistant to internal as well as
external pressure is required, The pipe required is 1,000
to 1,500 mn fn diameter. There are a nunber of different
pipe materials suitable for this project but for the range
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of the diameter of the pipe mentioned above, only pipes of
concrete, ductile iron and steel may be available. The
study results are presented in details in Tables 3-3 and
3"!'.

The following is some major factors to be considered in
the comparison pipe materials.

1} Strength

Internal pressure is estimated at 10.0 kg/cm?
taking effect of water hanmer into consideration.
Pipes must be sufficiently durable against external

pressuvre caused by traffic load, buoyancy and land
subsidence observed at poor soil.

2) Leakage

Leakage at pipe joints lowers the supply capacity,
causes bad effect to paved road, and also causes a
sericus hindrance to the road maintenance and
repair., 1Tt is reguired to select suitable pipe
materials to avoid all problems mentioned above.

3) Anti-corrosion
For a longer life and to malntain the required flow
capacity of pipeline, material resistant to corro-
sion or the one accept pre-treatment for anti-
corrosion may have ta be selected.

4) Availlability

Pipe materials to be produced and delivered to the
field in time of specified date of delivery.

Number of Pipes

Number of pipes of the proposed pipelines is determined
by safety, economy, efficiency in construction execution,
etc, Here, conmparison between single and double pipeline
shown in Fig, 3-8 will be made on the proposed pipeline bet-
ween Dok Krai dam and Mab Ta Pud as an example.

1) Study conditions

Design Discharge Q = 3,02 m3/zec.
L.W.L, of head tank EL. + 105.0 n
H.W.L. of receiving well EL. + 60.0
Distance between head tank

and receiving well L = 20,8 kn

Coefficient of flow velocity ¢ 120
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3.2.5

2) Pipe diameter

For caléulation of_the'required pipe diameter,
Hazen and Williams's formula is used,

D = 1.6258 x ¢ 0+38  ot0.38 _ 1 -0.205

Where:
Q@ : rate of flow, mI/sec.
I : hydraulie gradient
€ 1 coeffictent of veloctty (C=120)
D : Inner dia., of pipe, m

Single Pipeline

D= 1.625 x 12070438 , 3 ¢p+0.38

x ( 105.0 - 60.9 y=0+205
20.8 x 103
= 1,41 % 1.5 of

Double Pipeline

D= 1.625 x 1207038 ; ¢ §593 y*0.38

105.0 - 60.0 ,~0.205
x (217 800,
2.08 X 103

=1.08 #% l.1 m

Comparative Study

Comparative item of single and double pipeline 1is
shown in Table 3-S5, From the viewpoint of diversification
of risks, the double line is definitely advantageous, An
increase in the construection cost is almost unavolidable,
i.e., about 24% more in direct constructian cost, and higher
land procurement cost, As the wall thickness of embeded
pipe is determined taking the balance of vertical earth
pressuré and side pressure caused by backfilling, a wider

spacing between the two pipes than that gshown in Fig, 3-8,
might be required. )

Purification Plant

Though the purification plant project is not included
in the scope of the present study, the location of the plant
is teo important to be neglected in the design of the

receiving well, Comparative study of the location of the
propesed plant is shown below,
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Rayong-Sattahip Area

1)

2)

Mab Ta Pud

New industrial and urban developnent project of Mab
Ta Pud is shown in Fig. 3-9.

The location of the purification plant i{s to be
studied and fixed Fron the comprehensive viewpoint
of the nost effective delivery of water over the
service areas. 7The two plans as shown in

Fig. 3-9 are compared,

Plan-A

Location of the purification plant in this Plan is
close to the northern border of the industrial
region, and an average ground height of the area is
about EL. +45.0 m. Punping-up may have to be con-
sidered for the water delivery to a part of the.
reglon. In the case of water supply to Sattahip,
it is necessary to boost up the water at the inter—
mediate booster station, The lift of the punp{s)
at Dok Krai dan will becone low accordingly,

Plan-B

The purification plant, in this Plan, is located on
the spot at the right side of Route 3 where the
route bends to the right to the direction of
Rayong, and an average height of the area is around
EL., +60.0n. Besides for the water supply to the
new urban area, booster station nay be required.

Here, Plan-B is selected by the reasons as below.

- Elevation of the receiving well is high enough to
distribute to Industrial factories by gravity
flow.

- The surrounding area is wide endugh and better
sulted for the future extention.

Sattahip

Major supply ends in Sattahip are the proposed sada
ash factory, port and municipal households, The
location of the soda ash factory has not been fixed
yet. For the location of the proposed purification
plant, somewhere on nidway between Sattahip port
and the urban center is deened advantageous, The
ground height of the supply end aveas is avound EL,
+ 10.0 m, and the receiving well of the purifica-
tion plant is estimated at between EL, + 30.0 m and
+ 40.0 m, Taking the foregoing conditions into
consideration, the location of the plant was deter-
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3.2.6

wmined at the lot, as shown in Filg, 3-10, along the
Route 3. For purification, three plans, A, B and
C, as shown below are formed,

Plan-A

The purification plant at Mab Ta Pud supplies
treated drinking water, and only distribution
reservoir is located at Sattahip,

Plan-B

The purification plant at Mab Ta Pud supplies
treated industrial water, and at Sattahip, a puri-
fication plant only for drinking water will be
located.

Plan-C

The raw water will be treated at Sattahip purifica-
tion plant for both drinking and industrial water.

Here, the Plan-C deened most advantageous for the
reason as below.

= In the Plan-A, for the industrial water required at
Sattahip area, the drinking quality water will be
supplied which is not economically advantageous.

— Soda ash factory is more desirous of supply of the
raw vater,

However, quality of the raw water, and the required
purification standards of industrial water are not fixed
yet, a further and detailed study is a prerequisite.

Leam Chabang Area

The proposed Laem Chabang Industrial Complex is likely
to extend over the low-laying land about 4.0 km toward the
sea from the Route 3, As the major cities in this area are
scattered on the east and west sides of the Reute 3, the
proposed purification plant will be located at the highland
along the Route 3, Though the location of the supply ends

is not fixed yet, the receiving well will be located at bet-
ween EL. + 40,0 m and + 50.0 m,

Projeét Description

A brief description of major data of the respective
rouvtes is given below:
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From Dok Krai Reservolr to Mab Ta Pud

1} Pumping station at Dok Krai Reservoir

Pesign discharge :

Nunber of pumps
Total punp head
Total output

T I T

Q = 3.02 nd/sec,
(Q=36.24 n3/min/punp)
6 (1 for stand-by)
“T = 90.0 mn

Pw = 3,400 KW

L = 27.6 km
$ = 1,500 mm

6.0 km south from Dok Krai
pumping station

2 x 3,000 m3

West of Ban Chak Luk Ya along
Route 3. .

Q = 1.02 n3/gec,
L = 21.9 ka
é = 1,100mm

About 5,0 km east of Ampho

Sattahip, north of Route 3

power
2) vPipeline
Total length :
Steel pipe H
3) llead tank
Location :
Volumne
4) Purification plant
Loeation :
From Mab Ta Pud to Sattahip
1) Pipeline
Design discharge :
Total length :
Steel pipe H
2) Purification plant
Location :
From Dok Krai to Laem Chabang
1

Pumping station at Dok Kral Reservolr

Design discharge @

Total punp head
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4.1

Design discharge ? = 1.16 m3/ ec
Q

= 34,80 ol /ninfpunp)

Number of pumps 3 (1 for stand-by)

Total punp head ¢ Hyp = 45,0 m
Total output ! Py = 650 KW
power
3) Pipeline
Total length : L = 60.5 kn
Steel pipe ) =.l,000 nm L = 45.0 kn
$ = 1,200 nm L = 6,5 kn
Tunnel section ' ='l,500 mn (concrete lining)

L =990 kn

4) Head Tank

Location : 6.0 km South from Dok Krai
: pumping station
Volume : Yy =1 x 2,000 ol
Location ¢ 5,0 km North west from Booster
pumping station
Volume - : Vz = ] x 2,000 n3

5) Purification plant

Location

South of Ban Thung Suk La
along Route 3,

Fig. 3-10 shows Ceneral plan of Water Transmissin
System. Longitudinal Profiles with General plans of the
respective routes mentioned above are shown in Figs. 3-11,
3-12 and 3-13.

PRELIMINARY DESIGN OF WATER TRANSMISSION FACILITIES

INTAKE AND PUMPING STATION

Intake and pumping:station,'especially pumping station
is the most critical of all the water traansmission
facilities,

In the project, intake from the existing Dok Krai reser-
volr is a prerequisite. . The under-water construction of
intake structure in the existing reservolr is much nore dif-
ficult than construction by dry work, 1Intake and pumping
station are usually separate facilities. lowever, under some
ecircumstances, these two are consldered as fintegral, 1In
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the following study, some alternatives are compared from
this point of view,

Accompanied with the general conditfon at the iatake
facilities avea and general constructién criteria, there are
varfous plans for iatake structure, pump and punping
station.

The relation between the items and plans are as follows.

General Condition at the location of the intake

facilities: 4,1.1
General Cousktruction eviteria: 4.1.2
Intake structure: 4,1.3
Punp: 4,1.4
Punping Station: 4.1.5

Considering about relations mentioned above, Plan B-3
is recommended by the view point mentioned below.

= High reliability on pumps and pumplng station.
- Maintenance is easy,

- Transmission cost is low,

= Construciton is not easy but has certainly,

The details are mentioned in Table 4~1 to 4-8.
4.1.1 ©General Conditions at the Location of Facilittes
1) Geographical and Geological Conditions

The topography of the areas surrounding the dam stite
is mild ups and downs, and the shore of the lake 1s
a2 nmild slope flatland. For the proposed
construction work, the condition is quite

favorable. The granite 1s the bed rock of the

area, The surface is a deposit of silty and/or
clayey sand, and weathered rock and sand in bet-
ween, The weathered layer is abouvt 5 — 10 meters
deep. The foundation of the punping station may
have to reach the bed rock., {Refer to Fig. 4-1)

2) Climate

In the execution of the work,, rainy season presents
problems, Though the area belongs to a relatively
low annual rainfall, some problens still remain to
be solved, i.e., protection of finished slopes
after excavation and welding works 1in the rain.
Especlally some countermeasurés may have to be

worked out for a on-schedule welding during rainy
seasons.
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3) Reservolr Stage

In the present study, the basic assumed premise is
that reservoir stage will be naintained during the
construction of the intake tower and pumping sta-
tion. This means, unless reservolr stage is down
to almost complete dry, the method of construction
renains substantially unchanged. However, the
foregoing matters have to be re-checked prior to
the stage of detailed design.

4.1.2 Ceneral Construction Condition

Hith regard to fntake and punping station, three typas
may be considered as follaows. (Refer to Fig. 4-2)

Type-A

Reservoir storage is taken from the channel leading
to the spillway at the down stream of the dam, and
through intake basin, pumping up the water to the
seni-underground punping station.

Type-B

Intake tower and pumping station, composite in a
single structure, are constructed in the reservoir,
and water pumped up is transmitted to the opposite
bank by an aqueduct bridge. WYet construction is
almost unavoidable,

Type-C

Hater from the intake tower in the reservoir 1s
conveyed to the semi-underground punping station
located at the downstrean face of the saddle levee
through the cmbeded conduit connecting the two.

Intake Structure

A comparative study on three types nmentioned below has
been made, the detalls of which are presented in Tables 4-§
to 4-8., The quality of water of the Dok Krai reservoir is
relatively satisfactory and turbidity is low, problems of
abrasion on inpeller of punmp and iron deposit on the
{aterior surface of pipe are not at all serious. Therefore,
sedimentation basin before punping up is not required. For
intake, surface water intake is considered more sultable.
For surface water intake, a cylinder gate with float may be
used. As 1t is not required to consider water temperature
here, It is preferrable that a conventional type of sluice
gate requiring mininum of maintenance and adninistration is
employed,
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Type-A

Open type intake basin which is the most conven-
tional, is satisfactory for this type. This nakes
the adoption of the standard type sink tank. This
reduces load to be imposed on the pump. (Refer to
Figs. 4-3, 4-4 and 4-5.)

Type-B

Double wall intake tower, with oultiple intake
gates in the outer wall for surface water intake,
and a punp(s) installed inside of the laner wall.
The space between the outer and inner walls is
fi{iled with surface water for punping up. The
dimension and spacings of the intake facility are
squeezed to the required minimum,

(Refer to Figs.4-6, 47, 4-8, and 4-9)

Type-C

The surface water is taken from the intake tower
located in the reservior. The intake tower is clr-
culat structure of 6.0 meters in diameter. The
construction of the tower is by the open calssoan.
The convey conduit is a shield tununel of 2.0 metews
in dianeter. The suction sunp 1s a part of the
pressure pipe. (Refer to Figs. 4-10 and 4-11.)

} 4.1-4 Put'lp
1) Design Requirenents

Mumber of punp 6 (incl. 1 Stand-by}
Desiga Discharge Qp = 36.24 n3fmin/punp
Suction Level, m H.H.L. 452,600

N.W.L, +50.600

L.W.L. +42,000%

Note: * L,W.L. required for pumping-up

Delivery Level, m  H.W.L. +112,000
H.W,L. +105,000
Actual punp head Ha = 70 m
(112.0 m ~ 42,0 w)
Friction Loss Hf = 20 m
Total punp head Ht = 90 m

2) For the punp, two types mentioned below is taken
into conslderation.

- Vertical Shaft Hixed Flow Punp

Since the tetal head of 90.0 neters is quite
high, a two-stage impeller is to be adopted.
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The length of suction pipe, 15 meters is a rare
exanple,

— Double Suction Centrifugal Punp

The centrifugal punps are kaown by their high
efficiency, and more suitable to operatfion under
a high lift. 1In actual use, more centrifugal
punps are used than nixed flow punmps. They are
available in two types; namely, 1) vertical
shaft double suction centrifugal punp, and

2) horizontal shaft double suction centrifugal
punrp. (Refer to Tables 4-1 to 4-4,)

4.1.5 Pumping Station

45,2

Three types of punpiog station as mentioned below is
taken into consideration, '

1)

2)

3)

PIPELINE

Semi-underground Type

Under the Plans specifying location of punping sta-
tion on the dowastrean of a dan and/or an auxiliary
dam, the station takes the form of a seni-
underground structure. This means construction
exeeution of a punping station 1s easlier, and shows
that maintenance and administration of punping sta-

tion i{s also easier,
Surface Strueture Type

Surface structure type punping station are divided
into two types, one is a platform type (Stattonary
or fixed) and the other is a floating type {(mobil).
Actual application of the latter is limited to only
a small scale as a temporary facility and lacks
safety and dependability in service, hence it 1is
inferior to the former.

Underwater Structure Type

As underwater punping station there are two types,
one is using immersion pump and the other s using
ordinary pump {nstalled in water tight structure.
Because of extreme difficulties in ealntenance and
administration, the former is not suitable for this
purpose. And there are many types In the latter
according to the type of foundation, etc., however,
only the two types are the subject of the study in
this Report,

Pipe Thickness

: Rega;diﬁg:pipés to be used for ﬁipeline,_uall thickness
of the pipe affects the total construction cost con-
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siderably, thereforé, a specfal attention may have to be
paid in design. As an example, the design particulars to be
applied to the Dok Krai dam to Mab Ta Pud Route are shown
below.

Fronm the result of following study, it is concluded

that required wall thickness of the pipe will be t =
12.7 wn.

1} Design Condition

Plpe, dia D = 1,500 nm
Load
Distributed load ¢ = 1.0 t/m?

Hheel load T-20
Internal Pressure P=1,5% Y, xh

where Y ! unit weight of water

: hydrostatic head

Allowable Stress gsp: 1,400 kg/em?

os t 1,740 kg/ea?

2) Internal Pressure

The internal pressure, {P) caused by hydrostatic
head and impact of water hammer is:

P=1.5 gh

=
It

71.0 o (based on the Elevation of the Station
2 of the Langitudinal Levelling)

~
i

1.5 x 0,102 x 9.8 x 71

106 (t/m?)

therefore, tensile stress caused by the internal
pressure is expressed as below:

PD
=7
Where
G *+ stress
P ¢ Internal pressure, kg/cnm?
D : pipe diameter, cm
t : pipe wall thickness, cn
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3)

From the above, the formula below is obtained,

106 x 10~1 x 150

o = RIS < 1,400 x 1.5

106 x 1071 x 150

Y R T A0 X LS

'0.38 ¢n

This shows the required pipe wall thickness {s more
than 4.6 mm to withstand the internal pressure.

External Pressure

~ Earth Lead, Wy
Wy = Cd x H x B4
where

W) : earth load (t/m?)
Cd : coeffictent (Marston Formula)

Y ¢ unit weight of earth t/m3, = 1.8
H
Cd:_l__—ez%{r
ZXa

where

H : height of backfill, 2,0 m
Bd : width of excavation, 4.0 n

K : coefficient of earth pressure
u : coefficient of friction
H/Bd: 0.5 Cd = 0,45

Wy = 0.45 x 1.8 x 4 = 3.24 (t/m?)
Ly : earth load per unit length of steel pipe
(t/m)

¥,

- Car Load, Wy

_ _nP{l + K')
Y2 T TULH LT ¥ Ziitangg ) (S F 2Mcangg)

where
e : mumber of wheels n=2
P : wheel load ™20 P = 8t
K' ¢ coefficient of impact

H < 1.50 K = 0,5
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1150 ( H < 6.50 K= 0065 - OOIH

6,50 < H K=20
L : wheel center distance L = 175 cm
£t' + tread width t'= S50 cnm
R : hight of backfill H=2.0m
ﬁs ! support angle (sand) 4g= 30°
S : contact width 'S = 20 cm
2x8x {1 +0.5) .
Hy = (1.7540,542x2,0xtan30° )(0.242x2.0xtaa30° )
= 201
Lp = Wy x D
= 2.8 x 1.5
= 30! t/ﬁ!
where,

L2 = wheel load per unit length of steel pipe

(t/m)
therefore
H = Ll + Ly
= 4,9 + 3.1
= 8.0 tfn

Bending stress and deformation on steel pipe is
expressed by the formula as below,

g 0 x R[(Ag +BxexR4)L +{Ct3+DxexR4)quR2[

t2 t3 42,59 x 104 x R* x
t = 11.1 ma
R =75.6 cn
L = 8.0 t/m )
q=1x 106 tlcmz
If the support angle Is B = 90°
n = 0,549
m =1
A = 0.15?
B = 0.080 x In-4
C=0,321
D = 0.236 x 10-4
e = 7 x 1074 t/cem3
then

G = 1,90 t/cnl > 1,74 t/cnl
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therefore
t = 12.7 um
then
O = 1.68 < 1.74 t/em?
Deformation is calculated by the formula below.

_* 9
S = R3x10 3(nxL+m.q.R )
t3+2.59x10'£XexR4

vhere

= 12.7 on

7 x 107% ¢/cn?

= 756 mm

= 0,549

= ]

1 x 10-6 (t/cma)

[

L F 53 R0 e

]

6 = 2.8 < 0,030 = 0.03 x 152.4 = 4,572

In the case of concrete lining, allowable defor-
mation is 3.0% of inner diameter of the pipe.

Appurtenant Facilities

Regarding such supplementary components as air valves,
drain valves, butterfly valves, etec.,, the layout of their
respective location is shown in Figs. 3-11, 3-12 and 3-13.
At river crossings, construction of aqueducts are con-
sidered, as required, and for highway crossings, pipe
jacking method is applied. 1In that case, construction of
vertical shafts, etc, is required for the purpose.

Alr Chﬂyber

As the head of punps to be installed at Dok Krai reser-
voir and Laem Chabang route i{s considerably high, it is
necessary to make a study of effects causeod by the impact of
water hammer. A reduction of water hammer pressure by a
surge tank and/or an alr chanber nay have to be considered.
The findings in Fig. 4-12 shows at least three surge tanks
are required becausc of the topographie complexities of the
reglon. This is not economically feasible, therefore,
construction of air chambers with total capacity of 120 m3,
consisting of three air chambers of 40 p3 each, is proposed.
(Refer to Fig. 8-10.)
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HEAD TANK

Capacity and Number of Head Taonks

The veolume of water to be stored in the head tank is
determined by a water level control switch operating the
punp and by filling water in pipeline in the case of power
suspension.

tes, With 30 ninutes, the storége capacity
required of head tanks of Rayong-S5attahip and Laem Chabang
Routes is as shown below,
— Rayong-Sattahip
V=3,02x 30 x 60 = 5,440 n3

- Laen Chabang
V=1.16 x 30 x 60 = 2,090 n3

For the convenience of operation and malntenance of the
proposed head tanks, total capacity of 8,000 m3, construc—
tion of three tanks consisting of two 3,000 n3 each_for
Rayong~Sattahip (refer to ¥ig,8-11) and one 2,000 n”’ for
Laem Chabang, is considered.

Comparative Study of Head Tanks

From the results of the comparative study, shown in
Table 4-8, it is concluded that PC Tank is the most advan-
tageous of the three.

RECEIVING FACILITY
Capacity

The capacity of the respective receiving wells men-
tioned below is determined taking their S-minute volume,

Mab Ta Pud 900 m3
Sattahip 300 @3
Laem Chabang 350 m3

The receiving well is an integral portion of the puri-
fication facilities, therefore, where a time lag is antici-
pated between the tine of construction of the purification
facilities and that of recelving well as In the case of Mab
Ta Pud, receiving basln for temporaly use is included in the
design, -

. The recelving basin is designed to allow the storage
for three hours taking the part as a sedimentation basin
inte consideration. The storage for the receiving basin is

required around 21,000 m3 in capacity.

In the design of the administration faci{lities of the
purificatiorn plant and receiving well, adequate measures for
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5.

5.2

a smooth takeover (in the future) by the proposed centra-
lized administration system of the purification plant are to
be considered.

The general plan of receiving well is shown in
Fig.8-12.

CONSTRUCTION PLAN

With regard to the proposed pipeline, a brief study is
carried on the two work ftems which are likely to present
problems during the construction. The nmajor constraints in
execution of construction are, 1) construction period is
nuch limited and 2) the source of intake is the existing
reservoir.

PUMP ING STATION
1) Method of Execution

By presupposing "Plan B-3" as the result of comparative
study of punping station, method of execution of
construction is given in brief, The pumping station, in
this Plan, consists of intakes and punps, by a composite
construction method of pile and caisson foundations aund,
is located on the bottom of the reservoir.

The lower portion of the caisson which constitutes the
body is constructed at the calsson yard near the shore,
and towed to the temporary location teo receive an addi-
tional ceoncrete placement to complete the structure,
then towed again te the final destination and fixed by
means of reverse circulation drill piles worked from the
interior of the caisson.

The structure demands a high grade engineering technique
in construction because it is required to execute the
work in making dead weight of the caisson body and the
buoyancy well in balance all duriag construction and its
towing is a permanent underwater structure of which
watertightness of. the structure is the utmost prere-
quisite and, furthermore, it has a conposite foundation
consisting of caisson and pile foundation. The general
construction procedure is illustrated in Fig, S5-1.

PIPELINE
1} Execution of work (Dok Kral - Mab Ta Pud)

As the pipeline is running along Routes 319! and 3,
no special problem with regard to topography and/or
geology of the region is anticipated. The
congtruction work at the site where the existing
gas pipeline and the proposed water pipeline are
running clese together may present some preblens.
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2)

3)

A further study may have to be made at the time of
detalled design, regavrding the degree of closeness
between the gas and water pipelines. Only a brief
description of more general construction procedures
is given in Fig. 5-2,

Specific sections

The below is section in the pipeline which calls
for a specialized engineering techaique.

~ Road crossings (Routes 36 & 3)

Application of jacking method will solve the
problens.,

~ River crossings and poor subsoil area

Open-cut by relocation of channel or temporary
coffering, jacking method or aqueduct of pipe

bean is considered, however, in this study, the
embeded pipeline is considered as suitable. 1In
this case, countermeasures for uplift and preven-
tion of scour may become necessary.

- Portions where gas and water pipelines running
close together ’

Utnost care is to be exercised fin the construc—
tion of the water pipeline running close parallel
to the existing gas pipeline to avoid damage such
as cracks in weld joints and/or pipe which may
trigger a fatal accident. Further detailed study
on the closest distance between the gas and water
pipelines, adverse effects of heavy construction
equipnent, ete. may have to be made, However, at
the present stage, an open excavation without
pipe retaining walls is only considered.

Laem Chabang Route

Hith regard to Laenm Chabang Route pipeline, type of
execution of the pipelire work is almost the same
as Mab Ta Pud Route, therefore, there is nothing to
be specially added., There is a tunnel section in
9.0 km on this route. As geological conditions

of the tunnel section is not clarified yet, it is
too early to study about construction method. Tt
i1s anticipated, however, that there is almost no
obstacles in construction as the tunnel is small,
the diameter only about 2 meters, and almost no
possibllity of spring water.
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7.1

7.2,2

PLAN I (Mab Ta Pud, Sattahip and Laem Chabang routes)

GENERAL

The water demand in development centers of Rayong
except "other—municipal water™ of Rayong, Sattahip and Laem
Chabang is to be met by the water from Dok Krai dan through
pipe line system,

the other municipal water to the central area of pre-

sent Rayong city which 1s situated in the dewn stream area
is conveyed through the Rayong river,

WATER DEMAND AND SUPPLY

WATER DEMAND

Estimation of annual water demand for industrial and
nunicipal use is mentioned in the Main Report. (Refer to
CHAPTER 11T WATER DEMAND AND WATER RESOURCES DEVELOPMENT )

Table 7-1 shows the water demand for Rayong, and
Sattahip area and Laem Chabang area .

WATER SUPPLY
Water Supply Plan

The water supply to Rayong, which is comparatively
small, is assumed to be tapped at present intake weir of Ban
Khal, The design and cost estimate of water transmission
system to Rayong 1s thus excluded from the present study,

As for the route from Dok Krai to Mab Ta Pud and from
Mab Ta Pud to Sattahip, design discharge corresponds to the
demand expected in the target year of 2000. On the other
hand, route from Dok Krai to Laem Chabang is designed to meat
the expected demand in 1995, then the total demand reaches
to 80 MCM/year.

Capacity of Pipeline

As described'in 2.1 Water Denand, water demand does not
occur at one time, but increases from year to year,
Therefore, the capacity of pipeline which can meet the water
derand does not occur at one time, but increase From year to
year. Therefore, the capacity of pipeline which can meet
the water demand at some specific tine 15 studied for the
Dok Kral - Mab Ta Pud route. Capacity of pipeline is calcu-
lated as below:
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Diameter (D) Discharge (Q) Capacity (Wd)  (MNCH/year)

(i) (w'/sec) *f = 1.2 ef = 1,3 ef = 1.9
0.8 0.78 18.6 17.2 14.9
0,9 1.06 25,4 23.4 20.3
1,0 1.40 33.5 30.9 26.8
1.1 1.80 43,0  39.7 4.4
1.2 2.26 54.1 49.9 43,3
1.35 3.09 73.7 67.0 59.0
1.50 4,07 97.3 89.8 77.8

*cf: Load factor. In this study ¢f=1.3 is adopted.
Wd = Q x 86,400 x 365 x 107 6/cf

If case smaller capaclity pipeline is adopted, the pro-
ject can enjoy a smaller initial ifnvestment, but earlier the
demand will overrun the capacity. Fig. 7-1 shows that pipe

©f 1.2r dla. can only meet the demand up te 1993 and another

pipe of 0,9 m dia. is to be constructed to meet the further
deirand.

Since the double pipe system is found to be inferior to
the single pipe system in the foregoing chapter, in this
study single pipe system with dia. 1.35 m which can meet
2000 yecar demand is to be adopted.

For another route, too, single pipeline system is adopted.

PROJECT FORMULATION

DESIGN CONDITION

All the design conditions are same as in PRELIMINARY
STUDY but the design discharge 1s changed as shown below:

Design Discharge

Design discharge is determined as the basis of the

annual demand water taklng Cf=1/1,3 and fw = 1,1 using the
abovementioned formula. That is Qd -~ Wd/365/86,400 Fu/Cf
where, ratic of load "Cf" is determined by the following
reasons. '

Generally, daily fluctuation of demand water 1s larger
in nunicipal water than that of industry.

As municipal water of Rayong not related to industry is
excluded in water supply, percentage of munfcipal
demand water in total demand decreased,
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The design discharge of the respective routes is shown
below:

Design
Route discharge (m3/sec)
- Dok Krai -Mah Ta Pud 2.62
Hab Ta Pud - Sattahip 1.09
Dok Kral - Laem Chabang 1.01

Fig 8-1 shows the general plan of water supply systen.
DIAMETER OF PIPE AND PUMPING HEAD

The appropriate diameter of pipe is to be selected with
due consideration to construction cost, punping head as well
as operating cost of the system.

Required pipe diameter is calculated using the
foregoing Hazen-William's formula., That is

or
I = 10.666 x c71+85 y p=4.87 ¢ (1.85

Fig. 8-2 shows Hydraulic gradient of the pipeline,
- Dok Krai to Mab Ta Pud route

In case of pipe diameter ¢ = 1200 mm, the low water
level of head tank would be 135,5 m, which requires head
tank of 40 m high placed a top of hill. This should be
avolded in respect of engineering difficulty and high cost,

In comparison of ¢ = 1350 and 4 = 1500, the present
value of construction cost including operation and main-
tenance cost would be little less for # 1350 am, The
diameter 4 = 1350 is selected for this route,

- Mab Ta Pud to Sattahip route .

The comparative study on pipe diameter for their pre-
sent value of construetion cost has revealed that steel pipe
of 4 = 900 mm with booster punp head of H = 36 m and d =
1,000 nn with booster pump head H = 11 m are about equal,
while ¢ = 1,100 mn with no booster pump is less advan~
tageous. Out of the two comparing equal, ¢4 = 1,000 mnm is
selected on the account of less pump head and therefore less
power bill, If the location and elevation of recefving well
it Sattahip which is temporarily fixed in PLAN I, may be
transferred elsewhere in the vicinity, punp-up system will
be a better solution,
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8.3

PROJECT DESCRIPTION

To the all area except the other municipal water in
Rayong,'thevwater will be supplied by the pipeline.

From Dok Krai to Mab Ta Pud (refer to Fig. 8-3)

1) Pumping station at Dok Kral reservoir

Type of punping station: Concrete caisson

Type of pump ¢t Vertical shaft volute type pump
Design discharge/l . Q = 3,63 n/sec
(@ = 43,56 m3/nin/punp)
Number of punps i 6 (1 for stand-by) pump
Total punp head ! Ht = 107 m
Motor output :. Pw = 5,250 kw

The profile and Ceneral plan of punping station are shown
in Figs 8-6, 8-7. The general plan of aqueduct bridge and air
chamber are shown in Figs 8-8, 8-9,

2 Pipeline

Total length t L= 27.6 ka

Steel pipe t D= 1,350 mm t = 11.2 am
3) Head Tank

Location ! 5.0km south of Dok Krai
pumping station

_Volune : 2 x 3,000 m3
The standard dimension of Head Tank is shown in Fig. 8-10.

4)  Recelving facility

Location ¢ West of Ban Chan Luk Ya
aleng Route-3}

Receiving well 1 V= 780 m3

Recelving basin : V= 21,000 u3

The general plan of recleving well 18 shown in Fig. 8-11.

I: Service area is Mab Ta Pud, Sattahip and Laen Chabang
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From Mab Ta Pud to Sattabip (refer to Fig. 8-4)

1)  Booster punping statlon at Mab Ta Pud
Type of punp : Horlzontal shaft volute type pump
Pesign discharge i1 Q= l.0?_m3/ ac
(Q = 32.70 n?/min/punp)
Kunber of punps : 3 (1 for stand-by)
Total pump head : Ht = 1lm
Motor output T Pw = 150 kW
2) Pipeline
Design discharge : Q9 =1.09 m3/sec
Total Length : L= 21.9 km
Steel Pipe : D=1,000om t = 8.7 mm
3) Receiving well
Location : Approx. 5 km east of Amphoe
Sattahip
Volune V = 350 n3
From Dok Kral to Laem Chabang {refer to Fig. $-5)
1) Booster pumping station
Location t 7.5 knn southwest of Dok
. Krai pumping station
Type of pump ¢t Horizontal shaft volute type pump
Design discharge : @ = 1.01 m3/sec
(0 = 30.30 w?/uinfunit)
Nunber of punps t 3 (1 for stand-by) punp
Total pump head : H=45n
Hotor output ! Pw o= 600 kw
2) Pipeline
Total length : L= 53,0 knm
Steel pipe i D= 900 mm t=7.9mm L = 24.5 ki
D= l,OOOmm £ = 8-? nmn L = 13-0 km
D= 1,200mm ¢ =11.1 mm L = 6.5 kn
Tunnel section ¢ D =1,500mn L= 90 km
3) .Head tank for booster punmping station
Locatton ¢ 5.0km northwest of booster punmping
station
Volume i Vo= 2,000 nd
Recelving well

4)

Location

Volune

South of Bang Thung Suk La along

Route-3
vV = 300 m3
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9.

9.2

CONSTRUCTION SCHEDULE AND COST

CONSTRUCTION SCHEDULE

With regard to the construction schedule of the punping
station and pipeline, a comparative study of methods in
Schedules~A and B is carried out.

The shown below are items of the particulars of the
respective plans.

Schedule-A

Schedule-B

{refer to Fig.9-1)

Ko special consideration for a shorter construction
period.

The steel pipe (421,350 mm.) will be manufactured
by Thal makers using imported raw materials.

4 gangs will be thrown into the field execution.
(refer to Fig.9-2)

Construciton shcedule shall be squeezed as short as
possible.

The steel pipe (0=1,350 mn) will be manufactured by
Thai makers using imported raw materials.

8 gangs will be thrown into the field execution,
incliding welders of about 50 men/day,

The Critical Path in this plan is the construction
of the pumping station.

Fig.9-3 shows the implementing schedule of plpeline

systern,

CONSTRUCTION COQST

Construction Cost

The construction cost is estimated taking the condition
below into consideration.

1) The construction cost has been estimated on the
contract basis and on 1981 prices,

2) Implenenting schedule of the route from Dok Krai to
. Mab Ta Pud {s formulated on the basis of Schdule-B.

3) Duties and taxes levied on the hot-coil imported into
Thalland are estimated at 5.3% of CIF.
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4) Duties aund taxes levied on punmps and valves are esti-
mated at 12% of CIF,

5) The sane computation procedures of the cost estimation
for the dam (Nong Pla Lai and Ban Bung) are applied
for the proposed civil econstruction works, except phy-
sical contingency which is 10%,

6) All related cost and charges on communication facili-
ties are assuned as nininum systems.
Construction cost of each route is shown in Table 9-].

The breakdown of the project cost is shown in Tables 9-2,
9-3, and 9-4 for each route, and disbursment schedule is in

Table 9-5,

Operation and Maintenance Cost

The operation and maintenance cost mainly conprises
punpiag up power cost, Annual power cost is composed of the
folowings. :

Unit emergy cost : 1.19 E/KWH

1.1 x 9.8 x 1.0 x R x Q
0.88 x 86,400 x 365

Annual power cost : Cp = 1.1% x 24 x 365 x p (x 106 )

P o= (kW)

Electric power

where H ¢ Total head (m)}
Q : Discharge (MCMlyear)

The annual cost for operation and maintenance is estinated
at 1.41 million US$/year at full operation.
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12.

12.1

PLAN IT (Mab Ta Pud and Sattahip Routes)

GENERAL

In formulation of PLAN II, the supply of water to Laem
Chabang is excluded while Rayong, Mab Ta Pud and Sattahip areas
enjoy the service. By this plan, municipal-industrial water
denand by the final target year of 2000 could be met by the
water to be develaped by Nong Pla Lal Sub-Project.

Pipeline traunsmission will be limited to Mab Ta Pud and
Sattahip areas. As for Rayong area, dischargé of water from
Dok Krai reserveir will be tapped in the middle reaches of
Rayong river for respective use.

- WATER DEMAND AND SUPPLY

WATER DEMAND

Water demand for industrial and municipal use Is thé same
as PLAN I (refer to 7.1). Here, the areas supplied by the
pipeline system are Mab Ta Pud and Sattahip.

Table 1i-1 shows breakdown of the water demand in Rayong
area and Sattahip area.

WATER SUPPLY
Water Supply Plan

For the water demand arising from Rayong, Mab Ta Pud and
Sattahip areas, Mab Ta Pud and Sattahip will be served by a
pipeline system equivalent to PLAN I. As for Rayong, water
released from Dok Kral reservoir will be tapped in the niddle
reaches of Rayong river with an assunption that water is con-
veyed to a location adjacent to city area. The conveyance
method may be altered by the location of demand. :

Pipeline
On the system hetween Mab Ta Pud and Sattahip, the section

between Dok Krai to Mab Ta Pud is to have an uniform discharge
capacity and is equivalent to PLAN I. The section between Mab

Ta Pud and Sattahip is to be altered due to discharge change.

PROJECT FORMULATION

PIPELINE

All the design coﬁditions are same as PLAN I. But the
design discharge is changed as shown below:
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12.2

Design Discharge

The design discharge of the respective routes are shown
below.

‘Besign
Route discharge (n”/sec)
Dok Krai ~ Mab Ta Pud 2.62
Mab Ta Pud - Sattahip 1.09

————— .

As for the route from Dok Krai to Mab Ta Pud, the pipe-
line route is the same as PLAN I. As for the route from
Hab Ta Pud to Sattahip, most of the route i{s along the
route-3 without 200 m long detour at Ban Krok Taback,

The concrete pipe of d=1,500 mh will be adopted for the
route of 1,0 km from Ban Khai head works to the receiving

well. General plan of the water supply system is showa Ln
tig,12-1.

Pipe Diameter

As the design dischérge of the plpeline from bok Krai to
HMab Ta Pud and from Mab Ta Pud to Sattahip is the same as the
PLAN I, pipe diameter 1s the same as that of PLAN I,

HEAD WORKS

The water of 22,2 MCM/year for Rayong will be tapped
from Rayong river by using proposed head works which will be
constructed on the upper stream of the existing Ban Khal
lrrigacion facility,

With regard to the river cource from Dok Krai to the
proposed head works, the existing river is assumed to be
utilizable, ’

The proposed head works has been designed as movable
type considering water-intake during dry season.
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12.3

12.2.1

PROJECT DESCRIPTION

Pipeline

To the all area except Rayong, the water will be suplied
by the pipeline.

From Dok Krai to Mab Ta Pud (Refer to Fig, 12-2)

1} Punping station at Dok Krai reservoir

2)

3}

4)

Type of punping station

Type of punp
Design discharge

Humber of punps
Total pump head
Motor output
Pipeline

Total length
Steel pipe

Heads Tank

Volunme

RBeceiving factilicy

Location

Recelving well
Recelving basin

[T as =2 ap

Concrete calsson with
plle foundation
Vertical shaft volute type punp
n= 2.62 m3/sec
(0 = 31.44 m3/min/pump)
6 (1 for stand-by)
HE = 90 n
Pw = 3,000 kW

27.6 ko

1,350 mn

11.9 nm

6.0 km south of Dok Krai
punpiog station

2 x 3,000 n3

,J
[}
t

West of Ban Chan Luk Ya

along Route-3
¥ = 780 n3
V = 21,000 n3

(Refer to Pig. 12-3)

From Mab Ta Pud ;QYSattéhip

)

2)

Booster punping station at

Type of punmp

Design discharge
Number of punps
Total pump head

Hotor output

Pipeline

Design discharge

Total length
Steel pipe

-
-

.
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Mab Ta Pud

Horizontal shaft voiute type
pump

‘0 = 1.09 nd/sec

(Q = 32.70 m3/m]_n]pump)

3 (1 for stand-by)
Ht = 11 o

Pw = 150 kw

= 1.09 m3/sec

L = 2!09 k-m

D= 1,000 mm

t = 8.7 mn



12.3.2

13I

13,1

13.2

3) Receiving well

Lacation : Approx. 5 km east of
Anphoe Sattahip
Volune : Vo= 350 n3
Head Works

Heir (refer to Fig.12-4)

Location t Up strean of Ban Khai Fixed weir on Rayong

: _ river
Flood gate : 2 gates x 20 n (W) x 2.5 n (n)
Regulating gate 10 @ (W) x 3.0 m (H)

Intake and Transmission Facilities

Design discharge : q = 1,01 m3fsec
Pipeline

length : L = 1,0 knm

concrete pipe : D = 1,500 mnn

Receiving Well

Location : Ban Khai
Volume t Vo= 300 n3

CONSTRUCTION SCHEDULE AND COST

CONSTRUCTION SCHEDULE

The censtruction schedule of pipeline is equivalent to
PLAN I except Laem Chabang route (refer to Fig.9-3),

For the construction of head works at Ban Rhai, the
same works schedule for the construction of Mab Ta Pud to
Sattahlp route may be followed.

CONSTRUCTION COST

Construction Cost

The PLAN T is followed for the cost estimate. The
cost estimated for Ban Khai head works 1s rather rough com-
Pared to that of pipelipe system,

The construction ¢ost of pipeline from Dok Krai to Mab Ta

Pud, from Mab Ta Pud to Sattahip and Ban Khai head works are
shown in Tables 13-1,

The breékdbun of the cost 1s shown in Tables 13-2 to 13-4
for each route, and disbursuent schedule s in Table 13-5,
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Operation and Maintenance Cost

The annual operation and maintenance cost is estimated by

the same method as PLAN I and the cost is 1.33 million Uss$/year
at full operation.
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Table 2-1 Water Demand

Unit: MCM/Year

T Year 1990 . | 1995 2000
Municipal 2 1z.9 15.3 28.1
Rayong In&;;trial 23.1 23.1 27.9
_—A;;Ial N 36.0 38.4 56;;Lﬁ'
T Muniégbal- B 3.9 5.1 6.8
Sattahip Industrial 13.7 14.3 i7.2
—kg—;;;;z_— 17.6 N 19.4 24.0
) Municipal 6.3 10.2 | 12.5 N
Laem Chabang _“industrial 6:& : 12.0 | i;.S
Total 12.9 22,2 29.3
B Municipal Ik 23.1 30.6 47.4
Total Industrial 43.4 49.4 61.9‘ﬁ__
Total - 66.5 B 80.0 . 109.3

Note: Rayong includes Rayong Municipality, Amphoe Muang Rayong,
King Ampho Ban Chang, Ampho Ban Khai.

Sattahip.includes Amphoe Sattahip,
Laen Chabang includes Amphoe Si Racha, Si Racha Municipality
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Table 2-2 Water Quaiity Anslyses

(1) heavy Metals (Date Sémpled:_ﬂay 5, 1981)

Location
Nong Pla Lai Dok Krai
Cadmium Unfound Unfound
Cyanide Unfound_ Unfound
Phosphorus 0.04 0.03
Chromipm Unfound Unfound
Arsenic. ¢.001 0.001

(2) VMineral Constituent of bok Krai Reservoir
(Date Sampled: August 16, 1981)

Value Valﬁe
PH 7.1 | Ec x 106 100
co (ppm) 10 ssp 23
Mz (ppm) 4 SAR : 0.4
total (ppm) | 0.1 | TS (ppm) 0.01
Fe i -
diss. (ppm) { O TDS (ppn) 93
Mn 0 S5 {ppm) 68
€03 ' O} alxalinity 4o
KCO3 (ppm} 49 as CaC03 (ppm)
C1 (ppm) 8 Total Hardness 40
_ as CaC03 (ppm)
S04 (ppum) 2 ‘
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Table 2-3 Water Analysis of Dok Krai Reservoir

(January 1979 - June 1983)

Upstream of Dam , Bownstrean of Dam
gzﬁpgis Average |[Maximum Minimumlgzgpgis Average | Maximum| Minjoum
Depth Metre - - - - - - - -
PH 25 2.0 1 7.9 6.4 | 25 7.1 7.7 6.3
B a2 [ue 130 | 100 27 [ 15 { a0 | 110
SAR 18 0.5 G.6 0.4 18 0.5 0.9 0.2
ssp i8 28 32 25 18 25 36 7
RSC meg/1l 18 0.08 0.25 0 18 0.08 0.32 0
Ca ppm i8 10,3 11.8 7.5 18 17.3 60.6 8.7
Mg ppm 18 3.2 5.1 1.7 | 18 3.7 | 10.7 2.4
Ra ppm 18 6.9 8.1 6.0 18 7.8 17.3 6.0 ‘
X - — - ] — - - - - -
Total - - - - - - - -
fe
Diss, - - - ~ - - - -
€O, 0 0 o 0 0 0 0 o
HCO3 ppm 18 62 237 42 18 71 257 42
Cl__;pm 18 7.1 8.2 5.7 18 7.1 8.2 5.7
S04 ppm 18 1.0 2.9 0 18 6.7 40.3 0
KO3 -~ ‘l - - - - - -
POy, - - - - - - - -
B ppm - - - - - - - -

iOTE: Abbreviations:

PH ¢t Glass Electreode SAR ! Sodium Adsorption
EC % 100! Electrical Conductivity Radio
wicromhos/em : T8 : Total Solid
REC ! Resjduval Sodium Carbonate TDS : Total Dissolved
SSP ! Seluke Sodium Percentage Selid
88 ¢ Suspended Solid
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Table 2-4 Waler Quality Standards (For drinking)

4 reqguiremeni prescribed in Article 4,
‘Paragreph L, Ytem 1.

{Not 1o be afiected by 2ny pathogenic
OTE2RItm NOT 10 CONTAIn ADY OIganism
o7 substance which-gives ground for
suspicion of being 2fiected by patho-
genit organism)

Nitrite nitrogen and Nitraw
nitrogen

Chlornide jon

Organic substances
{at potassium permanganate
consumption)

Toial colonies
Coliform group

Nax. Ymgl

Max. 200 mgfi

Max. 10mg/?

{colony counts per mf)
Max. 100

Not to be detected

A requiremen; prescnibed in Article £,
Paragraph 1, ltem 2.

Cyanide jon

Not to be detected

{No1 10 'contain cyanide, mercun: and Mercury Not 0 be detected
otbe; poisonous substances) ; " Organic phosphate Not to be detected
A requirement prescribed in Article 4, | Copper Max. 1.0 mgp
(P):\%cuiita%f cpgojn‘tajlr: ec?p?j;e:, iron, fiuorine, lron Max. 0.3 mg/
phenols angd other substancesin excets )| Manganese Max.” 0.3 mgfi
of theis 2liowable apantites) Zine Max. 1.0 mgl
' Lead Max. 6.1 gt
Chromium {hexavalent) Max. 0.05 sogi
Cadmoum Max. 0.01 mgii
Arsenic Max. 0.05 mgjl
Fluoride Max. 0.8 mgh
Calivm, Magnesium (hardness) Meax. 300 mgh
- Totad residue Max. 500  mgll

Phenols Mzx. 0.003mgll as phenol
Surface-active agents (anjonic) Max. 0.5 mgfl

A reguirement prescribed in Asiicle 4,

;i pH value From Max. 86 to min. 5.8
Pzragraph 1, Iem 4. 25 pH valu:
{Nol 10 2ss:me abnormal acicity or
alke¥nity)
? requjre_mfng prescribed in Article 4, | Odor Not io be abnorma)
EIELTEDD em 5. - .
{Not to mive 2n ofientive smell, except Taste Not to be abnormal
the smell caused by sterillization)
A requirernent prescribed in Article §, | Color Max. 5 degree
Pasagraph 1, ltem 6. Turbidity Max, 2 degree

{Te oz 2lmost colorless and irans.
Parent in appearance)

Teble 2-5 Japanese Industrial Water Quality Standards

Turbidicy PH Alkslinit Hardn Eveporacion Chlerine
(ppm} (- 1og 8) | ¢aco, ?sz} Ca;;;:;;m) Residua ien . 1:"“ P-e’ngmese
{upn) £1 {ppr) ¢ (ppn) En (ppa)
20 6.5-8.0 75 120 250 80 0.3 0.2
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Table 2-6 Water Quality Standards - WO

{Drinking Water)

Colifora Group Max. MPN10 Leasd 0.1
Bacterie Not specified Arsenic 0.2
Odor ditto Selenium 4.05
Taste ditto Chromium
(Hexavalent) 0.05
Color dicie —_—
Copper 1.0
Turbidity ditto _
Zinc 50 {150}
Evaporation .
Residue ditto Phenols 0.001 (0.002)
7.0 8.5 Cyanide Ion 0.01
pH Value (6.5~ 9.2)
— Yercury Kot specified
Total Hardness 100 ~ 500
Barium ditto
Potassiunm -
Permanganate 10 Cadmium ditto
Consumption ' -
— ABS ditto
Chloride 200 (400) N
[— . - a 1077 pe/nf
Sulfate 200 (400) Redio Activiey | g 10-% |o/mp
Anmonia 0.5 (as N} Organic \ ‘e
Phosphat es Kot specified
Nitrite Nitrogen | Not specified - —
Free Chlorine ditto
Nitrate Nitrogen 40 (80)
A Magnesium 50 (150)
Iron 0.3 (1.0) —
Calcium 75 (200)
Manganese 0.1 (0.5
I Vanadium Not specified
Fiuoride 1.0 (1.5)
Note: All values are in ppm except pH and

other values specified otherwise.
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Table 3~5 Compearative Lis

s

One-pipe Twe-pipe
Pipe, Diz. 1,500 mzx 1,200 me
° Pipe line accident may ® Chance of supply cui-oif
likely cause water by accident is much less.
supply cut-off. ° Eesier maintenance ané
¢ Initial ivestment is administration
higher. ¢ Start with one-pipe
, o line, then, zdd another
¢ Practiczlly ne diffe- ' i . ’
. N as circumstances dewmand,
rence in construction
© s - a
Takin vssible damzge
wmethods between one- EP &
i . to the existing one-pipe
Merits and two-pipe lines & PP
ipe line at the tiwe of
anq ¢ Supply of the steel PLp
reri . construction of the
Demerits pipe is guaranteed. . '
. . . ) . additicnal one-pipe line
¢ Applicatien of interior
L. ] into consideration, the
mortar lining of pipes
. width of the required
laid is possible.
lot will becore fairly
wider.
® Hence, an increase in
land procurement and
compensation costs,
Construc~- 940 US$/n 1,160 US§/
tion Cost
Rating High Low
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Table 7 -3 Brasklown of Cobstruction fest {2)

Vater Transmission System

Route; Mab Tz Pud-Sattabip

Financtal '('.oat Baga
Unft: Midlion USS

8 - 64

) . Local Forelgn |
Iren Unit Quentity Currentles { Currencies Tatsl
- 1 N
1. Main Civil Works 3,51 5.886 %.32
1.} Intake and Punplng Statdon &3 - . - - -
1.2 Bead Tank L.5. | 3 019 0.05 0.4
1.3 Pipeline ko 1.9 1.92 3.89 5.8}
1.4 Receiving Well w3 Concrere 300 1.01 1.49° 2.41
1.5 Boester Puoping Station rlace ' 1 “0.39 0.52 0.1
2. Mziral Morks £.29 S.12 6.81
2.1 Punp Q = 25,60 nd/ain L.S. 3 0.086 0,40 0.46
2.2 Srecl Pipe £ = 1,000 rm ton 4,700 i.16 .10 5.26
2.3 Gate & \"ahve L.S. 1 0.07 0.62 0,69
3. Land Acquisitfon & Compensatfon ha 40 D.c4 - 0.04
4. Engincering Service L.§5. 0.27 1.80 2.07
5. tontlegencies 4.47 .40 10.87
3.1 Phisical Contingency 1,5, 0,51 1,28 1.79
5.2 Price Contingency L.5. J.9¢ 5.12 $.08
6. Interest during Constructica L.S, - 0.54 0.54%
Total 9.58 19.72 28.30
Table S-% Breakdown of Constroction Cost (3)
Water Transeissica Systeam
Route; Dok Krafi-Laas Chadang
Flosccia) Cost Base
e Unit: Milldon US$
' Local Foreign
Ieem Doiy Quantity Currencles | Currencies Total
1. Hain Civil Works 8.69 8.31 17.60
1.} latake and Punping Station @l - - - -
142 Head Taok . L.S. 2 9.37 ¢.08 0.45
1.3 Fipeline 153 53.0 + 26 6.37 13.33
1.4 Recetving Well =3 . Concrete 300 ¢.97 1.34 1,31
. 1.5 2ooster Punping Stetion place ' 1 ¢.39 0.52 0.9
2. Metal Works ‘ 2,35 8.9 11,24
2.1 Punp o = 30,30 u'-‘/.;n L.S, .3 0,06 . 0.50 0.46
2.2 S:eel Pipe $ %00, 1,000, ton 9,300 2.24 7.85 10.19
: P1,200 ma : C ’
‘2.3 Gage & Vah‘e . LaSe 1 0.11 0.%4 1.05
3. Lsnd Acquisision & Compen'sation. ha - - - =
&, Eogineering Service L5, 0.5t 3.46 3.97
5. Conungenc(e‘s 12,70 12.13 25.03
5.1 Fhisicsl Contingency L.S. 1,16 . 2.6¢& 3.22
5.2 rrice Coﬁ':lrge-:ey L.S, 10,94 .74 20.63
€. Intatrest during (_:onst:uctioo L.5: - 1.25 1.2%
_Tutal 23,65 33.73 57.36
—— - SRS SO R B S
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TFable 13-3 Breakdown of Constructicn Cost {2)

Water Transmissioa Systeam
Raute; Mab Ta Pud-Sattahip

Financtal Cost Base
Unit: Million 4S5

i local Foreign ’
Item Unit Quantity Curreactes | Curceacles Total
Main Civil Works 3.51 5.86 .37
1.1 Tatake and Pumplng Statiecn nl - - - -
1.2 Head Tank% L.S. 1 .19 0.05 0.24
i.3 Fipeline wn 21.9 1.92 3.89 5.81
1.4 Receiviag Walkl ud Concrete 300 1.01 1.40 2.4
1.5 Booster Punpiag Statioa place 1 0.39 0.5%2 Q.91
Metal Works 1.29 5.12 6.41
2.1 Puzp 0 = 24,50 p3fein L.S. 3 0.0% 0.40 0.48
2.2 Steel Plpe 4 = 1,000 von ton - 4,200 1.14 .10 3.26
2.3 Gatz & Yalve L.5. 8 0.07 0.62 0.69
tand Acquisicion & Compensatica ha 40 0.04 - 0.04
Engineering Sayrvice L.S. 0.27 1.80 2.07
Contfngencies .47 &.40 10.87
5.1 Phislcal Contingency L.S. 0.51 1.28 1.79
5.2 Frice Contingency L.5. 3.96 5.12 9.08
Intecest durlng Consttuction L.S. - 0.54 0.54
Total 2.58 19.72 29,30
Table 13-4 Breakdown of Constructicn Costc (3)
Water Teansmission System
Ban Khai Head Works
Finanetal Cost Base
Unit: Million USS
Local Foreign
item Unit Quantity Currencles | Cucrencies Total
Maia Clivil Works 3.07 5.45 .52
1.1 Weir and Iatake a) | Concrete 4,000 1.8 3.29 4.81
1.2 Pipelice 6 1,500 km 1 1.36 2.03 3.39
.3 Recelving Well =l Concrete 100 0.13 .13 0.26
« Metal Works 0.23 0.55 0.78
2.1 Gate toa 70 0.2 0.55 0.78
Land Acqu[si.tlon & Corpeansation ha - -~ - -
Engineering Service L.s. 0.20 5,50 1.70
Contingeacies 2.30 3.50 5.30
5.1 Phistcal Coativgency L.S5. Q.35 0.75 1.09
5.2 Price Contingency L.S. 2.46 2.75 5.21
. Interest duriag Construction L.S. - 0.41 0.41
Total 6.3 11.41 17.71
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Fig, 2-1 Woter Demond
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Fig.2-17Route  of Gos Pipeline
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FFig. 3-1_Route of Water Tronsmission Line
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Fig.3-2 Generol Plan of Water Transmission [ine
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Fig. 3-8 Typical Cross Section of Pipeline
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Fig, 3-10 Generol Pion of Water Supply System
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Fig. 3=13 Ceneral Plan of Pipeline from Dok Krai t.o Laem Chabang
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