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" PREFACE

In'féspOnsé'to tﬁe request of the Governcent of the Kingdom of

_Thailahq,'thé Japaneseé 60vernmént decided to extend technical
coopératlon in the Detalled Design for the Pipeline System from Dok
krai te Mab Ta fud in the East Coast and entrusted the work to the
Japan Iﬁtefhétionél booperatibn Agenéy (JICA). Under the JICA
DeQelopment'Sﬁrvey'Prbgram, a study tean, headed by Mr. Yuichi
Katayaha;'CTI Engineering Co., Ltd., associated with Sanyu
Consultants Inc., ¢onducted the detailéd design study in Thalland

and Japan from November 1981 to August 1982,

The team carried out a field.survey and data analyses and has
prepared the present report in collaboration with the Royal

Irfigatibn Department.

I hope that this report wiil serve for the development of tﬁe
Project and contribute to the promotion of friendly relations bet-

ween our two countries.

I wish to expfcss my deep appreciation to the officials con-
cerned of the Government of Thailand for the close cooperation

extended to the team.

August, 1982

Iy ¢7 é %/L,
KETISUKE ARITA

President
Japan Interaational Cooperation Agency






LETTER OF TRANSMITTAL

August 31, 1982
Mr. Keisuke Arita
President
Japan International Cooperation Agency
Tokyo, Japan

Deaxr Sir,

‘We have the pleasure of submitting the Final Report on the
Detailed Design for the Pipeline System from Dok Krai to Mab Ta Pud
in the East Coast of Thailand, ia compliance with the Terms of
Reference given to us by your Agency.

Prior to the start-up of works we rightly understood the
urgency and importance of the Project and throughout the period of
design work we have dedicated ourselves to accomplish our mission to
satisfaction of the parties concerned.

On the meeting held at Japanese Embassy on Nav. 25, 1981, the
Thai Government emphasized that reliability of the system, the short
construction period, economical construction cost and utilizing the
local resources were of great interest.

Considering {t, the Detailed Design Team made the fbllowing
decisions on the issues at the early stage: .

* Fulfilment of good quality and scheduled construction period
can be realilzed by placing the tender as a package and -
attracting theé best ¢lass contractors who will be able to
manage the whole work competently.

* Cost saving and local resources' utilizatfon can be realized
by identifying and specifying the local participation as much
as possible, in providing the man-power, materials and pro-
ducts., :

The Feasibilfity Study of "The Fast Coast Water Resources
Development Projeet”, the preceeding study of the design work, had
been in execution since Februvary 1981, The study consisted of two
sub-projects, namely Nong Pla Lai and Ban Bung sub-projects. ‘The
present pipeline design work has been based on the feasibility study
‘then conducted as a part of the sub-project.

- When the design work started, the Feasibility Study was still
in progress, The betailed Design Team, reviewing the Interim Report -
of the Study and exchanging informations with the Feasibility Study
Team, had to make solid and concrete decisions on the matters of
design criterfa and engineering principles on which further works of
design should be founded and constructed systematically,






Mr. Kelsuke Arita . ' " August 31, 1982
President
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From the commencement in Novembéer 1981 to the complétion in
August 1982, the Detailed Design Team has submitted the reports of

Inception, Progress I and 11, Englneering, Design in that order and
‘the Tender Pocuments, well in accordance with the original schedule.

Tﬁfoughdut the nine months' period, each staff has carried out
his responsibility dutifully and thé team leader has coordinated the
staffs' efforts, steering the team towards the goal.

As we submit this report, we are proud that our works have suc—
cessfully solved all of the conceivable conditfons of design and
construction in technical, legal and administrative aspects.

We wish to express our sincere gratitude to the staff of JICA,
Embassy of Japan, and Royal Irrigation Department and other agencies
of Thal Government for their assistance and collaboratieon.

Very truly yours,

Yuichi Katayama
Leader
Detailed Design Study Team

CTI Engineering Co., Ltd.

Associated with Sanyu
Consultants Iac.






ROYAL IRRIGATION DEPARTMENT
, _ BANGKOK, THAILAND capLz AvoRrs:
No. Y37 /2525 | | August 25, B.E. 2525

Mr. Yuichi Katayama

Team Leader

Detailed Design Team for Water P‘ipelme
in the East Coast

Jopan International Coopercehon Agency

Re: Findl Reporis and Tender Documents

Dear Sir:

- In connection with the Dok Krai - Mab Ta Pud Water Plpelme Prolecl in the East
Coast of Thailand, for which the Royal Irrigation Department {RID) is designated as the project
executing Agency by the Government of Thailand, we have received to date the follovi ng
mentioned reports and documents from your feam,

D}'afts of

*  Prequalification Tender Documents
* Tender Documents for Construction
*  General Conditions of Contract

* Special Stiputation of Contract _ :
--------------- on April 15, 1982

Drafts of

S

Design Report

- Main Report

~ Supporting Report
General Specifications
Particular Specifications
Bill of Quantities
Contract Drawings

» X% % %

--------------- on July 2, 1982

Printing by Pblic Rafotion and Printing Services Beanch, Royal Irmigation Depadment (P, 421-May . 1979-1,000.)
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Draft reports and draft documents have been reviewed in due course by technical
and legal personnels of RID and other Government Agancies concerned, and also fruitful
~ discussions on the sald documents have been continued between representatives from Thai

side and your team. : :

Our comments on your draft reports and draft documents derived from our reviewal
as well as conclusions reached in the discussion meetings are as summarized in the Minvtes
of Meeting dated July 8, July 14 and July 28, 1982, respectively, '

This is, therefore, 1o inform you with our gréatest pleasure that you may kindly
proceed fo finatization of those draft reports and documents through incorporating descriptions
os presented in said Minutes of Meeting. It is expected that we will be furnished with the
following reporfs and documents as final ones by the end of August 31st,

Main Design Report
Supporting Design Report
Instructions to Tenderers
Conditions of Contract
Particular Specifications
General Specifications
Bill of Quantities
Contract Drawings

% % N % R N

Your kind attention on the above will be highly appreciated.

With our thanks fo what your team has done for the subject project as well as to
the close cooperation extended by JICA Tokyo.

Yours sincerely,

by Koy,

Sunthorn Ruanglek
Director General

cct 1. JICA 8angkok Office
2, JICA Head Quarter, Tokyo
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SUMMARY -,

: Lasteru Seaboatd Development Plan

The discovery of huge offshore natural gas deposit in the

‘ golf of Thailand and the success of striking and leading it

oushore by a long underwater pipeline is going to change the
situation of eastern seaboard area drastieally.

: The natural gas has been led to the north to be utilized
in power_generatiOn and ¢enent production, while in Mab Ta Pud
a part of it is belng used in producing coarse gasoline
through the dew point process.

. According to the study report of Hastern Seaboard
Pevelopmént Planning, heavy and chemical iadustries such as
integrated steel, plg iron, chemical fertilizer, ammonia, soda
ash and petroohemicals.are golag to be planed in the area
surrouading Mab Ta Pud. ' Those industries will naturally
induce’ downstream ones and supporting industries in the close-

by area. :

The deep sea port of Sattahip is now being expanded and a
new port in Laem Chabang in projection stage will facilitate
the export of liquefied petroleum gas. Laem Chabang area will
also be developéd to house light and higher level industrties.

New industries and old, existing 1ndestr1es wili promote
commerce and service business into expansion and development

' -eventually,

- The preparation of infrastructure. is also under way.
Adding to the existing highway system which 1s rather well
organized and maintained, new railway systeém is already under
coastructlion, Power supply will be remarkably reinforced and

. improved telecomsunicatfon system will be expanded over the

area,

The_objective of economical and social development of the
area 1s not limited to the pictures drawn above. When the
area grows Into a main communitylindustrial center of the
region, it will much help in solving or preventing the
problems which Bangkok is now facing and finding difficulties,

Problem of Water

The industrial/urban area covering Sattahlp - Mab Ta Pud -~
Rayong is situated in Changwats Rayong and Chon Buri where
natural blessing has been good except water, The rainfall is
less than the mean of 1,300 to 1,500 mm/year in Thafland which
is rather small in South East Asfa, Within the two Changwats
only two rivers, Bang Buag and Rayong river, are sizable.
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3.2

Despite the advantdgeous topography of flat plain and
lecation as the hinterland of the metropolis, agricultural

development has been restricted owing to the shortage of _
stable water supply, it seems. The cities must depend Lheir
water mostly on artificial reservoirs, the capacitlies of which
are limited possibly due to the topographical conditions.
Facing the rosy future of development, howevér, is the problen

-of water because insuffieiency of’ it will certainly affect the

development adversely.-'

As it can be'easily understood, the basic solutien is to
build dams in advantageous locatlons as many as possible aud
to produce the surplus water from them. The dams shall be
located and managed so that they are most productive.

The Feasibility study which proceeded the detailed design
of Dok Krai - Mab Ta Pud water pipeline was originated from
the aforementioned situation and approach: The study, titled
"The East Coast Water Resources Development Project™, compri-
ses two sub-projects of Nong Pla Lai and Bang Bung aud the
former sub-project contains the water pipeline as-a major
part.

Dok Krai - Mab Ta Pud Hater Pipeline Project
Requirements by Feasibility Study

The feasibility study ‘concluded that the demand for muni-
cipal and industrial/conmunity use will amount 57.8 MCM/year
and it shall be covered by supplying at the naximum rate
(design rate) of 2,62 m3/sec flow. The water source is to be
Dok Krai reservolir owned and managed by RID and the flow is to
be transmitted to Mab Ta Pud by 1. 35 i diameter pipeline of
about 26.5 km in 1ength. :
Major Facilitiesgs of Project

The major facilitles are:

Intake Tower, Iatake Bridge, Pumps Appurtenances
at bok Krai ' :

Pipeline and Appurtcnances connecting Dok Krat and
Mab Ta Pud -

Head Tank on Piﬁeline Roﬁte

Receiving Well and Receiving Reservoir at HMab Ta Pud
Telecoununication Sysiem for Operﬁtion andnﬂaintenance
Power Supély | o |

Buildings

i1
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Intake Tower, Intake Bridge, Pumps, Appurtenances at Dok Krai

. The 1intake tower 1s located in the reservoir; 300 m
upstream of the dam axis and 200 m offshore from the right
bank. It 1s reinforced concrete structure, having the dimen-
sions of 22 m long, 17 n wide and 19.8 m high. The structure
has four stories and room for pumps at the bhottom floor and

‘the control equipment on the top floor.

The Latake bridge which is to be used to bring the equip-
ment inte the tower in the construction stage and to be used
for maiatenance purpose in the later stage, is 160 m long con-

sistiog of 10 spans of 16 m each, It is made of prestressed
‘concrete box girders and of 5.5 mw width, of which 3.5 m and

2 m shall be used as road and plpe-support part respectively.

While the foundation of intake.tower is spread foundation
on granite rock. That of the bridge is rows of steel pipe
piles.

Six pumps including one stand by are of 31.5 m3/min.,
79 o total head and vertical shaft centrifugal double suction
type. Three alr chambers, made of steel and about 100 cu.m in
capacity, are installed oanshore along the pipeline route and
have function as the gadget in preventing water hammer effect
between pumps and the head tank.

Pipeline and Appurtenance connecting Dok Kral and Mab Ta Pud

The head tank divides the total length of the pipeline of
26.5 km iato two parts, 7.5 km upstream part and 19 km
downstream part. The head tank has three different functional
roles; control of pumps, filling water in the downstrean part

“of the pipeline and protectfion of downstream part from water
- hamper. The pfpeline runs along the RID-owned road,

Route-3191 and Route~3 until it ends at Mab Ta Pud.

The pipe material is 11.9 mm thick steel plate which is
to be fabricated to pipe by welding and completed pipe is
painted with coal-tar enamel with glass cloth wrapping on the
outside and lined with tar-epoxy insfide. 1,350 pm diameter

pipes are welded to be joined in the trench after being laid

in place.

The appurtenances attached to the pipeline comprise air
valves, drain (blow~off) valves and main valves. Those valves
are placed in concrete boxes and covered. '

Head Tank on Pipeline Route

As was mentioned before, the head tank has three roles,
one {s to -prevent water hanmer effect on pipes, second is to
control the flow rate and the last i{s to fill water in the
pipeline., : :

Located by the roadside of Route~3191 from about 7.5 km
downstream of the pumping station, 1t sits on a hill of EL
82,00 m. Dimensions of the cylindrical tank are 16,0 m in
dlameter and 24.4 m 1n height and it is made of prestressed

concrete, placed on spread foundation,

111
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A pipework lying from tHe ‘tank to a streas 400 B apart,
is the spfllﬂay of the tank and can dischgrge 2462 n3/sec
Flow, the design flow of the pipeline_itself. :

Receiving Well and Receiving Reservoir at Mab Ta Pud
- The receiving well is to keep the reception water lLevel

at the pre-determined elevation. Made of reinforced concrete
it is divided into three portipns for the said function and it
has the overall dimensions of 29,7 m length, 11.0 m width and
6.6 n depthy R ) IR

The receiving reserveir’s vole is for' storage and pre—
ferably it shall have a larger capacity. . Considering the
effectiveness of stored quantity of water in' it, the size is
made 156 m leng, 78 m wide and 3 nm deep (of effective depth)
so that the capacity amounts approximately’ 28,000 cu.n,
equivalent to 3 hours flow volume at the design rate.

It is made of earthern embankment and is lined with EPT
rubber sheet to prevent leakage. ' - '

The reservoir is placed downstrean of the receiving well
and connected to it and equipped with several outlets for
future connection of supply and with a spillway.

Teleconnunication System for Operation and Maintenance

The operation and maintenance of 26.5 kn long pipeline
which has three stations, - punping,: head tank ‘and receiving,
cannot be worked without means of communication. ‘As the
introduction of public: telephone network is to be walted till

- the end of 1984, a FM/VIF comaunitation system must be pre-

pared before the completion of construction. The systém con-
sists of two permanent stations, one at Dok ‘Krai and Mab Ta
Pud for each, and !4 mobile walkie-talKies. R

Upon the introduction of public telephone network in the
area, it will be connected to the internal- telephone systems
of both Dok Krai and Mab ‘Ta Pud which are to be prepared in
the project. : ‘ ' -

Power Supply

The power demand in Dok Kral, Head Tank atid Mab Ta Pud is
about 3,350, 30 and 152 kw. o

3,350 kw demand in Dok Krai which is nostly for the large
pumps can not be covered by the existing transmission line and
PEA 1s going to prepare for it by instaliing a new line of
22 kv from existing traasmission’ line along Route-36.

The Head Tanks demand {s swmall and can be supplied by the
existing line, Mab Ta Pud's demand 152 kw is for both Lhe
official and residential use. Approxinately two thivrds is for
the living quarters of staffs in the compound, and it is also
to be supplied by the existing line's reinforcement.

fv



3-9 Bu:l].di.ngﬂ

The buildings which are needed for the future use of
operation and maintenance are to be listed as below:

_ ) Floor Area

Station ' For : __(sq.m)
Dok:Kfai Control House 563
Office : 97
Substation 102
Harehouse & 79

Garage
Compressor Roon 22
‘Head Tank Maintenance Hut 29
Mab Ta Pud Office 214
Repair Shop 125
Generator Room 22
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e GLOSSARY OF TERMS AND ABBREVIATIONS

1) Local Terwms of PTT: Petroleun Authority
Adpinistrative Areas of Thailand
Thai English PWWA: Provincial Water Works
o Authority
Changwat: Province
Muang (Amphoe RID:  Royal Irrigation
Muang, A.M): City Pepartment
Amphoe (A.): Township .
King Amphoe - TOT: Telephone Qrganization
(K.A): Sub-Township of Thailand .
Tambon: Town :
Muban (Bang): Village 4) Length
Tesabhan: ~ Municipality . .
Su Khapiban: -Sub ‘ mm = pillimeter
—Municipality cm = centimeter
m = méeter
2) Natural Features km = kilometer
Khlong: Canal 5) Area
3) Administrative Organization nl = square neter
ha = hectare = 10 n?
ACFT: Agricultural km? = square kilometer =
Cooperatives Federation 10°
of Thailand rai = 0.16 ha

DTEC: Deparvtment of Technical ) Volume
& Economic Coopration

1iter = 1,000 cn3

cublc meters
million cublc meters =

1,000,000 n’

EGAT: Electricity Generating n’
Authortity of Thailand MCM

It n

IEAT: Industrial Estate
Authority of Thailand 7) VWeight

MAC: Ministry of Agriculture mg = milligraa
and Cooperatives g = gran
kg = kilegram
MOT1: Ministry of Industry t = ton = 1,000 kg
qwt = quintal = 100 kg
NEA: National Energy Authority
8) Time
NESDB: National Econemic and
Social Development s (sec) = sccond
n = minute
Board h (hr) = hour
d = day
PAT: Port Authority of yr = yea¢

Thailand
9) Currency
PEA: Provincial Electricity
Authority B = Baht
USS = United States Dollar
US¢ = United States Cent

LI

Toxlit



10) Electric Measures

1)

12)

kY = kilovolt

ki = kilowatt

MW = mnmegawatt = 1,000 kW
kWh = kilowatt~hour

Mih = megawatt-hour =
1,000 kWh

kVA = kilovolt-anmpere

Hz = hertz

Other Measures

% = percent

ppr = parts per million

rpm = revolutlons per minute
KP = Horsepower

°C = Degrees centigrade

103 = Thousand

105 = Million

102 = Billion

Derived Measures based on the
Sane Symbols

m3/s, m3/sec = cublic meter per
second

t/ha, ton/ha = ton per hectare

m3/km2 = cublc meter per
square kilometer
mm/déy = millimeter per day

1/day = lter per day

MCH/year = million cubic nmeter
per year

mIfyr = cubic meter per year
m3/hr = cubic meter per hour

m3/min = cublc meter per
minute

l/sec = liter per second

l/sec/m = liter per second per
meter :

m/yr = meter per year

US$/ha = US Dollar per hectare

13)

xiv

E/ton = Baht per ton

kg!m3 = kilogramme per cubic

rekters

m3lkmzlyéar = cubic meters
per square
kilometer per
year

m3/slkm2 or m3lslha
= cubic neters per

second per square
kilometer or hee-
tare

K/m3 = Baht per cubic nmeters

Other Abbreviations

EL. = FElevation

H.L. = Yater level

L.W.L. = Low water level
N.W.L. = HNormal water level

HMW.,L, = High water level

M.S5.L. = Mean sea level

P.S. = Power station

S.S. = Substation

T/L = Traansnission line

/L = Distribution line

NNW = HNorth-—-northwest

5SE = South-southeast

GDP = Gross domestic product
HWHO = World Health

Organization (UN)






GHAPTER 1 - GENERAL INFORMATIONS AND REVIEW OF FEASIBILITY STUDY

1.1

1.1.1

1.1.2

GENERAL INFORMATIONS
Objective of the Study

The objective of the study is to condense a detailed
design work for the propésed pipeline system between the .

- existing Dok Kral Dawm and Mab Ta Pud. The proposed pipeline
- system will comprise intake tower, pipéline (Extension:

26.5 km), head tank, receiving facilities and:control facili-
ties. ' ' '

Scope of the Study
Scope of the study are as follows:
1) .Supervise of topographical survey along the pipeline
2) Supervise"of geological survey along the pipeline
3)  Review of feasibility study
4) ‘Détaiied deéign |

Detailed design of this project include the following
facilities and equipment

Intake facilities

Intake tower and control house
Intake bridge
Alr chamber

- Pipeline L = 26,5 kn

- Head tank

~ Receiving facilities

Receiving Well
Recelving Reservoir

- Mechanical Equipment
- Electrical Rquipment
- Bufldings and Housiugs

Buildings for operation and maintenance
" Housings for staffs

~ Telecommunication System

5) Tendey Deécuménts

-6)  Prequalification

7} Iuplementation Progran
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8) Reports and Specifications _
- .Defailed Design Report (Main‘Répoéi)
-  Detailed Design Report (éup§6r£iﬁgtﬁep6rt} o
- Genér#i Sﬁépificétionéix R o
—: .Paftiéﬁlafispecificatiéﬁs
- Instruééio;s to Tendérefs
= Conditions of Contract
- Bill of Quantities
- Contract Drawings
}.1.3 Project Area
The project area subject to this_study is in Changwat
Rayong, on the eastern seaboard of Thailand., The proposed

pipeline system which COnﬁths Dok Kral reserveir with Mab Ta
Pud industrial estate extends approximately 26.5 km,



1,2

REVIEW OF FEASIBILITY STUDY

The review of the pipeline system, considering the scope
of the detailed designing, are made respectively on the water
supply plan, the water demand projection, the water supply
capacity of the source and the basic criteria of facilities
involved in the pipeline project. The detailed design covers
only the pipeline of 26.5 km between Dok Krai and Mab Ta Pud,
however, the facilities and their basic criteria of the pipe-
line has been planned taking the extension of pipeline bet-
ween Mab Ta Pud and Sattahip of 21.9 ke in the next stage
into account.. Accordingly, the Feasibility Study Report in
its entirely was reviewed instead of referring only to the
discussion of the Dok Krai - Hab Ta Pud pipeline route.

As to the facilities involved, intake tower, air
chamber, head tank, receiving facilities are basically
accepted -in the detailed design by the Study Team, however,
modification on their design features may be needed. -They
are due to the then incomplete topographic survey maps of the
related sites and area, The medification is on the following
four points based on the findings of the topographic survey
conducted in the detailed design stage.

Provision of Receiving Reservoir

-The'receiving reservoir has been added for the following
reasons. '

The purification plant with water regulation capacity
which is out of the scope of the Project, is expected to be
provided by the completion time of the Project. When in
course of time some difficulty arise and the purification
plant is not ready by then, the receiving reservoir may serve
to stabilize the supply to eand users in place of purification
plant assuring the performance of the pipeline systea.

Another aspect of the provision is that the receiving
reservolr takes over storage function tasked on future puri-~
fication plant and could reduce the slze of storage capacity
of purificatien plant. The purification plant as well as
distribution network, which inevitably be needed to supply
water to the end users, are out of scope of the pipeline pro-
ject and so far it fs not only designed but also even planned
in Thailaad.,

Changes of Elevation of Water Levels of the Receiving

Facilities

The ground level at the proposed receiving facilities is
surveyed by points in the feasibility study, however, sur-
veyed arealy in the detalled design. The difference in the
two surveys results the rise of the high water level of the
recelving well by 3.00 m, from EL.60.00 n in the feasibility
study to EL.63,00 m in the detailed design.



Relocation of Head Tank

The head tank recommended in the feasibility report to
be located on a hill top which is located off from approx.
1.0 km from the-pipeline, is recommended to be relocated to
the nearby site of the pipeline allignment of Route-3191,
Because a site suitable for installation of the head tank is
found at the nearby.the Route-3191 by arealy survey- -around
the site couducted in the detailed d631gn. ‘ :

Modification on Pump Head

The pump head required teo transmit water from Dok Krai
reservoir to Mab Ta Pud is reduced by 1} m, from 90 m in the
feasibility study to 79 m in the detailed design.,

The reduction is realized by two: reduction of the high
water level at the head tank, reduction of friction loss due
" to pipeline short-cut of approx, 2.0 ko between the new and
previaus head tank'’s locations plus short-cut in the pipeline

length of 1.1 knm.



2.1

2.1.1

2,1.2

CHAPTER II ~ GENERAL FEATURES AND SITE CONDITIONS

GENERAL, FEATURES
This project consists of follbwing three main facilities;
~ " Intake Facilities

- — _ Transmission Facilities
-  Receiving Facilities

These facilities have to be designed to function as a system
at any time in order to fulfill the demand of downstream, and
to be safe in case of emergency.

Intake Facilities

Location

Intake facilities are located on the right bank of existing
Dok Krai dam. The intake tower is inside the reservoir 200 m
off its bank., ‘The main contrell office is on the bank and is
connected to the intake tower with the intake bridge.

Main Facilities

Intake Towér - takes reservoir water and boost
it up with pumps.

Intake Bridge - works as an administration
bridge as well as an aqueduct
" bridge.
Air Chamber ~ prevents water hanmer between

the head tank and punps.
Administration Office - operates and maintains pumps and
other facilities near by.
Transmission Facllities
Location
Length of the pipeline between Dok Kral dam and the head tank
is 7.5 km and that between the head tank and the receiving
facilities is 19,0 km, 94 % of its total lengths is along
Route-3191 and Route-3.

Main Facilities

Pipeline - transmits the water punped up from
the reservoir to the receiving end in
a ¢losed conduit through the head
tank.
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Head Tank ' - prevents thc adverbe effects on the
pipeline and other facilities caused
by water. hamner. aad dgpending on .
water level in. the tank, controls the

numbe: of running pumps-;

Others - as appurtenant facilitles, theie are
. air valves, blow—offs, main valves
and brauch valves for PIT and so on.

Receiving Facilities

Location

They are located in the north to the 1ndustria1 complex to be
developed in Hab Ta Pud area and are on Route-3 in Ban Chak
Luk Ya village, 5 km towards Sattahip from the intersection

of Route-3 and Route-319%.

ﬁgin Facilities

Receiving Well - keeﬁs steady water level at the
pipeline end.

Receiving Reservoir - works as an facility against the
: -fluctvation of water demand of
downstream or in the case of
CRergency .

Administracion Offiéé - operates and maintains not only the

receiving facilities but also the
whole pipeline system.

2-2
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2.2.2

SITE CORDITIONS

Pipeline Route

The water pipeline route runs about 26.5 km from bok
Krai Dam to the receiviug facilities at Mab Ta Pud. The
topography of pipeline route is characterized by gently
rolling hills. I¢ is divided into two parts; the one is
characterized by a hilly avea like around Dok Krai. The
other is a low plain 1like around the crossing of Route-3.
The altitude of the hilly area is 40-80 n above M.S.L., while
that of the low plain is less than 40 m above H.S.L,

The geology of the route consists of granite. Most of
the stream beds and low plains are covered with alluvial
deposits. The surface of granite is highly weathered and has
turned into decomposed granite, According to the subsurface
explorations, no rock can be observed. The alluvial deposits
consit of sand, silty saud and clayey sand layers. The
thickaess of the alluvial deposit is 3 m to 9 m approxima-
tely. The blow count of the decomposed granite layer is 2 to
above 50. As for the alluvial deposit layer, the blow count
fs | to 20. At most places, from the surface to 3 m depth
the blow count is mostly less than 30. . It proves that exca-
vation is not difficult feor pipelaying. The soil is suitable
for digging, backfilling and compaction. - The ground water
condition is favorable for pipelaying as the water table is
3 m below surface in the hilly area. In the low plain
area, however, the water table is heigher than 3 m below
surface. The condition of construction will be worse in
the rainy season due to rise in water table.

Intake Tower Site

The intake tower site 1s proposed to be located 200 m
offshore at Dok Kral Reservelr and 300 m upstream of the
right abutment of Dok Kral dam axis. The reservoir is around
10 m deep at the site, 1Its bottom is gently inclining
towards the center.

The geology at the intake tower 1s classiflied into
deconposed granite at the top, and granite rock at the bot- -
tom. Covering these layers, there is a thin clay or clayey
sand layer, submerged vwnder reservolr water. The thickness
varies from 0.2 to 0.5 m. The thickness of decomposed gra-
nite is 10 m or more on the shore, and it becomes thinner
gradually as it goes towards the intake tower site, At the
site of the intake tower, it {s 3.5 m. The granite rock can
be divided into four sublayers, depending on degrees of
weathering; from the top to the dowaward highly weathered,
moderately weathered, slightly weathered and fresh granite,
The depths of both highly and moderately wedthered granite
are 1in the range of lm to 5 m. Arcund the site, the blow
count from surface to 3 n below shows more than 50, At the
onshore area the blow count becomes larger as the depth
increases, The count below 8,0 m depth is mostly above 56,
The bearing layer is severzal meters below the reservoir bot-—
tom, :
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2.2.3

2.2.4

Head Tank Site

The head tank is located 800 m northeast of Ban Nikhon
village. The site is the highest place along the proposed
pipeline route (82 m from M.S.L,). The site area is pgently
rolling and covered by cassava, palm and mango trees.

The geology at the site consists of decomposed granite.
No rock is observed from the surface to the 10 m depth, The
blow count ‘1s above 30 throughout the depth and from 8 m to
10 m, blow count shows more than 50, The bearing layer is
found at rather shallow depth. Ground water table was not
observed down to 10 m depth.

Receiving Facilities Site

The receiving facilities are located 5 km northwest of
the interséction of Route-3191 and Route-3 and also located
at the big curve of Route-3, The area is covered by cassava
Eield aud it has enough flat land for the facilities, Tt is
a rather high place compared with the circumference,

The geolbgy at the receiving facilities consists of
decomposed granite., The surface is covered with diluvial or
alluvial deposit, The thickness of the surface deposit is

about 7 m. The blow count below 4 m depth is more than 30.
The bearing layer 1s found in rather shallow depth. The
underground water table is 1.70 m to 3.60 m below the sur-
face. On the average, its level is around 56 m above MSL
during the dry season, and will rise by 0.7 m to 1.0 ia during
rainy season, '
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CHAPTER III ~ DESIGN CRITERIA AND DEPINITIVE PLAN.

3.1 BASIC CONDITION AND STANDARDS

3.1.1 Design Flow Rate_+

-

The pipellne is to supply water to Mab Ta Pud and

Sattahip for both industrial and municipal water., The annual
- water demand of both Mab Ta Pud and Sateahip is 57.8 HCH upon
the result of the Feasiblllty Study.

De51gn flow rate of the pipeline system is calculated as

_ below;

Qd ='Wd x fw x C/365/86,400

Qd:
Wd:

fw:

C

.

design flow rate (m3/s
water denand 7.8 (HCH/yr)

5
leakage ratio = 1,
lead factor i

1
3

Qd = 2.62 mjls

3.1.2  Standards

Standards and their abbreviations used mainly in the
detailed design are listed here.

: JIS
JUHA
JSCE
AASHO
ACL
AYWA
HWWA
TIS

e ze mE pe 4% mE W 4

Japanese Industrial Standards.

Japanese Water Works Assoefation

Japan Society of Civil Engineering

American Assoclation of State Highway Officials
American Concrete Institute

American Water Works Association

Metropolitan Water Works Assocfation

Thal Industrial Standards
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3.2
3.2.1

3.2.2

PIPELINE SYSTEM
General

Generally speakiag, when the extéation of a pipéline
system is long, an adverse effect of water hammer may be
expected causing difficulty in pump opérationiand pipeline: . :
system naintenance. As for this pipeline, due to the long
distance between pumping site and receiving end as well as
topoglaphic compléxity of pipeliné route, effects of water
hammer is most: likely to present sefious problems, requ1ttng
careful study.

Accordingly, the study has revealed that the head tank,
air chamber and other facilities, working in unison'in the

present design, are found to prevent the occurences of water
hanmer.

Punping Systenm

Water Hammer and Countermeasyre

Hater haumer effects in a closed conduit sometimes cause
serious troubles on facilities. Water hammer is a hydraulic
phenomenon directly attributable to every change in steady-
state velocity, gradval or sudden, such as valve ¢losure and
pump tripping by electric¢ power suspension. The adverse
effects 0f water hammer must be avolded by coéuntérmeasures,
It is evident from water hammer theory that water hammer will
be of no problems in the c¢ase of short pipelines. , Provision
of free water ‘surface -in.the nmiddleway over the: long pipeline
is an exanple of ‘economical sulutien,® If . free wiater surfaces
are to be provided, the pipeline may be cut into some shorter
pipelines. ' Usually, surgetank, headtank, junction well or
standpipe are empléyed for this purpose either 1ndependent1y
or in combiuation. ‘

The free water-surfaces ave provided ‘to achieve the
functions helow:

~ to provide compensation water quickly required by
water hanmer reflections te materially reduce pipeline
pressures.

— to supply the additfonal water required by the pro-
peller durfng load demand.

~ Lo store water during load rejection.

Pump Operation

In operation and maintenance of pipeline system, control
of the punping system 1s very important because of delicate
pump operation requited for the system. 1n addition to abo-
vementfoned functfons, free water surface on the nidway of
the pipeline has functions below:

- to make certain that the pendulation of water 1evels
following load changes will be quenched positively and

rapid lyo
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- to_faciiitate control of load differcace between
~supply head and receiving end with simpler punp
control method, '

Open Type Punping System

"Open Type Pumping System” is a system with free water
surface in between the pipeline from pumping site to
receiving‘end._'f0163ed Type Punping System” is a systen, on
the contraly, without any free water surface in between.

To assure operation and maintenance of the pipeline
system, "Open Type Pumping System” is to be used. The sysken
is mentioned breifly here, detailed description of which will
be discussed in it's own sectian.

l)' Intake tower’

6 pumps (1 for stand-by) are controlled by nunber
according to water level in the head tank,

2) Alr chanber

Air chamber is selected as a countermeasure against
‘water hammer between pumps and head tank. It is
concluded that surge tanks are not feasible because of
the topographic complexities of the pipeline route.

3) "ead tank

Cylindrical tank of fairly big capacity is to be
located on the highest point on the midway to receiving
end, Main functfons of the tank are to reduce water
hammer effeects, to make sure of pump operation, and to
€111 pipeline with water in case the pumps fail to func-
tion, :

4)  Receiving well and reéeiving reservoir

To kill extra head when controlling the flow rate
without adverse effects caused by cavitation, a special
kind of contfol valve is installed in front of the
receiving well., The receiving reserveir is planned as
such that it will facilitate aperation and maintenance.

Fig. 3-2-1 shows the result of water hammer analysis,
It shows that adverse water hammer effects on the pipeline
are reduced by the head tank and the air chamber between
pumps and the head tank. As for the pipeline route between
‘the head tank and the receiving well, there is no special .
facilities employed. It is needed to operate valves gra-
dually?so as not to cause adverse effects on the pipeline by
water hanmer,
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Sattahip

3.2.3 vpPlpeline

Pipeliné Route

The pipeline runs from the intake tower at Dok Krai
reservolr to the receiving well at Mab Ta Pud along Route-3191
and Route-3. Whole length of the pipeline is 26.5 ka and it
ts shown in Fig. 3-2-2 and the pipeline profile is shown in
¥ig. 3-2-3,

‘Fig.3-2-2 Sketch of the Pipeline Route

Dok Kral Reservoir

_lntgke Tower _ /

Proposed Pipeline

Rayong

PTT T Rayong
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1)

2)

3)

4)

Pipellne route and standard alignment are decided based
on the following factors,

Route between intake tower and Route-3191

Route

Location :

Length :

North side of RID road

Pistance from electric pdle to the pipeline
center shall be mininum 3 n

2,066 m (including pipe bridge of 1385 n)

Route along Route-3191 up to Poute-36 crossing

Route :

Location :

Lengtih :

East side of Route-3191

Bistance from R/W (Right of Way) to the
pipeline center shall be arcund 5 n

13,367 m (Route-3191--Head Tank
5,384 m, Head Tank--Route-36 (STA 27)
7,983 n)

Route along Route-3191 between Route~36 crossing and
Route-3 crossing (STA 44) (20k 777.2)

Route HEE
Location

Length H

East side of Route-3191 and the existing gas
pipeline

‘Distance from the existing gas pipe to the

pipeline center shall be around 5 m

5,976 m

Route along Route-3 up to the receiving well

Rdute -

Location :

South side of Route-3

Distance from R/W (Right of Way) to the

- pipeline center shall be around 5 m.

. Length :

Total length:

4,91 m (Including recelving well pipeline,
45 m)

26,350 o
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Pipe Material and Coating

1} Matecial

To select a suitable matetial for the p{pciine} the
following itgms shall be taken,in;o account.

~ ‘To achieve paximum strength although conparatively
hlgher in cost

- Good workab1lity at site
~ To facilitate fabrication of pipe in Thailand.
-~ To avoid leakage from joints as much as possible

After the comparative study, steel pipe with welded
Jjoints were enployed.

2) Coating
External coating: Coal-tar enamel coating
internal coating: Tar-epoxy coating

Pipe Diameter

Pipe diameter is decided by economical comparison
in the Engineering Report No. 9, Comparative Study of
Pipeline Dok Krai - Mab Ta Pud - Sattahip”. (Refar to
Supporting Report)

Though the scope of work of this project is limited to
the route between Dok Krai and Mab Ta Pud, the pipe diameter
must be studied for the portion between Mab Ta Pud and
Sattahip as both portions are closely relateq to each other.

The conmparative study made in the Engineering Report for
the portion between Dok Krai and Sattahip is based on the
conditions below;

Conditions

. Water Level ~ Dok Kral Res. EL, 42.0 m (Refer to
3.2.4)
Mab Ta Pud EL. 45.0 m
(Receiving Well) o
. or EL. 60.0 n
Sattahip EL. 300 w

Pesign Flow Rate
Dok Krai - Mab Ta Pud  2.62 m3/s
{(57.8 MCM/yr)
Mab Ta Pud - Sattahip 1.09 nd/s
(246.0 MCM/yr)
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Pipe Diameter :
Dok Krai - Mab Ta Pud 4 1,200 mn
¢ 1,350 mn
_ $ 1,500 mn
Hab Ta Pud - Sattahip ¢ 800 mm
& 940 mm
¢ 1,000 on

Formula for Calculation of Pipe Diameter —
- Hezene Williams Formula with € = 120

After the study of 18 cases with Lhe combinatioa of
these factors such as the pipe diameter and water level at
Mab Ta Pud, it was proved that the case in which the pipe
diameter between Dok Krai and Mab Ta Pud is 1,350 mm, the
sane between Mab Ta Pud and Sattahip is 800 mm and the water
level at Mab Ta Pud is EL 60.0 n is the most econcnical and
sultable,

_ . As the water level at Mab.Ta Pud was dectded tem— .
porarily, it has beea finally decided at EL 61.5 m after’
topographic sﬁr?gy of the site with due consideration of com-
parative study which teok into account the environmental con-
ditions of the receiving site.

Considering economical judgement and other eavironmental
factors, the abovementioned case is basically appiied to the
pipeline, Namely, pipe diameter between Dok Krai and Mab Ta
Pud 1s 1,350 mm, and the hydravlic gradient of the case is
shown in Fig., 3-2-4,

However at the final stage of the detailed design, modi-
fication of the receiving well's level and selection of the
control valve necessitated rechecking of the hydraulic con-
ditions stated heretofore., 1t is shown in the Supporting
Report. The rechecking proved satisfactory.
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3.2.4 Intake Tower

General Features

1) GCeological Features

The geology of the areas sutrounding the intake tower is
classified into 2 layers. Surface layer is decomposecd
granite and sub-layer s granite rock. From the boring
test DH-1 and DH-2, stiff bearing stratum of graonite
rack is found,

2) Reservoir Stage

In designing intake tower, the rise in planaing reser-
volr stage is taken into consideration.

P.HWH.L. = 454,100 o (Planning high water level =

: P.,N.H.L, + 2.0 a)

+52.100 n (Planning normal water level =

P N.W.L. + 1.5 m)

N.W.L. = +50.600 m (Existing normal water Level)

LY.L, +42.000 o (Pump suction low water level
in suction sump)

Pl N.“.Iu

]

Function of Intake Tower
Intake tower has twée main functiocns as below:

— to take surface water from the reservoir
~ to pump up the water to required head

and as concomitant functions,
= to avoid floating objects entering into the pipeline

Superstructure (Control House)

1)  Control Roon

As the intake tower 1s constructed in the reserveir,
room in control house for operation and maintenance is
limited, and therefore control office (Administration

-office) is to be placed not in the intake tower but on
the shore, '

2) Motor Floor
The motors are to beo Installed on the floor above

PleW.L, to avold 1ntrusion of water duriag an
emergency, -
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Substructure

1)

2)

3)

Type of Structure

Box type stationery caisson made of .reinforcpd concrete
is settled at the destination.

Type of Punp

Vertical shaft double suctioa centrifugal type punps are
installed in waterproof base floor. . :

Design Conditions

In stability calculation, the caisson body is assumed to
be of spread foundation because of shallow enbedded
depth, ' '

External force

In desighiﬁg'thé substructure,.dead lead, seismic ferce,
wind load, wave pressure and subsidiary loads are taken
into copsideration.

Hember stresses

Hembers are designed so that the stresses at éﬁj portion
of the members due to the loads may not exceed the
allowable stresses given in 1.1 "DESIGN CONDITIONS" of

Supporting Report.:

Mechanical and blectrical Equipment

1)

2)

Punp

- Tipe ' | N Vertical shaft double suctlon
‘ centrifugal: punp

~ Nunber 6 units (including 1 stand-by)

- Desiygn discharge ] =131.5 m3/min

- Totél heaa Ho- 79 m L

Air Chamber
~ Type Cylinder type
- Number 3 units

~ Normal water level EL.60,.0 n



3.2,5 Head Tank

- Function of llead Tank

-For the pipeline system, "Open TYpe'SYStem"kwith a head
tank 1s employed as mentioned in 3.2,2, Punping Systen.

It is provea that a head tank is absolutely necéssary to
:sexve the main and the first function of reducing the nega-
tive pressute in.the pipeline between the head tank and the
receiving well due to the water hammer in sudden power
suspension.

Next, the control system of the pipeline is sclected as
pump unit number control in 3.3 CONTROL SYSTEM. In this
control méthod, . the flow difference between inflow and ocutflow
is inevitable and the deference must be regulated at the héad
tank. This regulation of the difference is the second func-
tion.

‘The third function is to store water for an emergency.
Once the power supply is suspended by an acc¢ident, the water
In: the pipeline between the pump and:the head tank will
rémain by the check valve at the pumps, but the water between
_ the head tank and the receiving well will flow out if the
control valve at the receiving well 1s not closed soon
- endugh.,

Oncé the water have flowed out, it is troublesome to
start up the pipeline system again. Before restart, the air
drawn into the pipe must be released which usually takes a
few days. The head tank must have a capacity to store water
enough to £111 the pipeline untill the control valve is
closed perfectly. : ' .

Location of Head Tank

For the naln burpose'of reducing water hasmer effect, it
is most appropriate to place a head tank as near the intake
tower as possible, L S

Also to winimize thg'height of the head taak, the loca-
- tion should be the highest place along the pipeline route.

In the Feasibility Study Report the top of ‘a hill was
proposed which is around 1 km away from the highest point of
Route-3191, - ' :

The studies made after the P.S,, however, revealed that
it is more economical to construct the head tank along
Route-3191 while achieving the same objective.

 Capacity of jtead Tank

1) For contrblling pumps

The control method have been decided as the one that
control by pump numbers (refer to 3,3 CONTROL SYSTEM). This
means that control of running pump numbers is made by
switching on and off of the motor.
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2) For filling pipeline

In case of power faflure or other accidents, the part of
the pipeline between the head tank and the receiving well
must be closed as soon as possible by a control valve at the
recelving well., Otherwise, the water in the pipeline will
flow out and nake it empty,

The head tank must have a capacity for filling the pipe
untill the valve is closed, The time for closing the valve
ts ,stimated at 20 minutes including 10 miautes spare time.

The required capacity with the design flow rate
2.62 m3/s becomes !

V = 2,62 m3/s x 20 min. x 60 sec. = 3,144 n3
3) For water hammer

The capacity for water hammer prevention should be exa-
mined after the head tank diwmensions sre determined.
The study described here is made after the dimensions were
decided with both capacities for punps control and pipeline
filling, which is discussed in the following section.

After determination of both capacities for pumps control
and pipeline filiing, capacity for water hanmmer prevention is
checked with those for two other functions. The result is
shown in Fig, 3-2--6, with conditions set as below:

Punp
Discharge 31,5 m3/min x 5 units
Total head 1.0 n
Pipeline
Thickness 11.9 o
Dianeter 1,350 om
Material steel .
Length pump station - air chamber- 220

alr chanber - head tank 71,280 n
head tank - receiving well 19,000 n

Hater level

Dok Krai Reservoir LWL 42,0 n

PhWL . 52.1 m
Head Tank LWL 99.55

W1, 101,20
Receiving well KWL 61.5 o

Diameter of head tank 16 n



Initial Conditions

-pump suction level LWL 42.0 »
head tank level WL 99,55 m
receiving well level NWL 6l.5 m

. flow rate of pipeline 2.7 m3/g

(LWL to LWL)
value of ¢ = 120

fype: multiport valve
. close time: 10 minutes after 10 minutes extra
waiting time

From Fig. 3-2-6 it is clear that with the conditions
mentioned above the pipeline is safe and it can be said that
the capacity to be allowed for water hammer is enough using
the capacity for pump control and filling pipeline.

When a pump is started, a strong electric current flows
after a momeant. An Instantaneous on and off of pump is
detrimental to switches and motors. To prevent this detri-
ment, around 60 minutes period is set for one cycle.

The control of the motor switch on and off is made by
sensoring. a water level ian the head tank, The water level
will rise in case that inflow exceeds outflow and when the
water level rises to a certaln level the switéh turns off,
Then as outflow exceeds inflow the water level goes down and
at certain level the switch turns on agaln.

To spare 60 minutes for one cycle, it has been analyzed
ir the Engineering Report No. 7.2. that the tank capacity
needs to be around 500 w3 for one pump in the mest strict
case. (Refer to Supporting Report)

- The control capacity for 6 punps is as shown iIn
Flg. 3-2-5,

Fig.3-2-5 Control ‘Capacity of Head Tank

— Hwl

— I ~
2
5@I5cm 75cm 4
I a 500m?
Capacity for one pump >
_ Lwi | _ _
500m3 2 N 6 pumps
Capacity for one pump 3 —— |59 15¢m=75cm J
- B o

Capacity for
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3.2.6 Recelving Facilities

The location and water levels of receiving facilities
are described in the preceding chapter., Therefore, the func-
tion, dimensions and other details are described in this
chapter.

Receiviag Well

l) Function
The receiving well has the following three functions:
a) To kill excessive hydraulic,energy.

b} To keep water level constant at the end of
transnission line.

¢} To make metering and controlling of the flow
easy. :

To attain these functions, the receiving well will be
divided into three parts: an inlet chamber, a calming
chamber and an ocutlet chanmber.

By the control valve installed in front of the inlet
‘chamber, excessive hydraulic energy is killed. At the
inlet chamber, water surface is turbulent and it will
be made calm and steady through a perforated wall.
Hater level in the calming chamber is kept constant
by a weir. The outlet chamber is connected to the
receiving reservoir with a pipeline, so water level
in the outlet chamber varies corresponding to water
level of the receiving reservoir,

In addition to these chambers, overflow and valve
chambers are attached to the outlet chamber and the
inlet chamber respectively,
2}  Capaclty
To achieve the functions described above, the inlet
chanber and calming chamber require to be capacitated as
follows! ' :
a) Imlet chanmber : 550 m3
b) Calming chamber : 700 n3

These total capacities correspond to ahout eight-minute
retentfion of design discharge.

3) Material
The materials which can be used vsually for the receiving
well are relnforced concrete or prestressed concrete., '

Considering the following characteristics, a reinforced
concrete well 1s wused for the project.
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a) FEconomy of construction

b) Ease of construction

Receiving Reservoir

1) Function

The receiving reservoir shall have the following twe
functions:

a) Storage

The receiving reservoir shall have a storage function
to maintain uninterupted water supply even in case of
power [ailure or erronecus operation. The storage
for this purpose will be taken as equivalent to
L-hour retention of design discharge (2.562 m3/sec)

b) Regulation

The discharge of inflow into the receiving reservoir
may vary seasonally aud the outflow from the
receiving reservoir varies from hour to hour.
Therefore, a regulation funciion must be given to the
reservoir,

Regarding the outflow from the reserveir, there are
three discharge: one for industrial use at Mab Ta
Pud (0,97 m3ésec), one for municipal use at Lhe sane
area (0.56 m>/sec), and for combined use at Sattahip
area (1.09 ﬂ3/sec) .

Although the discharge for Mab Ta Pud industrial

and Sattahip combined use is constant, as stated
above, there may possibly be small fluctuations.
Therefore, storage for regulation purpose will be
required and a volume equivalent to one~hour reten-
tion of deslgn discharge for industrial use in Mab Ta
Pud and combined use fn Sattahip (2.06 cu.m/sec)} is
allowed.

Fuorther for the nmunifeipal use at Mab Ta Pud, a
storage volume of equivalent to five-hour retention
of design discharge (0.56 cu.m/sec) will be given
from precedents of similar water supplies.

2) Capacity

From the above discussions, the total capacity both for
storage and regulation required for the receiving reservolr
is 28,000 cu.m, and this capacity corresponds to three-hour
retention of design discharge. The detall caleulation is as
shownr balow.
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Regulation Storage
hour minute sec
V=097 x ( 1.0 + 1.0 ) x 60 x 60

-
1 X
1

=056 x { 5.0 + 1.6 ) x 60 x 6O

Y3

1,09 x { 1.0 + 1.0 ) x 60 x 60

Total

i

H

7,000 cu.n
13,000
8,000

28,000 cu.m
(approx.)



3.3

3.3-1

3.3.2

CONTROL SYSTEM
Control Methaod

Usually there are three methods to control flow rate of
a pipeline, namely by pump unit nunber, by valve opening, and
by punp vevolution speed. .

Charactecistics of Control Method

Control by Punp Unit Number

The flow rate is set by the control valve at the
receiving well. On the other hand pumps of certain number
discharge water to the head tank. The difference between
inflow and outflow at the head tank i{s regulated by the head
rank.

That 1s, 1f inflow raises the head tank water level to a
certain poiat thea one of the runuing pumps will stop automa-

‘tically or manually. Then water level will go down to a cer-—

tain poiat, then a punp will start again to repeat the cycle
until waterlevel rise to a certain point which is set in

advance,

Advantage of this method is that this system can opetate
fully automatically or manually. The equipment required 1s
not very sophisticated and therefore less expeusive, The
shortcoming is that the head tank capacity for regulation is
needed though it is small.

Fig.3-3-1 System and Components
“of Pump Number Contrel

Delivery _}jegd Tank Recelving Well
_Hydcaulic Gradient '

Dok Krai
—— Y
il




Control by{ﬁélvé Opéning,-

The required flow rate is set by the control valve at
the receiving well and also by the valve at punp delivery
side simqltaneously.:,ﬂxcess flow rate of punp discharge will
be cut at the pump valve,

It means that at the punp valve, head loss is expected
to occur. The demerit of this system is that the control
valve at the receiving well and at the pump must be operated
simultaneously against flow change, or against the change of
water levéel at Dok Krai Reservolr aud it needs higher
sophisticated system and so it should be nuch costly than the
pump number control method.

Furthermore valve loss at the punp delivery valve is
inevitable and it is uneconomical.

*

The advantage in this system fs that it needs less
operator than the one that control by punp unit nunmber.

Fig.'3-'3-‘2 'System and Components
of Valve Opsning Control

Delivery Heod Tank _ Receiving well

_MHydroulic _Gradient_

A\ A

»
N
o

F_io_w;;ﬂ\\m{f_t

Control Valve l

_Controf Valve

. Flow Metaor
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Control by Puap Revolution Speed

The required flow rate is set by the controi valve at
the receiving well and punp discharge. ?ump ‘discharge ‘is.
controlled by motor revolution. Variable revolution notors
are esployed and they are much expénsive ‘and to adjust: inflow
and outflow perfectly against:change of ‘water denand or. water
level at Dok Kral Reservoir, the most sophisticated system .
fncluding a computer system shall be cmployeds  So this
systen is most expensive, although less nanpower is required.

Fig.3—'3—3 System and C-o:ﬁponen{s '
of Pump Revolution Speed Control

Delivery ' Head Tank co Receiviﬂg weltl

_ Hydroulic Gradient_

~7N il

Dok Kral

Vatioble Speed Pump
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3.3.3 COmparisdn and-CQuclusion

Request from Thailand Side for Control System

n

2} :

3)
4)
5)

Requ

:a:Siﬁpie_systgp; _

1pw iﬁiéiéifaﬂd.rqﬁning:é;st
QHOt:;opﬁisfiéétéd sy§£em :
eaéyibpététiﬁn and.maiﬁtenancé
to émplby.mofé_ménPOwer

ired Functions of Pipeline System

1_1)‘

12)

3

Cons

Exact flow rate is not needed as the receiving reservoir
of large capacity is prepared.

‘As .the oberator-aré'not expected to be well experienced

-at the initial stage, a simpler method is better to
-opefate and malatain. . '

Easy operation and maintenance will increase the
reliability of the pipeline,

'Thé'system‘mUSt be cconomical both in initial and

- runanlng cost, . -

1)

ideration of Pump Unit Number Control Method

Fluctuation of flow rate at the receiving well is +2,5%

~of design flow rate of 2.62 u3/s which is caused by

2)‘

3)
"

bY P

'fluctuation of water level at the head tank when the
motor switches on and off. This fluctuation figure is
tolerable, ' : -

Initial cost and maintenance cost are most economical,

But running cost is second to the best.

- The system 1s simplest and nost reliable,

-At: the head tank there must be an extra capacity for
control, but it does not much affect the cost.

From these compafison; it is evldcnt.that control_méthod
ump unit number should be employed,
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3.4 OPERATION AND MAINTENANCE
3.4.1 Foreword
In the middle of June 1982 when this report is'beiqg
written, the agency responsible for operation and maintenance
has aot been decided. ' Consequently this report will describe

oaly the principal matters concerned, seen from the
viewpoints of detalled deésign team.

3.4.2 Stations

- Mab Ta Pud Office

Hab Ta Pud station, with the receiving well and reser-—
voir shall be the heart of the whole pipeline system owing to
the following reasons:

1)  The advantage of location can been easily recognized as
it is by Route-3 and the railway under planning, and
moreover it sits in the middle of Dok Krai and Sattahip
where the pipeline will be extended in the years to

come,

2) Having a vather large reservoicr (3 hours full flow
capacity), Mab Ta Pud can be considered as a water
source connected directly to Dok Krai reservoir. The
existance of water source, ¢lose to the large industrial
and municipal consumption area, is very conveanient for
both the supplier and consumer. :

3) Consequently Mab Ta Pud station nust have the authority
over the whole pipeliné system in operation and main-
tenance matters, being provided with the equipments of
controlling the €low, communicating with other statfons
and with the largest number of staff.

Dok Krai Pump Station

The second important station which is to lift and feed
water to the pipeline. 1In the future when the pipeline
systea is transferred to other agency other than RID,
however, a representative must be stationed here to cooperate
with RID over the problem of controlling the flow of pipeline
and the storage of the reservoir. Especlally when the reservoir's
storage becomes low in draught years, the problem will be
keen even if a basic agreement is made well beforehand for
such cases.

Head Tank Station

Far less inportant role in the system than the other two
stations, The tank is for prevention of water hammer and of
the pipeline being emptied, in case of the power fallure and
delayed control of valves,

3-24



3-4-3

3.4.4

Branching

Thfea polnts of branching the pipeline to'éupply water

“to the local needs and_PTT;are included, Consideration nust

be pald in the stage of operation so that the flow from
braaches are kept Steady and does not cause bad effect on the
iain line., The design tean formally fequested PTT to take
precautionary measure. for the natter and the siﬁilar_arrauge—
ment will be needed in the future when the supply at two
other branches 1s started. This kind of branching is essen-
tially undesirable for operation and maiatenance and no nore
direct braaching shall be peraitted in the future, except
from Mab Ta Pud reservoir.

Operation and Maintenance Friuciple
Gperation

Considering the casiness in employing operators and the
difficulties in naiataining high quality instruments, the
design team conceived a relatively simple flow control and
instrunentation system. In every day operation not much
skill will be needed and yet the accumulation of experience
and good record-keeping are very desirable, The know-how of
operation and maintenance can be learnt much from studying
well-kept file of records. '

Haintenance

The equipments and facilities of pipeline will be
classified as for how often and what kind of attention must
be paid in maintenance works. For instance, the pumps and
lostruments are under continuous operation and naturally the
records of even minor defects will be made to help main-
tenance. But the atir chambers and generator which are used
only in case of the power faflure tend to be forgatten of
good care and the negligence may cause serious trouble. They
must be checked and recorded periodically., The pipeline
buried deep underground can not be inspected but the road
surface above 1t can be watched and recorded on periodical
patrol tour. Duriag the final stage of construction work, a

Program of maintenance works shall be worked out by all par-
t{es concerned,

Haterﬂpualitz

Remarkable change of water quality will not take place
in the foresecable future unless the watershed of Dok Krai 1s
developed 1in agriculture and {ndustries. However, perfodical
water quality analysis shall be made for the sake of
recording and 1a consideration of possible utilization of
water for drinking purpose,
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3.4,5 Organization

The design tean wrote a report titled "Proposal on
Organization for'Pipeline'Operation an Maintenance” and
edited it as a part of the Engineering'Repott.

After the decision on the resjponsible agency is made, .
the report must be reviewed and thé nost suitable formation

of operation and maintenance shall be found.
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CHAPTER 1V — DEFINITIVE DESICN

4ol INTAké FACILITIES
4.1.1 Iatake Tower
Intake tower consists of two nmain facilities, i.e.,
iatake and punping station, conpositely built in single

structure undervater 1n the existipng reservoir.

Comparative study between "Jacket Type" and “Box Caisson
Type” structure

Two types of iatake tower, "Jacket Type” and "Rox
Calsson Type" are studied. And it is concluded that “Box

Calsson Type"” intakeée tower is to be constructed because of
the reasons below,

_Fig. 4-1-1_Cemparative Plon of Inlake Tower

_Box Caisson Type © Jacket Type
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Type of the punp installed ia this station is _
"Vertical shafl nixed Fflow punp” For “Jaket type”, and
"yertical shaft double suction cgntttfugal type” for
“Box calsson type". Comparative study has proved
advantage of centrifugal type. ‘ SRR

i

- As for the durable'years, jacket type structure 18
about 30 years, on the other hand, concrete structure

"is more than 50 years.

~ 1n designing the structure, jacket‘typé is inferior to
" caisson type because pile foundation consist of short

piles, moreover impact uplift pressura caused by wave 1is

very difficult to estimate.

- As for reﬁhired construction time, these two plans:are
around the sane.

- As For construction cost, these two plans are approxi-
mately the same, So it is concluded that box calsson
type is superior to jacket type when the durable years

are considered.

Conparative study between "Steel Caisson"” and “"Concrete
Caisson”

Steel fabricated caisson Is studied as an alternative to
concrete caisson to shorten the construction periods. In
uwsual cases, a steel caisson 1s'a calsson nade of steel for
every part of it. However, in this case, the concept is that
steel-made forms for concrete structure can serve as a
floating barge and "steel caigson™ is used for 1it.

The study concluded that the construction cost and_
construction periods are around the same for the two types of

caisson, And it is an;icipated that there are some dif-
ficulties in use of steel as permanent menbers, This lead to

rejection of steel caisson plan.

_Fig.4-1-2 General ldea of Steel Coisson —SECTION_
_PLAN_
50, 1600, 270
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Stabilicy éﬁalysis of caisson after completion

In the design of this type stationery box caisson, two
kinds of analysis are required. One is the stability calcu-
lation durfng construction, and the other is the one after
completion. .

1t is concluded that the céisSpu is stable in alifstudy
cases including the one after completion. : -

1)  Design condition

Study case

Stud Case
CASE CASE NO.| WATER 1EVEL LOAD.COMBINATION
In.;;;mal case 1-1 PeNM.IL, —Z — -
L_'_F____-__'____-______‘___'__Hl_z Llw.llo _H____'___P__. ______
At the time of 9 BN ' _
earthquake i NOHLL P+ E+ U
At the time of 3 PoMWL, | P Y +W,
storn 4 LWL, P+ W
Here; P; Principal Load
' K Earthquake force
Hp; Dynamic wave pressure
W3 Wave pressure caused by wind
L Wind pressure '
P.H.H.E. =  + 54,100 n
PN, =+ 52,100 i
LWiLe =+ 42,000 n
Allowable bearing capacity of foundation bed_
In normal case - Qa = 60 t/m2
At time of earthquake Q'a= 90 t/n?
At time of storm Q"a= 75 t/m?
Safety factor
Safety Pactor -
Normal Ear thquake Storm
Overturnaing | e<B/6 e<B/e e<Bre
. T P - -._--_-._-__.{.M...._H_.__ﬂ_.‘——_.--.-f_
Here; e; FHecentricity of calsson bed

B; Width of caisson bed
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2)

Result of study

Uplifr
Saféty.Factor _
| VERTICAL T:0A0 —{ UPLIFT | Vy——f~ =~
CASE ) (D) () S.F.
-1 11,185 6,022 | 5,163 | 1.9
1-2 10,757 2,246 | 8,513 | 4.8
2 1i;135 6,022 5,163 1.9
3 11,277 6,770 4,507 | 1.7
4 10,757 2,244 | 8,513 | 4.8

Stability against Overturning and Sliding

 Ground Reaction

Ground Reaction

CASE' OVERTURNING o;ggngfgfzgﬁu
2 | LW, 1.36m  <3,70m 3.8 T
5 S.W. 1.99m <2.83m 3.8
3 L.W. 0.90m <3.70m 8.5 7
: S.W. 1.56m  <2.83m __8.3
4 L.W. 0.12m <3.70m . 8.3
BERE 0.,48m <2,83m e 6.8
. Herej LW.; Longer Width of Foundation
S.W.; Shorter Width of Foundation

(t/n?)
r-‘*‘%* Ground.ﬁéacigggg: "AYTowable
. .| qmax | q oin Ground Reaction
-1 515 1:ii's_u.i - (o
-2 | Eiﬁ}: 25.5 22.8-20.0 e ]
> | s | 20 | ©
3 Ll aels | o5 | L
¢ lswi| e | e | 5o
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Stability Analysis of Caisson During Construction

During the econstruction of caisson in the reservoir, the
dead weight and the buoyancy must be well balanced at every

stage of execution,

This study shows a possible method of

construction out of a number of alternative nethods.,

1) Construction stages

Proposed construction method of box caisson type
has 5 differeant stages as shown below.

Construction Stages

L_if."ﬁ'rfsl:ruction
Stage

| Construction of the base slab ia the -
dock and tugging to the destipation

Placing 1-st floor and outerwall of
I-st story

Placing partition wall in l-st story
and 2-nd floor

Placing filling concrete in base floor
chamber

Placing outerwall and partition wall
in 2-nd story

Brief descripton of stage

2} Draft of caisson body .

Praft in each Cbnstruction Stage

—— e —
:ﬁ:;;' v(n3) () EH(E) B(i)
T -1 669.4 1673.5 | - T
1|1 -2 97.5
1 -3 117.0 1888.0 5.35
T2 -1 240.5 601.3 24893 6.96
2 -2 436.4 1091.0 3580.3 9.87
2 12-3 40,3 3620.6 9,98
2 = 4 ~-117.0 3503.6 9.73
2 -5 117.0 3620.6 9.98
3 -1 27.1 67.8 3688.4 10,16 ~
3 13-2 78.5 196.3 3884.7 | 10.68
3 -3 86.4 216.0 4100.7 | 11.27
13 -4 150,7 376.8 4477,5 | 12,27
B 396.3 931.3 5408,8 14.76
S 5 -T | 343.% 858.5 | 6267.3 | 17.06 ]

——— —_—

Bulk volune of the caisson body
Weight of the calsson body in
each construction stage

Braft of the cailsson fa_each

construction stage = QETVfTTﬁT + 0.30

IW; Aceuwnulated weight of the catsson
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4'1-2

Intake Bridge

In determination of a type of the proposed intake -
bridge, consideration is given to the three points nentioned
below-

1. Length of Intake Bridge

2. Type of Superstructure

3. ‘Type of Foundation File

Length of Intake Bridge

The length of the proposed intake bridge is determined
as 160.0 meters based on thé economical considerations.
Generally speaking, construction cost of bridges is higher
than that of embankments. 1t is economical to design length
of a bridge to the required minfmun, On the other hand, an
embankment, if designed teo high, will present problem of
settiement due to consolidation and of structural instabi-
lity. Based on the foregoing, bridge of 160.0 neters in
length was derived as the most advantageous,

Type of Superstructure

For the type of the superstructure, a PC girder, span of
16.0 meters each, is selected as suitable. For the proposed
superstructure, either a steel plate girder or a PC girder
may be considered. It is determined that PC girder is
selected taking advantages in economy and case of maintenance
and administration in this particular case. . In the case of a
steel plate girder bridge, even under the most economical
span of 30.0 meters, structural steel of 150 tons is
required. The construction cost of the superstructure only
1s estimated at US$630 thousand. Whereas the PC girder, with
a span between 10 and 16 meters, is estimated at something
between US$220 and 260 thousand which is substantially lower
o cost, Ie maintenance and administration phases, steel
girder is required to be palated for corrosion prevention
once in 7 - 8 years costing about US$20 thousaad each.,
Taking the above-mentioned factors into c¢onsideration, PC
girder is adopted for the required superstructure,

The span in this case is fixed at 16,0 meters taking
ease In construction and low in cost 1anto consideratien. The
PC girder, by Pretenstfoning Method, is factory manufactured
and is readily available in spans from 10 to 20 meters ex
stock, A bridge with PC girders of 12.0 meters in span needs
196 pes. of girders with about 240 cubic meters of cast-in-
place concrete., While with girders of 16.0 neters, the
required quantity will be only 40 pcs. with ouch less quan-
tity of about 76 cubic meters of cast-in-place concrete,

This demonstrates the advantage of the 16,0 meter span girder
in easier field construction work, less cast-in-concrete
volume required and a shorter c¢onstruction period. With
regard to the construction cost {ncluding the substructure, a
bridge, 160 meters in length, is about US$40 thousand less
than the one with shorter span girders due to increased
nurtber of substructures requiced,
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Type of Foundation Pile

For the foundatfon pile, steel-pipe pile is adopted
based on the constructional and structural points of view,
For the required fouﬁdatidﬁ_pile;‘stéelfpipe and councrete
pile nmay be considered as suitable. The geological features
of the construction site of the proposed intake bridge are,
as described in the Chaptér IT entitled, "Site Conditions,”
the depth from the surface to the bedrock ts shallow. To
firmly secure tlie tequired penétration depth into the
bedrock, the steel-pipe pile with ‘open-tip is wore advan-
tageous thankqoncrete pile with solid-tip because of the
opéen—-tip which assutes casler and safer in execution of the
pile driving work.’ Also, where a footfng is constructed on
the top of the piles, concrete pile is less advantageous than
steel-pipe pile because the top of the pile should receive on
the spot chippiag for a closer Joints. For the corrosion
resistance, concrete piles are better than the steel-pipe
piles, however, with proper appltication of anti~corrosion
paint, it is safe to say that beth are about the sane -in
their service lives. Based on the foregolng comparisons,
steel-pipe pile is adopted as more suitable for the pur pose,
The construction cost of the Llatake bridge with steel-pipe
pile is higher than the one with concrete pile but the dif-
ference is estimated at ahout US$20 thousand only, - :



Hz_Oﬁ |
NOISNYY3 !%“i_.,

Iy
1

3dAL ¥35S3450

INTOr 1,

- 006 L

oL v

TI804dSY . IIIIITERN
_ , o005 Z LA \
. & -~ /. N LED S
m ! ,;:- N [ e
e R =i O T R o LI F..Fn..,l.l ] .;:FLI- T u M LT T “ -
_ Vi
® ®© /® o/ @/, ® \@ S AN
-/ AR NYId TWHINID ‘ .},r.
/ | \ / ﬁ b S

:_

- Q¥VA 3INVINI

3DAIYUT IUVLNI

a- T A_, :.-..Aﬁi T

@

Y eT oyt

@
D03 09
WYL 40 3714084
H0018d

Fo0nNe

e vok-Tl

H3IMOL IMVINI

NI 3419

zAVIND 30 M3IA TYHINIY w-l-F 915



4.1,3 Air Chanber
General o | .

As quoted in 3 2 "PIPELINE SYSTEM", air chanbers are
installed near the intake tower to nitigate watér—hanmer
‘problen. Lo

. As for the tank and it! s appurtenant facilities, they
are déscribed in detail in 1.7 "MECHANICAL EQUIPMENT" in
Supporting Report. o

Substructure

The proposed site of the air chanber is on the cnbaknent
of access road to intake bridge. The geological condition of

the site is kpown as loose sand of tap soil layer and decom-
posed graoite of residual soil layer.

1) Pile Eoundatton

R.C pile foundation having characteristics below is

designed.,
- Pile arrangement N=4x86 =24 pcs,:
- Pile length L =7.0m (7.5 10 -

0.5 n chipping)
~ Cross section of pile axb = 30 ¢m x 30 cn
Total allowable bearing
capacity of the pile .

Vertical - : 528 ton
Horizontal 494 ton

i

2) Footing slab

R.C slab having characteristics below is designed,

- Width and depth HxB=1595m=x 8.8 o
- Thickness D = 0.6 nn
- Main reinforcenment D-12 pitch = 25 en
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4.2 -

4.2.1

4.2.2

{‘.2.3

PIPELINE

?1peliﬁe-1nstailatidn

CoVet.Depth

The cBVer depth of earth, from the ground surface to the
top of pipe, shall be between 1.5 » minimun to 3.0 & raxinun
except at the river and road crossings. o

- River Crossing foint

At the river erossing poniat, pipe shall have the nintoun

,‘COvet_depth.df”laQ n, ‘between river bed and pipe top, and
‘covered with reilaforced concrete of 15 cm thickness,

Roaqmgzpssing Point

1) Highway.cfbssing
Open cut : Route-3i9l, Route-3371
Jacking - ! Route-3, Route-36
Cover dépth T 3.5 m
2) Other road crossing
Open cut ¢! cover depth, 1.5 -~ 3,0 m
Lobation‘of-Appurtenant Facilities |
Air Valve
iAif.valve of_rapid-type, $ 150 mm in dia., shall be
installed at crest poiants along the pipeline.  Those valves
are attached on Tee with a manhole.
Blow-off |

‘Blow-off, 4 40Q mi in dia., shall be tnstalled at tcough
points along the pipeline and river crossing points,

Main Valve _
‘Main valve of ﬁhtterflyrfype,'ﬁ 1,350 mm in dia., shall
be installed at every )] — 3 ko distaace of the pipeline

and/or downstream of Blow-off points,

Joint

Weldiﬁg*ﬂoint

Joint shall be_made, in princible, by weldiﬁg.
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4.2.&

4,2.5

-

Dresser Type Joint

This joint shall be installed at points as described
below, : '

o+

- Closely to and on the upstrean side of main valves

- Some connecting poéints of the pipe bridge for setting
free from tewperature skress Do

Flexible Joint:

This joint shall be empioyed for the joint of inlet
and/or outlet pipe which are embedded in heavy structures.

Distance between Flexible Joint and Bending Point of Pipe

The following table shows the nininua distance between
bending point of pipe and flexible joint.

ANGLE OF BEND DISTANCE
e /4 I =15n
22° 12 1 =20un
45° 1 =30m
90° - 1 =40 n

Anti—~Corrosion Facilities

As the result of geological study, specific resistance
of soil was denoted as follows.

Soil condition Specific resistence
Surface sofl 45,000 - 900,000 ca
Saturated soil 35,000 - 65,000 Qcn

These values are high enough and anti-corrosion neans of
the pipeline are not used except pipe coating. - Conceraing
the gas pipeline, {t is not decided whether or not PTT
(Petroleum Authority of Thailand) execute the cathodic pro-
tection for a part of gas pipeline which runs parallel to the
proposed water pipeline. For the present, the decisfon is
that the water pipeline does not use the cathodic protection,

Braanch for Consumer

Branch to PTT

18 n apart from the downstrean side of the
crossing of gas pipe with Route-3
crossing

Location

Pipe dia. t B 500 mm

Pipe Fnd ¢ Valve stop, butterfly valve ¢ 500 mn
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Branch to Village

- . Location
Pipe dia,

Pipe end

- T.ocation
Pipe dia,

Pipe end

Distance of 30 m before meeting the R/HW
of Route-36

£ 250 om x 2 branches (both sides of
the pipeline) ‘ _ .

Valve stop, sluice valve $ 250 mnm

Distance of 30 m beforé wecting the R/W
of Route-337)

6 150 mm x 2 branches (both sides of the
pipeline)

Valve stop, sluice valve ¢ 150 mn

4.2.6 Identification Facflities of Pipeline Route

Marking posts shall be constructed on the ground above
the pipe center at 300 m interval and on the both sides of
large river crossing and horizontal bending points,
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4.3 HEAD TANK
4.3.1 Structural Dimensions

The conditions decided so far are shown Jbelow,

Fig.4-3-1 Water Level ond Copecily of Head Tank

v |
Copqml‘ﬁ-—? ﬁnM.“LL_EL;@LZﬂL_;_A*_,
Spumps control - Y \Hmmw

500m3+ 75¢m '
Capacity for
- fitting pipeline
LIWL.EL.820O |V 3,44m3
The ground level -]
of the site

The head tank shall be cylindrical hecause of econonical
reason, '

To satisfy above conditions, the innor diameter becones
16 n, and the area will be around 200 2.

The depth of the capacity for 6 punps control becomes
SO0 n3/200 m2 + 75 en = 3.3 n, and the depth of the cqpacity

for filling pipe becomes 3,144 n3/200 n2 = 15.7 m. These
figures are shown in Fig, 4 -3-2.

ﬁ9.4-3'-2 Structural  Dimension of Head Tonk

Clearonce 2.0m

Y EL.£05.9m . 2.55m < Overtlow depth 0.4m

- HWA102.85 Afarm depth 0.15m
Capacity for MWL. |7 _ELJCI2m_Height of Hydrquhfcﬁmdlml
Spumps con!ro% — bt 99.55 |

Capacity for 13550, 315 m
filing pipetine

Capacity for . tawl ] EL.82.0m.
Sand deposit 1.Om3____ -
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4.3.2

4.3.3

At the top level of the capacity for control, toward up
an alarn depth of 1% cm, overflow depth 40 cm and upper

clearance of 2.0 w are provided. And below the LML, lower
cleatance for sand deposit of 1.0 m is provided. Total inner
height becomes 24,40 m and total volume of the tank shall be
4,906 n3, _

Structure

For the head tank structure, R.C. type and P.C. type are
compared. Steel type tank has been rejected owing to its
higher cost.

The costs of R.C. type and P.C. type are shown below,

R.C. Type 1,570 x 103 yss
P.C. Type 735 x 103 Uss

It is evident from above that ?.C. type head tank is
preferable,

Spill way

The head tank must have a spill way to divert excess
water due to nisoperation or nalfunctioning of the systen,

The sptll way is a overflow Lype of morning glory and
the water will divert through RCP ¢900 mm to a strean which
Is around 460 m away from the head tank. The stream runs
across Route-3191 and the proposed pipeline and has cnough
capacity to flow the design flow rate of the spill way which
is 2.62 m3/s.
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4.4

Lot 1

4.4.2

RECEIVING FAGILITIES

Receiving Hell

-Major Dimension

All figucres show the internal dimensions,

1) Ha¥. L. .+ 63.00 n above sea level (in inlet
and outlet chanbers)
2) Ef fective depfh : 5,40.n

3) Freeboard : 0,60 m

10.00 i (width) x 10.00 n {(length)

4) Iﬁlet chauﬁerr
5) Caiming chamber it 10,00 m (width) = 12.50 r {length)
6) Outlet chanber : 10.00 o (width} x 4.00 n (length)
7) Overflow chamber + 10.00 o (width) x 1.20‘m (length)

5,00 m {width) % 10.00 m (length)
¥ 3.60 m (heipght)

8) Valve chamber

2.00 m {top width) x 2,50 m

9) Embankment
. _ (height) x 1:2.5 (slope)

Appurtenant Facility

To be built on the slope of

Stairs ..
. embankment
Size ¢ 2,20 m (width) x 5.00 m
(length in plan)
Material ¢t Plain concrete

Receiving Reserveir

Structure

The structure of the receiving reservoir will be either
concrete structure or earth embankment, selected on the basis
of economical and engineecing standpoints. Trial calcula-
tions cemparing the Lwo methods revealed that the latter is
more economical, while the two are techaically not very dif-
ferent, Therefore, for the present project, an earthwork
reservoir will be adopted.

To prevent leakage of stored water through the carth
banking, the bottom of the reservolr and slope of inside

embankment will be lined with rubber sheet. On the other
hand, the outside surface of the eabankment will be covered

with turf,
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ﬁajOr Dimension

1)

2)

3

4)

5)
6)
7)

8)

RICRAE : i EL. 62,73 m
HaW. L, " El. 62.20 m
L;w.L; ' "t EL. 59.20 n
Ef fective depth ! 3.00m
Freéeboard t 1.00 é

Depth under the LaW.li 0-3 - 1'0 111

Plan of reservolr i 78,00 m (width) x 156.0 n
: (length) (center line of
enbankment )

Embankment

Slope of embankment: 1inside 1:2 outside 1:2,5
Top width of embankment: 2,0 n

Appurtenant Facilities

1)

2}

To avoid unfo:eseeable overflows over the embankment due
to misoperation, etc., a spillway will be constructed.

Size t 5.00 m (width) x 16.10 m (length) x 0,90 -
' 2,00 m (depth)

Material: Reinforced concrete

Pits

There are three kinds of pits which are inlet pit,
outlet pit aad drain pit, They have the following
functions and are constructed of refnforced concrete.

a) Inlet pit :  To kill the excessive hydraulic energy.

Size = 2.50 n (width, length) x 2.10 m (depth)

e

To make outflow easy from the reservoir
even in case water level goes down near
the LIWQLl'

b) Outlet pit

Size = 2,00 n (width, length) x 1.60 m {depth)

c) Drain pit

To make removal of sediments casy

Size = 1,00 m (width, length) x 1,00 m (depth)
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3) Stairs
To be built on the slope of the embankment
a) Size : 1,20 m (width) x 11.0 m {length in plan)
b) HMaterial: Reinforced conérete
4.4.,3 Pipeline in Plant
The receiving facilities ineclude the following pipelines.

Receiving Well Inlet Pipe

1)  Pipe

Inlet pipe, 1,350 mn, will be reduced to 1,200 mm at the
flow meter and downstrean,

a) Diameter: 1,350 mm, 1,200 mm
B) Wall ﬁhiéﬁnéss: 11.5 ma and 1i.1 wm, respectively
c) Material: Steel

2) Valves

a) Betterfiy valve: $1,200 om - 2 sets
(manual control) . :

b) Multiport valve: 41,200 mm-(To be used for flow
control (motor drive)

The multiport valve shall be capable of!

‘a) Not causing cavitatién even with 42.30 m water head at
upstream side of valve and 4.10 m water head at
downstream side.,

b) Controlling flow down to L0%Z of maximum 2,62 m3/sec

Recelving Well By-pass

1) Pipe -
a) Diameter: §1,350 mm; $1,200 nm
b) Wall thickness: 11.9 wm and 11,1 mm, respeétively
¢) Material: Steel

2} Valves and Boxes

a) Butterfly valve (manual control): $1,200 mn - 2 sets



b) Valve boxes: These valve boxes accommodate all the
four valves for receiving well by-pass
and connection pipe of receiving well
and receiving reservoir.

Size

L1

6.20 n (width, length) x 2.70 n (height)

Material

-

reinforced concrete

Connection Pipe of Receiving Well and Receiving Reservoir

.l)

2)

Pipe

a) 'Dtaméter: $1,350 mm

b). Hail thickaness : ll.§ i

c) Material: Steel

Yalves and boxes

a) Buterfly valve (manual controi): $1,200 mn ~ 2 sets

b) Valve boxes: To be described in 2), above

Comnection Pipe of Present Reservoir and Future Reservoir

The pipeline to connect the present reservoir aund

another reservolr teo be constructed in future will be twin
lineS .

1)

2)

Fipe

a) Diameter 3[,350 mm

b) Wall thickness : 11.9 am

c) Haterial : Steel

Valves and boxes

a) ﬁutterfly valves (manual control):/ol,350 mm ~ 2 sets
b) Vvalve boxes: | 2 sets

Sizes : 2,40 m (width) x 4.00 m (length) x
2.70 o {helght)

Materfial : . reinforced concrete

Outlet Pipe

There are five outlet pipes, one is for sattahip area and

others atve for Mab Ta Pud area,

b

Pipe
a) Diameter x Wall thickness
For Mab Ta Pud: 4700 mm x 6.0 mn

For Sattahip : 4900 mm x 7.9 mn
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b) Haterial: Steel, wall thickness -
2) Valvés and b;iéé B
a) Foriﬂab Ta éﬁd | . _
Buttéffi& valves‘(maﬁuai‘ééﬁtrbljz'79700 ﬁﬁi; 4 sets
Valve boxes: | -

Size i 2.20 n {width) x% 2.10 n {length) x
2.00 m (height) - 4 sets .

Matecrial : reinforced concrete
b) For Sattahip
Butterfly valve (manual control): #900 mm - 1 set
{

Valve box :

2.30 n (width) x 3.60 m {length) x
2,00 m Cheight) ~ 1 set

Size

i

For Water Level Senéor Pipé.

1)  Pipe

a) Diameter A150 mm, 4400 mm
b) Material : .Steel o

Drain Pipe 7 |

1)  For receiving well

a) Pipe : Diameter ﬁ?ﬂﬂﬁm, Material: Steel

b) Cate Valve (manual controi)
: Gate valve 4200 nm - 2 gets

2) For recelving reservoir
a) Pipe ¢ Diameter #300 mm, Material: Steel

b) Valve (manual control) _
{ Gate valve $300 om - 1 set

Branch for Operators' Quarters ..
a) Pipe :  Planeter $75 om, Material: Steel

b) Valve {manual control)
t  Gate valve 475 mn ~ 1 set
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b4

overf;bw Pipe
1) | Piﬁe |
a) biamete; : 41,000 nm, 41,200 mn
b) Mate.rilal : R.c. Pipe
2)  Man hole 4
a). Size : 1.50 m (widtﬁ, length) x heigﬁt (varies)
b) Material Reinforced concrete
3) Eneréy diésipater
The energy dissipatér has Eﬁo functions:  The first is to

kill the excessive hgdraulic energy and the second is
- prevention of river bed scouring.

a) Size ¢ 3.00 om (width) x 11.80 n (length) x
. : 0.5 - 2.70 m (depth)
b) _ﬂatérial : Reinforced concrete

Landscaping

Grounding Foraation

' The'groundifdrmation around the recelving waell and the
receiving reservoir is determined so as to be balance digging
and filling in earth work, The result obtained is 59.00 m.

Réad in Plant

‘Specifications of road to be enployed fn the plan are as
follows: .

1)  width : 6.00 m

2)  Surface . . Pavement

4-21"



b5

4.5.1

ARCHITECTURE

Construction of buildings required for operation amd
maintenance of the proposed pipelinc are planned at.three
sites ——— Dok Krai reservoir, a dource of watetr QUpply,
receiving fLSOFVOIT at Hab Ta Yud; loc&ted 26.5kn doun
south of Dok lrai, and the Head 3ana ]ocated in hetucan the
tve of the farepoing. -- : !

The type of all the buildings are s1np1e, rigid-frane
structure. Outer wall of all. ‘the buildings are naisonry
relying on the skill-of local labors.

In the desipn of the ropf, corrugated ashestos-cencnt
board in the gradient of 3 in 10 is adopted. Flat roof is
avoided due to an anticipated leak of -water throush eracks

caused by the exposure to the heat of Lhe sun thne in
uaterprooflny aeithrance. - ; :

Hlnce the buildiuyb are of public nature: they are
planned to be sinple and functienal in desipn. At the sane
tine, special considerations are gliven to mininize envivon-
neatal disturbances likely to be caused by the project
construction.,

[
- 3
]

The intaie touer, with a larfe control house abovc the
reservoir surface, wbich is located 200 n fron the shore has
nullions at ahout 2 neters intervals on the vide wvalls to add

variations on otherwise plain flat wvall surfaces.so that the
bis structure will hecone less conspicuous., This is an
exanple of the intepration of an arch1tecturc into the
landscape. - S :

Dok ¥rai

Contrel louse {4-stories Intake Tower)

Out of the total floor area, 75%Z of the floor ‘is
occupied by punping equipnent, and the rest of the area is
for control voon, electric: pover roon, cte.  Ventilation
cquipnent are installed on the 4th Tloor nezzanine for thie
ventilation of high nofsture content air fron the nachine
rooms on the Ist, 2nd and 3rd floors. Yresh air Intakes are
installed at every floor.,

Adninistration Office

The adninistratien office, atr—conditioned, is desiyncd
to acconodate ¢nowrh space for a dircctor, 5 ~ 6 raintenance
staffs and several clerks at 7.0 siq. 1 per person.

Substation

The substation {8 designed te salely acconodate the pro-
posed substation nachinery and cquipnent.

4~22



4e5.2

445.3

4.5,4

Warehouse and Garage

_The warehouse is for storage of spare parts and supplies
requived for maintenance of the pipeline systen.

_ The'gafagg 1s for 2 cars with a closet for miscellaneous
items for routine car maintenance.

Air Compressor Roon

The ale compressor room is desigaed to safely accomodate
the proposed air compressors for the air chamber.,

Head Tank

Maintenance Hut

- The hut is designed to accomodate 2 - 3 maintenance
StaffS-

Mab Ta Pud

éﬁministrétion'office

The design requirements are exactly the same as those of
the ones of the Dok Kral office. The air-conditioned office

1s to accomodate a director, a deputy director, 8 - 10 pain-
tenance staffs and several clerks. Also this office has a
radio room for teleconmunication ¢quipment. ’

Repalring Shop, Warehouse and Garage

The repairing shop is for light repalr of equipment
furnished to the pipeline., The warehouse is for storage of
spare parts and supplies required for wmaintenance of the

pipeline. The garage is for 2 cars with a closet for nis-
cellanecus items for routine car uwaintenance.

Diesel Engine Generator Room

An independent building is planned to house a diesel

engine generatoer for emergency power source in the nefgh-
borhood of the main office. 7The divensional particulars are

to be fixed to accomodate the diesel engine generator
Installed.

Floor Area

Floor area of each buildiags are shown below,



Location ' LU hrea. §q. .

baok Yrai:

Control House _ _ . 562.99

Adiinistcation Office T C97.20
Substation ‘ ' B 102,006
Varehouse & Garage 79,38
Compressor Roon . L 21,81

lle ad-Toanl::
Haintenance Huct 22.16

hab Ta Pud:

Aduinistration Office 213,84
Regair Shop, etew ' ' 124,74
bBiesel Enpine Cenerator Roon 21.87

b~24



4.6

4.6.1

4.6,2

MECHANICAL EQUIPHENT

Pump'

Type of Pump

In selecting the type of main punp, the vertical shafi
mixed £low pump and the double suction centrifugal pump, two
nost widely used types, are conpared and it is found that the
latter has the following advantages over the former:

1) Simpler mechanism
2) Easier naintenance
3) Lower cost

4)  Better efficiency

Number of Pump

In selecting the number of main pump, two cases of 6 and
4 punps, each iacluding t stand by, are compared and the
former is found to be preferable fronm operation viewpoiats in
consideration of malfunctioning and repairing, although the
latter has some advantage over -the former duc to the less
nunber. A comparative study of both cases is made in detail
in 4.6 “"MECHANICAL EQUIPMENT" of the Supporting Report,

Pump and Appurtenance Specifications

1) Main pump

-Type:_ Vertical shaft, double suction
centrifugal

Number: 6 units including 1 stand by

Design capacity: 3t.5 n3/nin.

Head: 79.0 n

Voltage: 3,000 v

Diameter.of suction: 500 o
2)  Discharge p@pé |
Diameter: 500, 900, 1,200 mm
Material: . Carbon steel

Air Chamber and Appurtenance

Afir Chamber

Number : _ 3 sets
Design capacity: Above 30 cu.m per set
HMax, service pressure:10 kg/em?

Normal water level: Above EL, 60.00 n
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Alr Compressor

.

¥unber: 2 units 1nc1ﬁ&ihé 1 "stand by

orifice Plates

Oﬁificé;piatgs.éﬁefﬁﬁserteﬂ'in the iﬁlét'biﬁe 6f;the
chanber. o .
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4.7
4.7.1

4.7.2

4.7.3

ELECTRICAL EQUIPMENT
Power Demand

The power demand required for this water éupply system
are as follows.

1) Dok Krai ' 3,350 kW
2) Head Tank 30 KW
3) Réceiviﬂg well and reservoir 152 RH

in Mab Ta Pud
Recei#ing'?owér Vbit&ge

Dok Krai Sub-station -

=~ 3 phase 3 wire 22 kV 50 Hz
Head Tank

- Single phase 220 Vv 50 Hz

Reéeiving Well and Reservoir in Mab Ta Pud

-3 phase'ﬁ'wirg 380/220 V S0 Hz

‘Reception and'TranSformatlon at Dok Krai

Reception

One supply of 3 phase 3 wire 27 kV 50 Hz is to be
supplied to two (2) banks of power traansformer which run in
parallel, '

Trénsformétion of Voltage

3 kV for main pump operation:and 380/220 V for
ancillary equipments shall be got through the two main tans-
former of 22/3.15 kV and one statfon supply transformer of
3kv/380-220 v, e

Type of Transformer Station.

There are three (3) types of transformer station, out~
door and opena, outdoor and closed, and indoor and closed.
After comparison of above three types, indeor and clésed type
was selected. :

Capacity of Main Transformer

Two (2) scts of mailn transformer are to be installied in
the gub-station, one of two (2) transforners whose capacity
Is of 3,000 kVA, can transform pover required for three (3)
main pumps and for ancillary equipments,

Capacity of Station Supply Low Voltage Transformer

_ For éncillary equipments of maln punps, auxiliary faci-
lities and lighting ', 3-phase 380 V and l-phase 220 station
supply transformer of 200 kVA are to be installed in Dok Krai.
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4‘?.4

4.7.5

45.7.6

Emergency-Use Engine Driven Generatotr

Requirements and Conditions at Dok Krai and Hab Ta Pud

1) Dok Krai

A generator of 125 kVA with an engine of 150 HP shall be
used, and a 490 lit, of fuel taonk for 12 {twelve) hours
operation shall be supplied. ' '

2)  Receiving well aud reservoir in Mab Ta Pud
A generator of 65 kVA with an engine of 85 HP shall be
used and a 490 lit. of fuel tank, same as that of Dok
Xrai, shall be supplied for 24 hours. o

Generated Voltage and Engine Cooling

According to the equipments which shall be driven by the
above generator at the nmain power failure, generated voltage

is to be of 3-phase 4-wire 380/220 V 50 hz cooling system of
engine shall be of air cooling.

Starting-Up of Engine

DC battery driven cell motor starting system shall be
used. Fagine starting shall be done automatically at the
public power failure and that stopping will be done by
operator's switch operation after the public power restored .

is on service.
Unintecruptable Power Source (U.P.S.)

Location of‘InsLailation

Each one set of DCl110 V/ACLIO V U.P.S. shall be
installed ia Dok Kral, receiving well and reservoir.

DCIL0 V, U.P.S. shall be used for emergency lightlog, alarm
system operation control operation and charging to ACILO V,
U.,P.,5. system.

Capacity of U.P,S,

Dok Krat sesassnss DG 110 VA & AC 110 VA
Mab Ta Pud .;....: DC 110 VA & AC 110 VA
Metering Instruments |

After the various study, type of lastrunent was decided
as follows. :

Flow Meter t Supersonic¢ type

Level Meter

1) 1Intake tower ¢ Diaphranm type
2) Head rank : Pressure type and float type

3) Receiving well : Float'type
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4.8

4,8,.1

4.8.2

4.8.3

TELECOMMUNICATION

Wireless and Public Telephone Systen

The'ﬁublic telephone system will not be available before
Decenber 1984, 4 months after the commencement of pipeline
operation, in the area between Dok Kral and Mab Ta Pud. A

- Wireless communicatlon system shall be prepared for the
- operation consequently., Moreover, an internal telephone

system which ean be connected to the public system is needed
at each of Dok Krai and Mab Ta Pud conpounds where facilities
and residencial quarters are arrvanged in an wide area,
Wireless Conmunication System

Frequency and Power

frequency:  VHF/FM, 132 - 174 MHz
power H 25 watt

Stations and Antenna

permanent station: Dok Krai and Mab Ta Pud Office, each
with 30 m high antenna

mobile statlon: 14 {fourteen) walkie talkies with
rod antenna

In case of the future extention of pipeline to Sattahip,

a permanent station will be set up there and the installation
of "repeater” on Mab Ta Pud antenna will be necessitated,

while no more mobile station is needed.

Internal Telephone System
_ The public llnes; extensions and automatic telephone
exchanges will be arranged as shown below:

Dok Krai
- public line .. pump statlon—— . pupp station
telephone exchange
' — 18 extensions

= public line . office
Mab Ta Pud

= public tine office office

telephone exchange

L— 18 extenslons

=~ public line Englaeer‘s
residence

The number of extenalon 1s 20 for each station.

4-29






5.1

5.2

' CHAPTER V - CONSTRUGCTION SCHEDULE.

GENERAL

.. The constriction works in the:Project consist of such
works complicated with varieties as intake facilities
constructed by caisson ‘méthod, pumping facilities with high
head, long distance steel pipelines, head tank by _
prestressing nethod, receiving facilities at terminal point
of the pipeiline, and building works. On the other hand, the
time table of the construction is very tight in the total
work period of 18 months lasting from March 1983 til1
August 1984,

According to the national developnent programme,
furthermore, the net working period for each facility will be
only 12 to t4 months, taking into consideration the periods
for temporary and nobilizat{ion works ‘at’ the beginning stage
and for the final stage of test run of all facilities,
Therefore, the constitiction schedale was studied very care-
fully as illustrated below, using the criticat path method

and graphical method.

Hobllization/Tempdrary works 2_m0nths
Major construction works | 14 montﬁs
Test run/Denobilization ;‘ 2 months
| o Toéal | : . 'lsimﬁnths

INTAKE FACILITIES

_ The site cOnstruction'period_is“cOmputéd'into_l& months
except two uonths of preparatory works like mobilization and
two months of the final works' like test run and déemobiliza—
tion, Duriag the consteuction period, many kinds of works
should be executed in the limited avea of the work site, and
the works are the dry-dock construction; piling works of
intake bridge construction, control house construction,
installation works of pumping equipment, pipeline and air
chambers, and other ‘works including many tempotary facil{-

. ties, - )

These‘wofkshshbuld have closé”relatiOns to-one‘another
with many overlapping ia the work progress, some of the works

shbuld'be'exeguted'Bimultaneouély and the others proceeded
lmmediately after execution of the others. S

The Critfcal Path Method, therefore, was applied for
establishing the construction schedulé, - Fig, 2-7-2 in
Supporting Report shows characteristics of each work, supply
of materials and equipment) -and output of ‘works. Under the
conditions, the implemeéntation of the najor works based on
the C.P.M, is shown as follows: =~ g -
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5.3

N Mobilization o Ty e 60 days

Dry Dock 60
Ist Stage Caisson Concreting 43
Dry Dock Opening - Lo 12
Launching & Towing of Caisson i f(..l2;

Znd-4th Stage Caisson Concreting 101

Final Settlemenf'&'Sth Stégé

Foundation Crouting 10

6th Stage Caisson Concreting Y

Control House Concreting o 75

Installatien of Punping Fquipnent -y :75 -
Sub total : ] -=. 484

Demobilization & Final Inspection, :

Test Run 65

Total 549 days

{Note: Number of the days from March 1983 till Aug. 1984
counts 549 days.)

PIPELINE

The pipeline works are divided into two, fabrication of
steel pipes at factories and pipe laying at the site, and the
pipe laying works will allow to have 10 months only from

August 1983 till May 1984 for their execution.

In addition, one rainy geason lles 1in this period of 10
months, ‘ )

In order to cdmpiéte the pipeline works under the above

conditions, laying should be executed by six parties, each of
which shall be in charge of the four to f[five kilometer long

sections for thelr works.

The summary of Ehe output and the schedule for the pipe
works, which have resulted from: the graphical method, are
shown as follows:

Het season (Auguét"to November)

1.5 P.C.5. x 9 m x 20 days = 270 m/month/crew

Dry season {December to Hay)

2.5 P.C.8. x 9 m x 28 days = 630 m/month/crew
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5.4

5.5

In the above, expeécted working hours were estimated at
six hours per day in the rainy season, while ten hours in the
dry season. 'The pipe laying by Jacking is planned to be
carried out for crossing the Route-3 and 36 from November
1983 till February 1984, to avoid interfering the main pipe-
line works,

HEAD TANK

The construction period of 18 months involves some slack
time for the head tank works. The sequence of the works and
time requirements resulting fronm graphical analysis are as
follows:

Mobilization 120 days
Foundation & Base of Tank 50
Tank Concreting 199
Prestressing & Grouting 23
Water~Proof Coating & Others 54
Sub-total 446

Demobilization & Inspection, Test Run 103
Total 549 days

Tthe spillway pipeline works, installation of 426 m R.C.
pipeline should be executed after finishing the main pipeline
laying from KM 6 + 400 to KM 7 approximately, and is expected
to be started on February, 1984,

QTHER WORKS

The construction works of the recelving facilities way be
carried out in the dry scason from Deceumber 1983, because

the work volume is not so much. One dry season is sufficient
to complete the said work.

Building construction works and camping facilities
should be implemented from the early stage of the period and
all works should be completed as early as possible taking
into consideration utilization of the facilities,
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6.1

6.2

" CHAPTER VI - PROJECT COST.

COMPOSTTION OF PROJECT COST

- The project cost of Dok kral Mab Ta Pud Nater Pipeline
Project consists of following items,

Construction Cost with C0ntlngency - - 878,000,000 B

Englneering & Adminlstratlon Expenditureb 70,000,000

-Cost of Land Expropriatlon : 4,000,000
VCOmpensatlon Cost of hlectrxcal Pole etc. ;4,000,000
(assumed) .

Total ' 956,000,000 ¥

CONSTRUCTION COST o R

Construction cost is estimated by calculated Aquantities
based on the drawings and the rate Eor each work,

The summary of éonstructlon cost - is as Eollows‘ The

detail content of each work is shown ia the Bill of Quantities

of Tender Documents.

1. .General Requirement | i 96,600,006 ﬁ
2..'Infake facilllleé ) | R .- :i :.154,000,000

3. Pipeline | S 387,000,000 -
4. Fead Tank .. .11,000,000
5. Receiﬁiﬁg Fncilltles . o 43,000, 000
6, Cont;ol System - . - S 4,000,000
7. Buildings | C . ‘48,000,000
8. Test.dperatlonb - o | . :“3;6ﬁ0,000
2. Contingency _ - ul3é”0d0 000‘

Total 878,000,000 ¥

=::.!:2=‘_'.‘.:=_.—.—.‘._.



6.2,1 Ceneral Requirenent

General Requirement 1neludes the following vorks executed
by the Contractor's own intentien aand is estimated as Lunp

Sum,

. General preparatory works such as setting ocut. and prepata—
tion of shop Drawings:and Documents., RN

- General temporary works such as trausportation of
construction plant, access road, power & water supply for
construction purpose, Contractor's camp and office, main-
tenaace of traffic etc.

- Engineer's facllities sueh as Engineer 8 office, camp and
traasportations y

6.2.2 Intake Facilities
‘The Intake facilities fncludes the works of intake

tower, intake bridge, air chanber and electrical faciiities
executed at the Dok Krai site. Cee -

6.2.3 Pipeline
The pipeline includes the works of 3upp1y of pipes and
valves, installation of pipes aad valves, and civil works
executed at the séction between Dok Kral and Mab Ta Pud.
6.2.4 Head Tank

The Head Tank inciudes the works of head tank and
spillway at the station of 7 km frém the Dock Krai reservvolir,

6.2,5 Receiving Facllities

The Recelving Facilities fncludes the works of receiving
well, receiving reservolr and piping uorks at the Hab Ta Pud
- site, .

6.2.6 Control System, Buildings and Test Run -

These works are executed for purpose of the maintenance
and aoperation after completion of the works,

6.3 COST ESTIMATION
6.3.1 Basic Unit Rates
Labour s...+, The unit rates of labour has been decided
according to the results of price survey
at Rayong and the rates applied for other
projects fa Thalland.
Material .... Same methods as above are applied.
Machinery ... The recent price quotation for machinery

procurenent by RID are bastcally appliled.
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6.3.2 Rates of Works

Rate of each item of Works has been estimated taking the
construction plan of the said work into consideration.  ‘The
hiriag rate and the efficiency of machinery are calculated
based on the standard prevailing in Japan, with some amend-
ment there ‘to with our own experience. The material cost in
the work i{s estimated with proper percentage of wastage, The
labor cost in the work is estimated considering the group of
labox sad their output in- proper ‘duration using machinery

and material,

The basical factors applied in those aforementioned
estimation are as below: : :

'Horking Hour

1) Working hour:

12 hfs/day sess+ Intake tower & pipeline in &ry season
8 hrs/day cesne Other works

2) Labor cost in 12 hrs/day basis:

daily wage + (daily wage x-% x 1.25 x 4)

3) Net working hour of machinery:

12 brs/day basis ..... 10 hrs/day
8 hrs/day basis ...ss 6 brs/day

Power Supply

Electricity is applied for Intake Facilitles, but other
vorks are calculated as use of petroleun,

Other Factors

1}  Steel pipe & steel pile

The steel plate may be imported and processed in
Bangkok.

2} PG Beam & PC pile
To procure from manufacturers in Bangkok.
3) Pumping Facilities, Gates, Valves, etec:

To be imported and unloaded in port of Bangkok. The
cost lacludes custom duties, etc.

4) Other waterials

Except those manufactured articles mentloned aboves,
other waterials are to be procured in Thalland.
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5) Construction plaat

All constructional plants ate pﬁoyided in Bangkok, and
returned thereto after completion of works. ¢ .. ..

Indifeci~coéﬁ:-w.

o A part of indirect: costs {s entered into Biil of:
Quantities and other iqdirect expenditures ave. broken down
into each rate of works. Indirect cost to civil works is
estimated about 30% and that of manufactured articles is
about 10%.

ENGINEERING & ADMINISTRATION EXPENDITURES
Enginecring expenditures usually means the consulting
fee for construction supervision. Administration expen-

ditures are the expenses which is used for this project By
RID.

Since feasibility and final design study. has been made
by Japan Inernational Cooperation Agency as grant,
Engineering & administration expenditure will be about 0% of
the construction cost,

COST OF LAND ACQUISITION
The total land required for the project is estimated as
about 200 Rais and priced of land per Ral estimated as
20,000 Bahts., o o
COMPENSATION COST OF REPLACEMENT OF ELECTRICAL POLE, EIC.
The distance of replacement of electrical péie'ié esti-

rated as about 12 km and per kilometer rate. is estimated as
300,000 Bahts, . .- ... . : : . - T



7.2

7.3

7.4

CHAPTER VII - NOTES ON PROJECT EVALUATION

. The raw water cost at the outlet of the receiving facl-
lities is estimated based on the construction cost after the
detailed design., In addition, the raw water cost estimated
in the feasibility study is reevaluated using loan conditions
employed in the detailed design so that the raw water costs
from twe studied can be conpared. The costs of water purifi-

‘cation and distribution afe excluded,; since they are out of
the scope of present detailed desipn.

FINANCIAL COST

The cost of raw water, which shouid be paid by water
users, equitably throughout the life span of the pipeline
project consists of 1) construction of the pipeline faclliti-
ties betweén Dok Kral and Mab Ta Pud and also the extension
between Hab Ta Pud and Sattahip, 2) thelr maintenance and
operation costs, 3) allocated construction cost and operation
and maiatenance costs of the Nong Pla Lai dam which replaces
Dok Kral as the water source for the irrigation water in the
existing Dok Kral irrigation area, and 4) construction costs
of the Ban XKhal head works to collect released water of the
Dok Krai Feservolr for sending it towards the Rayong munici-
pality.

The cost estimate in the detailed desipgn stage covers
only pipleline facilities provided betwéen Dok Krai and Mab
Ta Pud, therefore, other related costs are extracted from
these prepared in the previous feasibility study.

The allocated construction cast of proposed Nong Pla Lai
dam, prepared in the previous feasiblity study, has been
estimated by "Separable Cost-Remaiuning Benefit Method” and it
is concluded that 60% of the cost is allocated to the pipe-
line project including the extension from Mab Ta Pud to
Sattahip.

0&H COSTS

0&4 costs are mostly electricity cost to rum the pumps,
repalr cost of the facilities, and remuneration of staff.
The 08M costs for the pipeline facility and the allocated 0&M
costs which should be covered by the project are estimated
tased on the stage of the full operation,

PROJECT LIFE

Project 1ife of the pipeline is decided to be 37 yeatrs
which i{s equal to the average depreciation period of nain
facilities ianlved fn the pipeline and related projects.

LOAN CONDITION OF FOREIGN CAPITAL

The pipeline project as well as the Nong Pla Lal project
are already decided to be financed by OECF lean on the con-
ditions below,
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~ 7.5

: iﬁtééeéfuréteri‘i"é.OO? ;
Repayment term t 30 years
Grace period : 10 years

= The sane conditions apply to the flnancial analfsis.‘

RAW . WATER LOST N
The raw water cost estimated under cash flow presented

is 3.2 B/md.
The raw water cost in the fea31bility study was 3 5 B[n3

under the loan condition of the interest rate of. 9%, the ;"
terns of repayment of 20 years, and the grace period of

5 years, The same.raw water cost. hOUld be 3.3 Bln3 under

the ORCF loan, : o e R R
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CHAPTER VIIL - LIST OF CONTRACT DRAWINGS

DRAWING | o o | NO. OF

No. B ~ TITLE OF nmwmc_; - SHERTS VRE.!MRKS
1. GENERAL
.iOGi ‘ Cénéral'Plan_ofktﬁeJPrujgct o : ' 1
1002 '_ References for Topographic Survey o 1
1003 Availéble;tand for the Project _ 1  Subtotal 3

2, INPAKE FACILITIES
2001 | CcneraItPian uf Intake Pacilities : 1

2-1. Intake Tower

2101 | Cenéral Plan of_intnkc Tuwer o 1
2102 Intnke aner"Structure (1) , 4
2105 Intake fower—Struéture (4)

2106 Intnkn,Touérrgeintoruing‘Bar Arrangement:(l) 4
2109 | Intake Tower~Reinforcing Bar Arrangement (4)

2201 General Plan & Profiie blehéake'sriage ” 1
2202 Intake Bridge- Super Structure (l) ‘ ' 1
2203 Intake Bridge Super Structure (2) ' !
2204 Intakc Bridge—PipelinP on Girder 5 o | 1
2205 Intake Bridge-Substructure o : 1
2206 | Intake Bridge-Lighting Plan ' D '1

2-3. Intake Yard

2301 General Plan of Intake Yard | 1

2~4, Alr‘Chamber:

— e e Gam e e e s

2401 Alr Chanber—Substructure_ PR : 1
2402 Air Chamber-~ Substructure Reinforcing Bar 1
Arrangement




BRAULNG

TITLE OF DRAVING

Heke (H—‘ .
S”I‘;"“ !""I'AP}\

250)

2502
2503
2504

2305
25006
2507

2508

3001

3101

3124

3201
3202
3203
3204

3205

3200

S B

2-5. Hechanlcal & Ilectorlcai horkﬁ

—— o ot A mme e aem s Aem mem

tlectrical Vork -

Electrical Vork -

Electriecat tork —

Electrical Vlotk -

Hochanical Vork -
lechanical Viork -
f'echanicat Viork -
Hechun?cgl Uérk -

3. PIPELINE

Schenatic Plan of

— e b e s ."[

Substation & IntaPe Tower
Singcle line Diagchn

hok brai Dan

hok ¥rai Substation

Intake Toﬁér

TPanping Bquipnent & Piping;

plan (11, 2?)

Puprping Iquipnvnt & Plpln

“Plan (3F,4F)

Punping Lquipient & Piping;

Section

Air Chanber lquipnent &

“Piplop; Plan & Seetion

Pipeline

Pipcline—Plan & Profile (1)

Pipeline-rlan & Profile (24)

3-2. Pipeline betails

Pipeline-River Crossing R-19; Details

Pipeline-flarking Post and ﬂranch; Details

fipeline-Standard

Pipéline-Standard

Pipeline-Standard

ripeline=Standard

(1) Earth York and Rnad &
Biver Crossing

(2} Valve Chanber & Pox
(3) 8laou-off:

{(4) ripe Hanufactﬁfidﬂ

1  Subtotat 27

24

1 tubtotal 31
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DRAVTHG NO. OF

Mo TUILE OF DRAVIKG SUEETS HEM;\ERKS
. 4. HEAD TAKK
4001 * ©Ceneral Plan of Nead Tank . 1
4-1. Hlead E“.‘,‘_;:_."-'_Slliiliél
4101 HUead Tank - Séruétﬁrc (1) i
4102 Htead Tank - Structure (2) ' S 1
4103 Iad Tank - Reinforcing Par Arranpenent of 1
Foot tng
4104 © lead Tank - Fnergy PDissipator 1 I
4105 Head Ta_n_l: - I‘Ine.r_s:y Hissipator 11 1
fa_—g._ll_l_egtg_isai_l_ Vork
42901 Head Tank —'Hleétrical UOEk. : _ } Sulitoral 7

5. RECEIVING FACILITIELS

lSUUl General Plan of Receiving Facilities 1

-_—am mm —— e e AT

5101 Recelving Well - Plan & Section 1

5102 leceiving Well ~ Section 1
5103 Recelviny Well - Heinforcing Par _ 1

Arvangenent (1)

104 Receiviay Well - Reinforeing Bar i
' Arrangenent (2)

5105 lecefving Vedl = Appurtenances; Netails 1

— e mm — e e e e e T e

5201 Recelving Keservoir - Plan & Scction 1

5202 Recefving Reservair ~ Spitlvay; Details 1

5203 Receiving Reservoir =~ Inlet & Outlet pipe; i
Details
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DRAVIRG . S L NOGOF 0
FITLE OF DNRAVING - SHERTS. !\}.,!A_m.s

Lf Ht}. o ‘

JhoN o it T

5301 Receiving Yard 1
- Yard Piping; Plan & I'rofile(1)

5302 Receiviog Yard - Yard Piping; Profile(2) |

5303 keceivimg Yard 1

- Yard Viping; {faterial List

5304 Receiving Yard S : 1
- Yard Piping; Details of Fittings

5305 Receiving Yard ' : B
' - Yard Pipiog; hetails of Valve box & Flow
leter Hox )

S WO beceiving Yard 1
- Yard Piping; fletails of Encryy Dissipator &
HManhole -

5307 Peceiviny Yard - koad Layout & Hain i

Drainage; Plan

5-4, Electrical Verk

5401 Electrical Vork i
~ Receiving Ucell Single Line Diapran
5402 Electrical Vork — Receiving Well (1) B
5403 Electrical VWork - Recelving Well {2) 1 Subtotal §9

6. CONTRUL. SYSTEH .

6401 [astrunentation Diapgran : . 1 Subtetal I
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HO. TITLE OF DRAULNG SHEETS  REMARKS
_ 7. BUILDINGS
fUOI List of Buildiugs i
1"lf~F2ﬂ£€é{JET¥¥i.
710; Control Nouse -.Architectnral Vork § I'lan )
7102 .Contfnl Hoﬁﬁe.— Architectural Vork ; Elevation @
7103 Control_ﬁnusc -‘Architectu;ﬂl Hdrk H Sectinn 1
7104 Cuutroi Hnusé ~ Arc¢hitectural Vork ; Betails 1
7105 Control llouse - Structural Work (1) 3
7107 Control Houée - structvral Vork {3)
7[03 Coﬁtrql.Hhuse —.Hlectricél Viork (l) 1
7109 Control louse - Electrical Vork (2) i
7110 Control Hngse - Uater.gupplyl& Sevage Vork 1
Z‘H_Z_‘_.___l}_(vj_kml{._r_ai _S}Es_t_ ation
7201 ok ¥rai Substation 1
- Architectural Vork ; Plan & Details
1202 Lok Krai thstatioﬁ | S Co 1
: ~ Architectural Mork ; Lievation & Section
7203 Lok trai Substation : ]
- Architectural Work § Elevation
7204 hok Krai Suhsiation - Scruéturél ﬁork 1
7205 hok Krat sﬁhgtéﬁioh'--kiectrjcai Vork: 1
z_-—_3__.___llg_k__}:_r_a_i_ fl;lﬂ_i_rli‘sit_rda_t_ig_n_O_[_f_i_é_g
7301 Dok Rrai Administration Of fice . I
— Arc¢hitectural Vork ; Plan
7302 ok Kral Administration Of fice 1
= Architectural Ucrk‘;‘ﬁlevatlnn & BSectinn
?3ﬁ3 Dok Krai Administration Office 1
- Architectural Vork ; Elevation
7304 bok Kfai Adﬁinist;ation Of fice 1
~ Structural Vork
7305 bok Krai Adninistration Of{ice H
- Eleetrical Vork
7306 Dok Krni Adwinistration O0fflce 1

= Hater Supply & Sewage Vork

___________ -

8'_‘5
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*‘;:Uf"" TITLE OF DRAVIKG Sigprs ERIARES
.lfﬂnfBJE?LJWFAQEQQS_ﬁi.Hgﬁ.ﬂﬁﬁta
1401 Garagre & VUarchouse at llok Kratl - T [
- Avrchitectural Work : Plan & Section
7402 Gafage & Warehouse at Dok Krai ' R
- Architectural HWork ') Blevation :
7403 - - Garape & Haréhouse at Dok Frai ’ - |
- llectrlcal Uork_
7404 ok hral Conpressor Koon & lab Ta Pnd LG Poon |
~ Plan, Secction & Elevation :
7405 Dok Krai Conpresser KRoom & Hab Ta Pud DEG Room 1
- Electrical Vork
7406 General Plan of Dok ¥rai Caunp 1
Z_E_Eﬁﬂq_iﬁﬂk.ﬂ&iQ£9£4ﬂqs,EP&
7501 lead Tank laintenance Hut 1
- Architectural York ; Plan, Section &
Elevation
7302 llead Tank Haintenance Hut ' i
- Structural Vork
15073 tlead Tank MHaiotenance llut 1
- Klectrical Work
7504 llead Tank Maintenance Hut 1
~ Water Supply & Sewage Work - ' :
7305 Ceneral Plan of Head Tank Canp 1
Z"f)_.__ﬂg_b_?il_ Euﬂ _{\_(T_qiﬂi_gtia_gig_nﬂoif_{cg
7601 Mab Ta Pud Adninistration OFfice o 1
- Architectural Mork § Plan : . :
71602 tab Ta Pud Administration Office : : H
- Architectural Viork 3 Rlevation & boction
76073 Hab Ta Pud Administration Office : 1
- Architeetural York ; Elevatfon - '
7604 Hab Ta Pud Adninistration Office i
- Structural VYork (1)
7605 Hab Ta Pud Adninistration Of fice : g 1
= Structural Vork (2}
70600 Hal Ta Pad Adpdoistration Ufficv : ]
- Flectrical Work
7607 Fab Ta Pud Adendnistration Office 1
= Hater Supply & Sewage Vork ‘

bl



DRAWI NG ' . - NO. OF
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__...._.....—-—.....__-......-.-u..o..-._..-__...-.-_-_

7701 . Repairing Shop, Harehouse & Garage
at Mab Ta Pud 1
~ Atchltectural Work ; Plan & Scction

7702 Repairing %hop, Warehouse & Garage
at Hab Ta Pud 1

- - Architectural Hork : Elevation

7103 Repairing Shep, Warehouse & Garage 1
at Mabd Ta Pud - Structural York

1704 Repairing Shop, Warehouse & Garage ]
at Mab Ta Pud - Fiectrtcal Hork

7105 General Plan of lab Ta Pud Camp 1 Subtotal 45

Grand Total 133







" CHAPTER IX -~ . RECOMMENDATIONS

In exeCUting the construction of the Project and operating
the facillties for the Intended water supply, it is recommended
the following should receive due consideration.

Importance is to strlctly observe the fixed deadline set
for the completion of the construction in 18 months to supply
tndustrial water to the gas separation plant of PTT, operation
of which is scheduled for the flest half of 1984, In this con-

nection, the following should be paid attentien to.

1.1

1.2

1.3

1.4

B.5

2,

The censtruction of the Projuct denands an advauced tech—
nique and a latvge scale constriction execution capability,
therefore, it is recommended that the contract be awarded to a
reliable_and experienced contractor in a lot basis.

Preliminary transactions, such as land acquisition, house
evacuation etc., shall be completed prior to the conmen- ,
ceiient of ‘the execution of the Project construction, so as to -
allow a smoother executien of all the specified works imme-
diately upon award of the contract, To successfully achieve
the above, speedy business routine ia budget alleocation, and
la licensing and permission is desicable at all agencles
concerned of the goverament,

As for the environmental agpects, the utmost protective
measures may have to be taken to eliminate any possibility of
the deterioration during the construction and a carefut con-
sideration shall be given to avoid the environmental deteriora-
tion after the conpleteion of the Project construction.

‘To cope with possible deterioration of the reservoir water
by an anticipated fncrease in sewage from future development in
the upstream area of Dok Krai dam, certala countermeasures such
as obligatory construction sewerdage systems and enforcement of
regulations for land utilizatfon must be put into effect,

Hith regafd to the ccnetruct{en'contract,_the'"Bill of
Quantity” procedure should be adopted in accordance with the

Aaccepted internatfonal bid requiremeats. To conply with the par-

ticulars of the subject project construction aad to the special
circumstances ftn Thailand, a lump sum method may be adopted in
certain work ftems,

- The water supply system of this project covers oaly up to
the construction of the recelving hasin. To achteve the
intended purpose of the water supply, a purificatfion plant and
water distribution systen 1s prerequisite. Therefore, both the
puriffcation plant and water distribution systen shoud be
¢onstructed by the time the Project is conpleted.



1.

3.2

3.3

In the design stage of thé Project, no Jurisdiction -
over the aperation and adnministration of the pipeline systen has

been determined, therefore, an adninistration system was pro-

posed which'in general.is consldered the most suitable under: -
given conditions. R TR R AT R

The jurisdiction has to be determined the soonest and the
proposed admiaistration systen may be revised to sult the orga-
nization and to optimize its efficiency. The followlngs ‘ate
recommended to vadertake effective management:and O & M.: '

A newborn administrative organization should endeavor to
train the personnel so-that they acquire the knowledge Yequired
for the proper operation and administration of the pipeline
system prior to the completion. of the Project.

An operation rule of the pipeline system for water supply
is required to be established after thorough conference with
water reclpieats.

An additional rain-gauge and water—gauge stations may have
to be established in the future to attalae high order of accuracy

ia operation and administration.
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