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LETTER OF TRANSMITTAL

M¥. Boonthai Otaganonta . - o o Februavy 26, 1982
Chief Engineer for Civil Engineering o

Royal Irvigation Department .

In response to the rcqﬁest nade by the Royal Goverament of Thailand
for technical cooperation in conducting a detailed design on the

pipeline system between Dok Krai and Mab Ta Pud, -the Government of

 Japan dispached the Study Team for detaited design hercafter referrcd

as the study team te Thailand through the Japan Inte?national.COGbéra—

tion-Agéncy (JICA),

The siudy team avrived in Thailand on Nbvember 18th, 1081, and started
the necessary studies and surveys on the various ficlds in close
cooperation wifh the Royal Irrigation;Department'(RiD), Natjonal Eco-
nomic and Social Development Board (NBSPB)} and other éuthoritiés'éon— )

cerned of the Thai Government.

This report titled "Engiﬁqcrihg Report" is prepared in accordance with
the reporting schedule designaied in the Inception Report include the
‘result of topographic survey and geological survey along the pianned
pipe:scfting line to be connected from Dok Krai Dam to Mab Ta Pud, and
-_rcvicw as the pipeline system in the Feasibility Study chort,_ahd

compilation of Series of Technical Reports.

The 30 coppies of engineering report are submitted to the Goverment
of Thailand,

% s
YUICH1Y KATAYAMA

Leader of the Study Team
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INTRODUGTION

~ During fhe-medting of prescnting Progress Report 1, held in the

niddle of December 1981, JICA team, discussxng on najor issues,

expla:ned about the stage of decision.

Slnce then, the tean has decided matters of both ma;or and

'_m1n01 1mpo:tance.

Each member of the tcaﬁ, with the assigned role and responsibility
as a specialist, was requested to writo reports. On the team's

meeting not 1nf:equent1y held since, each report was checked about 
the soundness of principles, the sufficiency of reason1ng, the

| rlght ﬂpproach of tackling the problem and the consistency WIth

othor reports,

The decisions made so- far have not becn reachcd by a pqrt1cular
pclson(s)'s reasoning but by the judement and concensus of the

team members concerncd working on’ the abOVe checkpoints.,

~As a part of thineériﬁg Report, this paper 13 presentcd as
" the product of eVery participant's effort and comradeship.
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LIsT OF REPORTS :

S
.

'1As of tho end of February 1982 the fbllo«1ng rop01ts are in

:Eg: ;

1,

7-2.

9

101,

10-2-A

Ry

12

13,

- 14,

Facilities

* preparationcn' comploted

' ”Titie'

" Water Deﬂand

and Supply

Filtration Plant

.'Drgan1zat10n'for--

Operation and

7.Ma1ntenance

 C0mparative Study

of Flow Control
System

“liydraulics and

Operation of Pump
Unit Number

. Control System

Heéd'Tank. :

'ComparétivelStudy .

of Pipeline, D.K.-
M.T,P. - Sattahip .

PUmping.Sysiem and
Water Hammor

Intake Structure

~ Control and » , .
“Bmevgency Shut-off

Vaive

~ Pipe Wall Thickness

Receiﬁing‘Weli,

Receiving Reservoir

Survey.

- Author, Role

KATAYAMA, Leader

WAKAHOTO, Co-Leader

TOMIOKA, Facilities

1" "

FMONOTO, Pumping

i) tt

NISHIDA, Pipeline

MIYAKG, FPacilities

ISHIZUKA, Surveyor

Stage

completed

completed

. .

~ completed

»

conpleted



No. . Title __Author, Role . __ Stage

15. - Geology - NAXAJIMA, Geologist  completed
16.  Electrical - NAKAO, Electrical T

- Equipitents. -
17-1. Comparison of SITBATA; Mechanical "

- Intakc-Pump ' ' o

17-2.  Optimum Range
of Pump Operation

18. Pipelaying . NISHIDA, Pipeline "

~As No. 7, 10 and 17 are made of two scparate reports for each, and
No. §, 6 _1is removed, the number' of reports is 24, all completed.



RELATIONSHIP OF REPORTS AND DEVELOPMENT OF CONCEPTS

These réports are related to cach other as it'can be scen on the

“next page.

"The table will be helpful for the reader of reports as it shows

that how the primary concepts have raised and focused on the

“technical issues of importance and how the issues have been

narrowed down to decision making of the design.

uhey
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PROJIGT ¥EATURES AND DECISION

- The principal features of the pipeline system, including issues

decided so far, arc as follows:

4.1,

W

4.2,

General
Design Discharge _
2.62 m°/sce, (57.8 NG Jyr)
(2} Filtratidn Plant (No.3 report)
Decided on no turther study,
(3} Flow Control System (No.7-2 veport)
Pump Unit Number Control.
(4) Organization for Operation and Maintcnance (No.4 report)
_Proposal presented. | )
Mab Ta Pud - Sattabip Line (MNo.9 rcport)

- {5)

Recommendation presented.

Dok Krai Intake, Pump Station

-

(2)

(3)

(4)

High & Low Water Level for Intake {(No.6, 10-2 reports)
54.10 and 42.00

Type of lntake, Pump Station {No. 10-2 reports)
Concrete one is ongoing in design stage. Steel one
is under detailed ptanning. The two shall be comparcd

sooner, .

No. and K of_Pump {(No.i16, 17 reports)
6 No.s, 550-600 XKW '

Type, Ilcad of Pump (No.16, 17 reports)

Related to Structure of {2), either vertical shaft
volute typclor mixed flow type.

80-85 m licad is anticipated now and inithe beginning

of March, TOMIOKA Lrings the exact figure.

7
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[fj(5) p.C. Brldge |
L jLocally made box gllder of American Standqrds secms
:to be nscful. Checking load condition 15 required
lipalcs for pier are now under study.. |
o P1pe brldge with ordlnary thlckness can be used

(6)'~llect11cal Lqulpments (No. 16 rcport)
__Dlscu551ons about pr1nC1pal mattels.

; {7) Alr Chamber . _
Computer Analysis already rcquested to Japan,

4.3. Mead Tank {No.B8 report) o

(1) Level, Size
102.00- 103 00 poss;bly, TOMIOKA's arrival dec1des it.
Intelnal dla 16m, Helght 22-23 m. possibly.,
.:(2]' Number Qf Tank
© Needs discussion
(3) Level Metor (No.16 report)
Float Type most pOSsible
() Overflow § Drain Pipeline
0.7 m dia, pipe,‘400 long line is required with .
- puréhase of land.
(5) Cdnstruciion_ﬂethod
- Reinforced and prestressed concréte tanks are
 now undér conceptal design to be compared.
Locally, prestressed tanks of large size
(58 m H x 28 np) have been built for sile.

- 4.4, Receiving Well and Reservoir (No.13 report)

(1) Level (No.S & 14 reports)
61,50 decided. Land purchase’ plan made, 1nclud1ng
one more reservoirs lot,

(2) Size
~Hell ; 10m x 22.5m x 3. 5 m water depth, conerete
‘Res : S4mx 189 mx 3 m water depth, 21,000 m3
carthern pond (No.14, 15 reports}

8



4.5,

1.6.

4.7.

4,8,

{3} Outlet
Extra branch for extevtion shall be prepared.
Gravitational flow to industries and pumping to

Sattahip shall be expected.

Pipeline
(1) Wall Thickness (No.12 rcport)
© 10.3 nm possible, nceds discussion
{2) Other Agencies (No.18 rceports)
PIT, 1BAT, TOT, PEA, MOT, DOII,

urgent contacts nceded.

(3) Corrosion (No.15 report)

Needs study

{H Alignmcnt, Length
Working in JAPAN, less than 26.7 km

(5) longitudinal Profile
Working in JAVAN

Started cooperation with L.5.C.D of RID

‘Geology (No.15 report}

Pipelaying (soil property), foundation, groundwater,

sand and gravel for construction, corrosion

Offiice Living Quarter (No.4 reports)

Need studying No.d and discussion

9
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REARRANGEMENT OF. REPORTS

Fhe inception veport, in 4.1, wanted to revicw on the 1ntor1m

of fens:b1l1ty study and the detailed design team has plcpared

No.1 Water Demand and Supply.

~In'3.3 of the inception report, the purification plant is

refered and it has been materiatized as No. 3 report,

Engineering Report will,-therefore, constst of : -

1. Compilation of Series of Technical Reports
2. Survey Report (No.19) with naps. |
3

Geology Report (No.15) with a data book

.4, Meteological and Hydrological Data

2,3,4 are bound separately for other usage.



Pi:épared by

 FEBRUARY _1982

YUICHI KATAYAMA
Team Leader

. JICA
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THE FAST COAST WATER DEVELOPMENT PROJECT

The water vesources available to the East Ceast Avea 1s very

limited because of the annual rainfall of Changwat Chon Buri

and Rayoﬁg area is 1,300 mm and 1,500 mm, Besides the esti-

‘mated annual evaporation is about 1,000 mm,

To ease the chronic shortage and to meet the acuté water demand

 of industrial as well as agricultural development schemes, The

Thai Government have come up with a comprchensive. water resources

developrent schéme in this area.

The chprehensive vater resources development plan for Changwat
Chon Buri and Rayong has been formulated based on the eétimatiqn
of water demands and potential wﬁter resources, and the construc-
tion of Nong Pla Lal Project has been given the First priority

to meet the increasing water demands,

To meet the urgent municipal and industrial water demand in Hab
Ta Pud - Sattahip Area, ahead of the completion of Nong Pla lLai
Dam the pipeline system from Dok Krai to these Area will be

constructed and convey 57.8 MCM/year of municipal and industrial

‘water,

Water Demand

The water demand which is expected to occure in Sattahip and

Rayong Area has been estimated as follows:

Table 1, Total Water Demand in Sattahip and Rayong Area

Year ' 1990 2000
- - i - . —
Industry © 36,8 MM 45.1 McH
Municiparity 16.8 _ 34.9
Total 53.6 80,0




. .
I L -

o:(G) -‘;The industrial demand which is expetted to occure from variouo
- proposed industries 1n Sattahip and Rayong . Area has been
”estimated on the basis of the actural coﬂsumptiou at indust-

: rial COmplexes and ports An operation, shown in Table 4.

y N Municipal thor Demand has been estimated based on expected
- population growth of the area. The estimation of future popu-

:lat{on based on current tread, and subject to industrial develop-

“ment projeet.‘ (Refer to Table 5, 6)

' The eStimaté‘Shows:that the fotofe population in Changwat Chon

' Burd wuld reach 200 Lhousand in 1990, and 1070 thousand in '
2000' in Changaut Rayong 500 thousand in 1990 and 620 thousand
?in 2009. ' - o

3 . Fstimate Methodology of the- municipal vater demand is as follows._
MWD = ¢ (Ph X Up x Wp) + Tp) x PCC x 365 days x Re
" Where _'MHD : Hunicipal water annual demand
‘ ' Pa -t Population . . ' '
Up t Urban population ratio :
Wp 'Water,pervatiOn o
CIp t'*tndUced population
_PCC 't Per capita consumption. l.'_ C .
| L Re ' |
Assumption figures such as PCC WP, Up of apprOpriate years

'Raw water converter (1 1)

-

_are shown belOw'

Table 2  Assumption

e Cwp (B Wp @) PcCe

1980 - chomBuri’  30.0  45.3 0.345

| Rayong = - 9.9 58.6 0,22
1990 Chon Bari 35 60 0.5
' ‘Rayong . . 30 0, 0.30
2000 chonBurd 45 75 0.35

Rayong 40 - 80 - 0.35

The above assumption wag made,in'lino with‘the Eastern Sca Board -

Bevelopmént plan.

1 -2
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The municipal water to hé demanded by the growing population of
Sattahip and Rayong Area is estimated as shown in Table 7.

Water Resources

To make ﬁse_of 1300 - 1500 mm/year water resources hhich flows dqwﬁ
as a surface flow, construction of dams is ¢ssential owing to the

characteristic climate and topography of this area..

The surveys have already been carried out to select the appropriate

sites for construction of Dans in the project area of Hast Coast.

" Proposed dams faclude the three listed here which bring about a

total of approximately 220 MCM/year.

Table 3 List of Proposed Dams in the Project Area

Catchment Storage Developed

Proposed Dam " Location Area = Capacity VWater

: (Km?) (MCM) - (MCM/Yeat)
Nong Pla Lai Changwat Rayong 426 - 144 120
Thap Ma . Changwat Rayong 154 50 30

" Khlong Yai Changwat Rayong 223 70 70

In Dok Krail river, the other hand, a tributary of Rayong river,

‘the Dok Krail Dam with catchment area 279 sz, storage capacity

54 McM, developed water 60 MCM/year, had been constructed and

1s supplying water te Ban Khail Irrigation Project. The demand

of this irrigation ts relatively small at present, and the Dok
Kral Dam and its residual basin have surplus water amount of

approximately 20 ﬁCnyear.

Water Resoureces Development Plans

Priority haas been givea to the order of construction of the
proposed dams based on the nature of arising demand Including

i1tg time and location,

1-3
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lhe highest priorlty is given to the construction of Nong Pla Lat
fDam.: The proposed Nong Pla Lai. Dam is located relatively closer
hﬂzto Rayong area where the largest demand of water is expected.
_.:,NOng Pla Lai Dam is scheduled to be eompleted in’ 1986 with the

- water devclopment volume of 120 MCMlyear with residual basin
- flow, the water is to be conveyed to AM Rayong, a prineipal

'development center in the East Coast, to Mab Ta Pud with proposal
ﬁ‘indostrial eomplex, and_to Sa;tahip.

R The water is to be supplied for industrial and municipal use and

to supply itrigetion water to newly deVeloped tract in the middle

-reaches Eo Rayong river.

-

-

-:The wete; balance study has been mede on the basis of the projected
_;_;QAtéf deménds in the industrial development centers of Rayong,
"3Sattahip and their neighboring areas, also on the basis of the
.. supply to made available by the development plan in these: ateas.

Transmission System between Dok Krai Dam and Mab Ta Pud would be
meant , for the inerease of industrial and municipal water demands

in 1984. The proposed Nong Pla Lai bam 1is scheduled to be eompleted
in 1985, and supply the sufficient volume of water to the project

area_until 2000,

'water Pipeline System from Dok Krai to Mab Ta Pud and from
Mab Ta Pud to. Sattahip

To meet the'wéter demand of 8MCM/year expected: at the Natural

Cas Separation Plant scheduled to start operatfon in the middle

:of 1984, a water pipeline system between Dok Krai Dam and Hab
' Ta Pud will be constructéd tn advance’ of Nong Pla Lai Dam. The

water pipeline system is to convey about 20 HCMlyear of surplus

‘water from Dok Krai pam for industrial and mpnieipal use until

the c0mp1etion of Nong Pla Lai bam.

14



(18)

(19)

L (20) -

After completiOn oE Nong P]a Lai Dam, the present irrigatlon water

supply function (60 MCM/year) of Dok Kraf Dam will be converted

to Nong Pla Lai Dam which will then supply only irrigation water.‘
The expected demand of. 80 MCM/year for industrial and municipal

in Rayong and Sattahip area up to the year 2000 will be fulfilled

:.by Dok Krai Dam.

In Sattaﬁip.hréé, 12 NCM/year of water shortage will occur in i985.

"The water from Dok Krai Dam shall be couvcyed there by laying out

of the pipe]inc system Erom Mab Ta Pud to. Sattahlp.-'

57. B'Hcﬁfyear'Of'ao Mcu/yeaf will be conveyéd to.Mab Ta Pud -

attahip aread by pipeline system. and rcmqinlng 22 2 MCM/year to'_
A, Rayong and 1ts vicinity area by the Rayong rlver (rcfer to

; Table 8.)



© Table 4  WATER DEMAND FOR.INDUSTRY IN THE PROJECT AREA

" Year - Rayong Increase  Sattahip Incféase - -Total
' o : demand ST démand Increase -
o : demand Total .
.198? '.Gaé'Sepatafioh ’ 7.8 .7 8:" 7 é | fRB
L 4 Petrochemical o - * )
ST i N , i
o Sponge Iron 1.0 (8.8) : o
1985 R . : Soda Ash = 10,2 10.2 20.7 28.5
- .. Chemical S ‘ :
Pertilizer - 9,5 18.3
iiéﬁé _ indhstfiél . o ‘Sdttahip : _ o .
. Estate. . o 2.4 20.7 Port 2.1 12,3 4.5 - 33.0
: légo Industrial N o . -~ Sattahip o
ST Rétake 2.4 23.1 Port 1.4 13,7 3.8 36.8.
I ~ Sattahip
1995, Port 0.6 14.3 0.6 37.4
I ‘Sattahip - .-
© L aaos Industrial ‘
.



“Tgble 5 Future Population Based gn Yﬂur}i@n’t Trend

Changwat. Rafmm .
L : . IR 1990 ~ 2000 -
1960 - . 1990 2000° 1980 1980

“Rayong Hunfcipality® 37,305 56,609 79,773 19,32 42,468
A. Muangt C 83,693 90,474 . 93,065 6,781 9,372
A Klaehg . 100,484 127,383 154,338 © 26,899 53,854

A, Ban Rhai* - 71,190 77,522 83,524 6,332 12,334
K. A, Pluak Daeng 25,791 30,804 35,676 5,013 9,885
K. A. Ban Chang ' 27,594 28,264 29,047 - 670 1,453

‘K. A. Wang Chang 12,839 21,414 . 29,8% - $,575 16,995
Sub-Total = 358,806 432,490 - 505,257 73,594 146,361

‘.;QEEE£H§E;§@223§H£1 | | ERRE lebo - 2000 -
R 1980 1990 20600 1980 1980
Chon Buri Municipality 50,106 52,807 55,557 2,791 5,451
Panat Nikhon M. L 13,411 14,408 15,392 . 997 1,981
Tambom Si Racha M 21,632 32,611 43,339 10,979 21,707
A. Muang Chon Buri 119,281 150,115 180,290 30,834 61,009

AL Panét Nikhon - | 110,203 126,154 - 142,024' -15,551 31,821 g
A; Pan Thong . 38,289 42,069 - 45,957 3,780 7,668

" A. Ban Bung | 78,262 83,894 89,555  .5,632 11,293
A. §i Racha 84,516 100,426 - 116,795 15,910 32,279

C A, Ban LaMeng . 43,789 65,824 47,765 2,035 3,976
A. Sattahfp* . 8s,112° 98,377 . 111,528 13,265 26,416

'K, A, Ko Si Chang o 2,955 ¢ 3,553 4,157 598 1,202
‘K. A Nong Yai 17,386 - 20,486 - 23,491 3,100 6,105

© K. A. Bo Thong 24,779 36,579 . 48,372 11,800 23,593
Muang Pattaya 34,706 59,380 84,173 - 24,674 49,467

Sub Total - 724,427 866,773 1,008,395 142,346 283,968
Total - % 1,083,3231,299,263 1,513,652 215,940 430,329

% NOng‘Pla Lat Préject



. Table § Estimation of Future Population

' 'vincl_u'd iﬁg'_ Induced Pomﬂﬁg_:l_gg

. _Changuat Rayong

o , 1890 -~ 2000 -
e Lol 1980 1990 2000 1980 1980
. Rayong Munfcipality* 37,305 56,620 79,773 19,324 42,468
. A Muamg®. - 83,693 160,758 203,349 77,065 119,656
A Klaeng - 100,484 127,383 154,338 26,899 53,854
A, Ban Khai . . . - . 71,180 77,522 . 83,524 - 6,332  12,3%
K. A. Pluak Daeng 25,791 30,804 35,676 5,013 9,885
K. A. Ban Chang 273596 28,266 29,047 670 1,453
K. A, Wang Chang - 12,830 21,414 29,83 8,575 = 16,995
 Sub Total 358,896 502,224 615,541 143,878 256,645
| l_‘g@gg,gg_; Chon Burj_.’.
= o . | 1980 - 2000 -
L | 1980 1990 2000 1980 1980
‘Chon Burd Municipality 50,106 52,897 55,557 2,791 5,451
* Panat Nikhon U, 13,411 14,408 15,392 897 - 1,981
" fambom S{ Racha M 21,632 32,611  43,33¢ 10,979 21,707
A, Muang Chon Burd 119,281 150,115 180,290 30,834 61,009
A éanat Nikhon . _ 110,203 126,154 - 142,024 15,951 31;821
" A. Pan Thong 38,289 42,069 45,957 3,780 7,668
"A. Ban Bung 78,262 83,894 89,555 5,632 11,293
A. S1 Racha 84,516 124,426 ~ 166,483 39,910 81,967
A, Ban La Mung 43,789 45,824 47,765 2,035 3,976
" A. Sattahip 85,112 105,161 122,536 20,049 37,424
K. A, Ko Sf Chang . 2,955 - 3,553 4,157 598 1,202
K. A. Nong Yal . 17,386 20,486 23,491 3,180 6,105
K. A, Bo Thong " 24,779 36,579 48,372 11,800 23,593
Huang Pattaya | 34,706 59,380 84,173 24,674 49,467
sub Total 724,427 897,557 1,060,091 173,130 344,664
Total 1,083,323 1,400,331 1,684,632 317,008 601,309

————

*# Nong Pla Lai Project



WATER DEMAND FOR INDUSTRIAL AND MUNICIPAL USE '

Table 7

3. Total’

ip

Sattah

2.

1. Rayong

Other

municipalf Total
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2. Pipcline System as a whole
2.1, Intake Tower with Pump
2.2. lead Tunk  ' '
2.3. Pipeline

2.4. Receiving Well and. Recciving Reservoir

3. Summary



1. Intloouctlon

Tﬁo detailed'design team has to "rcView on the cxisting data and
the 1nter1m of fcas:blllty study" a00011dng to the inception
report, _ _ _
" The author‘hhs rcviéwed S 2. Pfojcct Description,
s, PFG]CCt Formulatlon of Main Report and VII Pipeline of Suppor1tng
'Report bhath of them “interii” and like to discuss on the mat teys

‘concernlng facilities,

2, ELPeliue cyqtcm as_a whole N _ .

From a fluCiuatidg_lcvcl of Dok Kvai Reservoir watefimust be
transmitted to a certain level of receiving tank, supposcdly
located in Mab Ta Put, Though the most of water is distributed
within the afea"thc rest must be sent to Sattahip therefrom.

~ Bxmaing Interim Reports, we think that the following conditions

'.arc unchangcable.



- (1) Pumplng up water sendlng it by 1,35 o d1a plpellne and

rcce1v1ng at Mab Ta Put

(2) stcharglng water in Dok Kral Roserv01r aud lowering the
leva] for construction of the 1ntake is 1mp0551ble. Then, it

iust be done under the eantlng high lcvel condltlon

(3} The p1pellno'q route rUnS alnnL Ili phway - Rautv 3191 and 3

tor the most part.  in the pllt of downstrcam it hus to be

- laid parallel to the natural gas plpe]tne closbly

(4)  As the plpollnc has to run over hlgh cre%ls at qomc points

along the route, hydraulic con51derat10n must be given about

- the condltlon and neccqsary steps must be taken for it

(5) " The construction work must be completed before a target time,

-!mplcmentat10n of the pleect will be very tlght in the matter of

time,

‘With the above requnlcments in mlnd, ‘the Detailed Design Tean will

.

,dlscuss about the faC111tlcs togethei with the systcm

20,

}E}akeljpwcr with Pump

The lcaqlblllty Study, in 4 1.2, of Supportlng Report, _compares
three types of the 1ntakc method in (ombnnallon with different types
of pump. But, what is done to concludg is: Lompale three types

of pump from. ‘technical and cost points rather qualltatxvely,.

match the three to five types of intake tower and compare them

again and rank the five in order,

looking at the conclusion "Priority ratlng“ and compaxxng with
"construction cost! on Table 4-7 of Supportlng Report, it 1s

l
not COHV1nc1ng cnough. :
The Detallcd Design Team wxll start from considering about the

basic v1ewpoints.



(1), browing frdm Bottonm only
If thc water drawn from the botton is always favou:able for use
of industrics and nun1c1p1lltlcs, the possible intake and pump

- will be like thnt is shown below.'

HMoter
/P/M'fofm
&
' N |
S —TF3 _
} Pillar
WW*

Punp

Two types arve feasible. One is a pump consisting of submevged
pump parvt and above-the-water motor part, called mixed tlow or
axial flow type Another is a pump called submerged motor type

- in which both the pump and motor are in the water,

'Intakc structure

The. intake structure - can take the simplest form, that is; a
platform supported by pitlars. The plat form is.for suspending
the pump. The pointé about the type (combination of pump and
structurc) are: |

* The pump s head- capac:ty curve and the efficiency-capacity %
curve are not as good as the volute type's.

* the water can be drawn only at the bottonm.

* The pump is not protected from floating matters,

* The structure is simple and casy to construct in the watew,

»

(2) Drawing fraw: Chosen Depth (Type Bl in Supporting Report)



: "‘*""“ar"““ . _I v;_u’A{ltof._fa_ex_

t’fth (1) a box w1th seVeral gates 1s added The box, surroundlng

fthé pump at the bottom, and the 31des protects the pump and . also

Vfglmakes it poss:ble to draw water fron a_chosen depth

'[tThe 1n51de of box is f1lled thh water and the pump is the same :

:,fttype as (1),

'flThe points about (2) are.-f

*l,'* The pump!s. cunves are the same as’ (1)

K f* The wator ean be drﬂwn From choson depth - so that it uould

be better sulted for 1ndust1131 and manicipal use.

"'*Q‘s The stlucture 1s a little more dlfflcult and costly than (1)

As the box can be lowcrcd from the platform constluctlon
1n the water is as easy ‘as (1), _
;L* The box belng f1lled w1th water, need not be Vely strong.

'-](3) Drﬁwing frOm Chosen Depth and Pump in Bettc: Condxtlons
' (Type _7 BS of Supportlng Report)

’fj:The volute type pump of better eff1c1ency and flcx1b111ty against

;?3:the water level fluctuat1on can only be installed in a dry room
; twh1ch 13‘_: put in- the box of (2) w1th gﬁtes. ‘

S S




2.2,

“to make the operation easy.

With the type, the pillars and the wall of box can be made up to

a snngle wall. -Thc dry room in the center of whole structure
- must be strong enough 1ga:n$t the external water pressure and it.

_must be grounded fllmly.-

The points about the type are:
* The pumps curves are better than (1),
* The' water can be drawn from chosen dcpth

:* The room mst be firmly gtoundcd and be stxong

* The cost of structure 15 _ higher than (1) and (2) and -

re]xablo constluctlon methed must be conce:ved

As is_eésil} sccn,'additional or better rcquircment has forced:'
to change the type, from the simple to the complicated and most
possibly‘increasing.the cost. If one rcquifémcnt is removed

or changcd thé type can also be changcd '

lor 1nstancc. if the lower cfficiency is tolelated and submersible’
type can be used, the type dtscussed in (2) can be acccptcd

the Detailed Besign feam is going to study the type in (2), with
p0551ble much more usc of steel in place of concrete.

’

Head Tank

The reason of necessitating a head tank is not clecarly stated.

Only in 4.3, of the Supporting Report, the storage capacity is dis-

cussed related to the on-off frequency of pumps. In other parts

. of the Report, preferance of *open type pumping system' to "closed

type pumping system" is sometimes described with no explanation
of the words, although "Open type' means "with head tank! without
doubt, ' - ' '
The Detailed 0051gn Team understands the reason as prsmquly ‘
restricting the adver ‘50 effect of water hanmmer .

) . and secondarily giving storage
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; 1;35 m afo éiven. “The necossary hydranlic gradient js calculated
iffom Hazcn_ﬁilliams Férmula with a suitable coefficient of rough~'
ness {¢) assumed. With ¢ = 120, the hydvoulic gradient is

:_approximately-0.00ZOS or the necessary head for 27,000 m length

35 56 m roughly. Tt means that when the level in the end is 60 m

“the ‘water must be lifted to 116 (60+56)m lcvel by pumping. As

the réceivihg_well'é'lcvel will be set approximately 45 to 60 m
range, the Dok Krai pump's delivery will be 101 to 116 m range..
overy part, of the pipeline nust below the gradiant line. If soue

the negative pressure there will cause bubh];ng

of the dissbchd air and as the result’ veleased airheill restrict

“the flow until 1t clog the pipe.

Shown below is the hydraullc gradlent and the topoglaphlual pro-

flle_of thb_p1pe11ne.
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At ?znulQ km poxnt f?om Dok Krai, two paSaes {crebts) arc onr the

' plpolxne route. As is shown on the pxcturc, these two points are
a lxttlc below the lower g:adlcnt line.

The plcture means  that wlth the given condltlons, ncgntlve pressure

will not occur on the pipeline,
(2) Possibility'bf Syphouing'

When the piﬁeliné is put tnder 6peraii0n is 1984: the 1n1tlnl row
rate wxll ‘be about 12 MCM/yr (U 38 cu.m/sce disregarding fluctuation -

and leakage) or 34 5° of the dOSIgn flow rate 2.02 cu. m/scc Fhe

hydraulic gladlcnt is then 0, 0000582 or 2, 8% of the gladlent

0.00208 for the design flow rate. B

Under the COﬂd!thﬂ, thc rcqu1remcnt§ to‘mﬁke it flow is:

* The valve at the. rec01v1ng well musL be sllghtly oponcd or
nearly fall- closed. ' ‘

* The dollvcry valve of the pump also must bc sllghtly opcned

With the operation of vaIVes with vunning punp, a gradient’ llne

shoun as dotted line wlll be formed and the flow will stait.

In a favorable condltlon like that the Dok Krai level is 52.00

and the 10ceiV1ng well's level 45.00, 7 m head scems to be ablé

to keep the flow even when the pump- is stopped. That is, once_the

"flow staltcd, it nay contlnuc 50 with syphonlng Actuall} it

- stops instantly s water cannot be lifted up to 10m even

- theoretically,

(3) 1In case of POWcr Failure, Water Ilamnmer

Water hammer occurs with s&dden change of flow in the pipciine,
caused by pump's start or 5t0p and valvc start or stop and
valve's rapid opening or closing. ' '

‘As for the pipeline under discussion vapid opelafion of valves.

is unthznkah]e, though pusp's stoppage duc-to power failure will

ce:talnly OCCUT GhCe rn a while and resu!t:ng water hammer is

incvitable,



 points on the pipelino..

~ends it is zero,
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shown by the gradient line is existing.

When the pumps stops, the negative pressure occurs,

and decrcases towards the end.

1

. Let us assume a plpeline is laid on a flat land and a flow condltlon

At the downstream

Sonewhere 1n=between it takes the maximum valute

Thehatcﬁbdllne is formed by connccting the minimum value at cach

’ like'thé'figuré occurs simalfaneously all over the pipeline

 'Pipefine on Hilly Land

It does not mean that the negative pressure

3 ern on the pipeline on flat land, négative pressure occurd below

the line connectlngapump and - the tank leyel,
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In our case, eicept some part in the middle and the downstream
port1on the most. part of the plpellﬂe is laid above the line
¢0nnect1ng pump and, the level of receiving well. When ncgatlve
pressuxe arlses in. the plpellne it will be llkc that shown above

_ (4) Hcad'Tank at.Crést
If a head tank is set up on. tho hlgh crest, the change will be like '

gthﬂt shown below,

foloo

bead fauk

f},;_!:,‘

Between the head’ tank and the 1eCCJV1ng well no suddcn changc will
“occur even when the pump stops. The pressure wave which starts at .
‘ the pump will réach the head tank and does not go further down.
+  The downstrean part can be f01gotten as far as the water hammer
problem is considered, : .
Still between the hump and the headrtank it exiéts and must be
met with some gadget including air _chambers proposed. in the Feasi-

_ blllty Study.
The Detailed Design Tean accept the necessity and the usefulness

. of the head tanP,aftea reasoning as explained.
(5) _Ldéation of Head Tank

The'Feasibility Study‘seems to have decided the location of head
tank on a hill of granite (2. 2.2, Supporting Rep01t) in the

carlior stage,



The hill is about 1 km apart from Route¢ 3191.

Because of the réason explaining the necessity of head tank, for
the distance of | km two pipelines, one for supplying to and other
for drawing from the tank, are neée§sitated. bPynamite shall be
used to clear the hill and to level around it for construction of
tank. : |

As is easily.scenr, the location of head tank can be changéd by-

© the hydranlic condition,

The Detailed Design Team is now studying about it., 1t may possibly
moved closer to Route 3191 where soil conditions allow the con-

struction and it will save the cost and the period.
(6) Material

The Feasibility Study?s'éonCIUSion that prestressed concrete is
the most advantageous cannot he accepted by the Detailed Design
“feam. It may somchow be related to the preoccupation that the
tank is fb be located at the top of hill.

Usually the prcstrcsscd‘noﬂcﬁctc structure is not suitable wheve
uneven'ground subsidence may occur and is not necessarily lower
in the cost than other matervials.

Most possibly a stecl tank will be unsuitable.  But a veinforced

concrete tank and an earthan pond are worth studying,

{?7) Storage for What Hse

30 minutes' storage capacity in 4.3, of the Supporting Report
scems to have come from protecting a pump which is better be given
more than 30 minugcs pause between stoppage and restarting. It

is not convincing.

As the head tanks' existence is to control the adverse cffect of
water hammer, so its storage is uscful for preventing the pipeline

from being emptied in case of pump's stoppage.

2~11



2.3,

the water in the _part between the intake: and the head tank is
_ cheCkcd from- flowlng by the check valve of pump. The part

between the tank: and thc rece1V1ng well tends to flow out unless

“the valve of ‘receiving wo]l is. lmmedlately closed - The storage
':w111 covcr the f!ow out hetWCen pump's stoppage and valves's

'c1031ng

Pipeline

Se]éction of Materials

In 3 2 4 of the Supp01t1ng Repor s the 10351b111ty Study pointed

ot f0u1 factorb, Strength, leakap ¢, anti-corvosion and avatlﬁblllty

.'; whllc on Table 3-3, 3- 4, then xompalleOn is mude on tho factors

* The two Tablcs shali be exﬁmlned and discussed here.

§£ychgth

The concrete p1pe 15 Sﬂld te need Ma su:tab]c protective work™,
Here, the pzpellne will be under a light traffic load or no load,

: Stlli is it ncccssary? Usually the type is good apalnst cxternal

force 1like carth prcssurc.

"not QU1table for use under hlgh p:ossurc" ~ Against how big pres-

Csure  can it stand ©, must be stated.

The ductile east iron plpc is not a “substitute” of steel plpc
In the world, '1t is far more widely used than steel pipe.

2-12



Leakagg

"Mechaﬂicaf,joints'_lcakage In Bangkek, a transmission'liné to
jThongbﬁri'Tfeatmcnt Plant, uses 0.9 m dia, ductile cast-iron
pipe wlth plactlcally no ploblem of lcakage for ycals.

Welded jOlntS are leakage proof,

. Ad so are. mcchunlca] )o:nts plstlCﬂlly.

'ngl9§lon R S _ o : L
The Table says that the ductile cast-iron pipe will corrode,
whllc the steel pipe, th0ugh corrosive in q01l!ty, can be protcctcd‘ 

by suitable means.

The description is too misteading,

Pipclayihg'WOrks

._Aﬁout the ductilc"aSt irdn pip@ It bayx that d:ggxng uider'
“trench for ]0|nt1ng pipes in more places than for the steel pipes, -
weans "hlghcst constriction ‘costh. Thls will be quite small for the
total construction cost,the Detailed 0951gn Team thinks,
~About. the steel pipe. At poor subsoil arca, cven the steel pipe

néeds good foundation agqlnst subsidence.

Qpnstrqption cdst and Coaclusion

The Thble quote the construction cost 619 US$ for the duct;le cast-
iron pxpe and 596 U9$ for the steel pipe (per meter?) and concludes
the cost is the highest of the thlcc (lncludlng the concrete plpc]

. for ‘the ductile cast-iron pipe.

(3} Deiailcd Dcsign Teams® Thinking

s
The Feasibility Sfudy scems to have mixed the general conditions
for selecting the pipe material and the specific conditions under

which applicability of the gencral conditions is to be studied,

Do
H
ok



3.4,

The Detailed Design Team thinks as follows:

* The concrete pipe (may be of prestressed type) may be acceptable
where the construction period is long enough, the importance of
supply is lower in such as irrigation etc., the flow is less
'(smaller size increases rellabll'ty], the ploteutlon can be better
with lighter traffic's. load and vibration. )

* The ductile castu1r0n pipe amnd the steel pipe will stand equal

if the case is that the both are to be imported from overseas.

“* The, dOC151ve factor for the steel plpe and against theé ductile .

cast iron plpe is that the former can be manufactured heve in
.ihqlland The availability and thc lower cost duc to far less

custom tariff,

Receiving Woll‘gnd Rcseiviuu{l@§gﬂlgﬁl:

" The Detailed Design Team likes to propose a new concept of the

Receiving Rescrvoir here.

(1) - The Background

In_Japan, the industrial water supply system was introduced in

the latter half of 19503 with establishment of the law for it

cand setting up a department in the Ministry of Industry and Trade,

The aim was Lo supply the industrial belts necar major cities

water for industrial use, in sufficient gquantity and of lower

‘quality and cost. The construction cost was partly covered by the

Government grant and implementation of c0ns}ruction, maintenance

and operation was put under the major cities' administration. ‘The
system should bé self-supporting as public‘entcrprise.

In later years together with expansion of the major cities' supply
system, ﬁcw applications werc submitted from the middle size cities
and the numbcf of existing systems will amount about 100,

Apart'frbm the legislative and institutional matters, some interest-

ing fealurcs ave to be pointed out here:

214



* The taviff was about_l/d-l/s of potable water of thé sane
municipalities. ,
* ‘the contract betwecn the consunér and the Supplle] nade
the former tg pay for the agreced amount, notw1thst1nd1ng
the consumptlnn.: It was a kind of norm to the consumer.
* The consumer. was obliged to build a storage tank to prepare
: for uncxpccted failure of supply The storage bapacity was
to be agreed upon, o B o
* The supplner gun)antced the quaitty, re ated to PH tcmpelatur
_ﬂnd lU)bld!ty, within a range. o '
the systems sccm to havc contllbutcd the progress of indus- |
tries in Japan since amnd have heen Dfrfxt]VO‘ln tontlnlllnk
vnorderly lifting of ground water and resu]tlng glound
subsidence. _ Actually the government encouraged IDIPOJUttIOH

“of the 5ystem where: thc prohlcm of pround 5uhqndcnbu was

noticable,

- (2) Lesson -

For the plﬂnncd industrial area, the water supply is so v1tai
that storage of water ‘there is apparently iaportant. So far
the project has not discussed about it, prolrably considering
about the huge storage at Dok Krai Reservoir and relying on the
reliability of pipeline for unccaawng supply.

fn'Japan where the tand cost is extremely high and acquisition
- of land (for the storage) in the existing industrial area is
certainly impossiblé, the prccausion of supply stoppage had to be
turncd over to the consumers who could somchow manage to find
the rocm for it in their compound. '

At this stage and in this country, the considerations given by
Japdnese Government to industries will bc impossible, cven lf

conceivable. s
One thing which is possible and worth consideration is to prepare

storage by the supplicr.

2"15



3.

(3) Storage : Other Use, Location, Size

fhe othcr use of the Rcce1v1ng Resovvoiv is that it can work as

a scdimontatlon tank to treat extraordinary turbidity and to

~produce good quality water for industries.. The locatlon shail

be adjacent to the receiving wé]l Thc size shall be for 3 hrs'

.storage at the design flow rate 2.62 cu. mfsec. ,

" 3 hrs is choscn for the treatment and seems to be sufficient for
the lndUStFIOS to makc cmergency plans to meet the watct supply
failure of long dulatlon. T
The Receiving Reservoir will be discussed in the other report.

(4) Recciving Wetl

The Féasxbnllty Study spOC1flcs 2 minutes volume in 4 4. of the

_Supportlng chort
As it will be discussed in the other report, S minates of

the design flow rate or 780 . cu.m capacity is proposcd by the

Detailed Design ‘Team,

Summary

Thc'Detailéd Design Team, in the beginning of this Report, found
that only a Few conditions'wcfc unéhangcdble. Other matters, even
when they scemed to hn#c been concluded, were flexible and changea-
ble, where review could be made with more sufficient reasoning.

The Detailed Dcsigﬁ‘Team had tried to reason about the principles
of cach facility in the beginning and then to follaw the logical
progress until some conclusion was proved, ‘

The conclusions arge summarized as follows.
(1) Intake Tower

. : ' _
The Peasibility Study concluded the plan under three conditions.
When one condition is removed, a new alternative can be conceived

to save the cost and the construction period. It is worth studying.

2-10



" (2) Head Tank

- The Feasibility Study did not ciabOrate the necessity. With reasoning,
it is proved fo be nccessary to control the water hammer problem,
About the location, structure and size, better choice to save the

~cost can be mude:
(S)l Pipéline
'Abouf_thC'sc]cction éf métcrials the FOHsib;lity Stﬁdy Report
 w0uld be;ter bé-réviécdf ' . -
(A]I'Rccéi#ing ﬁc}l

A larger well is disivable to‘fncilirntc operation.

 The Detailed Design Team recompends a Receiving Reservoir ta be
built closely néxt:to the feceiving Well.

These matters arb to be discussed in the other report.

217
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The detailed design teams' scope of work inctudes some matters about
the prospective filiratinn ptant. 1t says: | | .
The location of the plant will be decided by taking account of
the urban and industrial demands in Mab Ta Put arca and the topo-
graphical cenditions thcre.- The lJocation must bc fulty studied,

revicwing the results of the Feasibility Study.

Together with it, the water treatment process and the stze of

plant shall be approximately discussed and commented.

With the above background, the detailed design tecam subnit a report.
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2. Approach

2.1,

2.2,

.Neccssigxhgf:Trcafmqu

Undeér the Bastern Scaboard Pragram, an industyrial complex is to

“be materialized in 1980 to 2000, io the arca of Sattahip-Mab Ta

Put - Rayong along the shoveline and Route 3.
The pcpulatiph will iﬁcreasu remarkably as a large inflow of
developement - induced tvansmigration occur, adding to the natural

increase of the original inhabitants.

Some portion of the increased population will live in newly

" developed urban avea provided by industries and the public and

private scctors, - Other portion wilt live in and around the existing

cities, towns and villages.

"Not_only the newly developed urban arca but also the existing area

where no potable water supply is available, certainly necessitate
a reliable potable water supply system. o

The industries and seaports consumes the water tvansmitted by the
planied pipeline. Water-consuming-type industries like Soda ash,

chemical fertilizer, gas scparation, sponge iron and stect plate

“are already cither ongoing into construction or under planning.

Non-water-consuming-type industries, some downstrcam ones of the

mentioned and others for supporting of the same will crop out

K naturally or by inducement.

These industries, heavy and light, wvse water for widely spread

purposes in quality and quantijty.

‘With the sitnation of water usage in industries, an collective

treatment is vnrealistic.
Concluding the paragraph, treatment for potable supply is necessary

and that for industrial supply is unneccssary.

Though no treatment for industrial supply is concluded, stil} some

- consideration will be paid.



(1) Intake Tower

Hhcﬁ the water devel in a reservoir is Tow and the inflow from’
upstréam is high, the turbidity might grow high, coused by
crosion of land and by §uspcnsion'of fine clay particles.
1he_men§nrcs wh}ch will be considercd in the detailed design to

-heet the situation will be

Within about 10 m difference between the highest and the lowest

water devel, 3 to 4 intake gaté‘ at different height shall be

plcpalcd, 30 that_ less turbld water is taken by COHth]]lng them.

It also aims to prevent scdlmentatlon in the plpC]lnc

(2) Receiving Reservoir {Raw Water Rescrvoirv)

~Adjacent to the plasncd receiving well, a receiving reservoir

2.3,

shall be constructed, possibly with several hours capacity. The
primary purpose is to prepare foy the supp]y shortage from up-
stream duc to accidents like majfuhction éf.pipcline and power failure.
The receiving resorvoir'can'be so designed as to make scttling of
suspended particles._ In case of extraordinary hlgh turbidity use

of coagulants will accelerate settllng and lmprovc the water qual:ty

1emaxkdhly

-ﬁgfpr Usage in Sattahip-ﬂ@hATd Put - Rayong

Taking into account of the discussion, the usage system will be

shown in the next page:
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Siz¢ -

_?he FeaSIblllty Study Report, in 4 1.2, estimated the municipal

ater dcmand in 1990 and 2000 as 19.4 and 38,2 (32.8 on page 4-3
seems to be wrong, probqbly mistypewriting or mlscalculatlon)MCM/yr
The Detalled 0051gn tcam feels it an nnderestxmate as the popu-

-latlon growth rate ln the study is rather low. (1t witl be dis-

cussed in other paper with factoxs like urban populatlon ratio,

‘petVaS:on ratzo and per caplta c0nsumpt10n)
g1he Detailed Design team tikes to propose 25 MCM/yr. flltratzon

plant (about 1/10 of Sar Sen F]ltlatlon Plant, Bangkok), consider-

ing the szze to be cxpnrdnd 2 times in 2000,

- The above dlscuss1on 1$basedon an assumpt;on thwt a COllGCth

2‘-\6.'

-:treatment p]ant is preferable ‘than scveral plants along the pipeline.

The comparlson, cven if 1t be done with m many assumed factors,

seems to bc flultless.-

‘kggptioq

From the viewpoints of operation and maintenance, the filtration’

plaﬁt is to be run tOgether with the planned recelv1ng well and

L 1ecelv1ng 1eselv01r, Undcr an ordcr system thhln an organization,

It cVCntually leads that the plant is to be located adjacent

'to the rccelv1ng well and the rcce1v1ng reserveir, if the land.

condltlon makes it p0531ble._
The location of the receiving structures are now under study

An approximate. plan of the flltnatlon plant will be necessary
- for selecting and deciding the locatlon of the :ccelVlng well

and the recelv1ng reservoir.
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- Treatment Process

{1) Raw Hater Quality

The analysis of Dok Krai water is shown on Table 9-19, -20, -21 of
the Feasibilit} Study Report,

Table 9-19 is about'thé toxic substances. Cadmium, Cyahide and
chromium are not detected. Phosphorus (in form of 01gan1c phos—
phate) and Arsenic is sufficiently 10w, .

Tahle 9:-20 is about the minerals. Total Dissolved Solids and

Total solids are 68 ppm, 93 ppm respectively, PH is 7. 1.
Table 9-21 is mostly about the substances specified for drlnklng

- purpose. Some items such.as Color, Cu, Zn, Pb, Ba quoted in

World iealth Organization's standards ave not tested,

(2) Industrial Use

The Feasibility Study Report, in 9.3.1, states “The data acquired
in the survey shows that except the TS valve for raw matéerial

water, the use in industyy would pose no problem in matter of

P, TS, hardness and Fe + Mn. 1

. As the data is of the raw wqtel, the statement means it is good

for use of industries without treatment.

“The detailed design team will agrec and follow the line, with

the previously discussed consideration.

" (3) Potable Usc

z

In Béngkok area, the existing water treatment plants have alrecady
adopted the chemical coagulation-sedimentation-rapid filtration-
chlorin-ation systeam and they have been well operated, |

The planned one will follow the process to stabilize quglity and
quantity, to economize man power, to meet the overload in future,
The raw water quality is fit for the process. _'

The system requires electricity, periodical supply of chemicals
[ike soda ash (or slaked Ilime), aluminum sulphate and liquid
chiorine (or ozone generator with electricity), The system will
dischargc ijquid sludge, the residue of treatment.

3- 7



3. Filtration Plant -

3,1,

Components .

Each parts® description is also given.

No;

l .

c2-1

4-1

Name

receiving and
division well

coagulation
basin

chemicals feed-

ing system

scdimentation
basin

filtration

~basin -

backwash
system

chlorination

or ozonization
systcm |

clear water
reservoir

function

receive and divide
raw water for 2-3
identical treatment
lines '

mix raw water with
coagulants for re-
action of absorption
and floc formation

feed coagulants

with controlled rate,

chemicals storage

scttling of coagulant
formed floc

filter unscttled fioc

periodical cleans-
ing of clogged sand
bed of filter

disinfection (steri-
fization) of filtered
water ’

storage of potable
water for in-plant

"uses, sometime for

distribution stox-
age

- An ordinary filtration plant is composed of the fellowing parts.

Requirement

10-15 min. retention,
rectangular concrete
tank of division

watl within

about 30 min. rétention,
rapid and gentle mix-

- ing machine, rectang-

ular concrete tank

“chemical pumps and

tanks with reasonabie
stze '

2.3 hrs. vetension,

rectangnlar concrete
tank, sludge valves

filtration velocity
120-180 w/d, periodi-

cal washing, battery of
rectangular concrete -
tanks, flow control system

direct washing by
pump, or elevated
tank with pump

few min. contact
time, small concrete
pit, chlorinator with
steel container, ‘
ozone generator with
auxiliary equipment

1 hr. retention tinme,
rectangular concrete

- tank with cover,

several hrs. retention
time for distribution
storage



No. . ~ Name

7 mstrunentat ion

‘ ~ system

8 powevr supply -
system -

9 administrative =
building '

10 bui lding for
2-1 and 5

Functien

control and iate-

gration of compo-
nents '

supply power to
components and
instrumentation
system '

electvic, electronic

_preumatic system

panci ad cables

3.2. Dimensions of Major Components im 25 MCM/yr Plant ..

25 MCM/yr. is 68,500 cu.m/day or 2.854 cu.m/hr.

(1) Receiving and Division Well

Capacity : 10 min. of 2.854 cu.m/hr. = 475 cu.m

Dimensions:12.0 m¥ (width) x 13.2 mL (length} x 3.0 mD (depth)

' The treatment system is devided into two identical, symmctrical

lines, hereafter.

(2) Coagulation Basin

Capacity : 30 min., retention or 1.427 cu.m.

Dimensions:12.0 W x 17,0 al, x 3.5 mD x 2 parts

(3) Scdimentation Basin .

Capacity : 3 hrs, retention or 8.562. cu.m;

Dimensions:72 mW x 17 mL x 3.5 mD x 2 parts

{4) 1jjtra§igg_ﬁasin

»

Filtration rate : 140 cu.m/sqnfday or 2.33gpm/sq. ft

No. of filters : 6 x 8! sq.m filtration area

Dimensions : each filter, 11 oW x 9 o, x 3.2 ml
Gallery 7T oW x 35 mlL
Back wash system: clevated tank capacity 400, cu.m.

pump capacity 3.3 cu.m/mia x 25 m head’

3~ 8



3,3,

sy gh}oriaatiSnrsttéé. - -ﬁf

COnsﬁmptioﬁ HE T kg[ﬁr at S'ppm‘rété';

84 v 3w
Fecder : 20 kg/hr ,
Containcr C 3 at. lcast (SB kg)

(6) Clear Water Rqsefvoir_

.Cap1c1ty A hl of 2. 354 cu.

DlmcnSLOns t 20 x¥ x 20 IL x 3.6 nb {effectlve) x 2 parts -

) Instrumcntatiop §ys§dm -

'Ccntcr Paricl Metcrs_ﬁ turbidity 2, oif 2, flow 2,

tevel 2.

Site Panel Meters : chlogine feed ra(e.'COntainer weight

51110, uhcmical tank level, residual chlorine

(3) Power Supply System

(9) éﬁ@ihisﬁgptivefguilding : Office, control room, laboratory,
' rest rooom

.{IO)'gthical House : Soda ash and alusinum suibhatc storve roddh

disSolvihg-gnd storiﬁgftanké two cach
, for sods ash dand al. sucphate
Chlorinatin llouse ¢ Coniainers‘stdre'room, feeder room

't

Layout of Filtration Pland

Shown on the attached sheet . » 2
The Tot is 160 m x 180 a snd intludes the area for the futuro
extension facilitios which are shown with dot lines.

It is for a 50 MOM/yr. flltratnon plent.

If a distribution rveservoir is necded Hlthxn the area, the

space between the Chlorine llouse and the Administrative Building
can bo used for 2 hrs, storago at 25 MCH!yr

3-1 (} |



3.4,

Layowt of Receiving Well, Receiving Reservoir and Filtration Plant

Shown on the attached sheet.
The receiving well received water and divides it into three

COmpaftments, for the-future extension to Sattahip, for the

filtration pland and for the reservoir,

: By the Fc331b111ty Study Report, the flow rates for Sattahip,

_the possxble flltratlon ptant and for the industries in Mab _
“Ta Put - Rayong area are 17, 6, 12,9 and 23.1 MCM/yr, respectlvely'

and making the total 53.6 MCM/yr

ilow to rcgulate cach flow rate and to leldc for the three usages

will be studied sometlmc clse. It is possible by using a
variable - depth weir, ' S )

The recelV1ng reseiv01rs capqc1ty 15 assumed tentitlvoly as 3 hrs.

retention -times of the design flow rate, that is,. 28,300 cu.m,

It will better bo constructed wot hy concrete but by corth dam
with plastié tilm (membrunc] lining, : '
Assnmlng the water depth as 3w, the arca of reservoir becomes

9,430 sq. m. For cmergency tlcatmcnt in case of extraordinary

turbidy, the flow will 21gzag in the reservoir by the walls as shown

on the p1ctuac.
The receiving well, with 20 min. retention capacity, is 3,144 cu.a
and the dimensions arc 30 wW x 30 mb X 3.5 mD.

The 1ot of the receiving reservoir is 155 m square, .

‘The whole arca of the receiving well, receiving reservoir,

filtration plant is 260 m x 410 m. H0weﬁcr,'it can be decreased

by rearrangement of the facitities.

o
.‘;
pu—,



4. lead Losses After Recciving Weil

4.1, In Receiving Well

A 1ec01v1ng well consists of three parts, namely the rcc01VJng part,
7 the befbrc ‘weir parvt and the after-weir part. '
The water in the rcce1v1ng part is turbulant and it is calmed
down by flOWlng through a porforated wall (wlth nany holes arranged
!attlcewlse) to the bcfoxc -weir part.
The before-weir part is sometimes called the calm- flow part.
The after-weir part, often called the division part, is divided
. into several tanks by the walls,
In this project, the three d]Vlded tanks are for Sattahip,the
filtration plant and the receiving resorvo::
The wclr prevents the upstream floy condltlon from Dok Kral to
the receiving well from lntclferencc coming. from the downst:oam-
flow condition and keeps the receiving part's water level constant,
~ The. leId:ng vwalls mch it pOSRIth to prevent interference
to eaLh other, causcdby the three downstrean flow conditions.
The weir can be used- to measure the flow rate also.
The weir loss, con51st1ng of overflow depth and clearance is
- Teasonably assumed about 0.6 m and the loss through the perforated

wall is less than 0.1 m,

4,2, From Receiving Well to Next Tank -

From the three d1V1snon tanke the water flows to the next tanks, the
receiving tanks of Sattahip and the filtration plant and the
receiving reservoir,

Because the design flow rate of Sqttahlp pipeline is not dccxded

the loss ‘of it is, not discussed here,

For the other two, the loss is rather small due to the short distance.

- With reasonable design it can be less than 0.2 m.

3-12



4-3\-1 |

In Receiving Reservoir

The flow in the receiving veservoir is of an open channel flow

~ of 25w x 3 mb. The loss is negligible.

4.4.

4.5,

Sunmery

In Filtratibn.Plant

? llere the turbulance in the receiving well is sligﬁt aﬁd the toss

in the well and interference, if it occurs, is not serious. The -

loss in the well and to the coagulatlon basin is 0.5 m,

In tne coagulﬂtion baeln, the loss is neglmgible when wcxhanxcal

" mixers are_uscd. ~ When mlxlng is done, however, by turbulance

causing:walls, the ioss'ﬁill amount about 0.2 m.

_In the sedimentation basin, about 0.2 m at the ontlet.

_In the f;lt:atlon has1n, a heavy loss due to the san beds‘ clogglng

is unaveidable. . It is 2.5 m at least.
from the filtration basin to the clear water tank 0.5 m loss

wust be considered. .

The above description is summerized and shown on the attach paper.

3-13



5§, Conclusion -

The detailed design teams' conclusion are the following ones:

(1) lLocation

If a filtration ﬁlant of collcctivc treatment for neighbouring
urban area is to be constructed, the location shall be adjacent
to the receiving kell'nnd_fccciving reserveir. |

ft will bo convenient for 6porntioq and maintenance and will

'save the head for distribution,
(2) Water Treatmeat Process

Treatment  for industries is not practical and uniiccessary.
HowGVer,_considcrétioh for extfadrdinary twrbidity is taken
casily and economivally. ! -
Treatment for drinking watcf is_indispenséh}e.‘ The process
is widely used coagulation - séﬂimehtatioﬂ'n.filtfatibn.—

chlorination and it is suitable for Dok Krai water.

(3) Size of Filtration Plant

For 1990 25 MOM/yr and for 2000 additional 25 MCM/yr will be
recasopable. _

Layouts of Filttation Plant and Rcéeiﬁing Well -Receiving Reservoir-
Filtration Plant ave attached. |
'Also attached-is Head Loss in the mentioned system,

3-14
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A

Intloductlonf

'_How to manage the plpellne system aftel complotion in 1984

raises problems whlch are of legal, adm;nlstratlvc,-lnstltu-
tional, technical natune~ | :
1hey a:e now mostly helng piepalcd for by 'Thai Government.
The Dctalled Dcs:gn team will p:opose about - some 1ssucs here

from the vicw p01nts of opelatlon and manntonance.

"The proposal is only ﬂhout tho mattcls conccrnlng to the

operatlon ‘and maintenance. -
Other matters qha]l be conscxvcd hy Thax side and logethel

vith this ploposal, a ]argor organizational concept’ shnll be

formcd



2. :DisElays of . Systen j
2.1; -‘Mo.f Dmgram ‘

The flow dlagram concernmg the supply, demand and the. locations .
of demand is as ol lows : _ ' '

Flow biagram. |

. : AR L _ ' A | : | N ljrn” Y BRI L E }.‘,,",{ou ]
v o N " ’I S enuicrpafs |
"qulkf}{ pamp ! § _ o L [rewietpals .' .-t‘” ipel |

_Head tank | Beeery, el

hioe £t _
0‘.& JM“‘ e : F,?:]:t;' '—:""':;*;:-I": .___.___.__._;__:__‘ﬁ_:_r—“?‘:l_::_ T 3 o
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R e ' eSS s e Bl

2.2, Facii'ifies' in System
~ The major facilities to be 1nc1uded m the system are shown

as follows'

‘ JHMeag Tou ke

 Inpate CPEMp. Ay thscbes

Recess, ahH

- P4 on-off valve~
bﬁ contro} valve
ki flow moter . o
@) 1evel meter ‘ N intake gate
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kperational Prlnc;p!e

3‘10

3.2,

Background

——

The Dctallcd Design Team had a meetlng with the cnglneels
of Met10pol1tan Water Works Authority (MWA) to collect

- informations about operational practice in Thailand.

The findings are as follows:

- * A similiar pipeline is a 0.90 m dia. ductile cast-iron

pipelihe of 10 knm length for transmission from Chaophya

river to Thonburi Filtration plant.

* the purp MWWA is using are mostly of axial flow or
‘mixed flow type. The largest ones' capacity is 400 msfsec.

* Control of the flow rate is by changing the number of
pumps under operation,

* Power failure will occur 1 to 2 times per year,

‘*‘Grders from the headquater to the stations are sent by

public telephone and/or wireless. MWWA has its owd
radio stations authorized officially,

* Operations are carried out throughout 24 hrs. In each
key station, 4 teams are engaged alternatively on 8 hrs!
shift. A team is consisted of one engineer, one to two

technicians, two skilled laborers,

-Conditions to be considered

3.2.1 Location oF_QBpratipn Center

To control the flow rate and the level of pipeline

system under planning, various methods have been concexvcd
cand evaluated Lonpaiatlvel) The conclusien is that

the center of operation 1s to be at the receiving well,
The discussion will be reported in other Report.

“Aside from the said technical reason, other following

factors are considered in the conclu510n.



* Adjacent to the Recelving Hell, a iarge Rcce1v1ng
Reservoir will be constructed very possibly for storage
of water, . Furthermore, in case a collective . f1ltrat10n :

"plant is found necessary in the area, it will be better
set up nea1 ‘the Well and Rcsorvonr than in other.

tlocations. These faczl1tles can be easily operated

- in c00rdlnat10n hecausc of closcness.

* From the" Rcce1v1ng Well, the water shall be transmltted
to Sattahlp area, When the line comes under opera-
txon the Receiving Well will be located around the
dedlc of Dok Kral and Sattah:p.xn a strategie point.

* In principle, a water supply system is an 1nst1tut10n
'to serve the customer. It must be sensitive and -

. rcspon51ve to the customers" changing requirements,
alert and ﬁaitihg'- The largest and the second ]argest
customer is Mab Ta Pud and Sattahlp area

3.2.2. Conditlons of Operatlon Norm1l and Fxtraordlnaxy

In order to undetstand the operat1on, wWe w111 see what
condltlons will occur during normal. operation and what

will bc the cxtraordlnary conditions e must prepare for,

(1) Normal OBeratlon

Normal Operation
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='1he above plcture contains folloulng apparatus'

Flow Moter C?:)(lqt)<§;> at pumps' delxvery, ReceiV1ng

Well Gas Separation Plant

-LeVel Meter (;j) . at head tank

Control Valve(:j)(fv (f&) at pumps' delivery, Rece1v1ng
_ Well, Gas Separation Plant

Pugps | ~ 5 No.s at the maximum with onc
' Stand~by

Electrode ~ High and Low water lovel of llead Tank

The functlons of cach component will be :

'Plow Meter(:ﬁ) for the Engineer's judgement to- contnol
the flow . :
(:ﬁ) for confirmation of purp's dellvaiy
93 for confirmation of Gas beparation
i\ Plant's inflow :

' Levéi_Meter(}€> for the Engincer's judgemeﬁt to“
C - contrel the flow, K

Control Valve (Ev fox contro]llng the flow and the head
s tank level
ﬂf} usually open, lesed only when necessary

usually open, closed in éase,of:: _ .
Qé;}thc power failure by the Engincer's order.

Pumps . Seasonally and yearly the nusber is sot.
; One pump is operated in relation with
the electrolde in the head tank'

Electrode The high and the 10w actuate on« off of
one pump, )

Under the normal operation, the Engincer sot a flow rate
after COgtrolllng(;;) and the Operator at the Rec»iv:ng
Well is ordered to keep watch on (Eiq;hhether the floy
rate is kept. The operator is also to keep contact with
the pump station and the Gas Plant to be informed about
periodlc. (} reading.
As the flow rate is controlled at the. Rec01VIng Well with
» the pumps! pumber under operation is controlled
by the head tank's fevel. For instance when the set flow rate
is between two and three pumps 'capacity, two pumps run

4~ 6



COniinuously and the number three pump, controlled by
the head tank's level, starts and stops periodlcally
accordlng to the set flow rate, _

In this way the pump operatlon is automatic.

When the set value of the flow rate is Lhanged by
ad;ustmcnt of the control valve Kfi) the period of
on-of f of the number three pump changes corrcspondlng
to the new flow rate.. '

'(2)'Requirémenté on Gas Separation Plant

The Gas Plant is requested of the following conditiohs;

o Prepare its own storage tank in the plant so that the

- plant can manage with the storage, in case of CMEYZency,

* As the conmection is hranched before the Receivihg Well,

- in order to aveid any cffect on the main! 's flow condltlon,

 the Hfall- out" sepalatlon is most preferable. Installing
a check value may be tolerable. ~The direct conncctiqn 1o
the plant's distribution, especially with a booster pump
in it must be prohibited.
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* Tﬁe contfb] valye, even if it belongs to the plant
ownersh1p and it is installed within the property,

. must be operated only under the ‘approval of the
Englneel or by the operator of the supplier,

* Tb keep a steady flow, an automatic control system
consisting of the flow meter and the control equipnent
is' preferably to be installed by the Plant,

Automatic Control

{; - .4--._."-..___.. efectaie sa f‘wuutf-;c

Q_') 'l - . pewen
'm o S — P4 Lﬂ__:_(‘ et

cenfao e

fow mﬂ'm
(Senscr)

(3) Flow of Information under Normal Operation7

‘The flow of information necessary to operate the system
" is shown below.

everyday ggpratiOn
head |, -
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A .t ef{ /,1 w,
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‘ . . ‘
Khen the flow rate is changed

The Engineer orders the Receiving Well to control the
valve and wait to see if the desired rate is attained.



(4) Fxt:aordlnary QEpratlon Power Failure

In case of the power failure, all the running pumps
will stop. The level of the head tank starts to
fall down until_the valves at the rccaiving well and
the gas plant are closed ihmcdiately.

PrecautiOn‘by Detailed Besign

.The deotailed des1gn team takes precaution agalnst
'emptylng of,the_hend tank, It assumcd that the time

requived for closing the valves is 20 minutes and the
‘tank is to have 20 minutes minimum storage for it.
'Flow of Enformation and Means taken

The information shall be conveyed and the means be

’-;tékénzas follows:

The pump station report the power failure to the Engineer
and then checks about pump, air chamber, electrical

equipments,

The Engineer alert all statioms and put the system in

Malert station'. ©

The Engineer orders the receiving wall and rhe Gas plant
. to close the valve. and vequest reporting back to him
.after the operation.

The Engineer orders the head tank to report to him the
chahgc of level, continuously untill it stops,

When the situation of pump station, head tank, receiving
well is confirmed concerning the complete stop of the
pipeline, the Cngineer reports to his superior and makes
inquiry about the possibiltity of power's resumption.
 Then if hecessary, he informs the customer about the

) situatiQn.

The Engincer orders the operator in reserve to make
ihspection of.thc pipeline, especially about the air

valyes on it,

When the power supply is resumed, the fblldwing steps are
needed until the pipeline comes under the norma) operation.

4-9



* The pump station reports about the powér supply's resumption
to the Engincer, ' ' |
*'Therﬁngineer informs all stations and checks about
the water tevel of head tank.
* The Engincer orders the pump étatiOn to start the
punp one by one, Chcéking with the head tank's level
and with the valves apening of the receiving well and .
‘of the gas plant. ' |
* The Engincer orders the air valves’ situation to be
reported by the eperators in reserve. Where air-sucking
was apparent in the inspection after the power failure,.
they shall be waiting to receive the order, preferably

with a walkie-talkic and stay till the air is exhausted.

*.At_each stage of the increase of rumning pumps number,
“the steady flow‘condition as indicated by stable flow
vate and the head tank level, must be attained before

proceeding to the néxt stage.

* ‘The operators at the valves of Receiving well and the
Gas plant must report the flow rate and the valve opening

simaltancousty.

* When the f!dw condition, same as before the power failure,
is attained, the Lngineer will ovder the operators . '
in the field back to office and velease all stations from .
falert station” fo'”normal statjdn".
3.3 . Othor Fquipments -
With the above discussion of operatiOndlkponditiOns, the
'equipmcnts will be necessitated as follows:

(1} Communication Means

The discussion includes automatic start and stop of the pumps
corresponding the limit of head tanks' level. It necessitates

a signal 1ine between the pump station and the head tank.
Although only the clectrodes are nentioned there, the level
sensor for continuous measurement can also be used.

4-10



- Besides the signal line, a telephone system is necessary for

cVéryday‘s ppofation. However, the problem with the public
:tcleph0nc system is the limitation of nunbor of the Circuit.
In case an CHETEENCY OCCUYS vhen they are €ully engaged
nothing can be done. o

'Both for everyday's operation and for cmergency, the radio
pémmunication seems desirable. Apprdval of a radio_s?stem
by the‘reiqvang authority including allotment of the frequen-

¢y, preparing for qualified radio operators, pufchasing the cquip-

went and setting up the radio stations at the pump station,
head tank and the receiving well must be arranged as carly as
possible. Walkic-talkie will be very handy for inspection
ﬁatrol of the pipeline to communicate. In case its range is
“short to reach the Engineer, the message can be 1elaycd through

a nearby stataon within the range.

(2) ovitiry
For inspQCtion patrol, a jeap and/or a land cruiser is convenient,

3-4 cars will be enough.

4

4, Maintenance Prinéiple

:411{

Conditions to be'considered

B Generally speaking, transmission plpellneq do not have much
- malntenance problems, when comparcd w1th dxstribulton plpellnes

and service connections._

Usually along the pipeline, the pipe stookyalds for spare

pipes, 301nts, small valves shall: be prepared, in order to

meot accidents like leakage and burst, Spare pipes will

be alwost unnecessary as the p;pcllne is made of stcel and
other materials can bo casily brought to any place as the
pipcline'runf_along'thc_good highway.

Warehduse, fard, Workshop

A #arehOuso with yard, located at Dok Krai, shall bhe used to
store the small idems 1ike air valves, check valves, joints
and the spafe parts like rubber rings, packings, bolts and
the large items indoors and outdoors, !
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4.2,

4.3.

‘Also. to be stored are the Spare small electrical and mechan1cal

gadgets for upkceplng the pumplng station,

A workshcp with tools and simple machineries shall be

prepared fbr mlnor works of repairing.

Check LiSt and'Recbrd

'Major 1tems like pumps, motors, compressors for the air chamber

flow and levol eters (including sensors) 1nd electyic circuits
shall be inspected regulaxly _Also nceded will be overhauling of

‘some equlpments.

The checking schedule must be flxcd and obsorvcd and the
checkung 11st for various items be prepaved..

The record of 1n5pect10n, overhaullng and repar1ng mist be

- preserved.

Water Analysis .

‘The pipeline system is for delivering water to the customers.

The customers are entitled to learn about the quality of

_delivered goods, the water. COnSequently;making the water

analysié and reporting about theé result is the suppliers
obllgatlon, if not responsibility, _
The water of Dok Krai ‘Reservoir is swtlsfactory for general

' use of industries as far as the available informution shows.

One thing which may ‘occur but has not been cxperienced is

“high turbidity.

The frequcncy of water analys:s is to be con51dc:cd hcre.
About 1norganlc matters, remarkab]c dlfferencc will be scen

“between the dry season and the rainy ‘season. About the

inorganic matters; seasonal chango will be slight while it
is sometimes noticable duo. to the algae growth in countries
of-the_tcmpgrate zone. Probably four times per year xncludlng the

- dry and rainy scasons will be sufficient in-making the analy51s.

A laboratory will be unnecessary for some yecars unt;! the
water is put to use for drinking purposc, Then the frequency
must be increased, the items of analysis must be decided and
the laboratory shall be sdt.up. .

Till then, the water analysis will be better taken care by
some public institntiou which has facilities of water analysis.
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‘ Organizatlon for Gpexatlon and Malntcnance

An organzzatzon chart includmng some requiacments is to be

:,dlscussed then a table of personnel with uorklng candltion is

‘to be proposed

5.1,

Qualification of Key Personnel

‘gfganiZatioh Chart,
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The above chart shows how the operation and maintenance

will be organized'énd how it will fit ia the whole organiza-

tion.

The requirements of personnel will be desribed below:

* the director and deputy directors are to have sufflcaent

educational and vocatlonal background and some admlnlstrative

.echrience.

e

% The Engineer in charge of the operation and the maintenance

-are to have educat ional background of civil and/or mechanical

- _'engineering



. O'rgani_zétion‘ Chart with Number of Personnel
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»

»*

The Chief Operator heading two to three operators and the
chief of inspection and repair team are to be technician,

having years of vocational experience.
The operators ave to be skilled laborers.
The store-keeper shall be selcctcd mostly on the experience.

The water analysis is included in the work of Engxneel in
charge of the maintenanco:

Formation of Opefatorsf team and Tnspection § Repair team
{1) Operators Team

‘Depending upon the importance of each station and considering
the hardness of operating conditions, bath physical and
mental, the following formation is thought out;

Station
* Receiving Well I chief operator
| 2 Operators
* lload Tank - '2- Operators
* Pump station I Chief operator
. ' 2 Operators

Reserve _
* Engincer's office 1 Chief operator
_ p
2 Qperators

(2) Inspection and Repair Team

* Engineer's office 1. Chicf mechanic
' 1 Mechanic )
2 Skilled laborers

Working Condifiqgi

(1) Daytime gnly
The headquarters staff,the store keeper, the aperators in
reserve and the inspection and repair team are to work only

in the daytime, following the organization's rule.

415



(2) shife
The Enginéeré and operators are to work at § hrs, shift in
fotation, s0 that 24 hrs oporatlon is bclng kept.
MWHWA ‘seems to take 8 hrs shift by 4 tecams® rotation,
By calculatlon it W111 mean 42 hrs work per week, move
) woak:ng hours than ordinary which will need some extra
pay.' S teams! rotatlon and 33.6 hrs per week may be
better, ' _
It should be conéludcd considéring lébour law, governmentl

regelation and labor practice,

=g
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Noto
Sk ‘The table dées not include conmon ]abOrer for
' mlscellaneeus use. _ '

"% The Gas Sepavation Plant's operation is to be
~under 0perat6r at the Receiving Well It s
not on the table. '

¥ No. of‘shift tcam is assumed as $,

* The double-frémed part is:for shift work.
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Introduction

The study aims to comparée various mcthods of contvoling the pipeline

and to decide which one is wmost suitabie for the project,

This study stands on a prerequisite.
In the pipeline system between Dok Krai and Mab Ta Pud, a head
tank is found indispensable in order to contvol the water hammer

"cffcct and to plotect the pipeline from belng emptied,

The head tank!'s nece551ty and usefulness arc dlscussed and proved

Cin othel rcports

" The necessity of flow control is, ncedless to-say, - in operating

‘the pipeline system, At the upstream end of pipeline is Dok Krai

reservoir of 58 MCM and 1ifting water does not cause the change

of water level practically. At the downstream end of pipeline are
Receiving Well and Receiving Reservoir having 21,000-m3 or 3 hrs!
storage for the desigﬁ_raté'bf flow, -

The control of flow in the pipelihe which has such sufficient storage

'capaC1ty at the ends does not heed to be very sensitive and delicate.

In the actual opcratlon in the foresceable future, once a flow rate is

'sct_up’lt will be kept unchangcd for several months at least.

ncfe) three methods will be compared in the study.
They are by changing the unit number of pumps, the valve opening

and the rotation speed of pumps.
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2, Control by Pump Unit Number

Fig. 1 Shows the system and Component.
‘Fig.1_System and Cqmponents:"
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(1) - Setting of Flow Rate by Control Valve
The flow rate is decided after cohsi&cring varioﬁs:conhitiOns.
The operator at the receiving well adjusts the Openingléf
c0ntrol valve, wétching the flow meter, until thé desired .
rate flows correspondnng ML, (Middie Water Levcl) in thc _
“head tank. ' '
Then, the vdIVe will glve a constant loqs to the systcm as

~shown on Fig.i. |
(2) Between Punp and Head Tapk

The pumps are connected electrically to the WL {Migh Hatcl
Level) and LWL (Low Water Level) in the head tank.

' Suppose the set flow rate is in between the flow of two

pumps and threl pumps.

“Two pumps are so set that they run unccaszngly and
the third pump is controled by the two levels. As the set’
flow rate is short of two pumps flow, when the level comes
down to LWL, the third pump starts automatically,



and three pumps flow is excessive for the set fiew rate,then
the water lovel gradually comes up until it veaches HiL
whéte-the third pumps stops autowatically again.

In the head tank, the water level repeats its up and
down cycle.  ' )

(3) ?etwcen'ﬂead Tank and Recciving Well

'CofreépOnding the undulation of water level in the tank,

the flow rate botween the head tank and receiving well

also changes poriodically. '

quéver; because of the pipoline length, the given head

loss ﬁy the control valve and the selected height between
CHWE and LWL, thc change of flow rate is small and the Tlow ra£e

e is close to the set one.
(4) Flow Pattern .

Between Pump and llead Tank

* The third'pump runs intevmittentiy following the pattern

_shown below:

Fig,2 Flow Pattern, Pump to lead Tank
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Within dng‘cyéel T, the third pimp vuns for T!. If the
flow rate pow pump is given as q, 3 pumps run for T' and
2 pﬁmps'do for T-T' in one cycle T, making the average
flow rate: | ‘ - *

' 1 =
3q T ; 2q(T-T" ) - 2q + Q.TT

Between Head Tank and Recciving Well

As is easily undeystbod, the set flow rate qubted in
(1) must be the average flow rate, 2q + q.T'/T.
The flow pattern_betwécn the head tank and the receiving

well will be shown below:

Fig.3 “Flow Pat;ern,'Head'Thﬁk tq_RecgiVing'Welf

o, jed gycle ,r' 1 cycle .
§L i o _ P _
sl o B R At P
g . \\“}/ e i ~ % U.i 5
e ' g & E
i, I o8B
AR - £ 9 g_
L_..;_.._'.'._ PN _..L:_....}__._.__- g ——— "‘% ‘i' '{‘{-\,
: . - o
P Time
T |

bue to the frlctlon loss of plpellne and the vaIVe loss,
the stepped flow pattern of Fig.2 is smoothened to the
wavelike flow pattern of Fig.3.

Overiapp1ng two flow patterns.

Fig.2 and Fig.3 overlapped,as for the time and £lom rate ,

will-be like F;g.4.

Eﬂg;d Fiow Pattern, Ovérgyuggl
’ 0 : . .
-~ Pump to Tank:

~---+--- Tank to R, Well
= —-- - Average

':;.._,J ' ‘:;M::J _1 o A

L s entne e et ek e e e

-
T

Flow: Rate

Time
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- 3. Contlol by Valvo Qgening

: l1g 5 Shows the System and Components

F;g 5 Sgstem and Co¥ponent

Receiv., Well .

Delivery  Nead Tank
Hydrﬂullc Q j} t
AT -/
1 . . _..-"'- . © /j‘
e ST - \ . P
RO | - Mw; A - SRS
’. . H !t-"_-_'h ," TN TR~ 3 . - '( - . . S
S o N ' ) ' o Ao
! :‘x o l///'___w._ﬁ‘“%\::_. e : [,/’ )
Lo _ ‘. : / . ‘ | . ) ”‘*—-__E__:::mh‘ \‘ﬁ—.-’—%—dﬁ_m_‘._
' ‘F?)"'{f“‘ Plgwperer.. iyl
/. NLoptrol Valve . ' s
= Dok Krai i, ‘ : ‘ B _ '
TEETL  NQpuwp L _ ¢ _Gontrol \alve

| Flow Heter -

m Pr1nc1ple
the pzlnc1ple is that the pumps supply capacity must be
always kcptflarger than the set flow rate and the excessive
 flow is cut by the valve at the pump.
Suppose 2.3 q, q being the capacity per upit, is required
_and'3 pumps must be run. .The excessive 0.7 g wust be cut
by the valve. |
(2) -Sétting of Flow Rate by Control Valve
Sgtting of the flow rate by the'coﬁtrof valve, while keeping
the water level around MWL in the head tank, is the same

. as in the case of control by Purp Unit Number.
'(3) ‘Control by Valve Opening
The flow from the pumps is controlled by adjusting the
opening of valve. 7dhe change in opening causes the change .

of flow and it is seen on both the reading of near by
flow meter and the water level in the head tank,

Ml @



. The judpement on whether open or close the valve at tho
‘pump can'be done Solely from the water lovel's posntlon.
If 1t is above MWL close and vice versa,

The wost poss:blg cause which necessitate the contvol

will be the change. in Dok Krai water level,
(4) flead Tank's Role |

Whithin the head tank, to cqualzze the inflow and the
outflow complctely is 1npcss1blc and even after the water ~
level 1is stabilized it will chwnge gradually due to the
slight difference between the in - and out- flow
The level's vise or fall must be counteragted by the
valve's closing or openiﬁg manuallf _
To- contro] the level change automatlcally, two level _
switches above and below of MWL can be set to operate thc _
control valve towards closing and opening dircction,
The elcctfica] connection will work the control system so
‘that the surging level slowly converges to MHL as shown
on Fig.6. ’ '
" ¥hen' external disturbaﬁce like Dok Krai's level change
" oceurs and affects the flow, the valve at the pump station
shall be opefated'until the flow rate wi-1 be controlled

to converge the set rate,
(5) Flow Pattern

The flow pattern is not so specific as in the case of

' pump unit npumber. It is random as shown on’ P1g.6.

F:g .6 Elgﬁ%ggttcxn

Flow Rate

s Start. Balanced, Balanced
b T ' A(steadylﬂ r(steady)
P !
) - T -.:2,-_.1‘ FuE T - 74:7::"."‘-7‘“‘.7:':-
TR
Change of Water Level, Dokﬁgggi
;
Time
rremem—s PUmp tO Tank
wves----- Tank to R, Well

v e - e- .. Set Flow Hate

T-1- ¥



Control_by Pump Rotation Speed

Fig.7 Shows the system and Components

Fig.? System and Component

Delivery | Head Tank _'_ ' ) :Egceiv..Wel{
IO o _oMydraulic Gradient. -
. -:»'::.,, e L 5 . GJ_-
/ - JRRREES e
¢ ’ - N //’ -
f‘ - . . T ‘\_); ’ i
Y]
Cﬂ:- | N

::'»_1?‘31._‘:'_5?%-?-[‘[;} "N

[ A

“\Variaple Specd Pump | Control Valve

. | o | . iFlow Moter

(1) Principte
Thcfrotatibn spced'of motor is varied and the flow rate
changes accordingly. -
(2) Setting of Flow Rate by Control Valve
As was explained in the previous two methods, the same
~operation is carried out here,
{3) Control of Rotation Spced ~

- As was explained with control by Valve Opening, the
water level in the head tank must be relied on in controlling
the speed for both manual and automatic operation as in

case of contvol by Valve Opening,
. X

(4) Plow Pattern

The flow pattern is similar to Fig.6,

7-1- 8



j_' 5.

DiScussidn_befbre Comparison

(1}

Pr1n01ple _:

The prlnc1ple is the same W1th three methods

:'Once the flow rate is set between the head tank and. the

r':rece1v1ng well, the control of flow is done by three
dlffbrent methods. “However all of the three are in
"common in that the control can be relled on the water level

: _1n the head tank.

AL three methods can be worked both nanually and

'izautomatlcallya_

@

Actual Uses of Threc Methads

. The Pump Unlt Nuiior Control is wlde!y used in transmission

"11nes, chem1cals fced1ng lines and small treatment systems
“where the flow 1ate {is approximate, a slow response to
'change of cond1t1on is tolerable and a simple control systcm
- is favorable. The ValVe Opening Control is also used -
t'w1dely in the fllter control of treatment. plants and in
_: the p1pol1ne of reacting equipments in chemical _plants,
“'wherc the fiow rate must be exact and a quick response to
'chﬂnge of condition is wanted,

“The Pump Speed Control has been used in recent years in

'3the dlstrlbutlon network of the water supply. ‘The change

(3)

of speed is activated by the pressure of distribution

line. For 1nstance, when the water consumptlon is remarkably

reduced and the preqsure in the plpellne increases as the

'result the pump speed is slowed down to protect the pipe and

”'to consche thc electrlc power.

1

RGQuirement of Planned Pipeline

Before'éomparing_thé three methods, the requirements must

'_he roviewed.

Plow Rate and Response o .

'Rosponse'can be slow with the same reason.

Exact flow rate is not needed, as the receiving reservoir
of large capacity is pfeﬁarcd. '

e



Sinple and Roliable Control

As the opefaQiOn persoﬁnel are expected inexperienced

" at the initial stage, the simpler mothod is better
understood, operated and maintaired.

The reliability invelves both human a,ﬁd nonhuman factors
‘and if the nonhuman factors like easier.undcr_slaﬁc_l_iﬁg,
operation and maintenance are cohsidered, the simpler

one will be more reliable.

Conservation of Energy

Needless to say, the method which consumes less e'tiergy'

is preferable.

71~ 10



6.

As for the initial cost, the Pump Unit Nuiuber CaMvrol

f?’ 3

LComEariSOn

(m

Flow Ratc and Response, Slmpllczty and Reliabtlity

By Prlnciple, the control by Pump Unit Nunber is. the :

_s1mplest as it needs not be exact 1nd_quxck respondent.
1t can be séen from the appiicatibﬁ of the method.

To make the matters wofsc-for'the control by Vaive

_0pen1ng, it may cause the pump s and valvo's cavitation -
"resultlng in the poorer control functloning ;f; _

Cost

is- less. expcn51vo than the othor two Bethods bﬂcausa of

its simplicity. As for the energy consuaptton or.
' runnlng cost, Pump Rotatxon Speed Control is the iewost,

as the method has been developed for that purpose. The
Pump Unit Number Control will use a little more énd the

Valve Opening Control wil) use much more, than: the Punp

Rotqtlon Speed Control.

~ The maintcnance cost for the Valve Opening and Pump

Rotation Speed control ~methods ane pretty hlghor than

" for the Punp Unit Number method, as the latter ]S far

: simpler mechanlcaliy

Head T1nk's Capacnty ' ;f;§5f3=f

Fihe Pump Unit Nusber Control nceds a little ﬂore depth

about 2 meter, than the other two.  The extra dtpth

'does not affect much in the cost of about 20w high head

tank,

Pet- 11



Conclusion
~0nclusion

As can be seen in the previous discussion and comnparison,

- the control by Pump Unit Number is ;

* the simplest and the most reliable for the planned
- pipeline '

-* the cheapest in the initial and maintenance cost

* the second cheapest in the running cast

* in need of a.sjightly extra height of the heéd'tank but

the cost increase does not matter much.

Coﬂclbsivély;_it shall be the choice.
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1. INTROIUCTION

Compafativc Study of Flow Control System has proved and concluded
that the simplest, lowest'in‘coct, most reliable method in con-
troling the flow is Pump ‘Unit Numbcr Control _

Needless to say, in the réport 'the control method is d1scussed

in plln01p10 and practlcal ‘matters, in order to be compared with
two other methods. _

In thié‘report;-hydraulic study will be mado-to‘exéminc the fluc~
tuatibn of flow and the periodical surging of the head’tankfs wdtcr
level R ' S o
Also here, the pumps‘ schedule of operation will he studied, in

relation to the head tank's water level.

2. EXPLANATION OF CONTROL

- 2.1, Facilities and Fquipments

rig.1 shows the faciliti¢s and equ1pments used in controllng o

»

thc flow.
‘ Fig.-1 _ Facilities
‘High & Low Water Levels Head Tank Recelv. Well
. H
e T | |
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(1)

@

N

- ®

'Pumps and Pumps* Programmer

Depending on- the sot flow rate, from 1 to 5 pumps will

1ift water. Actually 6 pumps are prepared to have 1 -
‘stand-by in case. 5 pumps ave run. ' For maintenance reason,

each pump is run in turn and the programmer is used for

the pufpoSO. On Fig.d (:) and (39 are. the pumps and pump

pxogrammer respcctlvely

;Level (Pressure)-Sﬂitchos in Head Tank

To start and stop the pump, two level switches mist be
installed in the head tank, one “for the high water level
and another for the low water level. They are symbolxzed

‘95 ﬂ) and \““) on Flg 1

The gap of the two levels relates to ‘the period or cycle of

surging in the head tank. ‘The level switches can be of

various types, such as electrode, contacts on pressure gauges,

 etc,

'Control Valves: 1nd flow Meter at Rccelwing Well

These are for setting the flow rates. .
The control vaive, clectrically driven, can be turned both
dire¢tions and be stopped at any pOsition; The operator
‘can adjust the valve dclicatelyé checking with the reading
of flow meter, until the desired rate is set and steadied.
Heré,_causcd by the surge in head tank; the reading of

fiow meter will sway and it will seemingly make the adjust-
ment rather_difficult.

The sway is practically very small by hydraulic reason, as
it is explained later. o ' '
The valve causes the loss in the pipeline and it is effec-
tive in stcadying the flow.

L

. Hydraulics of Pipeline

(1)

Hydraulic Gradient
Substituting the roughness coefficient C = 120 and the pipe
diameter D = 1.35 m into Hazen-Williams formula, it can be

“transformed to

= 3,522 x 10'4x QI‘BS Q : flow rate, m3/séc
' 1 ; hydraulic gradient

't ~2= 3J



- With the fomula calculation is made on 5 cases of Q, that
s, 100, 80, 60, 40, 20% of the 6051gn flow rate 2 62 m /sec.

The‘resulf_is shoim on F1g.2.

Fig-z Hydfaﬁlic Gradient o

Ggqy  Pmp o Hewd Tamk - B vl
o lisdo
. 5 . | . . B “‘"_‘_\‘ 7 .
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3 : e L = 100% of design flow rate
wog L enn s ' :
8D, R ' ol .
‘ o Tteys . 7 -BO%
,'_ . e - - ‘L"ﬁx—?
U g Totew A%
- .-‘____ - e Al . - - - . .- 2
S0 ' T
42,00
10t % ()

2} Controllng Valve at Rece1v1ng Well .
As is seen on Flg 2, except the two cases 100% and- 80“
the 60, 40, 20% lines fall below the head tank, also
shown by dotted line.
It leads that the valve must be so controlled that all the
lines can stay in the tank, in order to let the pipeltine

work and to make pump unit control possible.

+

Well



j-? - fjg~3 Controling Valve at Recexviqgmyell o ‘1:}3§
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‘As is secn on F1g 3, nearly 40 n head loss shali be: given
by the valve, in case of 20% flow of the d051gn rate.

. 3For purpose of control,.the head tanks level shall not

" necessarily be kept at 99.70 accurately,

23 Fluctuatibn o'f.Flow between Head-’{‘ank and Receiving Well
 As it is quoted before, the flow rate is proportional to
- . 0.54 powers of the hydraulm gradlcnt

lGenerally, the equatmn is :
' Q k T
As the hydxaullc gradieut is equal to the head loss divided
by the plpelxne length the above equatlon becomes !
g = ke 23 |
~When the water level in head tank rises from LWL (Low Water
Level) to HHL (iHigh Water Level) and accordingly the head
loss changes from H min to U max, as shown on Fig.4, the
N flow rate also changes from @Q to Q + AQ '

0.54



Fig-4 - Fluctuation of Flow |

Head Tank 1 Receiv. Well

AQ,the increase of flow, is caused by the jntrease -of head

loss which is designated as AN = H max-} min.

Using the previously quoted equation :

- @ = k' H opin _
©Q +AQ= k' Hmax = k( min + AN)
from the two equations, an’approXimatc cquation is lead:
AQ 1 g.5p BN |
Qo ¢.54 - H nin
In the cas¢ of the prbject-pipelihe, as =hown on Fig.3,
H max = 99.70 - 60.00 = 39,70 m and  #, the gap between
1L and IMWE can be reasonabiy assumed about 2.50 m,
Then, U min- = 39.70 - 2,50 = 37.20 :
“Substiting the values of if nin and o
AQ . . 2,50
27 "M X - 0.0% - 3.6

o®

Under the discussed'condition, the flow rate increases only
by 3.6 per cent and as the change is 50 small that the flow
rate can be cogsidered as steady for practical purpose.

2,4, PFluctuation of,Fiow between Pﬂgﬁ;ahd Head Tank

(1) Sectting Flow Rate o
At the recoiving well, the inflow is practically steady and
the dosired flow rate can be set without difficulty by con-

troling the valve.




The control of floy by Pump Unit Nunbor is a stépping '
control flow as it {s oxplained in Report on Comparative"
Study of Flow Control System; - 7 ;: L
| AccOrdfneg, the sot flow rate can be put'down as nqw(q,
| - where q is the flow capacity per pump and_{a( is hctween. o
.and 1, :
.'j The set flow rate is between nq and (n+1)q and it ;éhal_I
be attained by vunning n number pumps continuously and the .
(w41} th pump inteimittently, | '

(2) Pump's Operation ,
-Fig.5 shows how the pPumHps output chénges against time.
The abscissa and ordinate are 'graduated:14ifh.the_cycle'
(pefio'd) time and the capacity per unit pump, -

'__Pigf:S-' Change of Pumps Qutput Sk '
LT E— ' L
S PR we oo . Mean
G . :
S : . ) N+ q X Ty/T
3o — R
X s ' .
-3 .
. . ) _
RLS N o
—-“'__’—‘-‘h'-.-_“.______‘_-'-‘ﬂ—**_f-—-_..f e "' A ——
O b | 4 ;
SR o  Time (unit ‘cyclé T) o

‘As shown on the figure, .n nw;ﬂ;er pumps run continuouly-_
while the (n+1)th pump repeats TL time running and T2 time
~ stopping during one cycle time T, the _méan olgtput..'i.s.
calcuiated as _ '
- mtqx T or ng+qx TIfT
. TI+72 .

While in the..Foregoing paragraph, the set flow rate is
oxprossed as nq +4 4, ) | _ o | _

As the pumpst output is equal to the sot flow rate

c_i.q-.s' q X TI/T or & = TL/T, ool < 1

7-2-



- Needloss to say, the (ml)th pump stops when the water

'- level comes. up to HHL, as (n+l)q is larger than the sat
.-rate g +¢q and the balanco is gradually stoved in the
‘t‘mk, pushlng tho levél up. - And the pump starts when the
:. -watm level c0mes down to L¥L, -

7-2- g



3. HEAD TANK'S ROLE IN CONIROL

3.1, Change of Wator Level
Fig.6 shows the water level's rising and falling.

+

Fig-6 Water level Change

Rising -~ Falling
. ' | . P
{ntl)q (n+x)q g ] 7 Hnedq o
e ——————p . LTty ; i - el .

When the (n+1) pump is rumming, the balance of inflow and
outflow {1-dlq pushes the level up and when the pump is
kept stOpbed,'thc batance ¢ causes the ievel fall.

In both cases of rise and fail, the sbeed of level change
is'constant as the balance of flow is constant.
Accordingly, the change'qf head tank's tevel, the inflow

and outflow relates as shown on Fig.?

Fig-7 Change of Inflow, Outflow, level
PRI | 1} 3 €

et em =~ Qutfiow
e -~ Levet
' hnrl e iy .
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: o ‘, \‘ i v 'J‘
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5, Pl w
~ N et
e
,..“_,_ » e e
4

Time (unit cycle T)

Level



.'-Qz_}e Flme

The cyclic tlme of rzse and fall must be studwd.
The tank's volume botween HWL and LML is designated as V.
';The times 1equ1red for rising and falling can be
;expxessed as !

,-riéing ilzd 4
" falling 'gﬁ

"~ And one 'cyc,le'.time is ¢

E o1, _1{] 22 o3

q " 1-d T a? T g td@1)
As V/q becomes a constant valve i;hich' is determined by the
taﬁk's_ size, the positioﬁ of llh‘ll énd LWL, unit pump's
éapacity. the parametOr affects tha cycle time,
F’ig.s shows the relationship betweeﬁ o and the cycle time.

. Fig-8 - and Cycle Time

Cycle Time (v/q)

14 _
iz E;
ol
10 ,% /
4y
[
. 8, ' : “
b3
Ful
£
N 3
4 ~
:
it & o kot e i o !.‘----- Lk B

R Ry Pt M Bt ST Sy S RO I W
The curve on Fig.8 is symmotrical. ‘The cycle time is the
shortest at of= 0.5 and it becones longer for both way as o
increases and decreases. At o= 0,15 and o = 0,85, the
“cycle time is about two times of that atd=0.5, and ate(=0.91,
it is about 3 times.

_7*2"10



. 3.3,

'Clearly Fig.8 shows that the cycle time becomes 1nf1n1te when '

of and 1- cfapproachos to o and 1. IUdraulically meaning, .the

' flow rate now equals nq or (n+l)q and all the pumps are run .

contlnuously and the level is steadxed maklng no rise and
fall any nore, , N ‘

The effect of cycle fiﬁé'on_the'pumps.6peration_shéll be dig- .
éusséd later, L P o

As it is understood already, the cycle tlme of rise and fall '.
is independent of the flow rate. Of the set flow rate nq +0fq, '
only &«(q affects the cycle time and nq does not.

‘Head Tank s ShaPe

‘The tanks VOlume between HWL and LWL is a factor to dcterm1ne
-the cycle tine, How the cycle time 1eiates to the pump

operatxon shall be studied later.

‘For control of the flow, “the narrower gap betwecn HWL and LWL

is better as long as the two leVels are sensed distlnctlvely

:A flqt tank is preferable R



. CYCLH TIME AND PUMP OPLRATION

4.1,

4.2,

1 Pumps'Capacity and Head Tank's Size

The capacity of one pump q is 0. 524 m /scc
The head tanks size, now in the stage of conceptual de31gn,

. is 16 m in diameter and about 21 m in water depth, Por
" purpose of controllng the flow, IWL and LWL is set 2,50 m
_ apart around the top of water depth. The volume of surging

is 0.785 x 167 x 2.5 = 502.4 n°

Cycle Time

The cycle time as againstd q can be tabulated as follows:

o Cycle time
m /sec min., scc.

0 0 | _
0.1 0.052 - 177 33 ‘
6.2 005 - 99 52
0.3 0.157 76 6
0.4 0.210 66 34
0.5 0.262 63 52
0.6 0.314 66 34
0.7 0.367 76 6
0.8 . 0.419 - 99 &2
0.9 0.472 177 33
1.0 0,524

As it is seen in the table, the surge is remarkably slow,-

" Bven the shortest cyéle is 64 min and as the half of it

is for the rise, the rising speed is 2.50 ﬁ!32 win, =
7.8 cafmin.

_7~2j12



4.3, Puimp Operation Schedule
(1) - Flow Rate Pattcrn
The set flow rate equals ng +¥ q.
R number pumps are running contlnuously and the (n+l)th
' pump_per10d1cally. ~The (n+1)th pump runs for Ti time _
and kéeps stopping for T2 time. '

T T : cycle time

‘Here, . T1 + T2
R Lo Ti/T

(2) 'Pumps' Rotation , .
. The pump programmer'lets the pumps run in rotatlon so that

every pump is under the same cond1t1on

(3) Pumps' Running Schedu]e Rule'of Programme _
: Flg 9 is the schedule of 6 pumps under a certain cycle
time T, with n = 0, 2, 4 as shown on. the follow:ng pages.

L

P 213



© Fig-9  Schedule of 6 Pumps
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| : l'Frbm'Fig.9 the fbllowiﬁg ggneralirulés are -found 3

l'.*' Each pump stavts apd stopé efery 6T, : .
% The running time T, is nT + 71 and.thé'rGSCing_
' (képtistbppéd);fime.is (S-n)T + T2, |
% The intefvaj of qvéry start ang step is T,

":'These.rUIes;arelto be used in designing the punp programmer,

“)

OCCurencé'of'Strohg Blectric Current by Starting pumps

When a pump is'started, a strong instant curreﬁt flows at -

. the switch andfin'the motoriand,too frequent startingi _
‘is défrimentdl_to‘the gadgeps{ , .  " , . _
._Eleétriéity‘ié supplied through the main switch and the_[si
brant_ih s'witch-:to each motor, . . . _ o R o -
:The branch switch and motor are-started_evéry 6T and th&
' main switch is affecfed by the additionat current'evcfy T._ o

. As it is discussed previouSIy, T is longer"than_ﬁo minutes
cand is long enough for reasonably nowmal operation of ‘the .

motor and switches,

7e2-16



| 5. CUANGING SET FLOW RATE

5.1, !gﬁreasé'of'bemahd -
: Fig-10- Iﬁcrcése of Demand | g
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" Fig.10 shows the increase of demand from 1984 to 2000,

5.2,

Tn *84, the first year of operation, initially 1 and very
soon 2 pumps will be working, In '85, the 3rd pump must
be placed in operation and 3 pumps stage will go on till '88.

- § Stages

5 stages;'correspOnding the increase, can be expected, -
They are tabulated as shown below, using the same temms
quoted before :

‘ No. of Pumps o Range of Ftow
Stage Continuous Intermittent Unit:q
Ist -t 1 0-1
Znd 1 1§ 1-2
Srd 2 1 2-3
ath 3 1 3.4
5th 4 I 4 -5

1217



5.3,

The punp programner shall work the pumps rotatlonal opera-
- tion at each of the 5 stages.

The most possible practice of operation is to move from =
the exiStingIStage to the next one. For instance, to.go to

- 2nd from lst,‘the:operator will have to reach an equilibrium

at 1 pump's continuous operation and then will set the flow
rate at the d931red Value betheen i1 and 2. '
However, a sudden change Iike jumping from Ist to 3rd must
be also expected probably in case of emergency.

_For Sudden Chauge‘of Flow

“The punp programmer shall hdve S independent circuit for
the 5 stage and shall be able to select any one of them,

It will alse be used for the gmadual move to mext stage,

‘needless to say.



6. SUMMERY

W

(2)
'G)

(4)

)

“rotation can be programmed.

(6)

(M

Tho discussion made in this paper will be summevized heve :

Setting the flow rate can be worked out with no difficulty.

The flow between the head tank and the receiving well is

' sfeady.

The stepping.f!dw pattern of pumps output is changed into

the steady flow of the head tanks outflow.

The rise and fall of head tank's water level is cyclic and
the ¢ycle time depeﬁds on the intermittence of one pump
and the tank size. The cycle is rather slow practically.
A1l the pueps shall be run in turn and the schédule of
The change of cycle time does not cause any probicm on

the electrical équipmeﬁt and the motor of pump.

A progranme must be prepared for both gradual and sudden
change of the set flow rate. ’

7-2-19



(NO.8. REPORT ON DESIGN
~ OF HEAD TANK

' OMARCH 1982

Prepared by _ Y. TOMIOKA
‘ Water Facilities Engineer
Detailed Design Team ‘
JICA



5.

INTRODUCTION

" The Report'"Pumping‘Systcm and Water Hammer" proves that the head

tank is absolutcly necossary to prevent the occurence of negative

preSSurc in the plpe11ne, due to wator hammer.

- The Repo:t "Comparatzve Study of Flow Control Syqtem“ concludes
_that Pump Unit Number Control is best appllcab:e for the flow

control of the pipeline. - “ifydvanlics and Operation of Pump
Unlt Number Control System"d:scusscs the storage. Cﬂpathy, thc
§1ze and shape of storage part, of the head tank requ1rcd_for

~ control.

Ia thls paper, another operational ‘issue is ratsed and dxscusscd
Aud then, the basic matters of design will be elaborated
reasoned and derived from the papers quoted above,



2. n&sxcﬂj}cxﬁmm -

o2, Topographlcal, Gcological

The head tank will be located at the 1oad31de of Route 3191,
"i’he‘grqqnd level is a‘rpund 82.00 m and the soil is clayey
sand or sandy clay,'decompo_sed and weathered of granite
,'(Feas1b111ty Study) The bearing power seems to beo rather
. "Iugh there. - S ' o
' The head tank shall be constructed at the ground level of

" more or Iess than 82.00 m.

hStudy on the pipeline_sfstem by the Feasibility Study Team and
the Detailed Design Tean's review werc made with a topographical
- map which is.1/50,000scale and without topographical survey,
‘Af+e1'thc'D D. TEam's review on the fcasibiiify study the topa-
'fgrﬁphlcal survey has been finished along the plpellnc route and now
it must be finalized according to the result. '
‘ From. the result of the longltudlnal survey the length of each
part of the plpeline is shown in Flg 1 '

Fid. 1 _Pepeline € Lenglh

Heaad, Tk

- Pok kraj
Reserveir

ReCe{ubhg we i

-~ l . o
_____J _—

2.2. lydraulic

2.2.1. Water lcvel of the receiving well at Mab Ta Pud

S Tk T - T

The altitude of the proposed site is EL 59.0 m, and to
" minimize the earth work volume such as excavation and
banking of receiving veservoir, the altitude BL 60,7 m



is most favorable for tﬁe water level of receiving reservoir.

The loss hcad betiween the receiving reservoir and récéiying well

is ostimated around ¢.18 m and overflow depth at a woir in

the receiving well is estimated 0,62 m. |

From these conditions tho fivst pond water level of receiving
 well should be EL 61.5 m. These figures are shown in Fig. 2.

o

7:154_2__;“ﬁ;ifgm)m___.ﬁWﬁ_;___f“;__m;ﬂﬂ#,“__g_

e RECEIVING, wuL e RECEIVING E_E.S&RJ/()IR-_

To attain the désign flow rate 2,62 mslsec by 1.35 m dia.
pipe of ¢ = 120 (roﬁghness éaéficient)'and 19;000 m long,
 With the water level 61.50 m at the receiving well,
‘the water level of head tank must be 101.20 m, that ié,
101,20 m level must be within the head tank.
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A e T—— - ) -
e — -%-*—-*::ﬁ: - .;é_.‘-[?/gz_,_--_-_‘__.____-____:.___.-”._r._ﬁf-ﬁ-.—_y-b--f

=~ /20




The major hydvaulic dimensions ave rixed as below:

- * Water level at the receiving well : EL +61.5 m
* Mean water level at the head tank : BL+101.2 m
* Total head of the pumps (H) ! 79 m

* Pump velated loss* is assumed 4.1 '

2.2.3. Height of Head Tank

EL (19

tood

Before going on to tutther dlSCUSSIOH, a plctule shqll be .
shown to sce the approxxmate height of head tank from the
foregoing description. (Fig, 4) '

Fig. 4 _Height of Head Tank

Head Javk - Recelth luell
1e1.20" -

-_._]r__ 323 {pr pump conlvrol

As it is seen on the figure, a tank of about 25 m height

from the ground is anticipated.

*  Pump related loss include a screen loss,an entrance

loss at the intake gate and intake pipe, and etc.

8 - 4



3.2,

3.

3.1.

For Contloilng Punps

REQUIREMENTS ON TANK'S CAPACITY

In"ﬂydlaul1cs and Operation of Pump Unit Control Systch it
is found that the 3.3 m deep parts is used for control, as

shown in F1g 5,

Y
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For Filling Pipeline
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It is a well known fact that a pipeline must always be kept
filled:with_watcr, whether it is working or‘résting, only

except it can be put out of operation for long duration. Tn

case of the power failure and other accidents, the part of

pipeline between the head tank and the receiving well must

be closed sooner by the valve of receiving well. Otherwise,

the water in it will flow-out and make it emptied.

“The part between the pump and the head tank, controled by the

check valve, does not need any operation.

The type of valve

suitable for the system is needed at the receiving'wcll, as

shown on Fig, 6.



Fig. 6 Filling Pipeﬁine

Y minpsc | Mead Tank . Recoiv. Well .

_ 1 ;_- fbr pump control

-for fxlliqg pnne]1hb-

'i7;(EE} §XLQHQGE“!§129  Al cloving ft:]_;__;_;-'._f-Af‘

.Thc ca§§€{£y"6ffEanE:f0f filling shall be discussed in detail

in the following chapter.

3.3, For Water Hammer

The occurence of water hammer shall be expected in tvo cases. f

The first case is its: accurence in the part of plpellne between

" the pumps and the head tank, due to sudden failure of electric

power.

The second case is the occurence in the part of plpellne between
the head tank and the receiving well, caused by quick closxng of

the valve in case of the power failure and other accldents

In both cases _the water hammcr induces the change of water level

in the tank. 7
It must be analysed quant1tat1ve1y after deciding the deta1]s

of pumps, air chamber and head tank

- After determination of both capacity for pumps centrol and fill-

ing pipeline, capacity for water hammer is checked with the
capacity mentioned above., The result is shown in Fig. 7 under
conditions as shown on the next page: '

oy
:
e



Pump
Discharge 51.44 mS/min X 5 units
" Total head 79.0 ™
2} Pipeline
Diamcter 1,350 mm
Material steel pipe
: Length pump station - air chanber 220 m
~air chamber - head tank 7,280 m
; head tank - receiﬁing well 19,000 m
3) Water level
Dok krai Rescrvoir LML 42.0 m
_ _ NWL 52.1 m
Head Tank LWL 99.55 m
MAL 101.20 m
MWL 102.85 n
ReCeivihg well NWL - 61.5m
4) Diamcter of the Head Tank 16 m
5) Capacity of the Air Chamber
32 m3 x 3 sets
6} Initial Conditions
* pﬁmp suction level LWL‘ 42,0 m
* head tank level INL 99,55 m
* receiving well level NWL 61,5 m’
* flow rate of pipeline | 2.7 m3{s
' (LWL to LWL)
* value of c = 120 '
7} Case of study
_...._‘J..,,‘- 'rable - 1
‘Case A | B ' C N E ¥
: ] — T N
Pump Trip S frip Trip . ,‘LfFlP_1_TflP Trip
Air Chamber ° without ) with  jwith with | with | with
Inlet Valve battcrflyvalwai‘ "o " "o " frote vatve
of Rec, h’elli not closed " ot closed[Closed time10min 15min |20min 10 min
L ] Ll




From Fig. 7 it is clear that case ¥ is most suitable for the system,
Because the minimm pressure line is above. the pipeline at any
portion and furthewmore the maximum preséui'e is smaliost.
Accordingly it can be said that the capacity for watei hammer 'is
enough using the capacity of pump control and filliug pipeline

with a rvote valve at the recéiving vell {case F).
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4.

4.1,

4.2,

4.3,

4.4.

CAPACITY FOR FILLING PIPHLINE

Fiow Condition

Needless to say, a pipeline is emptled at fastest when the end
valve is open fully and here the valve at the recciving well
13 open fully for the ]argcst (d051gn) flow rate, The discus-

sion will be madc in the case.

Automatically - Clbsing Valve

An automatically *.closing valve, by name trigger'valve, will

be used to close the pipeline antomatically at power supply suspension.

A rote valve is preferable for the sake of prevention of ncgative

pressure and it is also used for flow control. The valve is closed

in about 140 nrnutes by design nnd move 10 minutes is taken. helc

for safety.

(;apdéity, Depth

“The flow rate is 2.62_m3/sec and the time for closing is 20 minutes.

.

Then, the requirved capacity becomes:
2.62 x 20 x 60 = 3,144 m

Actually, here is another margin for safety, because the flow

decrease as the valve 15 closed and more-over as the wqtel “level

of head tank is lowered by flowing out. .

The capacity is for filling and it is stored at the bottom of
the tank while the capacity for pump control shall be at the top.
of it,

" Hydraulics and Operation of Pump Unit Number Control System!!

 the head tank 15dssumedto be circular with i6 m diameter.

The capacity 3,144 e i in the 16 m diamcter tank needs about
15.7 m depth.

At Lower Flow:Rnte

When the flow rate is lokﬁr than the design flow, the considera-
tion about filling the pipeline becomes far less serious due to

the following reasons:

-1



~.{1) 20 minutes retention time is for the design flow and for

the lower flow rate it will increase in inverse proportion,

. (2) When the flow rate is low, the control valve is in a
position. to throttle the flow already.' ‘ _
The automatically-closing valve can be CIOSCd_in shorter

time than 20 minutes.

e 811



5. LXTRA DEPTH_FOR OVERFLON AND OUTRLOW
j-S,la' Dvelflow ; 
' At the top,. morning gloxy type overflow is needed. |
N CODSIdBlng an extlaordlnary case when the design flow.

"spills out of the overfiow, the overflow depth can be
Calculated “by. the fO]]OWlng cquation:

Q= C(ZR;R) Ho 3/2 o Q';'dcsign flow,.?;ﬁilmslsoc
. c :_éoeff of diééharge 2.0
R adlus of morning glory,
. 0.8 m
Ho :'oveiflow depth,
Ho is ca]culated to be 0.40 m.

The above descr1pt10n 13 shown below by Fig. 8

Fig.'s Overflow

'The.watcr -spilled out here will be diverted to a ditch, about
400 m apart from the tank on upstream 51de, which scems to be
-wide. enough for the flow. "

5.2, Outflow and Sand Deposit

When the water level in a tanks come down too low, a vortex
takes place and air is sucked‘into the 6utflow through it,

- To av01d tt, the lowest water ievel must be at 2,0 tines
of the plpc diameter high, above the center of outflow pipe.



That -is, the LWL must be 2.7 m above the center of the outflow

- pipe Fig. 9 shows that sump is set to decrease dead head
~ tank capacity at the bottom,

Fig, 9 Outflgﬁ

{
_()l g(_.zf/‘f !?Z o™

_“:&??I;[H____

The-bOttom of the base concrete should be f, 5 m below thc glound_

level s¢ that 1t is not to be 5conlcd or excavqted‘ ,
1.0 m depth can be prepared for sand deposit assumlng that
thlckness of base concrete is 50 cm,

8-13



e

DIMENSION OF MEAD TANK

6

.- ‘.Regui_reme'ritrs on Capacity and Depth

' Fig._ 10 éh_ows_._thé i‘Cq:..!iréméhf_iS discussed so far.
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From the bottom upwards

* The diameter of tank is set as 16 m.
* The level of bottom is set at 81,5 m
* 1.0 m at the bottom is for the sand depdsif

* The capac1ty 3,498 n° or 17.4 m depth satisfies

3

the required capacity 3,144 m° or 15,7 m .

' depth for f:lllng the plpellnc
% TFor alarm allowance below LML 1, 0.15m depth’
- 1s prepared. '
- * 3.3 m depth is‘rcquired for controling the
pumps .,
* For alarm allowance upper HWL 6 0.15 m depth

is prepared.

* 0.4 m at the top is for the overflow.

Thc alarms of high and low water levels are. set in
the operatoxrs room of the pump station. The con-
trol levels are connected to the pumps programmer,
Fron the overflow water level to the edge of tank

2.0 m clearance is given.

o 8-15
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6.2.. Dimensions

_'Flg 11 shows thc finalized dimensions and leVels of the
head tank

| 7. COMPARATIVE STUDY ON STURCIURE

7.1 Requircd dimensions

- The Requ1led dlmens1ons for the head tank flnallzed so far
"‘:‘ are shown in Flg 12

LFig. 12
. : ' : A-Zc 'm‘f 4 -
- [ dnwe YIS
Ly MWL ] e 2 .
‘.'
.
e
o
o ) seewe £t 320" |
L Sy B il weiic7 7 T X e
AT

7,2, Structures to be Compared

As the resultlof the FeaSibility*Sthdy Report, prestressed
concrete type have been sclected for the tank.  Now in this
study it will be COmparéd with one more type whiéh is re-

4

1nlorced concrete again. ‘Becavse PC and RC were chcapest two.
and a steel tank was highost.

§-17



“Fhe structuré of each type is showﬁ in Fig.13,14,
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Wall.ané bagepléte thickness of each types are shown in Fig.13, 14
- aftér'fbugh-calchlation wyich is not veported here and steol
~ plate of 6 gm thickness will be set inside of the RC type tank

to preVent_léekage of water through tension cracks of wall con-

creté.  RC tank with Steel plate inside should be installed
o é,tahks for the reason why the steel plate must be painted each

‘some years and during oné tank is painted the other can use

1.4,

7.4.1.

and the pipeline system is able to operate without suspension.

Economical Comparison

Reinforced_Concrete (RC) type

Table 2 - Cost of RC Type

_dtem - Quantity =~ HﬂiE_Price. '_ Cost‘[103U3$)
Concrete 2,353 m° - 260 US$/m°(*) 612

" S$teel Plate 58 ¢ . 1,300 US$/t(*) . 7S

. Painting -~ 4,900 mz(*)_ 20 US$/‘m2 a8 .
‘Sub-total SR P

; ']‘dtai_ 785 10°US% tanks = 1,570 107us$

7.4.2,

L Inc]uding feinforCement bar and forming priCe"
*  Including welding price
*+ TIncluding 3 timeés repainting

Iten  Quantity - Unit Price  Cost (10°US$)

e e s

" Tank Volume 4,900 m° 150 US$/mS(*) . 735

*. Including concrete, PC'ﬁiré and forming etc,

8-19



. 7.5, Conclu;;__i_QQ

Cost of both type are shown below;

| | o 1p3
RC type head tank 1,570 10°uS$
PC type head tank 735 .

 Apparcntly PC type has écOndmical adVanfaké éﬁd fof RC‘typé;h
'_ tension crack of concrete by static water pressu10 is
;1HBV1tablc and it 1eﬁuce tank‘s 11fe span though stee] plate
is attached inside. ' .
~ From these reasons mentloncd above PC type is ptcferable for
the head tank, |

8-20



8. CHANGE OF LOCATION

'Feasibilitf Stddy proposed the location of head tank at the
top of a hill, about i km apart from Route 3191,

‘The detailed design team, after examining every condition .
X which have been cleared after F.S., has_dccided to change
the location to the road side, thus shbrteninglthe'pipclinc
Iength by 2 km and maiing construction of the taﬁk easier
and cheaper. -
Also, ;he'runhing:cdSt will bo remarkably saved due to the

‘decreésed head of punmps,

The saving will'amount by about 2 million US dollavs.

9, NUMBER OF THE HEAD TANK

Number of the head tnak has decided to be one at the meeting held
between JICA DD Tean and RID on 26th February 1982,

§-21



- 10-2.  LOCATION

10, SPILLWAY

10-1. PURPOSE -

The maximum 0vorfloeraté from the heéd_ténk, 2.62 msfs, has
been decided in the section 4, main dimention of the head tank,
| so a $pillway have to be designed to allow the overflow water
- to discharge safely. | | | o '

“the overflow is finally discharged into the creek, which the
pipeline crosses about 440 m away towards Dok Krai Dam from
‘the head tank. The spillway'conneété the head tank and the
creek;;rdnning'?long the highway No. 3191. The center line

- of the spillway'ié 2.5 m out of the fight of way which is
-parallel to the national voad. Please refer to the Plan H-1.

 10-3, -FACILITIES

~The general'conccpt of the facilities needed for the spillway

is summarized in Pig. 14,

Fig. 14 Spillway Facilities
aprgy dissipatord,
Ceneegy -

P e e e e
oen watee - : _ |

' ' | 103,
dlure] cuspion | K 40

B -

Coublef YSIONZ)  open chamel kG pipe |/ lsudple ,

drain Pipe

PR A e ——— e e

drain pipe oo™ ,

§-22



“1In the followlng section, hydraul1c des:gns are made for the

© facilities; stand plpe, energy dissxpator 1, channel {RC

pipe f opéen channel}, - energy diss:patoz 2 (wator cushion

_' & open channel), and an outlet.

HYDRAULIC DFS[GN

The profile of the whole spillway system proposed by tﬁe'Study

10‘-'4_.1.'
S m
N\
4
i-‘.‘;q...

descrlhcd bclow is shown in Fig. 15.

Stand pipe diamefcr

' F1g . 16 [Q;jaullc Model f01 Stand Plgp

fMMM /034“”

The giameter of the stand pipe for spill way is calculated

as below with the condition of the design flow rate 2.62 ms/sec.

hg + hc + hb thd .ol (1)

hf "‘““‘4‘/‘3‘“‘“‘ ulp-llo..llt;lUO-llI(z)
R42 :
he-*-fe ’2‘"" ------ LRI LR A R R A ] (3)
hb = fb * %" . EEEEEREEE R 4(4)
- v '
hd“fd.“?‘g‘ LI R R R '] vICdll.llllil(S)
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(2)

H : Total head (m)

~ hf : Friction loss head (a)

R : Hy&ranlic-meén depth (n)
‘n : Coefficient of roughness = 0.014
V : Flow velocity {m/sec) .

" he : Entrance loss head ()

fe
hb : Bend loss head (m}
fb : Coefficient of bend loss = 0.1

‘Coefficient of entrance loss = O.l'

From the formula (1) to (5}

2gH . 312

P . 4 1 e v

Table 3. 5@}pulat§0q_gf discharge for each diameter

T | -
p R o ;kgﬁnﬁy, v o A
m @ RYS RIS (misec)  in?)

e
m)  (m) {(m3/sec)
0.5 0.125 0.0625 2.1 11,3 0,196 - - 2.22
0.6 0.150 0.0797 1.76  12.0 0.283  3.39
0.7 0.175 0.0978 1.43 12,8 0,385  4.93

From Table 3, a pipe of 0.6 m diameter will satisfy the

design flow rate 2.62 n>/sec.

Energy dissipator I

‘The general plan of the energy dissipator 1 is ‘shown in Fig.l6.
This type of energy dissipator is effective to reduce the energy
of the flow flashing out of a pipeline and is gcﬁcrally used

when flow velocity is mare than 10 m/s with discharge less than
1{(] msls. “the flow velocity in the proposed stand pipe is approxi4
mately 12 m/s > 10 m/s and the discharge is_2.62 m3/s<:10 msfs.

The merit is’that fhis type of dissipator occupiés tess ground
area than other types. The dimensions of cach part of this
structure was decided refering to Table 4,

§-25
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, Pig.17 _Hydraulic Model for Fnergy Dissipator 1
T HHWL. 103.40

e e e e o o SN L,_._l%:..ﬁ......,w

’.. T |- head tank.

280

| _Stand. . pipe
L= J/0 " \,

L

[E Y | e

- Table 4 _ Dmensmns of Energy Bissipator 1

I

~ Width o oE the Stiuctm e_,ﬁ,,_OL_. -

St il RS M :]

ot 3 i

- e . sloee fe—— b= F -~ — . o B

Caneretc thickness ((m} ' ] B e e ot o B T e S s oif S o i

s _-—‘b—'—j fl\; p put}
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10:4-2. Channel
, (1)'.&0 Pipe" ‘
- - The enexgy d1551pator 1 and the open chﬁnncl are conncctcd with

~a RC pipe (D = l 000 mm L = 165 m} buriecd undelglound This is
~given I of 1/100 to wash ont- scourings inside the RC pipe.

Big. 18 Nydraulic Model for Rocla Pipe

. B - - energy dissipotor |,

Condition: .
n: Manning s coefficient of roughness = 0,017
1: Length of the pipe = 165 m

" Elevation of water surface at the outlet of RC pipe = eleve 77.40
(Thls is decided in the following study (2) Open Channel)

_'hydraullc computation for the d001ded section - -

V 2gH 3 35m/S
. Zif

Q: Ax V=2, 63'm3/3 2.62 n°/s
A: Section alea D HL- 0.79 1’ _ |
H: total head = 4 20"
LLf: total cocfficient of headxloss fe + f% fo = 7.44
124.50° = 0.036
“fer coefficient of entrance loss = 0,50
foi ddefficient of out loss = 1,0 s
Pt dianster of the pipo » 1,00 m

u

f: coefficient of friction loss

]

S N T e e



Tho dlameter was decided to be 1 000 nm aCCordlng to tho D H table
: shonn below._ The -table means that the dlscharge of 2.62 n /S flows
down through the p1pc of a. dzameter o™ )} whcn its corleSpondlng '
' water head (Hm) is glven. _

_ Table 5. D- n table = L
Q=2 62 w/s o H =;;5§.<m)

- ‘ - V=262 (w/s)
o U A
— A= Tap? (%)
600 57.92 L
800 . 1316
1,000 ' . 4,23
1,200 169

- (2) Open Channel _ X
| A rectanglc section with relnfOICed congrete is adoptcd to occupy
" less ground area and to be safe enough agalnst the super cr1t1cal
. f10w dew to steep gladlcnt

F1g 19 Sectlon of Open Channel S <1t 40

*

"Condition:
i 0,020
It Channel floor pradient =

.

"

n

1 .
ly

2.62 m3/5

g4



" Hydraulic computation for the decided section

v: flow velocity = %—x’ Rg-x g I’?= 4.97 mfs

Q: discharge = -AxV = 2.73 m3/S > 2,62 m3/5 _

F: Froud number =f_—: = 2.147> 1.00 (super-critical £low)
A: section area = gt.]SS m2 |

S: wetted perimetor = 2,10 n

R: hydraulic wean depth = 0.26 m

~ The section wés'decided according to the rating curve shown in

 Fig.2d.

Fig.20 Rating Curve of gnej'i Chg'hnel




10-4-3, Epgﬁgy;pi§§ﬁ2§£p£lg
B :(1) Water Cushion , ,
| - Im order to decrease the energy held by the super-critlcal
flow comtng down through the open channel with 1/17 of
 grad1cnt water cushlon is set up as an energy d1331pator

Flg.?l 'Water.Cushigﬂ ‘1571210 

m%ﬁ@ - _éi)OJQ@_ ,,._1":5&130,# .ﬁ-ﬁcﬂ_ _

“'thdition: o o
| Vi flow veloc1ty of Upper channel = 4 97 m/s
hi  water depth of upper channel - 0.55 m ]
- ¢levation of the floor at the end of the upper channel 64 55 m
Vi flow veloclty of lower channel = 1,00 m/s
“ht water depth of "lover. channel 1. 15"
elevation of the floor at the end of the lower channel = 63,237
' (V2 X h2 were decided in the followlng study, (2) Open Channel)

8-41



1)

2)

3)

» =0.80"

L 4.50

Depth of water cushion (D)

p= (/2.4 x b

F=H-H

1 9.3 1.91m ‘ o 2

H,¢ total head of upper bhannel = 64.53 + hi + 1.

Hy: total head of lower channol = 63.23 + hy* V;

Length of water cushion (L)

L 2\ﬁ§ﬁ? {m)

o\ : coefficient of water map = 1,33

1]

i,

Eleve.66.34m

Eleve.64.43m

Il ¢ specific energy of upper chaniiel =,h1f VF = 1.81%

A

i)

Floor thickaess (t)

The floor thickness is decided to be 40 cm so that it is firm
‘enough against impact of water and internal stress cawsed by

carth pressure,



4)_ Slope.(m; § mz)'

Slbpe'shown'abov'e, m & mz, vere dec1ded dependmg on their
height.__ Generally, s!ope is 1:0.5 when its height is 2- 3m
and 1t is 1: 1 when the helght is less than 2 m. Sp, m,

_ 1is
-,_'OSandn ile. :

e —————

. Eig;gz. Open Chammel forr Energy Dissipator 2° S = 1:40




Condition:

0.020 ‘
X channel floor gradlent /1200_-;
Q 2.62m /s

hydraulic computatlon for the decided scctiOn

||

i

o 3 1 . ‘
v;=% X R3 x 1% = 1,00 w/s

AXV =265 2.6am°0s
'JY“ = 0.30< 1.00 (sub-critical fiow) .
egh ' e o

2,65 m
S =4.60m

"R = 0.58m |
Tﬁe scctipn was decided accordzng to the ratlng curVe shown in Flg. 23

™ o
noon

A 2

LI |

Fig.23 Rating Curve 6f Open Channel for Energy Dissipator 2.
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10-4-4. gu_’lj,f;_'i:

At the outlet of thls spillway system a drOp is set up -
~ to adjust the dlffelence of elevatxon between the creck

bed and the open channel floor.

S po |
: .-.fiéf‘f‘éfﬁe’?&?ﬁ? Y

aeek bed

£ /200
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15grdﬁuctidn

 The diameter of pzpellne between Dok Krai and Mab Ta Pud was
dec;dcd at the conference held at the beglnnlng of November
1981. Consequently, 1.5 m in the Fea51b111ty Study was changed
to 1.35 m for the Detailed Dcslgn The rcason for the change
Was due to the mod1fled supply capac1ty of 57.8 MM/yv, resulting
from the rcﬁlew of demand. 7 ' :
Though the detailed d931gn work is undértaken now for Dok Krai -
M1b Ta Pud, its cxtcntlon to Sattahlp in an eaxly future is
very certain, h
'When Mab Ta Pud - Sattahip line is conplcted the uhole system
of Dok Krai - Mab Ta Pud - Sattﬁh1p shall be operated as a whole.

Consxderlng the abova sxtuat1on, the detallcd design team

has w0rkod a comparatlve study to see;

(lj If theo deC151on of 1.35 m diameter for Dok Kza1 - Mab Ta Pud

was reasonable.

_(2)"What $ize will be most economical for the Mab Ta Pud -

_Sattahlp extention,

{3) low the selection of the etevation of receiving well will

affect the whole pipeline system.



2.

Conditions, Given and Assumed

2.

(W

1.

()

Q-

O

Gi '.gp___(;ondl tions
Flow Rate,'ﬁater Qemand
Flow Rate(mslseé) Water Demand(MCM/yr}

Dok Krai § Mab Ta Pud b 2,62 R ¥ os7.8

Mab Ta Pud &‘Sﬁttahip | 0.82 gl

4 agrced f]gme, * I‘casmlllty Study, Table 4-5,1992-1983 value,
demand 0.82 = 2.62 x 18.1/57.8

Pipel ine Systen

. As shown bclow, the plpcllnc system 1nuludeq puaps, hcad

tanks, FCCGIVIHL wells and pipes. ‘The plpcllnc lcngth

with and without the bracket corresponds to Model II and

-Model I which Wwill be explained later.  ‘The difference

comes from the location of Receiving Wcl'l_ at Mab Ta Pud.

[Dok Krai Res.)

Fig.—1

Sattohip | fMab Ta Pud] () Head Tank

W. Q= 082 m’/séc o
. . e Lz 3km
L:89%m lL=6.5kmy
082 m/ st ' '0 : .80 nmi/sse

RW.= Receiving well



. @

2.2,

Low.Watcf Level at Dok Krai
o 42,00 is givmf

Assumed Conditions

130.00 for the level of receiving well at Sattahip is

assumed, considering that the industrial supply be

fed by gravity and the municipal by pumping.

The industrics will consume about 73% of the,suhply

and they will be in low land of § to 10 m above sea level,

The supply by gravity to them will save much energy in the

“long rum.

9~ 4



Parameters for Comparative Study
H__H'__‘.——“T_- L. . T %

-3 paraméters thc level of rccexvnng well at Mab -Ta Pud

thc'dlamctcl between Dok Krai and Mab Ta Pud the same

‘between Mab Ta Pud ang Sﬁttahlp are the parameters for o

comparative study

J'These parameters are conbined to make 18 cases of

‘combination on the next page.

: Fig.-2 on the fbllowxng pﬁge to the next shows two

Iocatlons meanlng tWo water Ieve] and the. d1ffcrence

of plpe lcngth in Plg -1.



Water-Leve] of
‘Receiving Well

18 Cases_for Comparison

————— —

Pipe Dianeter,

Case Dok krai-Mab Ta Pud

- Pipe Diameter

Mab Ta Pud-Sattahip

1 % 1,200™" . ¢ 800
| 2 " o 900
Model 1 3 r 9 1,000
EL 45" 1 f 1,350 B 800
5 o g o0
6 o ¢ 1,000
Do HaM
7% ¢ 1,500 @ 1,350 g 800
8 " Il ¢ 900
9 L L ¢ 1,000
10 ¢ 1,200 ¢ 800
1 ow g 900
12 " ¢ 1,000
~ Mode) 2 13 P 1,350 g 800
£l 60" 14 " 900
15 | . @ 1,000
16 ¢ 1,500 o 800
: 7 " @ 900
18 " @ 1,000

e et s i i e i o o R s e s = P

* Dok Krai + Head Tank » Mab Ta Pud

IR | PO

e AR P P R
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. Hydraulie Conditions by Calculation -

Calculation was made by using Hafen-Williams formula as
shown belaw;: '

I« 10.666 x ¢85 p78-87, 18

1 : hydraulic gradieut

C & coefficient of roughness = 120
D : pipe diameter, m

Q . flow raté,.M;/sec

Thé resuits are shown graphically on Fig-3 § -4.

Fig.-3  Model 1

BTN [ookwpatres] 4 o [mABTAPUD)  [SATTANP]
160" HEAD, TANK RECEIVING : ~ RECEIVING
o D ' - : WE‘LL 1= R ¥
|40" . e e e f e o A i e = i e e me & et — e

120 4-

. 100

80+

- 60+

40

HEAD iTANK

:
P . .

— N--______.f.t.ﬁ_,_ﬁk.f._“ U S SO SN S

204

) ' hm . ' - km
' 241 . . 25.4
k,_;#“ﬁ_”uk._ .‘A_.,i e A _._._..___,I

+ parginal loss head at pump is 5.0 m.



Fig-4 . Model 11

[ook kmAiRES] . [mABTAPWO} {saTvanir]
EVATION - gy 1677+ ' : ' ‘
m o Wil . HEAD TANK _ . RECEIVING RECEIVING
160 o f—— Ao f"""”“““"”"“*’ETL““‘-”””“m“““““““”*’“’"""ﬁ’“‘-‘*“

10 {-

120 Qg A_ﬁ_—u.--_-_m;_.-

& .
0‘.

-

WO 41

7.3km | 203" _,3,0' gt
e e e T T T A .

—_— e

DR 1 L a0

* marginal loss head at pump is 5.0 m, -

9~ 4



5.

- 5.

‘COSt:ESEEQQER .

Condltxons

The cost estimate was made under the following conditions,

ay

{2)

(3)

)

(5)

The construction cost includes the pipeline, pumps

and motors, clectric fﬁcilities pumplng statlon,

 he3d tanks and the filtration plant and excludes

lhc_lntakc tower and pipe bridge.

Thé'funning cost is the.ciectficify'for's pumping
stntlons, Bok Klal, Mab Ta Pud 3nd the potable
supp]y in Mab Ta Pud area.

The wnit cost of electalcnty is qssumed as 51.7 US$
per 1000 KW or RISYA per KWH ‘

The maintenance cost is assumcd 1nd1v1dually for

each case on yeanly b3515.1

“The construction cost is discounted from 1983 to

éﬂO? at 10 rate and is converted to the Net

Prosent valuc,

The running cost and the maintenance, cost, alculatcd as

a constant flgUTO on yearly basis, are also con-

" yerted to the Net Present Valuc.

- Hlere, thc vumping cost is calculated assuming as if

the pipeline will work fully from the‘bcginning of

- operation.

(6)

(7)

The th Present Vahie of COnSt]uCthﬂ and ma1ntenance
is nar~4 the 1n1t131 cost. 'The initial cost and the

running cost for 18 cases are tabulated on the next page.

The filtration plapt occupics about 40% of the
initial cost and $ to 10% of the running cost.

9~10



Table of Cost- Comparison

The same amount is ranked as the samo

-1

L U Initial Running~  Total o
e T EiPEMEEQEQEEL _ ost Cost _Cost. Ranking
C Moded - ‘Case D-M M-S 107 US§ . 10" US$ 10 us$ '

4 @g1,200 $ 800  41.6 6.0 476" 4

f_fzf;" "o g 900  43.0 5.5 48,5 10

o s 91,000 44.9 5.3 s0.7 12

Mode} I . o o _

L, 4. 1,350 ¢ 800 431 4.3 47,4 1

gL as™ - - — ) o
S 5 1 # 900 - 44.5 3.9 48.4 7
6 . « . @g1,000  46.4 3.6 50.0 16 -

: 1,500 ' | -

7 . ¢1,350 0 ¢ 800  d4.1 4.1 48.2 5

g t g 900  45.5 3.6 49.1 . 13
9 » . $1,000 47.4 3.4 50.8 - 18

j0 p1,200 p 800  4l1.2 6.3  47.% 3

11 W p oS00 42.5 5.9 48.4 7

12 " $1,000 42,9 5.6  48.5 10
- Model 11 13 1,350 P 8§00  43.0 4,4 47.4 1

CEL 60" 14 “o g 900  44.3 4.0 48,3 6
o 15 "o B1,000 44.7 3.7 ag4 . T

16.  $1,500°. @ 800  45.3 3.4 8.7 12

EETS woUB 900 46.5 3.0 49.5 14

18, “ p1,500  47.0 2.7 49.7 15



5.2,

)

DISCUSSIOR of Cost -

Initial and Running
Except CaSGS b, 2,3, 10, 11, 12 .where the pipe diameter
betwech Dok Krai and Mab Ta Pud is 1.20 m, the rumning

B cost is lcss than 10% of the initial cost. ‘the initial.

(2)

(3)

cost is far more influential than the iunnlng cost which

is.assumed for the full flow rate,

Pipe. Dnaneter _

To cvaluate the pipe dlametcls cf{cct on the cost, two
table shown on the next page can be prepared. Each table,'
On different water level in the receiving well, shows the
anklng - ' o ' | '

The hatchcd part, is Fo1 snnglc digit or below 10.

‘lt covers 5 cases fo; both 9 1,350 and $# 800 and moveover
‘the combanﬂtlcn g t, 350 - @ 800 1anks 1 in the bath
_tables.

Water chol in Rccc1v1ng WQll
From the table, thCh of the two levels is better

‘cannot be decided,

912



N Tabl(‘: of Ra:akingﬁvjﬁhﬂh’ﬁﬂimj

S Hodel I,-"4:5.-_0"Water lovel - |

RN |
"4 ._80'0‘. [ l :

4 el Tt S It VORI
g 00" .. -p0 -.[i-, R l g

Cd00 1 T e s

" Medel'I1, 60.00 Water tevel

g e00

DM e | .
M-S . - pL200 - g1,350 1,500

R e T T

e e s et e il
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6.

f(l} The geologlcal COﬂdlthﬂS of Modetl 1 (FL 45™) and Modet I[

Field reconnaisance

PrOm the f1e1d reconnalsance around the two lots in Fig.-2 fOr

- the 1eceIV1ng wcll and receiv:ng b1Sln, the next matters became

'Jclcar

- {BL 60™) are: almost same and the both have enough bearing

'capac;t} of ground.

(2) TheftOpographiéal‘cohdjtions of Model 1 and 11 are
ffdifferonik Near the dreﬂ of Model 11, there is a ditch
-" about 100 m away f]om ‘the satc which havc a enough CToss
'scctlon arca’to divert the spill flow,
On the other hand, no_ditch or river exist for the

.'pu?pose'arqund MGdc1‘[' area,

(3) The surrounding avea of Model IT lot is wide and better

suited for the future axtention.



7!

Conclusion

(1)

(2)

(3)

Pipe Diameter

Under the conditions'given and reasonably assumed, the
pipe diameter of 1.35 m botween Dok Krai and Mab Ta Pud
is better than'l.SO m and 1.20 .

The choice is proved as right.

for the extention to Sattahip from Mab Ta Pud, .

0.80 m shall be recommended as the best, though

1he'Fcasibility Study chosec 1.0 m.

Sattahip Pipeline
Pumping to Sattahip'must be determined now,

Receiving Well and Reservoir

Model II spot on Fig.-2 shall be decided.
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Iatroduction

In Feasibility Study Report, it is stated that the "open type .

punping systen' is preferable to the ﬂclOséd type pumping system"

without dofining the words,

- .In Progress Report'l, the delaiied'dosign Lean defincsithé words

| and roughly explains that the preference is made on consideration

© of water hammer, -

A report titled "Report on Facilities”, in reviewing Feasibility

‘Study Report, diséusses the water hammor problem in principle

and -in actual application of this pipeline.

This report aims to summerize the matters of pumping system

and water hammer discussed in the reports mentioned above.

P



' _‘2: 'Def{nitién.of “ﬁpcn Tfpe“ and VClqggd TyEe" Pdmping System“'

iz"Open Typc" and - “Glosed Type“ used in Foas:bllity Study Report
. are the technlcal tclms used in classifying the pipeline.
lere 1t wzll he us#d in wxder neanlng includlng pumplng systcm

2., CIOSEQHJ}IEZ
,I“ this ﬁroject;;the_reCciving wellris set up at the end
of pipellne . ) a
The closed typc, here, will mean tth o free water

‘sulface GX1sts_on the pipeline between thc delivery of
pump to the receiving well like shown on Fig.l,

Fig.1  Closed Type

 R§servoir_ Pump Recclv1ng_hcll

dezaulzc Crad;cnt

_2.2.' Partiatly Oﬁén Type

The open type, here, will mean that one or more free
‘surfacé ¢xists on- tho pipeline, in the form of stand
pipe and/or junction well like shown on Fig.2.

o Fig.2' _Partially Open Type
‘ Reso:voir Pump .  ‘ - ' L BgcﬁiVing Well -
: : - Junction _Hell ‘ '

c Stand E_Q_
u@i\ W

L““‘—‘

| ~ B

Closa Part ' Opeﬁ Part -

!
t
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' Bxactlf'spoaking, with bzg 2, the most upstlcam part is o
similar to Fxg 1 by nature, namely of the close type. |
However, tho downstream part from. the junctlon weli ‘down-

_ wards is "open" Co : : 5

:On F1g.2 tHo different types of tank are p1ctured a : C
junctlon well and a stand plpe The former is connccted to.

 the p1p311n0 thh two plpes, the inlet and outlet while

'; the latter is connected with a T. (tee] | '
For the watcr hammer effect, the connectlon between a
tank and a plpellne shat1 bc 50 made that the enelgy ”

' ‘ caused by water hammer can be well dissipated in the tank.

2.3,

FuilyﬁoEen,M‘ 8.
, As shown on Figp.3, a Surge tank can be bullt at the :
f del1vcry side of punp, When the tank can’ absorb the
water hammer enelgy, the who]e plpelznc is Fleed flom
':___the adverse effect ‘
. Fig, 3 Fullz OEen Typ__
ggﬁgvair' §g£gp [ nk - S RccoiVng_Wejl‘,'”

Wegey



. Tanks for Water Hammer

3.1,

3.2,

.-
+

Junction Well

A junction well is built in the conveyance pipoline,
prih¢ipally tQ;fedﬁqo the water‘ﬁressuré in the pipe.

-:The:WQter‘hammér‘enefgy'is diséipated to the water in -
‘the well; causing the rise and fall of the level. '

Surge Tank (Fig;4}

'"COHVCDthﬂQl" means having the frec surface and having

" no check valve in the connecting pipe with the main.

3'3.

" The tank shall he built closcly to the delivery pipe of

p‘ump ¥
The functlon for tho water hamner is same as the junction

: Well

'Fig.4  Conventional Surge Tank

Conventional - - _
smgcl:‘"_kJ e, ’ “Dischacging cumibir

) . .. i i --., _
. : [ "t‘“*’. —wrT LN TEIE T :i,_,‘____
Vl’mnp : .._},

”J LAy (l qu h el b xhl\uulmfx el
Safietenging chantaad 3 Vdeity fiand

One Way Surge Tank (Fig,5)

It has a scemingly frec. surface but the Jevel is-so
c0ntrollcd by a ball tap that. 1t canﬂot rise above the
dOSlgned helght. '

A check valve -is st up in the connecting pipe of the

tank and the main. It ensures one way flow from tho

Ctank to the main,

With the gadget ‘the one way surge tank can be installed

, in and connectcd to the prcssurizcd pnpelino.
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‘1tiis cffectivo,fof the negative pressure in the ﬁipeline_
~ as wator can-be fed from the tank, but it is ineffective
for the positive pressure as tho tank's level is controlled.

'gjg}é" 0ne~ﬁaz Surge Tank

e e

" Bl tap - o,

b i f

 One-way surnge Lk -
_ Y 1,1,“ ;;;;:;j%/ © Discharging cls::mlx-g ‘_
Pump T Lo :

hiek valee

: Bt ke |
- .. :_,_n“l""{" TNebe) A vt e fférenee belween tank
} : M_‘.__’J : ' snbalischaiging cleiobir

o
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o l?tbic{éﬁt‘_ .si‘p'e'l ino
?fﬂ?On F1g 6, the profile of the project p1peline is shown somq '_
] f“featuros arc notlcablo. f' : S : _

 .i“*;fAs the topOgraphy is rolling land many gentlc rises and

.”1ffhlls make the profile.é:Q .'

"":*5~In case of water hammer, the magnztude of negatlve pressu10

L-i-f;tcnds to be high at the erests ~and that of positive prcs-;

';=”jisure tendS to be also hlgh at the hollows

"?f;l?l"Bspecially the hlghest crest must be dealt wlth ,as fbr

-fff'the nogat1Ve pressurc hy water hammer._"
'_,Wtagiif'cdnditiohs' ' '
o ;GiVen is thc deS1gn flow rate and’ assumod is the water
[VfAleVel of the recelving No!l, in order to calculate the
'_1rhydrau11c gradzent : : _ |
:3jf1he gradient line, 1n case of water hammer, changes--
,1:qu1to renarkably ' : '

S”:Lf'”q.zg;'W1thout Head Tank_ and Wlth cOnventlonal Sqﬁﬁm_Ta"k

.,_ﬁThe mlnimum prcssule ‘line with a dotted lino, is shown :
. at the bottom of Fig.6, o . -
'EfIt is the case when the whole plpellne is of the Yielosed! -
type explained in 2, Lo
‘ﬁho largest negatiVe pressure will amount 60 m water
'iCOIumn and the pipeline will' be in. a great danger,
o To make “the system "open", the sole means is to build
a high tank highex enotigh to contain 117.80 water
Ch levol at thc pump statxon. o :
_,?_The ground height of Dok Krai is about 56,00 and bulld~
" ing such a high tank is quite questionable,
'-_1he_case must be taken out of consideration,
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Fig.6  MINIMUM PRESSURE GLINE BY WATER HAMMER

i o
; 117,80

; ‘ A - I ‘_“1024.56

L.

100001
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=it
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. | \ /’ . :\\&%‘J | ‘\ . .. -l | /_/ A \'/(,/’ "‘ ,'1
SO Ve AR
ey . . o . ~ . . -~
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4,3,

'4.4-

4I5.

Kith Head Tank

The case 15 of tho "partially open" type explained in 2.2,
The part hotween the head tank and the receiving well, the
"open" part {s free of the water hammer effect.

Only the pavt betwoen the pump station and the head tank
nust be taken care of, ‘

With Head Tank and Ong-Way Surge Tanks

tho case is to build the one-way surge tank on-each of
threo crosts between the pump station and the head

tank, The one-way surge tank, as is explained in 3.3
and shoyn on Fig.5, can be used for the topographicél
conditions under tho project. With the head tank and
threo ono-way surgo tank, the minimum pressure line,

as shown with a dotted line on Fig, 6, will stay above
thb profile of pipeline, nearly for the most of the part.
Theorotically tho method is feasible.’

Howover, 1t needs too much ‘care in maintenance to be ‘

used prnctically.. The ball tap and the check valve shall

be woll kopt in working condition and the regular, periodi-
cat inspection of three tanks along the road will certainly

_be & burdon to the maintenance people,
* Morcover, in case when the ball tap matfunctions, a large

flow of spilling wator must beidealt with,
For the size of flow, the rivors and water channels there
soem too small,

With Air Chamber and llead Tank

‘With reasoning discussed in 4.1, to 4.4., the possibilitioes

to deal with the water hammor are narrowed,

10-1~3



There vemains the following methods still;

* To decrease the water hammer §ffcct'by using
slow-closing check valves and rotating'pafts
(motor and pump vanes) h1V1ng bxgger moment of

1nertla.

* To dissipate the water hammer cnergy by u51ng

air chamber

C ok Combinatiun of_the_above two methods

Of the three methods quotcd above, the most reliable
and probably the cheapest is the use of air ‘chamber
and the air chamber is rather 63311y ma1nta1ned
adding to its closeness to the pumping station.

The minimum plessure line, in the casc of air
chamber and head working 'in comblnatlon, wilt be
well above the profile of plpclnnc as shown on
Fig.6. [t means that the negatlve pressure can bc '
" prevented from occlirence. 7
For comparison, another minimum preSsure line in .
case of lacking the air chamber, is shown also oR

Fig.6 w1th a chained line.
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%, Other Faétbré Considored'
As is disCusscd'in Report on Comparative Stndy of Flow Control
System, the ex15tance of head tank makes the control of system

easy, in running pumps and in steadylng the flow,

Also the head tank is nccessitated to fill the plpeline w1th

wator Followlng poqs:hle power failure..

In this paper the discussion has been made to generalize

the water hommer plOble in great Icngth

10 ~1-11



Conclusion

The best method to prevent water hammer for

' .jnductd tousing the air chamber and the head

10— 112

the pipeline is
tank.
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