5-4  Brief Qutline of Alternative Plans
5~4-1 'Righi_: Bank

(l) Case 1R 3

The watex sources of Case 1R will consist of wells 1n the
3 northern Amphoes, and surface. waLer in Amphoe Nong Khaem and ad]acent
.development area Bang Khun Thian, o This plan will be relatlvely _
‘easy. to 1mp1ement ag the 3 northern districts are to be supplled by

wells.

_ _On’ the other hand the water supply for Nong Khaem and
Bang Khun Thian will born a relatlve]y conSJderable cost for trans-
'm1551on llne as water will have to be carrled from a distant river
"intake on account of the 1ntru310n of Sea Water 1nto the Nakhon Cha1
si rlver Bas1de of . thle problem, thlS water source seems . satlsfactory

'w1th respect to- elther quallty or quantlty of water

The treatment plant should be 1ocated at Sathanl Sala Ya
_ which is . located at about a m1dp01nt between the water intake and the
district of Nong Khaem, and treated water will be conveyed from there

to the Amphoe NOng'Khaem,

_ To supply the adjacent development atea of Bang Khun Thlan,
a dedlcated pump will be 1nstalled at Nong Khaem pump station to pump

' watet into a executlve pipe to catry water to the serv1ce_reservolr.
(2) Case: 2R:

The b381c condltlon is: made 1n Case 2R Lhat the entire
rlght bank area (where demand is placed at 56,400 ‘CMD ) is supplled
With Surface water and that the river intake and treatment plant ls
looated"the'same"as in Case 1R. .- In Case 2R water- will be’ carrled from
the treatment plant Lo the serv1ce reserv01ru of Lhe 3 northern distrlcts
(where demand is placed at_ll,lOO oMb _) and_that of Nong Khaem

(45,300 CMD ),'and_water'will be transported by booster pumps and

pipes to supply the respective'oommonitiea.
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Waker will be carried from the treatment plawt to the
service reservoir of Nong Khaem in the same way as in Case IR. But,
supply to the 3 northérn districts seems to-posé ﬁfbbiéﬁs‘ﬁ one;is
that a relatively small amount of water must be carried over a long
distance; another is that it is difficult td.supply_Amphqé town as
early as it de$ired§ and; additionaily}‘a_gysﬁem‘ﬁust be eétablished
to maﬂage the'ﬁaﬁer supply over a widglaféa; as'fhe Enﬁiré served

'area of this case will be covered.by a single supély éjstem.
(3) Case 3R :

_ Case 3R is a'pian to supply the entire right bank area
with water taken from the Klong Mae Nam Om. In this case a treat-—
ment pianf will be located at the same site of the intake. . This
plan, relativély'speéking,_favors the‘3upp1y to -the 3 northern districts,
but the foute length of the transmission iine'to the district of Nong
Khaem will be longer than in Case 1R, and a system to manage the water

.supply over a wide area will be required as in Case 2R.
té) Case 4R :

In this case, the 3 northern districts will be supplied
with water taken from wells as in Case 1R, and the districts of
Nong Khaem'and,Bahg”Khun Thian will releive water from Tha Phra service

reservoir of the central system.

This plan is advantageous in that it is as easy to imple-
ment as in the plan of Case 1R. Furthermore, diversion of water from
'the.central.system_is very economical. Howe%er, this pian will be
inflgéhced by'the éonstructionfschedule of the central system and may
require revision;depénding on the.result of a review of the capacity
of thé Separafe system.. - Oh_account'of these restraints, it is

difficul; to plan the water supply project independent of other factors.
{5) Case SR :

In ‘this case, ‘the: Klong Mae Nam Om will be tapped as in
. Caséij’to3éupply'tﬁe 3'nbftﬁérﬁ'distriCts and a treatment plant will

be built at the same site of the intake.
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As the 3 northern districts together form an area of -
convenient size, it permits planning of an integrated water supply
system. Accordingly, the .supply for this area can be stablized and

systematically managed.

Nong Khaem and Bang Khun Thian will be supplied with

walker diverted from the central system as in Case 4R.
{6) Case BR @

' Case 6R 1epresents a plan to supply the entlre served area
with water dlverted from the central system. The 3 northern dlstrlcts
w1ll be eupplled with water taken from Phra Ram Hok service reservoir
of the central sysLem and a booster pumping station w111 be installed
in each district to Supply the Amphoes. The water supply for this
served.area has ome problem in that a relatively small amount of water
-willohave to be carried over a long distance. On the other hand, the
‘supply for ¥ong Khaem and Bang Khun Thian will be as econoinically
~advantageous as in Case 4R. This case has the same problems as
Case 4R concerning the construction'ochedule of the central system and
the capacity of the separate system which may be changed depending on
the result of its review. Therefore, the implementation.of the plan

of this case is subject to a review of thE'pian of the central system.

5-4-2  Left Bank :

{1) Case 1L :

Case 1L représénts 3 plan.to supply 5 Amphoes and Bang
.Chaﬂ-With_gr0uﬁdwater and all the adjacent dévelopmént area with
surface water taken from_fhe Klong. This_olan will be as easy to
carry out, as in Case 1R, aé the Amphoes will be supplied with ground

water.

On the_ofher hand, the adjaceﬁt development area will
be supplied with 161,350 CMD = of water.obtained from the Klong
Sam Wa and Sip Sam. Water will be carried from the two intakes to a

treatment plant which will be located near the Amphoe Town of Min Buri.
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_ 'This plan'to eepatately supply. the Amphoes. and'the
adjacent development area ‘may be disadvantageous from a geographlcal
point of VlEW, but the prOJect for supplying the Amphoes with ground

water will be relatlvely easy to implement.
(2) Case 21, :

Case 21. assumes that the entire left bank area will ne'
supplied with water taken from the Klong. As the waterISupply in
this case depends on the Klong to the:greatest_extent of all cases,
the treatmen*'planﬁ will:hane tb be built on the largeet scale
(212,500 ¢cMp ). aecordlngly lhe water source will be- the same as
that of Case lL and the locatlon of the 1ntake and treatment plant w1ll

also be the same as for Case 1L

. As the entire served ared is planned to be supplied with
surface water, it will be difficult to 8upply Amphoe Town as early ee
it is desired, bnt'the.plen'Of Case lL_can.be modified to suit this case.
At any rate, the supply fof this area can be stabilized and systematically

managed as an integrated supply sysfem from intake to distribution.
(3) Case 3L :

Case 3L assumes that 5 Amphoes and Bang Chan will be supplied
with groundwater, the eastern adjacent developmént area with surface
water taken from the Klong and the southern adjecent development area

with water diverted from the central system.

The supply for the Amphoes' is planned as in Case 1L.
Water ‘taken from the Klong Sam Wa will be carried to a treatment plant
to "be located near Amphoe Town of Mln Buri. Water to be diverted from
N the central system w1ll be taken from the service reserv01r of Samrong
and conveyed to Bang Phll and Bang Bo, and Bang Poo and Klong Dan

thrOugh separate_p;pes.

As it 1s planned in, thls case to use the water source
.nearest each dlStflCL to be’ served water w111 be taken’ from the largest

number of sourees of all the alternatlve cases and there w1ll be little
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mutual rélationship among the served districts.
(4) Case 4L

Case 4L is a plan to supply 3 eastern districts and the.-
eastern adjacent development'atea with surface water taken from the
' Klong, and 2 southern districts and the soutliern adjacent development

area with water diverted ffom'the central system.

This plan is much 1ike Case 3L go that it can be modified
to. suit Case 3L. But, under ‘this plan the served area 1s d1v1ded into

two parts from a geographlc point of view.

- Surface water will be taken from the Klong Sam Wa alone,
while water to be diverted from the central. system will be received
from Sam Rong service reservoir. Otherwise, the Basic concept of

water supply is the same as that for Case 3L.
(5) Case 5L :

Case DL represénts a plan to su?ply 5 Amphoes and Bang Chan
with groundwater, and all the adjacent development area with water

diverted from the central system.

The plan to depend on wells to supply khe Amphoes:is the
same as in Case 11L. Water to be diveited from the central system will
be received from Pak Bo and Sam Rong'serQice_reservoirs. Wwater will
have to be carried over a considerable distance from the central system
to the respective districts, but this plan will be economically advantages
in part because n§ treatment plant will be needed and the administration

and maiﬁtenauce of the éupply system will be simple.

‘(6) Case 6L

In Case 6L it is assumed that the entire left bank area will
be supplied with water dlverted from the central system, taklng water

from- Bang 1hong Lang, Pak Bo and Sam Rong service reservoirs.

“As the supply system of this case w111 depend on the

central system for all its supply of water, its plan will alsc rest
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with the construction schédule of the central system so that independént
planning in this case will be impossible, the same as was noted for

Case 6R.
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5-~5 Basic Construction Cost and Scale of Facilities

5-5-1 'Basic for Estimatidn”:;

The ba31c construcLlon cost for comprehen51ve water supply
was estimated based upon the data’ collected by M. W W, A., and the
cosLs of major 1mport items, such as pumps, machlnery, electric
_apparatus, instruments and plpes (D.C.T,P.). were estlmated based

upon ‘the Japanese market prlces plus ocean frelght, 1mp0rt dutles, etc.

. In the case where water is assumed to be dlverted from the
central system, the basic constructlon cost was estlmated based on the

follow1ng assumptlons :

_ 1) - 'The scope of estlmatlon s 11m1tted Lo the equipment -
and fac111t1es from the system to the pumplng statlon bullt near the

central system erv1ce reserv01r.

2} The addltlona] expanses by 1ncreas1ng the capacltles of

pumps 1s exeluded from the seope of estlmatlon

'3) The cost of distrlbution p1p1ng .and facilities works
is not_included in. the basic constructlon cost in the Adjacent

Industrial and/or Residential Areas.

The basic construction cogt: estimated in'this Sec, do not-

include the cost escalation and land cost,

The rough estimations of the basic-cdnstructibn‘eosts for the
altefnative'csses are shown in Tabhle 5—3 and their breakdowns

v

by’ water source are shown in Tables 5-4 and 5-5.
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. Table 5-3 SUMMARY OF BASIC CONSTRUCIION COST

CASE BASIC CONSTRUCITON COST (B) CRADE -
1 735,302,000 D
12 873,660,000 >
N 882,309,000 T
£4 K .
I 406,936,000 A
5 489,372,000 .C
6 481,017,000 B
1 1,761,384,000 E
2 1,908,000,000 F
E( 3 956,415,000 ¢
m .
Bl 1,059,751,000 D
=h . _
5. 847,725,000 A
6 920,800,000 - B
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(1) Right Bank

Table 5-4 SUMMARY OF BASIC CONSTRUCTION GOST PER CMD

Right Bank

N _ Water Water. Basic Construction] -
Case|| District. . Source Demand " Cost E[CMD f
: e | ® o
Noxth Hell 111,100 123,847,000 11,157
3 Districes | . T .
‘ 'Nong:Khaem ' o : o o
1 | District River 45,300 611,455,000 13,498
- Total . 56,400 | 735,302,000 | 13,037
o | AL e | : 56,400 873,660,000 | 15,490
Right Bank - . T TR o
3 mr o Klong 56,400 882,309,000 | 15,643
Right Bank . S a . ’ s _ 750
Nortﬁ-w_ : . . .
3 bistricts Well 11,100 ;23,847,000 11,157
: Nong ‘Khaem : _ :
4 | pistrict Central 45,300 283,089,000 6,249
Total 56,400 406,936,000 | 7,215
North ... Klong . 11,100 206,283,000 18,584
3 District . : : .
_ - Nong Khaém _ o : .
5 District Central - 45,300 283,089,000 6,249
Total 56,400 489,372,000 . 8,677
ALL . e T N | |
6 Central 56,400 481,017,000 8,529
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(2)

Left Bank

‘Table 5-5 SUMMARY OF BASIC CONSTRUCTION COST PER CMD

N . 'wétei‘ Water Basic Construction '
Caseé District Source ~ Pemand , Cost B/CMD
{CMD) (B o
A1l Amphoes N o . ' o
& Bang Chan Well 31,800 236,254,000 7,429
i3 East & South - :
pevelopments | K1OTE X 2| 161,350 1,525,130,000 9,452
Total 193,150 1,761,384,000 | 9,119
o | AL Klong x 2 | 193,150 1,908 000,000 9,878
Left Bank - & » 2 IUE,TY 50T
All Amphoe.s _ ' . _
& Bang Chan Well 31,800 236,254,000 7,429
Eést ' :
3 | pevelopments | Klome 51,350 356,110,000 6,935
‘South Central 110,000 364,051,000 3,310
Developments e . 2 ! ?
Total 193,150 956,415,000 4,952
East 3 Districts . .
& Developments .Klong 77,350 626,282,000 8,097
"4 | South 2Distriet] o o a1 115, 800 433,469,000 3,743
& Developments _
_Total 193,150 1,059,751,000 | 5,487
All Amphoes . r
& Bang Chan Well 31,800 236,254,000 7,429
EéstHQ-Soﬁth ' - : : :
5 ‘Developments Cegtral -161,350 - 611,471,000 3,790
B Total 193,150 847,725,000 4,389
6 | All left Bank | Central 193,150 .| . 920,800,000 4,767
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5-5-2  Scale of Maiu Facilities and Breakdown of Basic Coustruction Cost:

1ho scale of main fac111t1es and the breakdown of construction
cost by water sources and service area blocks for all alternatlve cases
are shown in Tables 5~6 to 5-17. The water sources are classified into

as follows :

1) Groundwater (Well)

2) Surface water (Klong and river).

3) Water diverted from the central system.

The basic constructlon cost of the distribution: system was
estlmaLed for only the 9 Amphoes and for the adJacent development area,

but the cost of laylng plpe beyond the service reservoir built in each

area 1s not 1ncluded in the estimation.

Each estimation of basic construction cost includes a 20%

allowance for miscellaneous expenses.
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5-6 Selection of Optimum Plan

Tt is qujté'diffieult to-seleet"the most rational, both technical-
ly ‘and economlcally, waLe1 supply plan from" among Lhe alternalee
caseS'deserlbed in Sec. 5-4, as-each, case stlll ‘has problems to be solved.
In the present study, however, an attempt will be made: to choose the '
most optlmum plan within the framework of the feaqlblllty etudy of a
separate system in consideration of the future soc1o~economic_develop—

ment of Thailand.

_ When all the alternative cases are rev1ewed ‘assuming that
thie water works are planned -as the Greater Bangkok Area prOJect,
1ncluding both the central and separate systems, 1t would be ideal. to
take surface water frem more than one source so as to assure a stable

water supbly. (Refer to right bank Case 2R and left bank Case 2L.)

However, the optimum feasible_plan would be a case'where the
water works can be built at a minimum ceet,‘whEn the economic conditions
of the water supply progect the nece881ty of proper water supply manage—
ment, the burden of 1ncrea51ng water charges on the commurity people
and the present condition of ‘the water authority are taken into

consideration.

The ComblﬁaLIOHS of the rlght or left bank. and water sources
are shown in Table 5-18 and Fig. 5-13 in order of lncrea81ng construction
cost, Resbeeti#e'tq the selection of water sources from the standpoint

- of eonetfuction cost, the following can be stated

“1) It would be economlcally advantageous to also depend on the
wells for water, S0 long as the ?umpage established aceordlng to the

survey. results is not exceeded.

'2) The plan to divert water'frbm the central system will be
more eeonomically advantageous than the plan to use surface water, as

- the Water supply by the former plan will need no treatment plant

7133)' The water supply system w1ll be qulte expensrve to build,

'1f surface water is to be utilized over a wide area. = The use of

5 b4



surface water should therefore'be_limited to an area of convenient

size nedr the water iuntake point.

The major con51derations whlch should be made in the use of. each

water gource are noted as follows :

1) The use of. wells should be allowed in only 8 Amphoes,

excludlng Nong Khaem, and in Bang Chan,

2) Phase 1 Project of the first stage of the oeotrai system
is noﬁ'onder construction and the.detail design of the Phase 2 Project
has already been completed. The plan to divert water from the central
" system after Phase 2 Projecf must therefore be coped with its sub-

sequent construction schedule.

3) Agreement must be reached with the authovities having
jurisdiction concerning the water rights when the plan to use surface

water is to be carried out.

_ 4) The comprehensive water supply project which plans to
:depend_ou only 3urface.water and build several water treatment plants -
| does not séem feasible from an‘ecoﬁomic point of'view,'for its-oon—
‘struction cost would be about 2.2 rimes as high as that of the least
expensive plan. (Refer to right bank Cases éR.or 3R and ieft bank

Case 2L.)

When the least expensive.combinations of water éources are
also taken into account in addition to the above considerotions, the
water supply projects in almost all existing Amphoes seem easy and
relatively inexpensive,.as they plan to dig wells, If wells are
digged in the-existing Amphoes, the other districts will be éupplied
by the central system. = Tha Phra reservoir on the_righé bank is
already under construction so that it can supply the Amphoes by the
taigot year 1982. Fofthérmore,'the deﬁailéd design of Khlong Toey
reservoir has already beén-oomploted; When;Pak Bo and Samrong
:reservoirs which will follow it,are built in the next stage of con-
struction of the Bangkok water supply project, it will be possible.to

supplyxthe adjacent development areas on the left bank in 1985,

5 - 45



“As a conclusion, the olemum feasible plans which would ‘be
the least expensive of all alternative ‘cases are recommended in thJ.s '
'study as follows. . ' |
1) Right Bank : Case 4R

2). left Bank : : Case 5L
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CHAPTER 6

TRANbMISSION PLAN FROM
CENTRAL SYSTEW To SEPARATE SYSTEM

'6 1. - Outline of Central System

The water supply of Bangkok dates from about three hundred ‘years.
back The aqueduct which was bu1lt in Lopburi about three hundred
years ago in order to supply water to the Royal Palace was the first
form of water supply, and’ 1n the later days of Klng Rama v the water
. supply system presentlv belng ‘used was prOposed and came into service

1n 1914

The populatlon of metr0p111tan Bangkok has; 1ncessantly been Qe

- xlncrea31ng from year to year, and in 1976 1ts populatlon reached

4, 559 000 persons. Cof ‘them 2,465,000 are now served Wlth water and af
' average da11y water demand is 1, 177 OOO CMD. Of the demand 850 000
lCMD_ls met by the Sam:Sen and Thonburi water treatment plants,_and
'ethedremainder'of the demand or 327, ,000 CMD, is met by use of ground

'waterf

The water supply system of Bangkok was expanded as ‘its populatlon

'; fgrew but demand has. always exceeded supply for the past several years.

The unrestralned use of . groundwater has already 1nvolved varlous
problems, such as ground sub31dence, ‘the fall of the wate1 table and
an increase of salinlty in groundwater Thus the development of
 new Water sources and the 1mp1ementatlon of a comprehenslve watey

_-supply progect have_been de81red and urgently needed.

: To flnd solutlons Lo - these problems U.S. consultant Camp,
Dresser & Mckee (CDM) was called on to draw up a master plan of a

water supply progect in 1968 and the CDM f1n1shed that task in 1970 o

In accordance w1th the master plan whlch was made as’ a long—
range prOJectlon through year 2000, the water supply pro;ect was’ put
into actlon and the Phase 1 Progect (capac1ty of treated’ water ?"
800 000 CMD) of the flrst stage is now under constructlon, and the"

-detail design for Phase 2 Project has already been completed. .However,



the pro_ject was bad3y ‘hindered by the oil crisis and WOY.‘ldWlde
1nflat10n 50 that it 1s far behind schedule. The - comp]et:on of the
'Phase 1 Progect 1s now set for 1979, - In August 1977 the MWWA reviewed
Phase 2 Project in relation to the whole progect and made a report

A ROVlPW of the Bangkok Water Supp'i_y Phase 2 Project

: The present condition and planned séale of the central system

are shown in Table 6-1.
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6-2 ?resent'CDnﬁition and Future Plan of Central System
6-2-1 Present Condition :
(1) Surface Water TIntake and Aqueductﬁ

At present surface water is taken.from-the Chao Phraya
river at Sam Lae pumpeatation, located 91 km upétream‘of the mouth
of theutiver.and stdred in;the Bang Luang_Resefvoir; located inside
the curved section of the‘Chao Phraya river. From that pbint water
is’ led south to Sam Sen treatment planL over a distance of 25 km
using the Klong Prapa as an aqueduct. On. the way to the treatment-
plant,’ water 15 dlverted to - Thonburi treatment plant at Ban Su which:

is located about 3 km north of Sam Sen Lreatment plant.
(2) Water Treatment and Distributidn'Facilities:

At present two water treatment plants are in operation;
Sam.&en and 1hon Buri. Sam Sen treatment plant which consists of
10 systems for puriflcatlon and treatment, has a capacity of about
680 000 CMD; while Thonburi treatment plant is capable of treating
about 170,000 CMD of raw water. The water treated at these plants

is then distributed directly to the community.
(3) GroundWater :

As of 1976 about 140 deep wells with a- combined dally
yleld of about 327,000 m3 were operatlng in the area over which

MWWA has jurisdiction.
6-2-2 - Future Plan :
- (1). Surface Water Intake and Aqueduct:

No change in the location of the water intake and the
route of the aqueduct 15 envisaged; but, as the amount of water drawn
_from the riVer is expected to’ 1ncrease to 6 000 000 CMD (= 70 m3/sec)
tln 2000 there is a plan to build a new pump atatlon at Sam Lae, and
a plan to 1mprove both ‘the Bang Luang reserv01r and the Klong Prapa

for use as an aqueduct.



(2)  Water Treatment Plants:
In addition to the existing treatment plants at Sam Sen
" and Thon Buri, a new large-scale plant is underZCOnstruction at Bang

Khen.

_ Sam Sen treatment plant will be Sca]ed down from the present
capac1ty of 680 000 CMD to 480, 000 CMD and Thonburi treatment plant
from 170 000 €MD to -about 142,000 CMD. Convereely, Bang Khen treat-
~ ment ‘plant will be expanded to have a final capac1ty of 4,800, 000 CMD
this plant to comprise four systems each of which can treat 1,200,000
CMD of raw water. ' '

(3)._Tran3miee10n and_bistribution Facilities:
Water treated'et Sam Sen and Thon Buri_tteatment plants
'will be d1str1buted dlrectly to the community. These plants,'however

will: cover only a small part. of the served area, and the greater part

of the area will be served by the Bang Khen treatment plant.

‘ Water will be transmitted from Bang Khen treatment plant
by undergrbuﬁd conduits, 4.6 to 2.0 m in diameter, to 13 service
reservoirs from which water will be distributed throughout the entire

served area.

(4) Groundwater :
Until eompletlon of the transmission lines from Bang Khen

treatment plant, usage of g10undwater will increase from 327, 000 (MD

in 1976 to 532,000 CMD in 1979.

Thereafter the consumpt1on of groundwater will be’
decreased by about 10 % from year to year until all water demand is

‘met with surface water in 1990,

The outline of the future plan of the central system is

shown in Table 6-2.
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6-3 Brief Review for Transmission Plan from Central System to

Separate System
6-3-1" Subject for Review :

In this section the transm1531on plan from the central bystem
to the separdLe system w1ll be reviewed so as to make clear whether the
water treatment and transm1351en facilities of the central system can
meet not only its demand based on the MWWA report entitled ™A Review
ol the Bangkok_Water Supply Phage. 2 Project“, but the demaﬁd of the

separate system as well.
'(1) Water Demand:

The water denands on the central and separate.eystems
for each phase or stage of construction were estimated by Qay of
two kinds-of'estimates of. water -demand forv the'sEpatate syetem:
Estimate (A) representing the total demand on- the separate system'
~and, Estlmate (B) representlng the total demand on the separate system
minus therdemand in the districts served with groundwater. The total
water demands on both the central and separate systems for both cases

are shown in Table 6-3.
(2) Construction'Schedule.of Central System:'

The planned capacities of the existing treatment plants
and Bang Khen treatment:plant.now under construction are shown in
Table 6-4. 1In this table the water treatment capacity of the central

syetem is divided into'surface water eed groundwatex.
(3) Demand-Supply Balance of Water:

The total water demand on'the-separate system-in,ZOOO,
including that in the adjacent development area, is estimated to be
249, 550 CMD. ‘This volume accounts for only 5.3 % of the demand.of
4,698, 000 CMD which the central system will be requ1red to supply in
2000. Thus, the planned capacity of the water‘treatment and trans-
mission facilities of the central system 1is 1arge:eneugh to meet the
water demands of both the separate and ceﬁtral systemé.

(See Fig. 6-1).
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Fig.6-1 CONSTRUCTION SCHEDULE.OF CENTRAL & SEPARATE SYSTEM
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6~3-2 Construction Schedules for Central and Separate Systems!'

The separate syetem is planned to put . in service in the entire
Serﬁice arca in 1982. In this section the plan will be reviewed in
conﬁECtibn with the construction sehedule-of tﬁe'central system s0 as -
to determlne when the separate systenl related to the central system

can puL 1n service.

The service reservoirs of the central system on which the
separate system w111 depend for water,will be located at Tha Phra
(nght Bank) Fak Bo and Sam Rong (Left Bank). Tha Phra serv1ce- _
reserv01r is under constructlon and is expected to be: comm1551oned
upon completion of Phase 1 PrOJect of the First stage (1979), whereas
no deflnlte plans for the other two qerv1ce reservoirs have as yet
been formulated. ' As the eonstructlon schedule_of ‘the central system
through Phase 2 Project. (1981) of the first stage has already been

- decided, Pak Bo_and_Sam Rong service resetvoirs_will be planned in
the secend'stage at the earliest or thereafter, depending on the case;
but, 1if the secoﬁd stage comes as envisaged by the master plan, the:

two service reservoirs will be completed in 1985,

Therefore, respective to the right bank, it appears that
congtruction of the sepafate system can satiefactorialy_cotrelate with
the central system work; whereas, respective'to:the left bank, it is
required'that the second stage work of the central system; espeeially
the construction of the transmission line from Klong Toey to Pak Bo

to Sam Rong and service resefvoirs, is completed as early as possible.

On the left bank.all ﬁater from the central system upon which
the‘separate system will depeud,will be distriﬁuted tokthe adjacent
development ereaf Any weter_supply project which starte before water
caﬁ'be diverted from the central system, will have to use groundwater.
Howeﬁer{'the.use of_groundwater should be allowed only for a very
brief period, and only on condition.that a safe margin of pumpage is

observed and strictly adhered to.

6 - 11



6-3-3 Study of Demand=Supp1y_Balance and Capacity of Bang Khen Plant :
(1) - Pemand-Supply Balance of Water:

As has been previously stated the demand and supply of the
central and separate systems as a whole will be in balance. in- thls
section the demand- supply balance of water at Bang Khen treatment plant

which will directly supply the separate system will be dlscussed.

" The planned capacity.of the Bang Khen piant:has-already-
been indieated; The demand which this plant w111.meet will be calcu-

lated based upon condltlons as £ollows

1) The_Wells will be used to the.upper limit of the

planned capacity.

2) The existing treatment plants will be operated to the

- upper limit of the planned capacity.

3) Bang Xhen treatment plant will meet the estimated
demand on the central system minus the supply from the

wells and ekisting treatment plants.

. The annual demand which Bang Khen plant will meet when the
above conditions are met,cah,be estimdted oﬁ the basis of the master
plan as shown in Table 6-5. When the planned demands (A) and (B) of
the SEparate system are added to it, Bang Khen plant will have to fiil

the requirements shown in Table 6-6 and Fig. 6-2.

Bang Khen treatment plant has an adequate capacity to fill
the total demand (B) through the final year of the plan; although a
supply shortage may oeeur'in the last yvears of the first or second
stages. Before 1984, however, the transmission lines and service
reservoirs of the Centfal"system'will not be completed to supply the
._“sefvice area of the separate sysfem; other than Nong Khaem and Bang
Khun Thian on the right bank, and’ other dlStIlCtS w1th1n the service
' area of the separate system w1ll not he supplied untll 1985 when the
second stage has been completed. Therefore, the separate system will
‘be aetually supplled with 18 100 CMD of water in 1984 while the total
demand. W111 be 1,881,600 CMD. Should demand be more than as anticipated

in that year, “the supply shortage would be only in “the order of 5% or

6~ 12



so, and such condition would not last for long period of time.
" This temporafy condition is adjudged not particulaly serious since
most any system can, in one way or another be managed to cope w1th

such a slight shortage.

The water demand (B) on the separate system Wthh will be
filled by the centra] system is qhown in Tables 6~7 and 6- 8 and

Flg. 6-3 accordlng to the dlstrlct and service reqerv01r.

The total demand on the service reservoirs of the central

system is shown in Table 6-9.

6 ~ 13



‘Table 65 MAXTMUM DAILY DEMAND OF CENTRAL SYSTEM

(1,000 cub)

1st Stage

Ist Stage

| Fina

i

Service Res ir 2nd’ | 3vd | Final
PEXVICE KeSEIVOLL) phage 1 Phase 2 Stagé'StagéfStagé
No. Name 1979|1981 [ 19821 1985 | 1990 | 2000
1 |Bang Khen = 60| 88| 134| 217| 300°
2 |Sam Sen W.T.P. - 822 822 | 822| 822 622| 622
3 | Thomburi W.T.P." . 0 RS I o
4 | Tha Phra 146 170 | 204 2217 277 | 332
5 | Phation Yothin - 75| 109| 1681 224 | 279
6 | Lunpini Park 139 166 | 200] =221 247 273
7 | Klong Toey - 69 100| 154 205 256
8 | Pak Bo - - -1 1687 253 | 388
9 | Phra Ram Hok - ~ - 87| 184 300
10 |Kaset Sat - - - - 113 338
11 | Rat Burana - ~ - 90 | 199 307
12 | Yannava - - - - 116 349
13 | Samrong - ~ - -~ | 116| 350
14 | Huai Khwang - ~ - - 101§ 302
15 |.Bang Thong Lang - - - - -101 302
Sub Total - 1,107 [1,362 [1,523[2,065 [2,985 t,698
Croud Water 532 548 | 404|294 0 0
Total 1,639 1,810 {1,927(2,359 2,985 &,698
*Covered by ﬁa;gPKhe“ 285 5401 701{1,243 [2,363 %,076

. *Excluding Sam Sen, Thonburi W.T.P. & Groud Water

o6 - 14
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Fig. 6-2 WATER DEMAND COVERED BY BANG KIEN W.T.P.

WATER QUANTITY (1,000 CMD)
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Table 6-8 WATER DEMAND OF SEPARATE SYSTEM
' COVERED BY CENTRAL SYSTEM RESERVOIR

(cMD)

Reservoir : R ' : . E :
. . - .|| *ha Phra (4 Pak Bo (8) ~ Samrong (13) " Total:
Year {(AD) o ' ' o : ' ' :

980 - 13,300 9,430 25,740 | 48,470

1981 1 14,500 11,650 31,870 58,020

1982 15,700 13,870 | . 38,010 67,580

1983 16,900 16,0900 | 44,140 77,130

984 | 18,100 18,310 | 50,280 86,690

1985 | - 19,300 120,530 | .56,410 | 96,240 -

11990 25,300 | 38,350 89,200 | 152,850

1995 | 33,300 50,850 99,700 183,850

‘20000 | 45,300 51,350 - 110,000 206,650
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Tig. 6-3 WATER DEMAND OF STPARATE SYSTEM COVERED
. * BY CENTRAL SYSTEM RESERVOIR 1 .
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\
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1980- 1985 1990 1995 2000
(1982) '
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(2) Capaéity of:Bahg'KHén Watet Tréatment Plant:

_ Under ths section will be estlmated the approximate . _
capac1t]es of the rapid settllng basin, rapid filtrathn'b331n and
clear-water basin of Bang Khen water treatmeﬁt plaﬁt which will be
required for not only its own demand but the demand (B) on the
separate systemuin ?OOQ.

1) Rapid Settling Basin:

i) Dimeﬁsions : : 58.0. (dla Y x 5.3 m (H) X 24 units
=:335, 760 m3
ii) * Capacity ' : 200,000 cMD/unit
Clen U SRR
iii) DeLenF}on period : 5 332,388 m X 24 hr = 1.98 hr
‘ {central) - e, m3/day - L
Y . L. . . : 3 S oy . 3 ) .
?V)_ Deteﬂplon period 4'2321228 LA 24 hr = 1.88 hr .
(total) 22045 m3/day
2) Rapld Fthratlon Ba31n (Anthrac1te w1th Sand)
i) -D;menslons . 7 f 9. 35 m (W) . x 27, 4 m (L) e 80 unLtS
o = 20,695 m2. f
Sl o : 3
oy e -, 4,076,000 m™/day
ii) .Fllfraﬁ;pn speed: TN 495 i 198.8 m/day
~ (central) :
S . . 3/da _ -
: 4 282 650m y .
Lo ; , ) A
iii) Filiration speed f 00495 w2 09.0 m/day
- {total) '
3) Cleér;&étéraBasin:
i) Dimensioﬁéi ) . 70m (W) X lSO,mf(L) x 6 m (i)

x 8 unitg_s_soa,soo m3

. .: TR -.. . B ) . . 3 ‘ _. :
O mtenion tine s _S808 1y 355
(central) m3/day
I . T - _ o 3 | :
.111) Detgntlon_tlme : - ggg 2?8 f; % 24}n‘ 3.39 hr
_(total) /day

As shown above, all” Lhe b351ns have an adequate capac1ty

. to permit the water treatment plant o’ perform as requlred

The Slte ‘plan of Bang Khen water. treatment plant is shown

in Fig. 6-4.
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(3) Capacity of the Transmission System:

This section will deal with a hydraulic study of the
transmission system which will transmit water from Bang Khen water
tféatmént"plant to 13 service reservoirs in the community in order

to fill the demands of both the central and separate systéms.

This hydraulic study assumes two cases (A)and(B) Tn
Case(A)the demands of both the central and oepalate systems will be
filled, while in Case(B)the demand filled by wells in the service

area of the separate systém will be omitted.

_ For Case(A)the transm1931on systen only in 2000 w111 be
con81dered, whereas for Case(B)the hydraulic study will cover the

transm1351on system in each stage of construction,
The hydraulic study is based upon assuymptions as follows:

1) The pipe sizes and route lengths shown in the detail

design will be adopted in the first stage.

2} In the second and subsequent stages, pipélines will be
laid according to the master plan, except that the
route leading to Yannava will be branched off at

Lumpini Park.

3) 1In the second and subsequent stages, the pipe sizes
shown in the master plan will be’ employed for the
loop, but plpes_Z;O'm in diameter will be used in all

the branches in accord with the detail design.

4) The amount of water which each service reservoir will
receive,will be decided in accord with the master plan,

(See Table 6~5.)

Thé transmission route from Bang Khen treatment plant
o each service reservoir is iﬁdicated in Fig.6~5, and the results
of the hydtaulic study of the transmission system are shown in

Figs. 6-6 through 6-11.

(4) Capacity of the Service Reservoir:

The capacity of the gervice reservoir of central system was

in principle decided to be 10 Z of the daily maximum water demand,
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In the mastet plan the service reeervolrs of central

eyatem are. arranged 50 that eaoh service reeervolr .can receive about

300,000 to 400 000 CMD of water._ Accordlngly, all but Pak Bo service
reservoir ‘with a’ oapac1ty of 50,000 w3 are p1anned to. receive 40 000 m3.
But, when ‘the water. demand on the separate system is also taken 1nto '
account capacity of Sam Rong serv1ce ‘rTeservoir needs to be 1ncreased

from 40 000 CMD to 50 000 CMD

However expansion of Samrong servlce Yeservoir - ‘seems not
neoessary slnce installation of service reserv01r for each Amphoe and

adgacent development area are planed in thelr proposed served area.

(5) Method'of Tranemission:to'the Separate SYSteﬁ:-

_TraﬁsmiSSion'of water:from~the'éeottal system to-tﬁe separate
system ie‘planned*to“be'aooomplishedﬁby a newly“boiit pumpiog'facility..'
It 15 de31rable that this pumping fac111ty is planned as’ a patt of that.
of the central system and is 1ocated in- the premlses of. the servlce'
resetvoir. 1f none of the.elte;of setv}oe_rescrvo1rs can afford land
for the pumping facllity, a independent pumpine station for separate
_SYStEm w1ll have to be built near one of the service reserv01ls of

central system,

Prlor to the completlon of the 2nd stage construcLlon of
Lhe central system, and in case the Water transmission to the separate
' system on the left bank area-’ 1s prov1ded by 1ndependent transm18810n
main systema from Klong Toey reserv01r to Pak Bo and Samrong reserv011s,'
to meet water demands for YEa]S 1984 and 2000 ‘the construction cost
~of these Lransm1851on main Systems are estlmated as 145 x 106E and

3';244;x 106E, respectlvely;_,
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Fig. 6-6 1st. STAGE - PHASE 2 (1981 AD) |
C = 110 Capacity 1,200 (1,000 CMD)

Flow Co_efficie:nt i

T

BANG KHEN W,T.P.

(B) ~ Q=554.5(1,000 CMD)
Toral Loss H=4.,.01 m

PHAHON YOTHIN(Q=75)

4
Q=170 + 14.5 -
( = 184.5 .

6. LUMPINI PARK (Q=166)

THA PHRA Q= KLONG TOEY (Q=69)
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Fig. 6-7 1lst. STAGE - PHASE 2 (1982 AD) |
Capacity 1,200 (1,000 CMD)

. BANG KHEN W.T.P.
(B) 0=716.7 (1,000 CMD)
Total Loss H=5.94 m

=204+15.7)
= 219.7 e

THA PHRA




Fig. 0-8 nd. STAGE (1985 AD) apacity 2 400 (l 000 CMD)

(=134 . l I@ i BANG KHEN W.T.P.
o (B) - Q ='1,339.24 (1,000 QD)

\\ | ' g Total Loss i = 20.15 m
\ Y
Sof 2 o
\ s
Ty
o . afon oy
" q-87.0 -
. ¥ =70.321 -
2 h=10.12
S $2.0-"
d\\=2-0 [
PHRA RAM nOK R§F i B e
o\ Lop B3
(Q = 87) p‘\J,"{,\,_'g
: RE R O
Ll ~5adS . PHAHON Y -
&j v Q:_lg&S . YOTHIN (Q = 168)
o D619
. .Qh? . ‘ ..
B B -
. oy . R ‘}3\0
& 15 Es
/// P AETN
opf #
_ g Q':: "
[ <
| \\E;;\\I
4 - '_ N 'I.:.-Q' 6 . LUMPINI PARK by 221
THA PHRA " KLONG TOEY f’cféﬁ‘s(o—lﬁg +
(G=2214193 -7 W= -154). 6§9 59.730.,53, =
=240.3) - {74 o RQ,78 188.53)
20828 (3 o &
1=3.0 : a={{
0=244.94 % . PAK BO
534 $3.75 _
<0.35 © \1-0.2

1=188.5
v=0.198
h=0.002 .

\\\“\ 13 SAMRONG
(0 = 56.41)
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Fig. 6-9  3rd. STAGE (1990 AD) Lo :
& (19- ) Capacity 3,600 (1,000 CMD)
@D Free
Sy ”’»\* / BANG KHEN W.T.P. o
|, (B) 0= 2,515.85 (1,000 CMD)
W Total Loss 1t = 10.28 w

Q-1
V=
ME:
PHRA RAM HOK [ Jbriill N _ Jogss o T,
(@ = 194) et Cbkptines o Ry 2.
1, - ;) .324
72
% '*-_3.' .
e 15
[ B Ao
o g Y (e=101)
A3 sane
boi .
_ THONG
LANG
Joo
SER
' : o < il
ey LUMPINI PARK- i on .
i o -1 B . .
; . (Q=247) : O 0=291,35
THA PHRA: - . 22, KLONG TOEY J

Y= =2 .
7(0-205) | V=1.077 (R°253+38.35,

< 1=3.08

_~Q5217*25{3)
L 302.3

ooz
YANNAVA
(Q=116)

 RAT. BURABA
L A=199)

7 13. SAMRONG
(Q=116+89.2=205.2)
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Fig .

(8)
:-)00 Total Loss H=23.62 m
. M Lq‘ : ‘
RN Y-
: -W’“iﬁ?ég
E e
! ,{g é&;ﬂ l;
"
T @
S e 10 _
0-300.0. of" o 3 - YU) rasersAr (0-338)
V=1.100" o~ - o
h=1.22 &0 P -
N\ 2.0 f T '”’4.73- o e
S oWk NI Onyr
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!}\*1.5_6(9 2.0 R NGCPNR O
2,8 Lo, 15 PHAHON YOTHIN JA=SC 2,7
o faos {Js @219 LENT e
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fowe0s2 P SR L)
& Sl.15 L o o (0=302)
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FINAL STAGE (2000 AD)

(Q_BUO 0) 1 . M BANG KHEN W.7.P.

6 - 30

: Capacity 4, 800(1 000 CMD)

Q= 4,282.65(1, 000 CHD)

13 SAMRONG

(N=350+110=460)

}



6-11  TINAL STAGE (2000 AD) -
- Capacity 4, 800 (1, 000 CMJJ)

(0 = 300.0) 1 M“* BANG KHEN W.T.P.

win (A Q= 4,325.55 (1,000 CMD)
=24.06 m

Fig.

?r\,r\. Total Loss H
R o |
0 hl*:. )
S
>
o -
o' -
: wfd
P KASETSAT (Q 338)

V~1 150 "*c’%at,'g

_ _PHRA "RAM HOK 2.0 e Q\e zf\? :
- R A .4 . \‘Z ) '?5
(@ = 300 +'i.1 o Lo K .
- Ty Py 523&_ N 6\? 07 2
w7 0830 a0 ‘Z .:‘“°-
g 225 o s m z
Qs H HON YOTIN"Q W _ _. . .
L vy 9:0° 5 (Q=279) 14 2 3 (q=302+26
& b=y ‘;’22 = 770 \Be o =328)
L . * . =302 =0, . ¢ .
o]/ N/ (SUAI ) 382006 Ay T AN
R o Q=30 B S THONG
& : IR KHWANG V=1,117 o
& ™ o  h=0.37 LAN
9 wfn G )
{] g g,g ‘:,,\- ;5.
w3 6;\(_\ rlQ
e
| a&g
4 - > ’ . 6 : "y "‘4.-,: .
_ : NN e s I LUMPINI PARK ~f oy P
(82,9 L;.L:_t; s _&_;;7-5 4 g7 (0273 g C”F: .s’{-
Cmmme Tpra |\vooesy  \“e e | e
Q=332 + 45.3, 5 T . ~ 7 (0=256) 6\‘7-5 s
G503 ) ¥=1.395 h=0, 42 o _%3455__0 S —)\94 o .
=410 : &{L:,b...v) ; 9, 'p§J5.5 - $2.6 "O&\J 8 (Q=388+
. g ’ _'.-2‘0}0" ‘5'..059 : =3, 0 o 17 51.35=
| q%;?.’r_g,'b_,_xg_j : Q 60226\ g0 439:39)
S O $3.75
VORI I | L=0.2
& ;/\;j,') YANNAVA - Q=1,068.4
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™ ' ‘ h=0.06
.
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RAT BURANA
L (G=3.07) o
Ae
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6-4  Discussion

CDM, ‘who prepared the master plan of the Bangkok water supply
prOJECt ‘planned the separate system 1ndependently of the central
system. However as time went on, the‘eeparate system 1nc1ud1ng-the
houelng and 1nduetr1al progecte acqu1red increasing 1mportance until
Jits water demand could no longer be met by u31ng groundwater alone.
As a result, the dlverelon of water from the central system was .

'planned the notable aspect of thlS plan be;ng ‘the fact that the '

pr03ect was promoted by MWWA and at its own dieeretion.

To- rev1ew the plan of the central system and modlfy part of 1t

. to sult the convenlence of the: separate system it might . threaten.

to be cr1t1c1zed as loss of 1dent1ty for the englneerlng. An effort
.to. find other water Sources mlght be rewardable if MWWA planned a
water supply prOJect for ‘one hundred years hence but the problem of
an alternatlve water ‘source cannot p0881b1y be solved in the. fore-
seeable future,-beve_the 51ngu1ar,p0851b111ty that a project of

finding a new water source is undertaken on a national level.

.As fecommended under Chapter 2, the study of the feasibility,
scale and time of diverting water from the central system should be
commenced immedietely; Fortﬁefmore, it is most desirable that
experte in principle lead the study in accordance with the procedures

set forth in Sec. 2-4-3,
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