ff—2 Terms of Reference (X A {i)
Project Title_ : Master Plans and Feasibility Studies of
Water Supply Systems for Seven Provincial
Toyps. {Phuket, Prachatipat, Patum Thani,
Takua Pa, Phang Nga, Thung Song and
Su Ngai Golek)

Regquest Agency : Provincial Waterworks Authority (PWA),
' ' Ministry of Interior, Thailand

proposed Source of Assistance : The Government of Japaﬁ_

1. Background information and justificatibn for the project

The Provincial Haterworks Authérity (PWA) is a state
enterprise supervised by the Board of Directors under the
Mlnlstry of Interior. PHWA is responsible for the production
and supply of drinking water to all ‘people throughout Thailand,
except Bangkok Metropolltan area, including 193 urban water
supply schemes and 674 rural water supply schemes. There are
'_10 regional offices across the country that supervise the water
supply systems on their operations and maintenance. Since
insufficiency of clean water is still a major problem to the
people in developlng countries like Thailand, the Thal Gevern-
ment has been supporting PWA in providing clean and safe water
to meet the customers' demand.

phuket Waterworks is now under the responsibility of
phuket Municipality. Upon the Cabinet Resolution, all water
supply systems operated by the Local Authorities {the
Prov1nc131 Administrations, Municipalities and Sanitary
Districts) have to be transferred to PWA. Meanwhile, PWA is
constructing Phuket Water Supply System at Bang Waad
Reservoir with the capacity of 1, 000 m~/hr to serve short-
- term demands at the deep sea port tourist areas . and nearby
communltles and alseo preparlng to supply clean water to _
Phuket Municipality after the transfer However, the Thai

Government intends to develop phuket Island as an international



tourism, industrial area and a growth pole city of the
southefn Region, herefore, PWA has to prepare a. long-rang
comprehenszve plan’ for supplying clean water to the entire

island to meet the Government's objectlve._

Patum Thani, Prachatipat, Takua'Pa' Phang Nga, Thung-

- song and Su Ngai Golok Waterworks are at present operatlng at
their £ull capac1tles and cannot ‘cover the expected future
demands. In addition, the high percentage of 1eakage in the
dlstrlbutlon networks and inadequacy of raw water sources are
some of the critical problems both in terms of quality and
quantity. ‘Because of these deficiencies, these: ex1st1ng water
suppiy_systems need immediate impiovements in order to cope
with the. future demahds. These tasks w111 include lonq range h

master plans and f3351blllty studles of these towns.
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1.1 Geographical Backgrourd

a) Phuket

Phuket, the only island prov1nce of ThaJland is
located in the southern region, on the west coast of Thailand
with an area of 3550 kmz; length of 44 km, and width of 18 km.

It is noted for its large deposit of tin ore as well as for
lts touristic attractlons° Apart from its rich natural resources
Phuket is an island .of beauty and charm with delightful begcnes,

mountains and waterfalls. (see Map 1)

The population of Phuket Province in 1985 was
approximately 145, 22° of which 46,655 live in Phuket Hunl—
cipality. The average annual growth rates in the past 5 years
were 2.23 in Phuket Province and 0.66% in Phuket Municipality.
The number of tourists coming to Phuket has rapidly increased
over the past years and is expected'to increase to 302,?00'in
1987 and 479,300 in 1992, representing average growth of about
10% each year. '

b} Patum Thani and Prachatibat

Patum Thani is the capital city of Patum Thani Province,
located 28 km north of Bangkok, and Prachatipat is a town 1l
km east of Patum Thani. '

The population of Patum Tﬁani in March 1984 was reéistefed
as 13,238 and that of Prachatipat 28,044. Their avehage annual
growth rates in the past 10 years were 8.1% for Patum Thani and
4.5% for Prachatipat. These rates in the past two:years accele-
rated to 8.7% and 10.4% respectively, and are expected to

accelerate further in the coming years.

One principal factor supporting the rapid expahSioh of
Patum Thani and Prachatipat is that a growing number of Bangkok
vworkers began to settle in these fringe areas of Bangkok.

In view of the housing programs now vigorcusly'develoﬁed
in these areas. this trend of ‘rapid expansion is expected to
continue in the future. This phenomenon is particularly
prevalent in Prachatipat which is located nearer to Bangkok.



Another factor supporting their expan51on is the increas-~

ing nunber of manufacturlng and chemical factories newly establish-

ed in these areas. This may be partly due to economic reasons

for selecting factory sites in the vicinity of Bangkok, the
center of Thai economy, and partly due to their accessibility to
the use of deep wells for their industrial water supply sources

as such groundwater use is no longer permissable in Bangkok.

General prédictions are that these two towns will socon
constitute a combined Metropolitan fringe area which will be
characterized both as a dormitory town and an industrial zone
connected to Bangkok.

The area consists of a flat terrain whose service area
covers 7.0 kmz. 2 meters above the sea level. The temperature
ranges from 20°C to 35°C with an annual rainfall of 1.200 mm.
The rainy season starts about May and the dry season from
November. -The'geological characteristics of the surface s0ils

are generally alluvial deposits of clay.
¢) - Takua Pa

Takua Pa is a municipality in Phang Nga Province located
710 km south of Bangkok and 130 km north of Phuket. - Its popula-
tion was regiStefed at 9.222 in March, 1984. with an average
annual growth_rate of 0.44% far below the national populatien
growth rate. Takua Pa is known as a town of tin mining, with

the majority of its working population engaged in this industry.

Takua Palconsists of two parts (1) Ban Talad Takua Pa,
an old village where mine workers originally assembled to constl-.
tute a community and (2) Ban Yan yao. a town newly built a
decade ago by the Municipal Government which 1ntended to absorb
Ban Talad Takua Pa dwellers into this new town., as the Municipal
.authorities planned to develop tin mines in the village where
rich tin mining beds were found. Despite the intenticn of the
Municipal Govérnment. however. the dweilers in Ban Talad Takua-

Pa continued to stay and grow in numbers. Reflecting the
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above-mentioned background, Ban Yan Yao is characterised as
center of Governmental and other public organizaficns and
commercial businesses, while Ban Talad Takua Pa is a residential

town housing mostly miners’ families.

The area consists of a flaf terrain and the service area
‘covers 3 kmz, 10 meters abové the sea level. Its anhﬁél rainfall
amounts to, 3,000 mm, with the rainy season starting from May
"and the dry season from January.. ThE'geological characteristics
of the surface soils are generally granite.

al Phang Nga

Phang Nga Munmc;pallty is the center of Phang Nga Prov1nce,
located about 795 km south of Bangkok and 86 km north of Phuket,
the center of tourism in southern Thailand. Its population in
March 1984 was 8,791 with an annual growth rate of 3%, consxdera—
bly higher than the national level. The main 1ndustry of  the
town is tin mining. The town also serves as a commercial center
for surrounding villages and because of its beautiful mguntane—
ous and bayside.scenery and being designéted is a national park,
tourism is a potentlally important industfy. With 2 number of
governmental institutions located in its denter, the town consti-

tutes a core of Phang Nga Prov1nce and is 6.75 km in size.

The area conSists,bf a flat terrain stretching aioﬁg'the
?hang Nga River, Qith the service area covering 1.1 kmz,_s-lﬂ m:
' above the sea level. Its annual rainfall amounts te 2,000 mm,
with the rainy season starting from May and the dry season from
- January. ' '

e) Thunngong

Thung Sohg is a muniéiﬁality in Makhon Srithammarat
Province, located approximately 710 km soGth-west of Bangkek and
%70 km north-west of Had Yai. Na Bon is a small neighbouring
community with a populaion of 4.890.. It is located 14 km
north-west of Thung Song., shares the same water supply system with

Thung Song and is known as a rubber industry town having a
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rallway station in its center. Thung song is a commercial center

for the vicinity area consisting mostly of rubber plantations and

ice fields. T ici i i
rice fields. The municipality is also a center for government

institutions, and schools. The water consumption of these

institutional users amounts to 45% of the total water sales éf

Thung Song Waterworks. Thung Seng's population in 1984 was

24 558, with a recent average annual growth rate of 1.4%. In
Na Bon the growth rate is higher at 1.8%.

The area consists of a flat terrain with a service area

covering 2.5 kﬁz. 50 m above the sea level. Its annual rain-

fall amounts Eg 1.800 mm. with the rainy season starting from
May and the dry season from January.

£} . . Su Ngai Golok

Su Ngai Golok is a municipality in Narathiwat Province
located 1,240 km south of Bangkok on the River Golok which-is
the border between Thailand and Malaysia. Its populatioh'in

1984 was 25,221 with a recent average annual growth rate of 3.3%.

‘Su Ngai Golok is known as a town of tourism, mostly
frequenfed by Malaysian visitors. Though the town is no more
than 2 sq‘kiiometers wide, the number of hotels exceeds 40,
Restaurants and shops also abound in the center of the town.
Outside the center, however. the town has a rural appearance,
with no important industry except some smali scale lumber

factories.

"The area consists of a flat terrain with a service area
covering Z'kmz; 20 m above the sea level. Its annual rainfall
amounts tb 1.050 mn, with the rainy season starting. from May
and the dry season from January. -
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1.2 Existing Water Supply S?Stems Situations

a) Phuket Waterworks

'As mentioned before, Phuket Waterworks is now under
the respon51billty of Phuket Mun1c1pa11ty and will be transferred
to PHA in' the near future. Phuket Waterworks started operation
“in 1957 with the capac1ty of 40 m /hr. and is now collecting
raw water from mining plts. The water supply system was'
EXpanded 1n 1564 and 197S wath the capacities of 40 m3/hr and
250 m /hr respectlvely. -

In 1985, PHA started construction of a new water
treatment plant at Bang Waad Reservo;r with the capac1ty of
1,000 m /hr using raw wateér from the Reservoir. The new plant
will supply water to Patong Sanitary Dlstrlct, Kathu Sanitary
District the deep sea port and to Phuket Mﬁniéipality after
transferring of Phuket Municipality Water Supply System
(see Map II).

a) Patum Thani Waterworks

Patum Thani Waterworks etarted operatioh'in 195§
with two deep wells (40 n3/hour‘ee¢h). In 1979 thelfirst
expan51on work with an addltlonal two deep wells (60'm /hour
each) was carrled out. . The deep well water is supplied to
consumers after chlorination through: exther an elevated tank
or by direct pumping.
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Table I : Basic Figures of Phuket Water Supply System (1984)

Phuket Municipality Water Supply System

- Water sources - : Mining Pits o

- Treatment _ Sedimentation and rapid sand filter .
- Production Capacity ;330 /e,

- Population in service area : 46,659 '

- Population served oot 27,700 (59%)

- Nimber of connections : . 4,618

Phuket Water Supply System (PWA system, under construction)

- Water sources H Bang Waad Reservoir
- Treatment N H Sedimentation and rapid sand filter
~ Production Capacity : 1,000 m3/hr. o

" - Servide area o B Patorg Sanitary District,

Kathu Sanitary District and
-deep sea port.




Table

II : Basic Figures of Patum Thani Waterworks (1984)

" Intake pumps

Clear water reservoirs

Distribution pumps
Elevated tank
Distribution pipelines

ar

- water source :  Two .grouncﬁwater stations
. Treatﬁ\ént _ : Chlor'inaﬁién only ' _
— Pproduction capacity : 100 o) /hou: (2, 400 m /Qay) _
~ Service 'area"(:Fi't_mire 1} : Patum Thani mummpal.uty (2.5 km )
~ Total population : 13,238
—  Served ﬁopulation . 6,400 (48.3%)
« Mimber of comnections : 1,066
- Water production . 982,848 m /yea.r:
~ Water sale : 468,692 m /yea_u:‘ {47.7%)
- Nurber of Waterworks staff s 17
.Major' Facilities :
- Deep wells : 40 m3/hour x 2 units and

60 m3/hour x 2 units

60 m /hou: X 2 units
40 m /hour ¥ .1 unit
Ground-level type.

200 ©° and 500 m°

%0 m3,fhour X 3 units
50 m3 .

250 mm and below,
Asbestos cement pipes.
L= 250 km

-




)

Prachatipat Waterworks

ITI :

Basi¢ Figures of Prachatipat Waterworks (1984)

Water source
Treatment
Preduction capacity
Service area (Figure 1)
Total population
Served population
Nwrber; of coﬁ.nec:tions

‘Water preduction

Water Sale
Number of :ﬁaterwqus -staff

't

Deep well groundwater
Chlorination onty

120 m°/hour. (2.880 m3/d)

Prachatipat municipality (4.5 km?)
28,044
6.730 (24.0%)

1121

583.245 m° /year .
356,865 m°/year (61.1%)
15.

Clear water reservoir
‘Distribution pumps

Elevated tank _
Distribution pipelines

e

Major Facilities :
- Deep wells : ) 2 deep wells x 120 m>/hour each
- Intake pumps : Lo m3/hour X'93 mx 2 units

Ground-level type, 2,000 m

150 mB/hour X 35 mx 3 units
(including one unit of diesel pump) .
250 m> . '
400 om/300 mm/200 mm/100 mn
Asbestos cement pips.

L =11.0 km
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d)

Takua Pa Wéterworks

Table

IV : Basic Figures of Takua Pa Waterworks (1984)

Water source Bang Fe waterfall and Khum Muang

_ abandoned-tin-mining-pit reservoir
Treatment Chlorination only to Bang Ee water-
fall water and rapid sand filtration
to the reservoir water

50 m3/hour (1,200 m>/day)

Ban Yan Yao and Ban Talad

Takua Pa (3.0 kn?)

“s

e

Production capacity

Service area (Figure 2)

Total poPﬁlation : :

9,222
Served population :  5.800 (62.9%)
Munber of conhections ' i 967
Water production : '443.830-m3/year _
Hater sale . T 304,785 m3/year {68, 7)

Mmbé_r of waterworks staff : 15

Majér Facilities :

Intake main ffom_ Ban Ee waterfall to grit chasiber

(¢ 150 mm ACP X 400 m)
Grit chénber foi: Ban Ee waterfall water
Raw water pumps for Khuim Muang abandoned-tin-mining-pit

reservoir {lOO_m /h % 30 m)

Raw water main to treatment plant _
Treatment fac:.lities of 40 m /h consisting of coaqulation

3sedlmentatlon fl.ltratlorx and chlorination”

Clear water reservo:l.r ground—level typa
High lift purps (120 mn /h x 30 m)

Elevatéed tank (120 m )

Distribution pipelines :




Dasy #3lAJRE Duisil EE
AddNS H3IVM Vg YNl
2 2HNoid

s

m.':o g

oodt” 0 - 00%

Hﬂ”ﬁ!ﬂ[ﬂh&
. ogaz

S HLpLLwLr *ws

co

PR

Qq .:!t-

LJWM ﬁ...,.m: CHRED T Y

.

]

eIty u..-mrom..

I.M.o\.. > " v .'-.l B *
: 4 N\ EE
s LI :

{7

Ry

: h-n.l.
. o e AL

a..

~ ! o AR

ceundARLe | i .

%Scc?}
. {ixm ..3..... t..._a_. Holgy Ox
J.l\ - -~ .5_..: : UhIneam
. .”a_u :g __:..z

ML) HU S,

f/f\ﬁ..__ :

!
l - ' ™
aﬁ,p?.;.
n ..Jd.t.e..n...

3 ._.?3 ey i)

7o

..i_:._ \Ed ,_Ex.__ .:_m

.._.\nt:n .qum /
ﬁﬂ\l\fa

i ...r.ahmnﬁ..

P ; RS - ] Paty 1
B i s...EugaEr? . ve '
ni n_ “enye; u.wauc__(. \ S b
_V... g ra;raur:. N
..n .h\ﬂ“.:hzﬁ ma“.u_mwaﬂ A o ey E”m |
£ g rﬂ....r_wnnc_.,q.r_n - ! ;
) ~ :.-mu u.,-oE.w, urp” " T ]
]
n..u.-.l.a,\... & mN - VN
ot by
ez Pt =2y !
Nt mavene 25 _
" N A paaen v ’
o< ¢
. ireel ..__.E Hit) - ! -
URLN e (pRmpurge) Wy ” mﬁ.. hﬂmﬁ_
vy 2aB 005 : N Poug ueayy|
Eau._wr. - TN
vy #onjg ey | (2 QALAtLAnLY _

76 —



250 mm ACP - -~ - - 8,500 m
200 mn ACP ~ = - = 7,150 m
150 mm ACP - = - - 3.500 m
100 mm ACP - — — — 3,200 m
_Total - o 22 750 m
€e) Phang Nga Waterworks

Phang Nga Waterworks was founded in 1963 Qith the capacity
of 20 m”/hour treatment of river water flowing in the Phang Nga
municipality. In 1969, the first expansion work was executed
with additional treatment facilities having a capacity of 40 m3/
hour : water source was obtained from the Pak Ton waterfall
located far from the populated area; and the former intake facili-
ty on the river was abandoﬁed because the raw water became
muddy with very fine particles of clay. &s a result of an
expansion in tourism. the Waterworks has recently started to
supply water to these hotels located cutside the boundary of
the municipality.

Table IV : Basic Figures of Phang Nga Waterworks (19841
-  Water source : Pak Ton Waterfall
~  Treatment : Rapid sand Filtration
-  Production capacity : 60 m3/hour {1,400 m3/day)
- Service area {Figure 3} : Phang Nga (1.1 kmz)
- Total population : 8,791
-  Served population : 5,670 (64.5%)
—~  Husber of connections : 945
~. HWater production : 394,200 m3/year
-  Water sale _ s 283,152 m3/year
- Number of Waterworks staff: 17




Major Facilities :

- - Raw water main

Treatmant Plant

chlorination.

-  High lift pumps
- Elevated tank

(250 mm % 3,800 m),

-

(50 m>)

-~ Distribuﬁion pipelines :

from Pak Ton waterfall to

-  Treatment facilities of 20 w /hour and 40 m /hour both
con51sting of coagulation, sedimentation filtration and

-~ Clear water reservolr, ground-level type, 500 m3

200 mm ACP - ~ = ~ = 8,100 m
150 mm ACP = = = = = 10,500 m
100 mim ACE ~ = e = - 4,680 m
Total = 0000 mam === 23.280 m

{In addition. 150 mm ACP x 6,500 m was recently installed to the
hotel) '

£) Thung Song Waterworks

Thuna Song WHaterworks was orlglnally constructed in 1961
with a 40 m /hour treatment plant.
In 1369, a new treatment plant w;th the capacity
of 160 m !hour was constructed taklng river water from the

taklng raw water from a ranal
in Thung Song.

Khlong Tha Phae which originates in. the Young waterfall, and the
former plant was abandoned due to the.deteriorétion of raw water

quality.



Table V :

‘Basic Figures of Thung Song Waterworks {1984)

Water sSource

Treatment
Production capacity -
Service area (Figure 4)

Tot_al popﬁlatién
Served povulation
Nurber of connections
Water production

' Hater sale .
| burber of Watervorks staff

ap

River Khlong Tha Pﬁae. coming
from forig'wé_terfall

Rapid sand filtration -

160 m/hour (3,480 m3/day)
Thung Song municipality and
Na Bon community (2.5 km?'}
21.137 (Thung Song) + 3,421
{Na Bon) = 24,558

17.880 {Thung Song) + 1,800
{Ma Bon) = 19,680 (80.1%)
3,280

1,773,604 m>/year

1,396,935 m°/year (78.8%)

24

‘Main Facilities :

Water intake facility {3 x 250 mm steel pipés)
Intake pumps (180 m /hour X ld mx 3 units)
‘l‘reatment facilities of 160 m /hour consisting of

magu_lauon sedlmentata.on filtration and chlormation

Clear water reservoir, ground-level type, 1,000 m

3

High lift pumps (200 m /hour x 30 m % 2 units)

FElevated tank (250 m )

Booster pumping station to Bah Na Bon, with a reservoir

"Distribution pipelines




300 mm ACP - - =~ 4,700 m
250 fwn ACP - ~ - ~ 120 m
200 mn ACP - - ~ — 2,450 m
150 mm ACP ~ - = - 7,220 m
100 ma ACP ~ ~ — — 3,860 m
Total - e« 18,350 m




i . Taﬂ"pww im .'_E:\i-.ﬁbt\g pl" IR eyt y S
b ST PAARS | B gt Sl S e A .‘ 7T
“hooT R s ettt M :\” Q‘. A;[-w.){
< sy b Wl e ol . ‘\j:’.\:fl\l_ ¥ ST
CRETAI Ry W SR LY | A AR
3 E R A ALY *, el 5
i e BhSA /N pan B
3 __Iﬂ]io:t{r. ".-.'.J‘:‘ Gt 2o £

!,

3 1\
| Pl I N LR
L Y/\‘p;‘b!"' .:” (.,"55"' -
KT La - R A
oy 3

AN N\
IR
e 1 i
e ‘\ 3 ! .(53
; ) }, A

i)
o

T
l.'aA'\.“n ined
+a Lok Y
L|‘qum'
h L

> S

A

a3

7ty ?“ 8in ™ a
Sadyfuupad
~, Bnli'i_!ls' CRind

: ! TRy 'uS—‘ Jad
W ;"'/'-..‘! ::f; . ::1..'.

S
P

Las
o

et
—

M Eaid

i W
,q,\
.{ " . B

NE B DNAML TEVL 2OHENY

sheguoying .

e Y LA Wil
3407 Scale HIATRIIN 1:50,

1000 - 2000

o+ bt ] Ay b
©AQQQ Meters ar1 gl

' f—‘iGURE 3
PHANG NGA WATER SUPPLY

FEER Existing Service Area

B8 —



S

Lol

Ny
; h,')}\.

LA s s
W

J";

A

g g Dang iy
1,

e N
A R

Ber Lo Kilpng
v
AL
Ean, Chustia
- PaIN i
. mYpRRA L N
. LA A T T &
14 Mbag “pong lang L - ﬁi
1 - - - T - . )
Lounziaanie ] tews

. P T

- di:’i-fﬁn—l oS u'}'h"ﬂ.'i:'.':? .. Plan Xhao'}bin'm! Pa

TR A Beesbiepd Vi) © s £l T uamgmpgih,

o - WTUAN G ST 2 Ben hed Xhum © - Ban Huayfal s - & ;

e - :. - f?\: S .. .::::-1;&” fon *:ul |Pa\=._ {. E:n A

RN 1 L e N
. . . LR LI P AT A = LY U IS S P S
e P SN S AR ygatedsd 0 0 :
R Ui o "‘ S Yeng Fan dia Ky e
AR SR Ag BN UL S - S f Tndustaudepsny 7
- et RN RIS
. REYie . e ety e Tmem e TTNLL T ST
:n ‘hang*c‘!-!!_ T AR, L .h: -\'a‘nnlr; Hot  *
B i Uiz v
.. - n - le ET ~i . 3 ! “Wangitio Tai
- . L UERe ;7' A TR ;

L chesl fe : R T T SUGRRRUIA L - T8 Sang Kongs Sl
- . . S . . . - et - - s -'..“--_ N ‘..luju-.” P Py - Lt T LT e P vt T
: . e, & = WL . L - e . . aee o i . P _",I_f‘_-‘nﬁ Ban Tt ;a.n*._], n :.'..I o é el

.; . N ;-'r‘ﬂ Hua Thananill® T :":’.‘.L: : . i L - j"n N‘: ?{5&,%4&“3{ P A O By UG “I](J)‘ .r

T thLe - . LA | L S H { -

. R Beh hidhg Xhun(Z) ~ SeaMNe il L
—— - *a . - - vl - & - - oaa . 1 ~ |
= A AEE T L inenesam - osgi ~ VIMHILROIAN B |
i . O - T - - Ty - . . . : =
e e, I V- 2 Wi
I - i Pt s -
| §E syin -
HERT TR ic . N
SR
' CI T . o K=
R ! : L %y LML el LR TAKE B :

. . oo P -k Pttt LT mosen No Taf Thoe il R S iaAmahde Thing Sang* 420 ARER TREATMEN. ".E"g., AT
o 7y ben Hang Mol =" s [ R Wi L dwinansa -.-“". s A /“D My O 2 ;

S [ PRI R AL ST AT < R ..+ = 3 TR Y 04 L Lo G 9z
AR G . Tt T ' Auravomsa ) SEERIIIONAD - AN
.. - * "y » * Ve . . - 3
[ 34 ‘%‘u -~ - . . . g’ 1 . . .

Lantt — e T i

P ] A A B
R L. \‘\ i _-4' L !:ﬂ Sar Hedg O —!‘m?c Tang . |
* . 3, . ] . . ™ . P v i
3 . LINANTAL g SR 1 1 e Py

LA N Ce i

i o -!.n ih..?q.lcﬁ}h.: . ;‘Sl‘ S . ) i e : : .
;' T o “""«-r"a-l’.{]::'.:l.'.’__..-oi ; ek Ben Na Faer - N FIGURE 4

- Y] . LAe, ) . A . .

. F Ritnie N 0 T N e o ioha MR .

. - Scale MRS 1:50000 f - g engstennt o tinld = pin v At THUNG SONG WATER SUPPLY
: R SR asop " oo T ooohens E anuansd EEEl  Exising Service Area

— 83 -







£)

treatment capacity of 20 m3/hour,

Golok,

5u Ngal Golok Waterworks

Su Ngai Golok Waterworks was founded in 1964 with =a

taking raw water from River
with its intake site at the town area, and it was

expanded in 1970 by an additfonal capacity of 160 m3/hour from

the same water source,'making a total of 180 m3/hour.

Table VI : Basic Figures of Su Ngai Golok Waterworks (1584)
- HWater source ¢+ River Golok
- Treétment o : ! Rapid sand filtration
-~ Preduction capacity .1 180 mBIhOUr (4,320 m3/day)
~ Service area (Figure 5 :  Su Ngal Golok municipality (2.0 km®)
- Total population ;25,221 S
- Secved population | s 12,430 (49.3%)
~ Number of connections :o20m
- Wa{er production : 1,613,456 m3/year
- Water sale ' : 1.071.329 m>/year

Number of Waterworks staff M 19

Major Facilities :

Water intake {(3-250C mm steel pipes}

Intake pumps (160 m>/h ¥ 20 m x 1 unit, 200 m>/h x 25 m x 1 unit,
and standby generator of 160 ﬁ3/h x 20 m),

Treatment facilities of 20 m3/h and 160 mB/h, both consisting of
coégulation, sedimentation, filtration and chlorination.

Clear water reservoirs, ground-level type

High 1ift pumps o

Elevated tanks (50 m> + 250 m> = 300 m>)

Distribution pipelihes_:




Casy esialeg bunsiy .
ATlddNS H31UM 0709 IYON NS
S 3HNOId

WE | DeevE v el

6 y B e & oo p ¥ | 2 I v p R o 25 L

o -
: i [ 0

20 57 )i
T T P v i
q_.o..c‘_.u.ﬂw?am._:u. unbag Buo) ” wqﬂ#ﬂunwh.une -.‘hs._ ss213p 000 Y goot PODZ 0001 - o, 00% Toboy . i
Y oot - ¢, arana o i o : et et YN Sgy et Yo
| :._\a-..s. _.wooeua Suoduwye, . ..I..\\h.Wh. ...lln v M,MW..; . C000g zoﬁr.wg_tx 8]jo3g »..Hm. R .%mm..}ir. e
s LU PR BTN LN I R LT g L KR
pblusy Buodwoy - o H T r-.f/- - \ s '.e:\...w.sﬂ"b-n. 18 F) upk . Tusy
At L F ot USRI b NS D! X2 o e ™
oot Lot ot P ] — I ice 7
- - % . O ,...un.. ;..\\...\nf‘ — \. o ...- \ r. -4.,.“- .l. \.Autr_o..hc.‘r..o.
IEVONADE I B L N A AN SRR DT PN
" - 5 - . = - N K :* g ‘
i, M8 ANBATYERLI ¢ | anesiame R
- e . . . D B o -
. . HIALY M, :

- ‘aug n) o) v
vodwey - ....ﬂl 1 .._..eoﬂ

SR
Y., . sl k. .
; I/ .ln\ vary s an n_...wrw_u....a
+_ "Burlugy nopey upuiaee o4 udg an 12 veg

dapey ucwm.! W o Sung wrnieyg

SURMICARLA « 04
wey 0|00t ogusg ., Y . Eiv

-4 AT -, i . LN E
sxannaand’ T ug - poegs B v g g
wbag eg any ..m._T:.n - * . ; tﬁun.:uror;_ r
h h ROS0AFYONNS 0K N VEE ey eg
) ¥ 7
- A L
.m " g . ‘f\ -
0 - \ by
b LT, [LTER T \\ :
H N BN y !
*a ; A ) sieg o 1\\
* . ) il .
¥ zajumd . = A nivanen
< 3] TeaEa e i SN wgeueg
N 4 9% o A1 NeE - : \
b ﬂ.a ’ v wsuneantal.e - ’
- . _ SN egun| m o LEOAILAIERA
Stia,. - . \ Y v -~ Ve ARG ey ng
umlmm_?. . e ! ,,...1..,.. PR N Ve
K LT . : / ~__/ o~ p
. LHLL AR gL : [t - . - )
$ifmorg eaia m..ﬁ. . \ /. £ / . .
E- -
e . . Je -
1 T 0 T * > -

— 8 -




5 &
g 8
|
N
B
s 3

Total e 14,195 m

{Note) All pipes are of asbestos cement (ACP) : old pipes (1964}
all AC Class 15 and new pipes (1970) are AC Class 20.

2. Details of the project

2.1 Program goal

The Thal Government has adopted the target of the
International Drinking Water Supply'and Sanitation Decade and

set its long range goal to supply 90% of the entire population
with clean and drinkable water by the end of the Decade.

PHA & responSibility is to provide adequate clean water
for the towns in order to raise the standard of living of the
~people and to promote activities of the towns. Nowadays. the
limited capécity of water sumply expansion and raw water sources
are the ﬁain problems to imprbve PHA waterworks. Therefore.

immediate improvement of six municipalities are urgently needed.

2.2 Project objective

.It is the objective of this Project to improve the water
resources condition and ‘to plan for the extension of the existing
water supply systems in order to cope with the future demands.
These tasks will include long term master plans and feasibility

. studies for each town.

A long term master plan for each area will be prepared
up to the year 2011. The master plan shall involve the careful
study of alternative development programmes including water '

sources.



Also, a feasibility sﬁudy for the first 15 years (2001)
of each area is.based en the master plan and shall involve
.preliminary design, cost estimates, financial analyses, econo-
mic justification and proposed organization of the waterworks
system. '

2.3  Conditions expécted at completion of the projGCt

Master Plans and 'Feasibility Studies Reports are expected
upon the completion of the Projéct¢ Furthermore,; the expected
benefits and outputs are forecasted as follows :

Outputs

- expansion of the ‘capacity of the existing waterworks

- overall improvements of the:existing:syétems

- reduction of the unaccounted for water

- _improvements and expans;on of the exlstlng distribu-
tion networks _ _ 7

- strengthening of the 6peration and maintenance

procedures, and training of PWA staff,.

Expected benéfits

- safe water supply for more than 90% of the clity's
population and, therefore, iﬁprdvémént of the
publlc health in the servmce areas.

-~ . possible faster economic growth for these prov;nces

~ _lmgroved operatlon and_nalntenance performance of
PHA persohnél'through training for opeﬁaﬁbrs.and
planning staff.

2.4 Recommended sources of information and data related to

the project, necessary for project verificatisn

Data and information related to the Project are to be
provided by the Provincial Waterworks Authority and ECFA

-



{Engineering Consulting Firms Assoclatlon of Japan) Mission

Team who had conducted and surveyed six  water supply

systems. (Prachatlpat Patum Thani
Thung Song and Su Ngai Golok)
2.5  Duration of the Project

Takua Pa, Phang Nuga,

.The tentative schedule for the Project is expected to
start in June 1986 - March 1987. (10 months)

2.6  Project site
An office will be provided in Bangkok at PWA's Headquarters.

The adequate field offices will alsé.be provided in seven munici-
palities.

2.7 Project work plan and activities

2.7.1 Detailed work plan/project activities and scope of work

A long term master plan for each area will be prepared
up to the year 2011 and also the feasibility study of each area

also will be prepared, based on the master plan.
Master Plan

l. évaluate:all'availahle data such as mﬁps geological,
_hydrologlcal and climatological reports census _
statistics, water production and demand, etc._.ReSearch
and de#elop such other data and .information as required.

to‘suépprt the project analysis.

2. pré#ide a detéiled~description of the existing water
supply system, preparing an inventory list of each
o existing system including an evaluation which will show
what is to be integrated into the future designed water
sYsteﬁ._ .
3. ‘prepare the preliminary design of the facilities for
immediate improvement of the existing water supply system

including increase of supply guantity within present



10,

1l.

area served and its contiguous area if necessary.

make hydrogeologlcal and hydrological studies to deter—
mine the’ availablllty of water resources and prepare a

development plan: to meet present and future water demands.

" conduct field surveys aﬁd'make studies on population,

socio»ecénomics. locatignS‘bf-facilities. water producfion
and consumption. power capacity and reqnirementé, availa-
bility of local construction materials and eguipment

and effects of the project on the environment.

analyze. the results of field studies and the water quality

of various alternative sources.

delineate the service areas for each'bench mark year,
Carefully evaluating future development of the study area,
estlmatlng populatlon increases and considering future.

land use,

estimate population in each area served, ‘and water
demands (average day, maxlmum day nnd peak hour) for each

bench-mark year.

provide the broposed”phaéiﬂg'bf ﬁhe project up to the

year 2011 and illustrate the proposed water SLpply system

of esach phase.

ascertain the existing amounts of unéccdunted'for';ﬁater
broken down into the respectlve components of wastace
illegal use and leakage from the system.

describe the present water uses: of each area and éQaluate
the benefits of the proposed water Supplj system on

future water uses.

_;gg_;



Féasibility Study

develbp alternative plans for supply, treatment, trans-

mission and distribution of water for the first phase

Preject. {2001}

select a plan based on the least present cost, taking

into consideration - capital cost and annual operatlng
and maintenance costs.

@ake-preliminary engineering_plans which are sufficiently
accuraté and complete-to indicate the locatioﬁ arrénQE—
ment, elevatlon and principal features of the project
which serve as the basis for sound ‘cost estimates. includ-

ing drawings. design criteria and analysis. all sufficient-
ly detailed to define the project.

prepare cost estimates for the engineering..construction.
operation aqd maintenance of the projecﬁ':ecommended for
the fir&t phase. Each of the cost items shall be defined
in terms of local and foreign exchanges. Total costs
eStiméted shall be the summation of the unit costs of

the works including a bill of guantities and unit prices
whiéh:consist' of méterials_ équipmént_and labor costs

or other bases used for estimating.

_determlne the community's w;lllngness ~to- pay ‘in terms of

water rate$ .

develop a financial plan based on the required investment
of the recommended préjaqt indicating source of funds
and the.timing'of:the investments. Carry out'a detailed
analy#is of the existihg'and projected financial 6pera—
tion_iﬁcluding yearly estimate of revenue. operating
expenditures. borrovwing, capital ihvestment, etc., and
the effécts of the expected price escalation and water
rate incfeasés. .

providé économic justification for the net benefits and
costs. Costs shall be converted to economic cost to
reflect alternative uses of resources by ‘the ndtlon and

benefits shall include effects of the preject on water

- 9] —



users and the national interest extended beyond local |

bounds.

-2.7.2 Time schedule of project activities

Time Schedule

Month
1] 21 3] 4156 7F8) 910 111 12

Activities

Master Plan

Feasibility Study

3. Details of the implementing / operating agency

3.1 Institutional Praﬁeworks_

_ The Provincial Watefwofks'ﬂuthbrity operates_énd main-
tains the water supply schemes, wheréés-the_sanitatidn services
are provided by the municipality under the supervision of the
Public Horks.Department. PWA will contribute to the'studigs
through coénte;paxt personnel consisting of eagineers, socio-

economist, and financial analyst and scme secreteriat's office support.

3.2 PHA staff/personnel participéting'in project implementation

al Projecf Manager

A highly qualified PWA staff will be assigned to oversee
the executien of the Project. He will also be responsiblé for

the progress and results of the investigation of the studies in
each phase.



n) Water Supply / Water Resources Engineers

The hlghly qualified persons who has extensive experlences

in the field .of water supply and water resources and have been
involved in international works.

c) - Water Treatment Expert

A highly qualified person who has experiences
water analysis.

in chemistry.

To be responsible for analysing the water
guality control.

a) ‘Socio - ‘economist and Financial Analyst

A qualifled persons who have experiences in international
projects. They will be responsible for studies regarding popula-
tion and demand forecasts. financial analysis.

4. Assistance Requested

4.1 Experts

Item’ No. man-month
?rojeét'Manager 1l 10
Water Supply Engineers 4 38
. Water Resources Engineers 2 12
Water Treatment Expert 1 4
Scclo—economist and Financial 2 11
Analyst _

Other Sxperts 2-3 16
Total 9-10 85

o Q3 e



Justification for Requesting Experts’

A team of experts will solve such ccmplicated'problems
of the water supply systems and come up with mastes plans and
feasibility studies. It is antlcipated that through the mission:
of these experts, PWA counterparts will have been provided with

their technical know-how's.

Job Description of Each Expert_ﬂequested :

Project Manager'

A highly qualified person who has'ekﬁériehéés in the'field
of water supply and will be respons;ble for the progress resnlts
and recommendations of the investigation and preparatlon of . the
“master plans and feasibility studies.

Expe;ﬁf =i

nghly qualifled persons who have an extensive experiences.
Lin the field of the works indicated and involved in lnternatlonal‘
works will be responsible for all phases of studies.

— 94



5. Thai Government Counterpart.Contribution to the project

-  office space and facilities at PWA

-  laboratory facilities

- . data proviéion'

-~ . data collection

- aﬂaly#is asgsiStance and participation
-~  policy §uidance

6. Report

“The fol;oﬁing reports in English shall be submitted to
PHA and the donor -during the course of the study .

1) _inceptibn Report

Number to be submitted 3 20 cbpies K
‘Period to be submitted : At the beginning of the
o first field survey

‘Contents : Outline of the study and
: ' methodology

2)  Interim Report (Master Plan)

Number to be submitted : 20 copies

Period to be submitted : At the end of the second

month after the start of
the Project

Contents : a) Study for served area

b) Served population and
‘estimation of water
demand

¢) Progress of study items

3 Pfdgress Report (Master Plan and‘Feasibility Study)

Number to be submitted = ':. 20 copies

Period to be submitted : At the end of every other
- month
Contents .a) Master Plan
: - b) Progress of study items
on Feasibility Study



4)

5)

6}

Interim Report (Feasibility Study)

Number to ba
Period to be

Contents

submltted :
submitted H

L1

20 copmes

At the end of ‘the sixth
month .
Progress of all study items
on Feasibility Study.

Draft Final Report (Feasibillty Study)(Sevmasemuﬂte'

Number to be’

Period to be

Contents

Finél'RepOrt

volumes-one for each waterwdrks) .

submitted :
submitted 3

3 -

20 sets

At the middle of the ‘ninth
month

Seas;bility'study;

{ Seven separaté volumes-one for each

Number to be
Peried to be

Contents

‘submitted

Waterworks)

"

"

submitted

— 0f —

50 sets _
At the end of the Project

a) Master Plan
b) Feasibility Study



fi-—3  Scope of Work

SCOPE OF XORK
: FOR
DEVELOPHENT PLAN AKD FEASIBILITY STUDY.
o
PROVINCIAL ¥ATER SUPPLY PROJECT
I
THE KINGDOM OF THAILAND

AGREED -UPON
BETKEEN
PROVINCIAL KATER¥ORKS AUTHORITY
AND
JAPAR IMERMTIO‘ML COOPERATION AGE?\CY

BANGKOK
MARCH 29, §988

/V sbrgper 7‘?7‘4@ | ’-><(i¢ \;yélkmh?%

DR. HIDENORI AYA DR. TA¥AT RICKAIDIT
LEADER S : COVERNOR
'JICA PRELEH!NARY STUDY TEAH ' PROVINCIAL ¥ATERFORKS
AUTHNORITY
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I, INTRODUCTION

in response to the request of the govermment:of Thailand;:thénﬁovernﬁent
of Japan decided 1o implement a Development Plan and a Feasibility Study on
Provincial Kater Supply Projects (Phuket; Prachatipat, Patum Théhi}f?akua Pa,
Phang Nga, Thung Song and Su Ngai Golok) in Thailand (hereinafter referred to
as “the Study Y within the general framework of technical cooperation between
Japan and Thalland vhich is set forth ih the Agreement on Technical
Cooperation hetween the Government of Japan and the Government of Thailand,
signed on hovember, 1981. .

Accordxngiy, the Japan internat:onal Cooperataon Agency (here:nafter
referred to as JICA ),_the official agency respon51ble for the xmpiementatlon

. of the techn:cal cooperatnon program of the ' Government of Japan._ will

undertake the SLudy. in accordance w1th ‘the relevant lawg and regu]at:ons in
forth in Japan and in close cooperation wiith the authorst:es of Tha1land The
Prov:nc:al ¥atervorks Authority (her31nafter ‘referred to as "P¥&") shall act
as a counterpart agency to the Japanese Study Teanm and also a-coordinating
body in relation vith other relevant organizations for the smooth
implementation of the Study. The present document sets forth the Scope of York
for the Study.

I1. _OBJECTIVES OF THE STUDY
The objéctive_df the Study are:
1. to preoﬁra a development - plan for Provincial Yater Supply Pro;ects in

Phiket , Prachatxpat, Patum Thani, Takva Pa, Phang Nga, Thung: Sggg and: Su_Ngai
Golok up to 201].

2. to ctonduct a feasibility study in Ehukei} Prachaiigat, Patum Thapi and Su
Nzai Golek. B '

3. to transfer the technology to the Thai counterpart personnel in the course
of the Study.




111, OUTLIKE OF THE STUDY

The- Study will be conposed of field surveys and data collection in
Thailand and of analysis works in both Thailand and Japan.

The items to he covered by the Study Team are as follows:

1. Fhase [: Development Plan _

Data collection dnd analysis

Delineation of served areas

Projection of population and water demand
Existing water supply systenm

ﬁater sources

[ T - N A=

Formation of'apprbpriate concepi for water SUpply system
. rough_dost estihat;on '

h. Identification of the projects for a feasibility study in
Phuket, Prachatipat, Patum Thani, and Su Kgai Golok

2. Phase I1T Feasibility Study
a. Delineation of project areas
b. Estimation of population t¢ be served
c. Estimation of water demand '
d. ¥ater sources
e. Alternative plans
f. Layout of facilities
g. Preliminary design
h. Cost estimation
i. Financial and econonic analyses
j. Fater tariff
k. Organization, operation and management
1. Implementation schedule

1V. ‘RORK_SCUEDUL

The Study will be conducted " in accordance vith the tentative schedule as
shown in the Annex I herewith attached.

99—



V. REPORTS.

J1CA shall  prepare and submit the following reporis in English. to the
Government of Thailand. :

(1) Inception report
- copies 20 .
. at the beginning of the first field survey

(2 Praogress report
- copies 20
. at the end of the first field survey

{3 Interim report
- copies ... 20

. at the beginning of the second field survey

{4 Braft -final report
- seis 20 , _ :
. after 2 and half months from the end of the second field survey

(s) Final report with summaries
- sets 40 o .
. ¥ithin 1 month after recieving comments on the drafs final report
from PXA

~The PRA shail_ submit its comments to JICA within one month after the
receipt of the draft fimal report.

Vi. UNDERTAKIXG OF THE GQVERNMEXT OF THE XINGDOM OF THAILAND

i. In accordance ¥ith the Agreement on - Technical Cocperation _betieen the
Goverpment of ~Japan and the Government of-thel_xipgdoa of .Thaijland dated
Sovember §, 1931, tihe Government of the Kingdom of Thailand shall accorg
benefits to the Japanese study team as.follows: o :

{1) to permit the member of the - Japansse study teaa to en;ér, leave |
and sejourn in Thailand for the duration of - their assignaent
therein and exempt them frem alien registratign requiresents and

( B Y
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consular fees,

(2}

to exempt the member of the Japanese study team from taxes, duties
and any other charges on equipment, machinery and other materials
brought into Thailand for the conduci of the Study,

{3) to exempt the member of ihe Japanese study team from income taxes

and ‘charges of ~any Kind imposed on or in connection with any
emolument or allowance paid to the member of the Japanese study

team for their services in connection with the implementation of
the Study,

(4> to bear claims, if any arises against the member of the Japanese
study team resulting from, occurring in the course of, or
othervise connected with the discharge of their duties in  the
iuplementation of the Study, except vhen such claims-arise from

_Bross negligencé or willful misconduct on the -part of the member
- of the lapanese study team.

2. To ‘facilitate 3smooth conduct of the Study, ~PXA 'shall take necessary
measures in cooperation with other relevant organizations:

(1).to secure permission for €niry in to private properties or
restricted areas for the conduct of the Study,

(2) to secure permission for the étudy team to take all daia and
documents {including photographs) related to the Study out of

Thailand to Japan,

(3} to provide.the medical'services as needed {Its expenses ¥ill be
charged on member of the Japanese study teawm.),

(4) to ensure the safety of the member of the Japanese study team when
and as it is required in the course of the Study.

3. PEA shal],.as its ovn ‘expense, provide the Japanese study team vith the
follovwings:

{1} available data and information related to the Study,
(2) counterpart personnel,

TR

.//;/E' Ci:
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(3) suitable office space with necessary equipments,

(4) credentials or identification cards.

VII. _UNDERTAKING QF JAPAN

For the implementation of the”study, JICA “shall 1ake the- following

measures:
(1) to dispatch, at its ovn expense, study teams to Thailand,

{2} to pursus tebhnology transfer to the Thai counterpart persemnel in
_ the course of study.- ' :

 ¥II1. JICA and PRA shall consult ¥ith each other in respect of any aatter may

arise or in conhection with the Study.

[
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fF—4  Minutes of hdeeth3g

MINGTES OF MEETING
ON
THE SCOPE OF %ORY
_ FOR
- THE DEVELOPHENT PLAN AND THE FEASIBILITY STUDY
PROVIKCIAL ¥ATER SOPPLY PROJECTS

BARGKOK
MARCH 29, 1983

. - 7 | N
%/Kf//’((m«&ﬁee_—? | QA& APl (Lh‘ "Q &) )

9R. HIDENOR] Ava _ DR. TAKAT RICHAIDIT

LEADER -~ . GOVERKOR

JeA PRELIM!?ARY STUDY TEAM PROVIRCIAL RATERRORKS
AUTHORITY
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MINUTES OF MEETING

The Japanese Preliminary Study Team and the Thai 'cdunterpart of PKA
held a scries of discussions during March 21 "'29, 1988, concérning the Scope
of FRorks. The present minutes vere prepared to confirm . the main issues
discussed and agreed uﬁon by both'sfdes.

Both sides 6onfirmed the followings:

I. PRA proposed to add EBetong into the study, but the request could_not be
accepted, sihce Betong vas not indluded in the original request., Jépanese team
suggested that P¥A could apply the study of Su Ngai Golok to Betong by
themselves. '

2. The Development Plan vill be conducted to meet vith miniaum "acceptable
level for the npext stage of planning and is by nature simpler than a master
plan. :

3. The economic analysis will be limited “to the evaluation of direct benefits
and costs, and vill be conducted with data obtained during the course of the
Study. The statements on -the indirect benefits will also be included in the
report; ' :

4. The work schedule may be extended up to 14 ﬁonths, if necessary to make the
. study more effective. ' '

5. PYA requested appropriate number of counterparts be invited to Japan for
technical training. Japanese team replied that any cOmmitment'cQuId net be
made at this stage, hovever, & favorable consideration will he given.

B. Japanesg tean emphasized that full cooperation fraﬁ the Phuket Municipality
¥as essential for the field study and requested P¥A to make arrangement for
that. P¥A assured the appropriate arrangement. : :

7. Rater quality analysis will be conducted at PXA laboratory,-if necessary.
8. PXA will provide one microbus for Lhe study in Bangkok, Prachatipat and
Patum Thani. In other towns, supply of vehicle for the study team is very

difficult, because the regional offices of PYA are far avay from the study
areas.
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9. P¥A asked Japanese teanm to take more attention on demographic studies of

the towns, especially on Prachatipat, Patus Thani and Phuket, in which
migration rate is very high and proposed - Lthat local socio-economic enperis
might be hired to work with the study team.
was not possihle

Japanese team explained that it
by the present system of development ‘survey, however, thg
importance of demographic studies %as recognized.
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 ANREX

ATTENDARTS OF DISCUSSION.

. L. P¥A side

Dr. Tawat Wichdidit

DBr. Fanchai Ghooprasert

Mr. Chatpong Chucharoen

Dr. Sarawoot Chayovan

Ms. Orapin Assavanig -

Hr. ¥anchai Lowattanatrakul
Hr. Nived Vachira-Anan

Mr. Suthee haswapichaid
Hr. Pairoj Sattayasanskul
M. Jaroensuk Yorapansopak

2. JICA side

Dr. Hidenori Aya
M, Takemitsu Yanagisawa
Mr. Hisashi Yano

Hr. Toichi lvata
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Governor :

Assistant Governor{Planning. & Finance)
Director, Corporate Planning Dept.
Director,_Plahning Div. .

Chief, International Cooperation Section

Engincer, Planning Div,

Engineer, Planning Div.

Engineer, Planning Div.

Engineer, Planning Div. _
Engineer, ¥ater Resources Development
Proj. :

Leader of JICA Preliminary Study Team
Professor, Dept. Of Civil Engineering
Musashi Institute of Technology
Hember of JICA Preliminary Study Team
Chief, Katerworks Bureau,

Tokyo Metrdpolitan Government
Member of JICA Preliminary Study Teaw
Chief, Ministry of Public Health and
Belfare ' '

‘Member of JICA Preliminary Study Tean

Social evelopment Cooperation Dept.
Japan International Cooperation Agency
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L. T he Provincial Waterworks Authority (PWA) Plan For The Remainder Of The
Water Decade (1987-1990)

2. Phuket Wéterwbrks Project (Summary)

3. Statistical Reports _

Changwat Pathum Thani (v > &=), Changwat Phuket (7-~4 + ), Changwat
_Phéng'ng'é (oo /7 X %7 T+%), Changwat Nakhon Sl Thammarat (> ), Chan-
gwat Narathiwat (>4 72 7) |

1. KGENEER, WIS , | | |

7"77”“% Foty b, AVHA TR, VY, N AOEMTORKESTER LR

MBS, s b, VY S 01/50, 0000
5. AKEMBE : _

19854F 4 1> 19874F 1= 1) & AT DI & Mok DK ERER, 7225 L7 —4 5 F 131987

EHOH |
6. KRR
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