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PREFACE

In response to a request from the Government of Thailand,
the Japanese Government decided to conduct a Feasibility Study on
the Improvement of the Sewerage System in the Southern Part of
Lima and entrusted the study to the Japan International Coopera-
tion Agency (JICA).

JICA sent to Thailand a survey team headed by Mr. Ikuo Miwa,
Nippon Jogesuido Sekkei Co., Ltd., from July to October, 1988,
from January to March, 1989, and from October to November, 1989.

The team held discussions with concerned officials of the
Government of Thailand, and conducted field surveys. After the
team returned to Japan, further studies were made and the present

report was prepared,

I hope that this report will contribute to the promotion of
the project and to the enhancement of friendly relations between

our two countries.

I wish to express my sincere appreciation to the officials
concerned of the Government of Thailand for their close coopera-

tion extended to the team.

March, 1990

(< enamda gm%\_

Kensuke Yanagiya
President

Japan International Cooperation Agency
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. EXECUTIVE. SD‘I-MARY

vart 1 - GENERAL

THE STUDY AREA

. The Municipality of Phang Nga, which is the capital of Phang Nga Prov-
ince, lies on the western comst in the socuthern vegion of Thailand., A center
of commerce, communication and transportation and a tourist destination, Phang
Nga is located along the Phang Nga River, 854 km south of Bangkok and 5 km
north of Phang Nga Bay, site of Thailand’s unique national park.

The munlcipallty is dominated by limestone mountains with low-lying or
middle terrace occupying a fairly small area. Alluvial deposits formed in
low-lying areas along the river.

‘Annual rainfall in Phang Nga averages 2,500 mm while average annual pan
evaporation level is 1,500 mm. Mean monthly temperature varies from 28.6°C in
April to 26.5°C in December. : :

.In'1§83, 4,374 or 38.5 percent of Phang Nga's population of 11,354 were
gainfully employed as laborers, professional workers, commercial workers and
service workers in 221 commercial and service establxshments and 21 industrial
concerns. : :

Transportation in the area is mainly through land, with the national

road connecting Phang Nga with Bangkok through Ranong and other towns in the

southern region. . A paved branch road leads to the Phang Nga Bay Reszort area
where boat services are available.

The govelnment plays a vital role in all aspects of Thailand’s education

system, which is divided into three levels -- primary, secondary and tertiary.
There are 11 schools in Phang Nga.

WATER, SQURCE,

 Presently, Phang Nga's water source consists mainly of surface water
‘from one of the Phang Nga River's tributaries, with a mining pit located at 2
km north of the waterworks. Groundwater is mostly utilized as water source
by private houses with the use of shallow wells,

The present intake. point of the waterworks is located upstream of the
Khlong Pa Ko, a tributary of the Phang Nga River. The catchment area is about
12.4 sq km with the weir, which is 20 m long and 1.5 m high, too small to
store enough water for the water demand during the dry season.

Shallow wells are often utilized By private houses, most of which are
hand-dug with water being drawn by buckets and rope from about 3 te 5 m. under
ground.

_ Four hydrological stations, x-57, x-58, Bang Hin Phu and Ban Bang Song
were selected for hydrelogical analysis as they have simllar runcff patterns
and catchment conditions.

Several methods such as specific runoff and hydrological model were used
for estimating the available amount of water at the existing source, the
Khlong Po Ko which has a catchment area of 12.4 sq. km.

S |
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Probability analysis showed that the minifum £low at. the existing.iqtakg
point at Khlong Bang I is 0.037 MCM/mo. or 1,200 cu.m. fday in the return
period of 10 years. _ :

Evaluantion made on_the_availability of water at the alternative‘sgurce,
the mining pit, which has an average seepage area of 20,000 sq.m., revedled:a-
minimum svailable amount of 300 cu.m./day for water supply. The study thus
showed that the combined minimum flow available for water supply, ‘excluding
irrigation requirements, is 900 cu.m./day.

The study also considered the development of several alternative meas--
ures to meet the future water demand and secure stable water supply in the
area. These include the raising of the existing welr in the Khlong Pa Koj
enlargement of the existing mining pit and construction of feeder facilities
from the Phang Nga River; development of a new mining pit as water source;
construction of a dam on the Khlong Tham; and development of groundwater
sources.

EXISTING WATER SUPPLY SYSTEM

The waterworks for the Municipality of Phang Nga, which was founded in
1963, initially had a treatment plant with a capacity of 20 cu.m.lh; treating-
surface water from the Phang Npa River, The treatment capacity was increased
to 60 cu.m./h in 1969 with the construction of another treatment plant and the
switching of the water source from the river to a waterfall at Pak Ton, 5.6 km
away from the waterworks. : : o o

The modification works were made in 1990 for the sedimentation basin and
the sand filter by introducing the inclining plate and high rate filtration,
respectively. The intended capacity after modification is said by BWA to be
180 cu m/day. ' '

The distribution system of the waterworks covers most of the town and.
extends to the Phang Nga Beach Resort area. Most of the existing pipes are
ACP Class 15, installed in the 1960s and ACP Class 20, installed in 1983 and
1984, In 1988, numerous cases of distribution pipe leakages were discovered,
mostly in south of the existing treatment plant.

The number of connections increased from 728 in 198D to 948 in 1984 and
1,041 in 1987. Although all house connections are metered, some meters are -
found to be defective or have measuring defects. : ' -

The total water production and sales of the Phang Nga-ﬁaterworks in 1987
were 442,340 cu.m and 267,121 cu.m, respectively. The waterworks has three
major sources of revenue, namely: water sales, service charges and connection
fees, : : o .

The annual water production and sales from 1980 to 1987 are shown in the
following table. . : ‘
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Annual Water Production and Sales

Water Water - No. of Consump.

Year Production Sales Conn. Per Conn.,
(cu.miy) (cu.m/y) {cu.mfd)
1980 316,620 269,411 728 1.011
1981 335,250 302,290 839 0.987
1982 350,480 . 308,494 887 0.953
1983 391,300 299,746 928 0.885
1484 394,210 283,746 948 0.818
1985 398,670 314,959 979 0.881
1986 421,970 287,428 1,018 0.773.

1s87 _ 442,340 267,121 1,041 0.703

POPULATION AND WATER DEMAND

The population of the study area in 1987 was 10,740. Population trend
in the municipality is characterized by rapid growth in the first half of the
decade and decline in the following years. The decline was caused by outmi-
gration due to the sluggish situation in the tin mining industry.

Future served populations are calculated by area using the future serv-
ice ratios and projected population therein as shown below:

Future Served Population

Population in Service Area by Denéity Average

Year Service

High - Medium Low . Total Ratio (Z)

1991 1,025 2,361 595 . 3,981 37.1
(2,050)  (4,722)  (3,965)  (10,737)

1996 1,226 2,958 1,302 5,487 46,4
{2,190} (5,284)  (4,340)  (11,814)

2001 1,473 - 3,724 1,800 7,097 S54.6
: (2,338). {(5,911) (4,750) (12,999)

2006 1,773 4,698 2,943 19,414 63.9
(2,570)  (6,808)  (5,351)  (14,729)

. 2011 2,010 5,576 4,002 . . 11,588 73.2
: (2,680) (7,635} {5,717y  {(15,832)

Upper : Served population in the service area
Lower : Total population in the service area
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The total water demand is calculgted as follows:-

Daily Average Water Demand

(Unit ¢ Cﬁ.mld)

Category 1987 1991 1996 2001 2006 2011
Domestic 416 410 614 828 1,139 1,462
Gov’l{Inst’l 163 386 400 416 438 453
Tourism 131 264 294 559 559 559
Commercial : 9 107 118 130 147 158
Industrial 11 15 19 24 30 36
Sub-Total - 730 1,212 1,445 1,957 2,313 2,668
Unaccounted-for

Water Ratio (%) 39.61 26 25 23 21 20
Unaccounted-~for ' .
Water 479 426 482 . 585 615 - 667
Daily Average 1,200 1,638 - 1,927 2,542 2,928 3,335
Peak Factor . -1.30 1.30  1.3¢ 1,30  1.30 - 1.30
Daily Maximum : 2,129 2,505 3,305 3,806 4,336

DESIGN CRITERIA

The design criteria for the treatment system and pipeline was estab-

lished on the various design standards employed in Thailand and other coun-
tries, taking into considerstion the project site and the raw water quality.

The design criteria is summarized as follows:

Water loss - intake loss is 10 Z; treatment loss is 8 X

Pipeline - velocity is a maximum of 3.0 m/s and a minimum of 0.3 m/s.
Pipe material is steel for 400 mm diameter pipes or larger and A/C for
300 mm or smaller. '

Treatment Plant - a) receiving well: treatment time is 1.5 min.; b)
mixing tank: mechanical flush mixer; c) filter: rapid sand filtration;
d) clear water reservoir: 8.0 hour retention time.

Distribution facilities - Minimum service pressure is planned at 1.0

kg/cm2 for hourly maximum flow,

OF COST ESTIMATE

The construction of the facilities to be built is calculated based on

1989 prices.

a)

Pipelines -~ by linear meter for transmission and distribution pipes
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b) WBter treatment plant ~ PWA's data for the unit cost is used for the
o civil structures of the treatment plant. For the mechanical works,
major items are counted individually. The cost of the electrical works

are calculated by the percentage to the mechanical works.

: The cost estimates are separated'into foreign and local cost portions as
shown here: -

Item - Foreign Currency Local Currency

Pipeline ~ (Z) (2)

AlC pipes : 30 70

Steel pipes 80 20
Structural{Architectural 320 70
Mechanical Works 80 20
Electrical Works 80 20

Land Acquisition - 0 : 100

Opération and maintenance costs, based on 1989 prices, consist of ener-
gy, chemical, manning, replacement gnd repair costs. Costs of the PWA’'s head
office and the regional office allocated for this waterworks are also calcu-
lated and added in the financial study.

PART 2 - DE?ELOPMERT PLAN

DEFINITION AND EVAL"A ION OF ALTERNATIVES

The provision of = raw'water intake from the Phang Nga River and the
expansion of the present mining pit is recommended as the most appropriate
alternative since the river has sufficient flow even during the dry season.

Water source development plan calls for the construction of an intake
pumping station close to the Phang Nga River, together with a sedimentation
basin.

_.The expansion of the treatment plant is not recommended since the latest
modification works has not been evaluated its intended capacity.

The distribution system, in order to respond to water demand in 2011,

was considered in optimizing the system’s capacity. The proposed system
includes the instsllation of 21.3 km mains of 100 mm to. 150 mm diameters,

IMPLEMENTATION PLAN

The implementation plan of the total project will include the construc-
tion of a raw water intake tower and a pumping station which will be carried
out in one phase. The plan also includes the replacement of the aged pipes,
and constructlon of new pipes.

THe 1mplementat10n schedule of the proposed project is shown in Figure
5-1, : : ' o
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ORGANIZATION OF WATER WORKS

The proposed organization is based on the existing functional chart of
the waterworks and will consist of the following;

a.. Administrative Section —.This will be responsible for hahdling the
administrative and financial operations of the waterworks,

~ b Water Production Section - Responsible for the operation and
maintenance of the treatments and other facilitles,

c. Service Section - Responsible for setting and repair of house
connections.

PROJECT COST ESTIMATES

(1) Construction Cost

The construction cost of the water supply system was calculated for each
component of facility. =  The following table shows a summary of the con-
struction cost based on the 198% price. : '

Summary of the Gonstruction Cost

(unit : Baht 1000)

Item . : Total Value Foreign Currency Local Currency
Portion Portion
1.Raw Water Intake 2,761 - 1,200 1,561
2.Transmission _ 373 , 112 261
Pipeline '
3.Distribution 13,809 4,143 9,666
~ Pipeline :

Sub-Total : 16,943 - 5,455 : 11,488
4.Land Cost : 0 ' 0 0
Total 16,943 ~ 5,455 11,488

2

(2) Operation and Maintenance Cost

Operation and maintenance cost is calculated from the water demand in
each year, and consists of energy, chemical, manning, repair, and replacement
costs.,

Total operation and maintenance cost is tabulated in the following
table.



Summary of Operationm and Maintenance Cost

Phang Nga

(unit : Baht 1000)

Year Energy Chemical Manning Repair Replace- Total
: Cost Cost -Cost Cost -ment

1990 197 45 1,509 1,751
1991 .. 334 46 1,585 1,963
1992 337 48 1,664 2,049
1993 340 49 1,747 2,136
1994 460 . 50 1,834 2,344
1995 469 52 1,926 18 2,465
1996 478 53 2,275 18 2,824
1997 499 56 2,389 18 2,962
1998 521 60 2,787 18 3,386
1999 564 63 2,926 18 3,571
2000 584 67 3,073 18 3,742
2001 631 70 3,710 18 4,429
2002 643 12 3,896 18 4,629
2003 655 74 4,091 18 4,838
2004 668 76 4,295 18 5,057
2005 681 78 4,510 18 5,287
2006 694 81 5,147 18 5,540
2007 707 - 83 5,404 18 6,212
2008 719 85 6,129 18 6,951
2009 733 87 6,435 18 7,273
2010 746 90 6,757 18 7,611
2011 760 92 7,095 18 7,965
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Financial Study

Project Cost Estimates

_ Total Project cost is estimated at 19,180,000 Baht, with a foreign
exchange requirement of 6,176,000 Baht and local cost component of 13,004,000
Baht. The breakdown of cost estimates is as follows (in thousand Bahts):

"Foreign Portion Local Portion TOTAL
"a. Construction Cost 5,456 11,488 16,944
b. Engineering Cost
Design, 4% of (a) 480 1,011 1,491
Supervision, 2% of (a) 240 505 745
TOTAL 7 6;176 ‘ 13,004 19,180

Finanéing Plan

. The total foreign cost and 2.648 million Baht of local cost (approxi-
mately 507 of project cost) is recommended to be financed from bilateral loan,
the remaining 5.1.78 million Baht of local cost to be equally financed from
‘domestic loan and PWA equity.

Cash Flow.Aﬁalﬁsis

Inflows consist of government capital contribution for interest payment
of domestic loan, foreign and local loan based on recommended financing
scheme, water sales, connection fees, service charges, and other income in-
cluding revenues from sales of materials collected fines and about 27 of water
sales, Water sales were projected using the current tariff structure until
year 2020. Outflows consist of project expenditure, amortization based on
recommended financing scheme, 0&M, and connection expenses (507 connection
faes). '

Results of cash £low analysis show deficits throughout the project
life. Cumulative cash deficits for years 2011 and 2020 are estimated at
60.732 million Baht and 105.309 million Baht, respectively.

The results suggest that PWA equity shall be infused and/or water rates
incredsed to cover the expected deficits. It is projected that the unit cost
of water would stand at 11.38 Baht per cubic meter in year 2011 and average
unit water cost from 1990 to 2020 is 11.37 Baht with the implementation of the
-project. Thesé rates are almost equal to the maximum level of PWA's present
‘water tariff structure. )
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.Part 1  GENFRAL

1 .DESCRIPTION OF THE STUDY AREA
1.1 ﬁatural Céndifions

1.1.1 General

: The Municipallty of Phang Nga is the capital of Phang Nga Prov-
ince, which is located on the western coast in the southern region of Thai-
land. It is the center of commerce, communication and transportation and a
tourist attraction. TIt.is located at longitude 98°31' east and latitude 8°26°'
north, about 854 km south of Bangkok and 94 km north of Phuket. The Munici-
pality is along Route 4 between the Phang Nga River and the mountains. The
Au Phang Nga National Park famous for its beautiful scenery is located 9.5 km
south of the Municipality.

1.1.2 Topography

Phang Nga is located 5 km north of the Phang Nga Bay where one
will find the Thailand’s unique national park. The Municipality is blest with
. limestone mountains inland and numerous isolated islands offshore. These
striking features attract many tourists all year round. The Phang Nga River
flows through the west of the Phang Nga Bay with highly seascnal variation in
stream flow.

: Low-lying or middle terrace occupies a fairly small area surround-
ing by isolated steep mountains or mudstone mountains the elevation of which
ranges from 500 m to 1,000 m.

1. 1 3 Geology

Phang Nga is SLtuated along the Phang Nga River consisting of
alluvial deposits such as gravel, sand, silt and clay. It is surrounded by
isolated steep mountains comprising mainly of limestone (P) by both the west
and east side - colluvial deposits (Qt) which are developed below these moun-
tains and form .undulating middle terrace. Mudstone or sandstone (CP) are
mainly formed on the mountaln area. Granite {Kgr) are formed further deeply
into the steep mountains on the west coast.

The details of the geological features are given in Table 1-1-1.
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Table 1-1-1 Geological Feature

Group Feature Location

Low-laying arsa along streams

Qa Alluvial deposits, Gravel, sand, silt and

Bzachside

beach deposits : Sand, silt and shell
' fragments -

Ob

Undulating wmiddle tctrace bslow
wountain

‘-Terrace and colluvial deposits; Pebble, )
gravel, sand, silt and clay

‘Linéstone, gray and dark gray, thin-bedded

Tsolated stesp wountaing .
to massive, fassiliferous ' '

to houlder as clast, thick-bedded to massive
lawinated smudstone; interbedded siltstone
and mudstons, brown and gray, thin-bedded,
with sharp based bed; sluep structure, =

! bioturbation, load cost, and dropstone like
structurs; sandstons, white and pale brown,
coargse to mediun-grainad, thick and well-
bedded, grade-bedding; conglomeratic
sandstone; and shals with aboundant. bryozoas!
brachiopods, gastropods corals ‘and crinoid]

Hountain area
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i medium - grained, equigranular; biotite and at the mountain peak
] .

)
[
: :
Biotite - horn blende granits, fine-to } Mountain area on the wast coast
]
]
| granite, coarse - grained and por phynitic |

1.1.4 Meteorology

The annual rainfall in Phang Nga averages 2, 500'mm'with a'highly
seasonal distribution. As much ss 502 of thé total rainfall occurs during the
wet season from May to October. Rainfall during the dry season is variable.
Rainfall increases in the mountain ares,.

Average annual pan evaporation level is about 1,800 mm with. little
monthly variation. Relative humidity is high, ranging from 86.3%7 in October to
74.3Z in February. The mean monthly temperature varies from 28.6°C in April to
'26.5°C in December with a range of only 2.1°C. The extreme range 1s from
37.0°C to 13.9°C. Temperatures inland decline slightly.

Details of the meteorology are given in Table 1-1-2.
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Table 1-1-2 Meteorological Data at Phang Nga

- Ttems Jan Feb Mar Apr May Jurn Jul Aug Sep Oct Nov  Dec Year

it —— ——— LR ——— e . —trean N o amen — wr—— et

Temperéture (C.degree)

“Mean . 26.7 21.5 28.2 28.6 28.0 27.9 - 27.5 27.6. 26.9 26.7 26.6 26.5 27.4
Mean Max. 31.4 32.6 33.2 33.0¢ 31.5 30.8 30.5 30.4 29.9 1 30.5 30.8 31.2
Mean Min. 21.9 22.3 23.0 23.9 24.4 24.7 24.4 24.7 23.9 23,5 23,0 22.5 23.5
Ext. Max. 4.5 36,2 37.0 36,8 36.0 35.0 34.0 34:5 33.3 333 33.0 3.3 30
Ext. Min. 13,9 15.8 18.3 21.1 21.4 21.2 21.0 20.7 21.2 21.0 17.9 18.4 13.9

Relative Humidity {%)

Mean. T6.1 74.3 75.9 79.7 83.8 82.8 83.0 82.1 85.2 86.3 - 84.1 79.4 81.1
Mean Max. 92.5 92.4 93.9 95.4 95.4 92.7 93.0 91.8 94.6 96.3  95.5 92.7 93.9
Mean Min. - 56.1 B3,3 55.2 61.6 £9.9 T71.8 72.2 721 145 73.1 e8.1 62,5 ©5.9
Ext. Min, . 33.0 32.0 32.0 29.0 34.0 42.0 42.0 _43.0 54.0. 52.0 46.0 40.0 29.0
Evaporation (mm.)

Mean - Pan 164.3 155.3 197.6 157.2 135.3 124.0 136.1 167.3 140.2 138.9 133.0 139.8 1789.0

Rainfall (fm.)

Mean : 43.6 -26.3 68.0 152.6 345.5 296.2.302.2 267.6 409.3 344.8 186.3 75.0 2517.9

6.3 68.0 152.

Mean Rainy Days 6.0 4.2 6.3 11,8 21,9 21.0 20.8 19.8 22.8 23.1 16.1 9.3 181.6
Createst in 24 hr.  65.6 59.0 72.3 156.3 209.4 113.4 151.1 132.0 142.1 197.6 121.5 63.2 209.4
Day / Year 22/66 26/71 23/73 29/83 23/63 23/63 14/66 13/83 24/56 5771 2/58 16/13 23/64

Source : Meteorological Departiment
Remark : Sunshine Duration 1957-1985
: ‘Evaporation 1981-1985
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1.2 Socioeconomic Conditions

1.2.1 Economic Condltlons

In 1983, the total employment in ‘the main study area was 4,374
accountlng for 38.52 of the population as in Table 1-2-1.

Table 1-2-1 Population and Labor Force

(Unit : persons 2))

{Total population 11,354 (100.0)
1 1Population in work ages 9,001 ( 79.3)
g % {L&bor force - 4,815 ( 42.4)
} } ; fEmployed 4,374 ( 38.5)
! E } }Unemployed | 441 ( 3.9)
{ E {Non labor force _ 4,186 ( 36.9)
1 iPopulation not in work ages 2,354 ( 20.7)

Source : DTCP

Among the employed, laborers account for the largest share of -
26.5%, followed by profe551onal workers, commercial workers and service work-
ers.

Phere are 221 commercial and service establishments in the ter-
tiary sector, and 21 .industrial establishments composed of 13 manufacturers
and 8 repair/maintenance shops. These establishments are generally character-
ized as small scale family industries because employees are less than 10
persons. Major types of industries are limestone 1ndustry, lepalrlmalntenance
of machines or cars and welding.

These are mostly located along the Talchang Road, Route 4 (Petka-
saem Road) and Route 4144,

The unigue natural features of Phang Npga attracts tourists. An
average of 300 tourists start their boat ride around the area daily.

1.2.2 ‘Transportation

The Phang Nga Municipality has been developed along Route 4
(Petkasaem Road) as in Figure 1-3-1., The road is a national artery connecting
the Municipality with Bangkok through Ranong and other towns in the southern
region. The road also stretches to Hat Yai through Krabi and Trang.

From the road, Route 402 lgads to Phuket, and Routes 4090 and 4032
lead to Takua Pa.

At the south of the Municipality, there is a paved branch road to
the Phang Nga Bay Resort Area. Inside the Municipality, local road networks
are formed on both sides of Route 4 between the mountaing on the west and the
Phang Nga River on the east. A few bridges connect both sides of the river
around the Municipality. For public transport services, large and small buses
are available,

1—4
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At the bay area, boat services are available for local people and
tourists, '

1.2.3 Education

The education system in Thailand is divided into three levels -
primary, secondary and tertiary :

in recent years, pre-primary education, including kindergarten,
has become available to children whose ages range from three to five. Chil-
dren enter primary school when they are anywhere between six to eight years
old, depending largely on the locality. Secondary education is divided into
lower and upper divisions each consisting of three years such that, typically,
those 12-14 years of age attend lower secondary while those 15-17 attend upper
secondary.

The government plays a major role in all aspects of Thailand’s
education system. For the past eight years, 19Z to 217 of total government
expenditure went to education. It is the highest compared to other developing
countries,

In Pﬁaﬂg Nga, there are 11 schools. A detailed breakdown of
schools, including the number of students is shown in Table 1-2-2,

Table 1-2-2 School in Amphoe Phang Nga

: No. of No. of
Grade of School Schools Students
Kindergarten 2 366
- Primary School 7 1,758
Secondary School 2 1,585
College/University - S

-Total 11 3,709

1.2.4 Sanitation (Water-borne Diseases)

In developing countries, three psople out of the five do not have
access to clean drinking water. According to WHO, about 802 of sicknesses are
caused by unhygienic water and defective sewage treatment. Thus, the quality
of drinking water is closely related to human health.

To decrease the incidence of water-borne diseases is one of the
more significant purposes of a water supply project. The status of water-borne
digeases in relation to the number of patients is shown in Tables 1-2-3 to
1-2-5.



Table 1-2-3 Water-Borne Diseases

in Phang Nga Municipality.

No. of Patients

Year

Food

Diarvhea Dysentery Poisoning Typhoid Cholera Total .

1983 29 3 8 3 43
1984 107 5 8 3 123
1985 142 5 11 3 162
1986 83 1 10 . 2 g2
1987 47 1 3 3 54
1988 67 5 8 - 80
Table 1-2-4 Water-Borne Diseases
in Tambon Tam Nam Pud
No. of Patients
Year S 7 Food _ _
Diarrhea Dysentery Poisoning Typhoid  Total
1983 4 - 2 - 6
1984 18 3 4 1 25
1985 20 - 2 - 22
1986 3 1 3 1 8
1987 9 - 3 - 12
1988 8 2 - - 10
Table 1-2-5 Water-Borne Diseases .
in Tambon Kohpanyl
No. of Patients
Year . Food : : -
Diarrhea Dysentery Poisoning Typhoid Total
1983 28 1 - 2 31
1984 22 3 - 3 26
1985 30 - - 2 32
1986 82 - - 1 83
1987 72 - 1 1 73
1988 26 1 - 28

'Phang Nga
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1.3 Land Use
1.3.1 ExistihgTLand Use Pattern’
The existing land use pattern of. the main study area described in

Chapter 4 is as shown in Figure 1-3-1 and Table 1-3-1.

Table 1-3-1 Existing.Land Use of Phang Nga
Town Planning Area

Land Use Type Area Ratio
' (ha) (%)

Low & medium density’

residential area - 65.2 3.8
Commetrcial & high density

residential ares

Industry & warehoduse area - 7.1 0.4
Rural & agricultural area 1571.4 91
Vacant land for recreation _

& environmental protection 11.2 0.7
Educational institute 13.3 0.8
Religious institute ' 19 1.1

Governmental institute, -
public utilities & social.
infrastructure 31.3 . 1.8

Total = 1,726 100

Source : DTCP

(¢} The route 4 is the axis of urbanization with the market area in the

' north as the hub. Along the roads, commercial activities are mainly
located in the northern parts, while in the southern parts government
_officeé dominate. Behind the road are belts of residential quarters.

(b} In the area, institutional use holds a considerably large share. The
total of educational, religious,; governmental, public utility and
social infrastructure uses accounts for approximately 41 Z of the
whole area except rural and agricultural areas. This is due to the
Municipality's roles as the provincial center despite its compact
town scale.

(c) The east side of the Phaﬁg Nga River ise sparsely'inhabited'at
present.
i.3.2 Land Value
In the Mﬁﬁiéipality, official land prices are higher along Route 4

(Petkasaem Road) especially around the commercial center at the northern part,
“ranging from 1,250 F/sq.m (2,000,000 Bfrai) to 1,750 B/sq.m (2,800,000
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- B/rai).  On the contrary, at sites far from Route & especially in the south-

ern parts, offlclal land prices are lower, ranging between 100 ¥/sq.m
(160,000 E!rai) and 100 B/sg.m (160,000 ¥/ral) and 200 ¥fsq.m (320,000
B/rai).

In Tambon Tam Nam Pud, official land prices also depend heavily
on accessgibility to main roads, The prices range from 5 Bf/sg.m (8,000
B/rai) to 125 B/sg.m (200,000 B/rai).

In Tambon Ko Pangee, official land prices are not more than 5
- ¥/sq.m (8,000 B/rai).

In general, land is much cheaper outslde the Municipality, Reli-
able data of actual land prices is not available, but they are thought to be
higher than official prices at most sites. .

1.3.3 TFuature Land Use Pattern and‘Development Prospects -

- According to the town plan by DTCP shown in Figure 1-3-2, expan-
sion of residential zones and recreational and environmental protection zones
is remarkably large. Southern and eastern parts including the east side of
. Phang Nga River will be mostly developed as low and medium density residential
‘areas. "Elephant® mountains on the west side of the Municipality is designat-
ed as s recreation and environmental protectlon area. The population density
will be increased accordingly. -

The local road network 1s to be improved to serve new residential
areas. o :

Phang Nga is covered by "the Study on Potential Tourlsm Area Development
for the Southern Region in Thailand” conducted by JICA for the Tourism Au-
thority of Thailand. According to the plan, the Phang Nga Resort Area will be
further developed for international and domestic tourists. The Municipality
is also expected to develop as a tourism base. The tourism study recommends
" to establish the "Andaman Resource Centexr" in front of the Phang Nga Bay
Resort Hotel to preserve and display Andaman cultural and natural heritage,
train staff for tourism and to promote tourism and research. The provincial
office also has a plan to upgrade the area including the following as in
Figure 1-3.3, : :

fi)"Imbroving the séwerﬁge.system

.2) Buildiﬁg a car pa;k

3) Expgnsion of the hotel

4) Opening the bung&iows which are currently used by the hotel staff
5) Opening souvenir shops

6) Opening a festival space in front of the hotel
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2: WATHER SOURCE
2.1 Existing Watexr Use Pattern
2.1.1 General

The ?hang Noa Municipality is located along the Phang Nga River 6
km upstream of the estuary. The Phang Nga River flows southward collecting an
annual rainfall of 2,500 mm falling on the catchment area of 287.5 sq.km. The
water source of the waterworks is located wupstream of one of the Phang Nga
River tributaries. The waterworks are supposed to use a mining pit as an
alternative source to supplement water shortage in the dry sesson. Previous-
ly, potable pumps were used for taking supplemental water from the Phang Nga
River.

The ipcation of water sources is given in Figure 2-1.31,

2.1.2 Surface Water
(i) ‘Khlong Pa Ko

The present intake point is located upstream of the Khlong Pa Ko,
one of the right bank tributaries of the Phang Nga River. The catch-
ment area is approximately 12.4 sq.km having paddy field and some
small villages and there are three 200 mm pipes for drainage, irriga-
tion and water supply at the intake weir. The weir is 20 m long and
1.5 m high, too small to store enough water for the demand in the dry
season.

{2) Mining Pit

‘The Phang Nga Waterworks plans to use a mining pit as-an alternatlve
source. The mining pit is located 2 km north of the waterworks next

- to the Phang Nga River. The pit has a storage capacity of approxi-
mately 100,000 and expects some inflow from the river in ‘the rainy
season,

‘The quality of raw water sampled during the field survey is given in
Table 2-1-1.
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‘Table 2-1-1 Water Quality of Water Sources

Khlong Mining Phang Nga

Itam Pa Ko Pit River

* Temperature (°GC) 31.3 31.3 31.3

pH 7.5 7.1 . 7.2

Turbidity 4.0 0.8 8.4
Conductivity .

(5 x 10 ) 4.2 3.5 3.7
NH,-N (mg/l} 0.4 <0.4 Q.4
NO,-N (mg/l) <0.006 <0.006 <0.0086
RO4-N (mg/l) : <0, 23 <0.23 ‘<0.23
Goliform D ND - D
D 1 Detected WD : Hot Detected

2.1.3 Ground Water
(1) Shallow Well
The Phang Nga Municipality is situated on the alluvium of the river,
50 shallow wells are often seen in private houses. Most of the wells
are hand-dug with brick lining. Water is drawn by a bucket and rope
from approximately 3 to 5 m depth.
{2) Deep Well

Deep wells constructed by DMR are listed in Table 2-1-2.

Table 2-1-2 Eist of Deep Wells by DMR

: :Dapth : Size {Aquifer : Static :Vield : Drawdown:Iron :Chlorine: TDS

»
-
-

ITER Y,

[EEEY)

LOCATION | iemr s Af%) ¢ (ind: Code - (E0) slgp®) : (€8} :(pemc (o :(ppm)
: Ban Wang Mo kaeng 980 % 200 5 4 5 13430 G690 39.06 1137+ 18 1 260
| Samyack Ban Wang Mo Kaeng 41979+ 100+ 6+ 5 i 23.05 :62.2 5335+ - L
: Satei Phang Nga School G983 1 1905 5 i 3 13240 i 1585 46.95 i20: 9 1276 :
: Changwat Phong Nea Pisen 11983+ 110: 6 : 21 ;3.8 1 65.40: 5.72 P0.00: 13 ;232
: Di Buk Phang Moa Witthaya :1983: 70: 4 : 52  :18.00 : 5.00: 37.00 :6.0: 17 :172 :

]
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Availability of Existing Water Source

2.2.1 Data Available for Study

(L

(2)

(3)

(&)

Geneval

The data required for the hydrological studies are meteorological
data as rainfall and evaporation, hydrological data as water level
and discharge in the monthly base. MD and RID are responsible for
collecting and processing the data on meteorology and hydrology,
respectively.

Rainfail data recorded at the amphoe'office are sent to the MD head-
quarter, Bangkok for data processing.

All water level records are sent directly to the RID headquarter,
Bangkok for data processing.

Geology and hydrogeology are referred from the maps prepared by DMR.

Monthly Rainfall

. Monthly rainfall daiﬁ are available at five gauging stations con-

trolled by Amphoe Phang Nga, Takua Thung, Thai Muang, Kapong and Tap
Pug. .

The rainfall stations are listed below and monthly rainfall data are
given in Tables A2-1-1 to A2-1-5 in Appendix A-2-1.

Table 2~2-1 List of Rainfall Station’

Station - Location Period of Record
Phang Nga Amphoe - 1956 to Present
' Phang Nga
Takua Thung . Amphoe 1955 to Present
Takua Thung
Thai Musng Amphoe 1952 to Present
Thai Muang
Ka Pong Amphoe July 1966 to
‘ Ka Pong Present .
Ta Put Amphoe 1956 to Present
: Ta Put

Climatological Dafa

The data describing the climatology in the Phang Nga area is avail-
able at the Phang Nga Municipality. This station observes such
climatological data as ‘temperature, atmospheric pressure, humidity,
evaporation, sunshine hours and wind, The data are given in Table
A2-1-6 in Appendix A-2-1. :

Hydrological Data

Four hydrological stations, X-57, X-58, Bang Hin Phu and Ban Bang
Song are selected for hydrological analysis because these stations
have similar runoff pattern and catchment conditions to the concerned
water gources.

2—4
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The stations are listed below and these data are given in Tables
A2-2-1 and A2-2-2 in Appendix A-2-2,

Table 2-2.2 List of Hydrclogical Stations

Station ) Location Period of Remarks
’ Record
X580 _Phanon, 1972 to RID
{CA=312 sq.km) Surat Thani 1980
X-5% i Phanom, 1972 to - RID
{CA= 8 sq.km) Surat Thani 1982
Bang Hin Phu Tha Put 1973 to NEB
{CA=171 sq.km) Phang Nga 1983 :
Ban Bang Son Tha Put 1972 to © NEB

(Ca= 36isq.km) Phang Nga 1983

2.2.2 Avsilability of Existing Water Source

(3) YXhlong Pa Ko

(a)

(b}

Several methods as specific runoff and hydrolegical model are used
for estimating the available amount of water at the existing water
source, the Khlong Po Ko which has a catchment area of 12.4 sg.km.

Specific Runoff
Thére are four gauging stations in the neighborhood of the present
intake point on the Khlong Po Ko. Specific runoff adopted by X-67, X-

%58, Ban Bang son and Bang Hin Phu are given in Tables 2-2-3 and 2-2-
b ’ .

Hydrological model

Runoff model is established by Tank Model Method using The observed
discharge record at the RID's hydrological gauging stations, X-57 and

%-58. As described in Appendix A-2-2, the rainfall is not success-

fully simulated to the gauged discharge, because the gauged flow does
not necessarily respond to rainfall occurrence.This fact reveals that
the hydrological model cannot be applied for estimating the available
amount of water ' )

Table 2-2-3
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(c)

(d)

(2

(a)

Phang Nga

Evaluation on Analysis Methods

The correlation among the gauging stations in specific runoff is also

shown in Figures 2-2-1 to 2-2-4.
Since the existing intake'point qn'the khlong Pa KXo has catchment
' irea has a similar topographical .

area of 12.4 sg.km, the catchment a _ _ _ _
features as that of the gauging station X-57. The above mentioned

figuree show that the correlation between X-57 and X-58 is the high-
est among the four stations,

noff at X-57 is shown in

The monthly flow estimated by specific ru
hown in Figure 2-2-5.

Table 2-2-5 and the monthly average flow is s

Availability
Probability analysis is made on the following conditions:

- Return Period is set at once in ten years(1/10).

- The flow estimated by specific runoff at X-57 is applied, but the
_term of flow data can be prolonged to 1l years by correlation het--
ween X-57 and X-38. ' . ' :

- The monthly minimum flow in each year 1is applied.

The applied data indicate logarithmic normal distribution as shown

in Figure 2-2-5, therefore, the method suitable for analyzing the

return period of 1/10 will be adopted.

The monthly minimum flow”at'the existing intake point Dn.thé Khiong
Pa Ko is estimated at 0.037 MCM/mo or 1,200 cu.mi{d in the return
period of 1/10 as shown in Table 2-2-6. :

Mining Pit
Evaluation on the Availability

The mining pit is situated on the left bank of the Phang Nga River
and fairly close to the river. Some inflow from the river is expected
in the wet season, but is considered to be an unknown factor.

The study on the availability is made considering the pit as a resérn
voir under the following conditions: ' .

~ Total and dead storage capacities are 100,000.cu.m and 10,000 cu.m
respectively as shown in Figure 2-2-7,.
~ Bvaporation is considered to be 70Z of the Class A pan., Average

evaporation area is 20,000 sq.m, _
- Seepage loss is considered referring the RID’s standard.

Clay . 1.0 - 1.5 mmfd
Silty clay 1.5 - 2.0 :
Sand 2.0 - 3.0

The mining pit mainly consists of gilty clay. The avefage seepage
area is 20,000 sq.m.
Figure 2-2-1
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Phang Nga

- Inflow to the pit from the river will occur when water level rises

over EL +90.41 which is the lowest elevation of the bank as shown
in Figure 2-2-8. In this case the stream flow of the Phang Nga
River will reach at the elevation over 64 m/s which is obtained hy
multiplying the river cross section area (app;oximately 80 sq.m)

by the velocity 80 cm/s.

Velocity is obtained from the following Manning's Formula.

v = (1/n) x R2/3 x 13/2
where,
V : Velocity
n : Roughness coefficient (0.0353)
R : Average Depth (1.5 M)
I : River bed gradient (1/2,000)

¥ = (1/0.035) x 1.52/3 x (1/2,000)1/2= 0.80 m(s

0.8.x 80 = 64 cu.m/s

i

Q

- ﬁaily maximum flow can be obtained from specific runoff at X-58
daily data as shown in Table 2-2-7. . .

Table 2-2-7 shows that seven months from November to May are con-
sidered to be the drawdown period. '

(b) Minimum Availability

(3}

Accordingly, the minimum available amount for water supply is:

il

(100,000-10,000) - 20,000%x0.7x(0.133+40.13940.164+0.155+0.198
+0.15740.135) - 20,000x0.002x210 '

= £6,500 cu.m in seven months

300 cu.m/d

Q

n

Total Minimum Availability

A irrigation canal exists downstream of the existing weir with a 200
mm pipe for irrigation purpose. Irrigation requirement is considered
to be 507 of the minimum flow. Therefore, the total mianimum available
flow is:

Khlong Pa Ko 1,200 x 0.5 = 600 cu.m/d
Mining Pit 300

Total 900 cu.m/d

218
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2.3

2.3.1

Phang Nga

Developability of Alternative Water Sources

Surface Water

The following alternative water sources are considered in order to

meet the future water demand and secure stable water supply:

(l) Raisihg of the Existing Weir

(2)

L&)

(4)

2.3.2

The existing welr is constructed on the fresh granite rock, but too
small to store a sufficient amount of water to meet the demand. The
weir should be heightened 10 m or so to store a water volume of more
than 150,000 cu.m,

Expansion of the Existing Mining Pit and Construction of Transmis-
sion Facilities from the Phang Nga Riwver

Some recharge from the Phang Nga River are expected but unknown. In
addition, the mining pit is not sufficient enough in capacity to meet
the future water demand.

A transmission facilities to the pit should be constructed and the
capacity of the pit should be expanded by digging or heightening the
embankment as well.

New Mining Pit Development

A few mining Pit are located 2 km upstream of the existing mining
plt. These pit can be used for water supply.

Dam Construction on the Khlong Tham
- At present, RID constructed the weir for irrigating an area of 1,200
‘ha  upstream of the Khleng Tham., The point has favorable topographi-
cal features for dam construction and an enough catchment area.
A multi-purpose dam should be constructed for the purpose of irriga-
tion, water supply and flood control.

Ground Water Development

According to the survey conducted by DMR, ground water potentiali-

ty on the aquifers in the area is described below:

(1)

(2)

Alluvial Aquifer

Alluvial aquifer consisting of unconsolidated clay sand and gravel of
‘alluvial deposits coccurred on the right bank of the Phang Nga River.
The aquifer is generally not over 200 ft. The yield is about 20-100
gpm. : :

Carbonate Aquifer

Carbonate aquifer comprising the Permian limestone occurred along the
river., The Permian are generally crystalline, cavernous and massive.
Ground water occurs mainly in solution cavities, bedding planes,
contact zones between limestone and interbedded shale, and fault
zones. The yield generally ranges from 50-100 gpm.






Phang Nga

3 EXISTING WATER SUPPLY SYSTEM
3.1 Existing Water Supply System
3.1.1 General

: The waterworks for the Municipslity of Phang Nga was founded in
1963, The treatment plant had a capacity of 20 cu.m/h treating the surface
water of. the Phang Nga River which flowed through the Municipality. 1In 1969,
the treatment capacity was expanded to 60 cu.m/h with the comstruction of the
40 cu.m/h new treatment plant and coincidentally the water source was switched
from the river to the waterfall at Pak Ton, 5.6 km away from the waterworks.
The waterworks was placed under the control of the PHA and put under the
jurisdiction of the PWA Regional Office 4 in Surat Thani.

3.1.2 Treatment

Although there are two treatment units with capacities of 20
cu.m/h and 40 cu.m/h, respectively in the treatment plant as mentioned above,
the small and old one is no longer used., Elements comprising the treatment
plant are summarized in Table 3-1-1. :

- Raw water transmitted by gravity through the 200 m pipe from the
Pak Ton Waterfall is fed into the 40 cu.m/h treatment unit. The treatment
process consists of chemical flocculation, sedimentation, rapid sand filtra-
tion and chlorination. GClear water stored in the 500 cu.m clear water reser-
voir is distributed directly by the clear water pumps during high water demand
and by gravity from the 50 cu.m elevated water tank during low water demand.
Backwash water for rapid sand filters is obtained from a pipeline connected
to the clear water pumps. Figures 3-1-1 and 3-1-2 provide the schematic
representation and layout of the treatment plant, respectively,

3.1.3 Distribution System
(1) Description of Existing Distribution System.

The distribution system of Phang Nga Waterworks covers the most of
the town and extends to the Phang Nga Bay Resort Hotel shown in
Figure 3-1-3 . Schematic plan of the network is shown in Figure 3-1-
4, :

Most of the existing distribution pipelines were installed in the
1960's with Class 15 asbestos cement pipes. New develcoped areas
have installed asbestos cement pipes with Class 20 in the year of
1983 and 1984. The year of installation for each pipe is shown in
Figure 3-1-4, P '

The feccrd of the Phang Nga Waterworks - shows that 38 cases of leak-
age problems on the distribution system occurred in 1988, Those were
mostly located south of the existing water treatment plant.



Table 3-1-1

Dutline of Treatment Facilitles

Water Source
Treatment Capacity
Treatment Facilities

Rapid Mixing Basin
No. of Units
Dimensions

Flocculation Basin
No, of Units
Dimensions

Sedimentation Basin
No. of Units
Dimensions .

Sedimentation Time

Rapid Sand Filter
No. of Units
Dimensions
Filtration Rate

Chlorination Faéility

Kind of Chemical
- Dosage Rate

_Chlorine Feed Pump

Clear Water Reservoir

No. of Units
Capacity
Detention Time

Water Elevated Tank
Height

No. of Units
Capacity
Detention Time

Clear Water Pump

Pal Ton Waterfall

40 cu.m/h

1 unit :
0.40 m x 13.00 m x 0.60m

1 unit :
2.50mx 4#.80 m x 4.40m

1 unit
6.1 hours

2 units
2.00m x 3.00 m
80 m/d

_ Bleaching Powder

Approx. 3 mgfl
Metering Pump

1 unit
500 cu.m
12.5 h

Approx.18 m above the ground
level

1 unit

50 cu.m

40 cu.mfh x 40 m x 11 kw x
2 units motor-driven

40 cu.mf/h x 40 m x 19 hp x
1 unit engine-driven

100 cu.m/h x 33 m x 35 hp x
1 unit engine-driven

Phang Nga
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Phang Nga
Breakdown of the pipeline is tabulated in Table 3-1-2,

Table 3-1-2  Distribution Pipe

Dia. : Length Material
{mm) * “(m} -

200 6,460 AC
150 7,430 AC
100 4,480 AC
Total 18,370

The elevated tank is not actually in use. It is connected to the
outflow pipe with a high lift pump and acts like surge tank or stand
pipe in the distribution system. Pumps are turned on and off manual-
ly. The operators observe the pressure at the delivery side of
pumps . :

"The number of connections of the waterworks are counted as follows:

Table 3-1-~3 Number of Connections

Year : No. of Conn.

1980 728
1981 839
1982 887
1983 : 928
1984 : : 948
1985 : 979
"1986 : 1,019
1887 T 1,041

- Although 811 house connections are metered, some meters seem to be
defective or have measuring errors. :

Another defect of the meters is that it cannot detect small flows of
less than 5 1/hr. Therefore, some consumers collect water in pots or
jars just by choking their faucets to the stated level. The
defects of the meter as described above will be reflected when con-
sidering the unaccounted-for water.



{2y
{a)

(b)

(c)

(d)

Phang Nga

bistribution Network Analysis

Method of Analysis

A computer model was used to snalyze the existing distribution system
and to prepare an improvement plan therefore as required. The model
uses a standard Hardy-Cross network analysis technique where head
losses are calculated using the Hazen-Williams formula. An interac-
tive process is used in the model to balance the hydraullc grade line
at each pipe junction in the network, with adjustment made in the
hydraulic grade line to satisfy the continuity equation at each
junction. = )

Hazen-Williams Discharge Coefficient ("C" Value)

Estimates of the Hazen-Williams discharge coefficients for existing
pipeline are determined based on the age of pipes which was ob-
tained from the Phang Nga Waterworks during the field survey.

Although the C value for asbestos cement pipes usually remain at 110
or close to its original level, newly installed pipes in the past 2
to 3 years use a € value of 110, and a C value of 100 was adopted for
other remaining pipes. o

Demand Distribution

Based on the water sales records, a demand“distribution at each node
was prepared. It was assumed for the purpose of the initial analysis
that the existing treatment plant can supply enough treated water to
meet the daily and hourly maximum demands.

Evaluation of the Existing Distribution System

Using the data described above, a simulation was made to the existing
system by the computer model described earlier. This simulation
shows that a pressure of about 28m in water column is required at the
existing treatment plant. The results indicating pressure contour
lines are shown in Figure 3-1-5 , The computer output of distridu-
tion network analysis are presented in the separate volume.

The results show that there are adequate pressure throughbut the
distribution system, and indicates similar pressure conditions to
the actual field pressure measurements described in Appendix A-3-1.
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Phang Nga

3.2 Operation and Maintenance

The operations status during the past two year from October 1986
to July 1988 1s shown in Table 3-2-1.

' The operational condition is remarkably stable for the Phang Nga
Waterworks, Although the average daily water production of 50.3 cu.m/h ex-
ceeds the nominal treatment capacity by 25.8%, the monthly deviations from the
average are within the range of -4.22 and 44.1%, excluding the minimum of
-8,4% in September 1987 and the maximum of +7.1% in January 1988. The average
treatment loss is 5.8, and 1s a reasonable level.

There is no chemical addition for coagulation-sedimentation in the
dry season and neither is there a raw water pump.

It should be noted that more than half of the users have com-
plained of color, smell and turbidity from tap water, based on the results of
the questionnalre survey as shown in Appencix 3-2, Rapid mixing is conducted
with ‘the turbulent flow in the long channel installed above the sedimentation
basins but no flocculation basin for slow mixing is provided. The overflow
weir in the sedimentation basins is not long enocugh and is thus always
submerged. The mud balls are found in the rapid sand filters.

The chemical solving tanks are installed beneath the staircase at
the corner of the clear water pump room. This is so narrow that the chemical
dosing works into the chemical solving tanks is troublesome. The chemical

" storage room is next to the pump room but detouring is required when carrying
the chemical bags to the pump room.

- 3-—-11
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Phang Nga

3.3 Existing Improvement/Expansion Plan
3.3.1 Improvement/Expansion Plan for Treatment Plant

At present, a concrete plan for improvement/expansion has not ‘been
prepared for Phang Nga waterworks. However, the general concept éxplained in
the following sub-section will be applied in improving the existing treatment
plant. .

3.3.2 General Concept of PWA for Improvement/Expansion for
Water Treatment Plant ' '

PWA’s general concept for the improvement and expansion of the
water treatment plant is based on the recommendations of the UNDP experts,
which are well summarized in the article "Improving Water Supply in Thailand®
by Messrs. Sawasdi Orvichian, Prasert Chuaphanich, and Susumu Kawamura,
Journal of AWWA, Management and Operations, June, 1983. :

The concept for improvement and expansion was established to
increase the treatment capacity without the addition of new basins and fil-
ters. The modification for improvement consists of three phases as listed

below:

Stage 1 - Correct existing deficiencies and implement those modifi-
cetions needing immediate action,

Stage 2 - Expand plant capacity at the earliest possible time.
Stage 3 - Modernize plants and improve safety. o

These stages were separated in accordance with the urgency of the
measures to be taken, and the cost- effectiveness of the investment.

At present, PWA is implementing the improvemént and modification
program for various waterworks applying the technology recommended for Stage
1. The facilities and measures for improvement recommended in Stage 1 are
summarized below: : ' ' ' Co

(1) Coagulation System (Flush Mixihg)

Coagulation and flocculation are the most important process in the
treatment system. As most of the existing plants have no proper

coagulation and flocculation systems, the sedimentation tank does not
work well so that & lot of micro floc are carried over to the sand
filter. The improvement proposed is a provision of an in-line
static mixer in the raw water main to achieve the proper magnitude of
fiixing of coagulant.

(2) PFlocculation System

Flocculation is & process which most existing plants. lack. The
recommended flocculation process consists of round-the-end, and flow-
type baffled channels (hydraulic flocculation). Mechanical floccu-
lation is not considered because of the unavailability of spare parts
and technical manpower to maintain the system.

(3) Filtration Process

Filters require a wide range of modification. Existing underdrains,

314
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Phang Nga

gravel beds, filter beds, wash troughs, backwash system and piping
are subject for replacement and improvement/modification. For in-
stallation i1s a surface wash system. 'These modifications may lead to
increasing system’s treatment capacities by 100%, Dual media fil-
tration is not considered because of the high cost of anthracite.

Sedimentrtion process

Recognized as the most serious problem in operation is sludge remov-
al. However, sludge withdrawal will be made efficiently by manual
cleaning, . Therefore, no major modification is considered. Baffled
walls are recommended to be installed at the inlet and the intermedi-
ate point to prevent short circuit of flow. For overflow troughs,
the installation of additional troughs is recommended to decrease
weir load and decrease carry- over of micro floc.

As the recommendations stated above are the basis of
improvement {expansion work, a similar design for the modification
works for the existing water treatment plant may be used,

Stage 2, Expansion of plant capacity will follow the modification
works., After modification works are made, the plant will be expected
to have a larger treatment capacity (twice the original design rate};
therefore, the production smount can be lncreased to cope with the
increased water demand.

Stage 3, Modernizatlon consists of the preparation of proper instru-
mentation and safety provisions. This stage is recognized as the
final step of modification; therefore actual implementation will only
be made after steps 1 and 2 are accomplished. This is because of
some budpgetary constraints for the total implementation of the im-
provement /expansion program.
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3.4 Existing Constraints

During an intensive field survey, Lhe followmng constraints on the
existing water supply system are reported -

{1) Water Source
- Flow is lnsufficient in ihe dry season.
- Got muddy by paddy field upstream,
(2) Intake and Transmisslon Pipe
- The weir is insufficient in height.
- The transﬁission pipe is insﬁfficienﬁ in diameter.
- Ambuﬂt_of inflow to the-mining pit isvuncertéin;

{3) Treatment

Amount of chemical dozing is inadequate in the dry season.

Flocculation is inadequate, -

The weir of flocculation basins is insufficient in length.

A chemical solving tank is located in»an'inéonvenient.place.
(4) Distribution |

- The elevated tank is not being used due to operational défects.
(5) Operation and Maintenance

- Consumers have complaints of color, turbidity and odor in water.



Phang Nga

3.5 . Organization
3.5.1 Organization of Regional Office

The regional offices of PWA directly supervise the urban water-
works and assist the rural waterworks in all technical aspects.

_ The Phang Nga Waterworks is supervised by the Regional Office IV
in Surat Thani which covers 13 waterworks in this region. Figure 3-5-1 shows
the organization chart of the Regional Office IV. The function of each sec-
tion is described as follows: '

(a) Personnel and Clerical Section

. This section is responsible for personnel administration of the
waterworks, including the training of waterworks personnel.

{bY Finance and Aécounting Section

This section is in charge of finance and accounts of the waterworks
including borrowing and depositing of bank accounts.

{(cy Procurement and Stores Section
This section takes charge of procuring and storing materials and
supplies necessary for operating the water supply facilities of the
waterworks.

{d) Maintenance Section

This section provides guidance and instruction on the conduct of the
operation and maintenance of the waterworks facilities.

(e) Technical Service Section

A preliminary surﬁey of ?rojected waterworks schemes for both urban
and rural waterworks is provided by this section,

(£) Water Guality Control Section

This -section is responsible for conducting the water quality analyses
of both raw and treated water,

(g) Survey Section

This sectioﬁ is responsible for providing the Head Office with infor-
mation concerning rural waterworks and for the planning of new water
supply projects. :

(h) Price Estimation Section
This.is'responsible for estimating the expansion/ rehabilitation cost
of water supply systems for both urban and rural waterworks and for

preparing documents, drawings and others for bidding.
Figure 3-5-1 :

3—-17
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(1) Construction Supervision Section

This is responsible for supervising the construction and
expansion/rehabilitation works of water supply facilities.
3.5.2. Grganization of Waterworks
The organization of the Phang Nga Waterworks consists of three
aections- namely, production, services, and adminlstration sections. The
organization chart with the number of employees is shown in Figure 3-5-2, and
the function of each sectiqn is described as follows:

(a) Water Production Section

This section is responsible for operation and maintenance of water
production facilities.

{(b) Service Section

Services such as getting and repairing house-connections are provided
by this section.

(c) Administration Section
This section takes charge of meter reading and bill- collection,

book-keeping of customer accounts, financing, record-keeping of
waterworks income and expenditure, and other administrative works.

3~19
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3.6 Financial Status
3.6,1 Pregent System

. As of 1987, the Phang Nga Waterworks has 1,041 connections., The
annual water production and sales in 1987 were 442,340 cu.m and 267,121 cu.m,
respectively.

PWA has three major sources of tariff revenue: namely water
sales, service charges and connection fees. These tariffs’ contribution to the
total revenue of PWA was about 957, The waterworks has about the same income
structure as this., PWA applies same water rate structure to all waterworks.

Details of current levels of tariffs are set out in Tables 3-6-1
to 3-6-3.

Table 3-6-1 Present Water Séles Charges

Consumption Tariff
(cu.mfmo) (B/cu.m)

0 - 10 3.75

11 - 20 4.50

21 - 30 6.50

31 -.50 7.50

51 - 80 8.00

81 - 100 : 8.50
101 - 300 9.00
301 - 1,000 - 9,25
1,100 - 2,000 9,50
2,001 - 3,000 9.75
3,001 and above 10.00

Table 3-6-2 Present Service Charge

(Unit : B/mo)

Size of Conn. Service Charge
1fan .10
3j40 _ 15
1 30
1-1/2" 60
L 100
z-1/2n 120
gn 160
4" and above 200
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Tahle 3-6-3 Present Connection Chaxge

Size of Conn. Basic Connection Fee
(B/Conn:)
/2" 2,050
34" 2,750
" 3,750
1-1/2n : 6,690
2" _ : 9,575
2-1/2" i 13,075
3 15,495
4" - 21,453
6" 30,025

Note : The basic connection fee is applied to the connection with an
installation length of less than 10 m from a main pipe.

3.6.2 Revenue and Expenditure

The annual revenues and expenditures of the waterworks im the last.
three years are shown below: '

Table 3-6-4 Revenue and Expenditure

(Unit : 1,000 B)

Year -Revende Expenditure Profit(Loss)
1985 8,306 3,582 4,724
1986 2,207 1,864 ’ C 343

1587 2,097 _1,899 ' 198

In the accounting system of PWA, all the revenues of the water-
works are transferred to the PWA Head Office. AlL the expenses are also
allocated by the PWA Head Office. However, as shown in Table 3-6-6, such
accounts as capital investment, debt service and deprecaation and amortizatlon
are not concerned in waterworks' own finance.

To identify and quantify the financial status of wéterworks, one
of the financial ratios (revenue/expenditure) is computed as shown below: '
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Teble 3-.6-5 Ratio of Revenue to Expenditure

office 1985 1986 1987

PWA Head Office 1.45 1.72 1.76
Phang Nga - :
Waterworks 1.11 1.18 1.10

If this ratio is equal to or greater than 1.0, the financial
status of the waterworks is in good condition.

As shown above, the waterworks earned a net profit on its annual
perations. The ratio is greater than 1.0, but lower than the average rate for
all PWA waterworks.

A breakdowﬁ of the revenue and exﬁenditure is shown in Table 3-6-6,



Table 3-6-6 Revenue and [xpenditure of Phang Nga Waterworks

(Uﬂlt Baht)
U@scr1pt10n 1985 IQBF_'- o188
Water Production cu.m 389,670 421,970 442, 340
Water Sales cu. m 314,959 281,428 YT VA
No. of Connections a79 1,018 C 1,041
_Kevenue ) _ _ L
Water Sales 1,631,067.48  1,890,504.60 1,802,075.40
Service Charge 144,595.00 150, 262.00 153, 130.00
“Connection Fee 166,624.00 145,937.00 '124,936.00
Other Revenue 28,433.22 20,521.44 17,213.21
iotal Revenue (ﬂ) 1,970,709.70 2 207 225 04 . 2,09 354 Fi
_Expendi ture _
Salaries 1,016,240.00  1,035,766.42 1,135,580.00
Remuneration 230,799.59 225,901.86 238,275, 15
Chemical 100, 112.85 82,202.00 96,973.60
Material & Maintenance 43,864.04 87,217.20 71,584.09
0i1 & PFuel 32,182.90 29,638.00 20,607,706
Office Supplies 3, 856,56 7,0988.01 9,863.09
Hired Service 1,680.00 5H9,549.00 42,234.50
Other Uperating Expense 4,564.00 29,132.00 31,782.50
Public Utilities 2,243.75 21,547.50 7,449.00 -
Blectricity 256,927.19 224,193, 40 207,042.20
Connection Cost 65, 207.54 61,334.77 40,648.93
¥aterial Sold 9,239,499 497.48 2,080.00
Total Expenditure (8) 1, 771 QIR 41 1, 864 077 64 1 RQQ 1?0 82_.
Profit (Loss) 198, 791,29 '34% w 40 - 1@8 22? 9
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Nam Pud,

Phang Npga

POPULATION AND WATER DEMAND

Project Horizon

The study ares consists of the Phang Nga Municipality, Tambon Tam
the area arnund the stadium on the north of the Tambon and Phang Nga

Bay: Resort Area.

cenditidﬁS'

(1)

(2)

(3)

The study area has been dellneated considering the following

Urbanization of the Municipality is expanding beyond the boundary to

‘the surrounding tambons. At present the urban expansion is along the

Route &4; however in future expansion to other directions such as
toward the east side of the Phang Nga River in the tambon is expect-

“ed.

The urbanization will be limited by the mountains on the east and
west sides of the tambon. However urban development of the neighbor-
ing communities on the north of the tambon should be studied togeth-
er, which PWA 1s currently considering to supply water.

At present the Phang Nga Bay Resort Area is supplied water by PWA

~while the study is needed to meet the future development of the area.

The study area is shown in Figure 4-1-1,

The combined area of the Municipality and Tambon Tam Nam Pud, which
shares most of the study area, coincides the town planning area of
DTCP, of which area measures as in Table 4-1-1.

Table 4-1-1  Area of Main Study Area

(Unit : sq.km (2))

/

| DTCP town planning area 17.26 (100.0)

I/ :

| | Municipality 6.75 (39.1)

1k

{ | oOutside Municipality 10.51 (60.9)

| | (Tambon Tam Nam Pud)

i ] :

Source : DTCP .

Note : The mein study area consists of the Phang Nga Municipality

and Tambon Tam Nam Pud excluding the stadium area and the
Phang Nga Bay Resort Area.
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4.2 Population
4.2.1 Historical Population

The population of the main study ares was 10,740 as shown in Table
§-2-1.

Populatlon trend of the Municipality in 1980's is characterized by
rapid growth in the first half of the decade and decline in the following
ears. The decline is caused by the net out-migration, which exceeds the high
natural increase, One of the causes of the out-migration is thought to be the
recent sluggish situation of the local economy reflecting the tin industry.
pevelopment in the neighboring areas may be absorbing the population of the
Municipality as well.

Population of Tambon Tam Nam Pud increased steadily at an average
growth rate of 3.2% in recent years,

4.2.2 - Puture Population

Future population was firstly calcuiatediwith the following five
methematical formulae: .

i

A) Arithmetical progression ¥ aX + b

B) Geometrical progression y=v0x (1 +b)°X
C) Decreasing rate
of increase y = K - ab”X
D) Exponential y = y0 + aX"b
E)} Logistic y = k [ (1 + exp{a - bX))
* Where,

v t Populétion forecasted

‘yO - ¢ Population in the.base year

X t Years from the base year

é,rbr K 5 Coefficient

s " Aside from these mathematical models, the annual growth rate was
also considered from the socioeconomic conditions of the area. Therefore,
mathematical models are used only for comparison.

~ Future population of the study area is calculated based on the
following assumptions.

(1) 1In the Municipality, the natural growth rate will decrease steadily
from the present level of 6.5 to 1.5%7 in 1997 and will remain at the
level., The natural increase rate of 1.52 is the national target for
1986, while the rate in the southern region has been higher than the

national average.

The net out-migration will decrease steadily from the present level
of 8.4% to 0Z in 1995 and then the net in-migration of 0.3% will be

4--3
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maintained, assuming that the economy will be revitalized, of which
tourism development is one of the examples.

{2} In Tambon Tam Nam Pud, the growth trend in recent years (approxim&teu
1y 3%) is expected to continue.

(3) Pdpulation of the stadium area and the resort area with approximately
40 houses is marginal and is dealt with separately o

The total population of the Municipality and +he tambon is estimated
at 16,500 in 201l as shown in Table 4-2-1.

Figures 4- 2 1 and 4- 2 2 shows the populatlon prOJectlon of  the Phang
Nga Munlcipallty and Tambon Tam Nam Pud for reference, In these
figures, legends "A" to "E" correspond to the formulae ment;oned
above and legend "T" ghows Lhe values adopted

Presently the average famlly size is approx1mately '5.06, According
to the HOMES Research Report prepared in 1987 for the Seminar on
Demographic and Economic Forecast for Thailand, the average household
size of the nation in 2011 will be approximately 71Z of the 1987
Jevel. Following the general decreasing trend, the figure of the
area in 2011 is estimated at 3.61 and the number of families at
4,600 as in Table 4-2-2.

The average populatlon per house is less than the famlly size. The
number of houses in 2011 is estimated at 5,700.

4.2.3 Higher and Lower Growth Cases

In order to compare effects of the assumptions adopted in the
method of estimation, higher and lower growth cases are shown in Table 4-2-3.

In the higher growth case, the Municipality’s natural growth rate
will decrease steadily from the present level of 6.5Z to 1.5% in 2007, L0
years after the original case and will remein at the level. The net out-migra-
tion will decrease steadily from the present level of 8.42 to 0.57 in 1993 and
then the net in-migration of 0.37 will be maintained. The population growth
rate of Tambon Tam Nam Pud is assumed to be 4%, that is 12 higher than the
original case.

In the lower growth case, the Municipality’s natural growth rate
will decrease steadily from the present level of 6.5 to 1.5% in 1994, 3 years
before the original case and will remain at the level. The net out-migration
will decrease steadily from the present level of 8.4%Z to 0.57 in 1997 and then
the net in-migration of 0.3% will be maintained. The population growth rate
of Tambon Tam Nam Pud is assumed. to be 2Z, that is 17 lower than the original
case, P -
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Phang hga nUHi(ipailty

Year :_ o 1980

Poputation 7,640
No. of louses - 1,305
1Euu AT )1?:‘ L) &14

1951

T, 807
1 414
5“]

1962
"? (’Sq
1 458
5 415

]f)‘l‘k)

4,205

Natlon (Homhs Reucarch chort Novcmb91 198”)

Year . 1985
Houmehold Size 4,98
Year _ 1987

lousehold Size  4.83%

Index : S |

Phang Nea
Year - - 1987

Population - 10,740
Family Size 5,006 -
No.-of Families - 2,124
© llouse Size - 4.080
No. of Houses - 2,632
Table 4-2-3
Year

Omgma1 Case
Municipality
Tambon Tam Nam Pud
Total

H1gh&r Growth Case
Municipality
Tambon Tam Nam Pud
Tota] '

Lower Grouwth CaSe
Municipalitly ,
Tambon Tam Nam Pud
{otal

1950
4,62

1991
4,550

0,941

1991

11, 187
4.751
2,351
3.833

2: 914

199L

4.21

1996
4.208
0.870

19%

12,09
4.393 -
.f-r! i4~)

550

3: ‘1(}6

“ODO

2005

4,944

_ }984

S,JQb 879 8,
2,010 2,055 2

4.218 4.

Projection of Numbors of Families and llouses -

RS 1085 1937

3,051

Poputation of Main Study Area of Phang Nea

1987

3,714
2,026

10,740

8,714
2,026

10,740

8,714
2,026

10,740

1991

8,624
2,280

9,064
2,369

8,202
2,191

10,393

10:904

11,433

19%

2001

10,334
3,063

13,397

13,0
3,500

17,094

8,492
2,660

11,158

2006

11,709
J, 000

15,415
4,25
19,67¢

9,282
2,41

12,223

16,259

NG 6,886 8,7H4
122 215 220l
98 4120 3.959

2010 q015

3.9 37 249 3.
2000 2006 2011
2908 3.658  3.454
0.808 0.756 0.714
2000 2006 201
13,397 15,259 16,469
4085 3.824 3611
3,219 3,990 4,560
3.297  5.085  2.914

2011

12,353
4,115

16,468

16,850
51T
22,027

10, 147
3,244
13,391
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in the higher growth case, the population of the ares ls 34% more
than the original case, while in the lower growth case, it is 197 less.

4.2.4 Population Distribution

At present, population is relatively densely distributed around
the market in the northern zone of the Municipslity. The southern half of the
Municipality and outside the Municipality have less density. L

Future population is thought to be distributed reflecting the land
use plan of DICP covering the eastern side of the Phang Nga River.

Population'distribution_by the ‘land use category expected in 2011
is shown in Table 4-2-1. . .

The populatioﬁ density of the towm planning ares is estimated to
grow from the present level of 5.2 persons/ha (1.0 person/rai) to 9.5
persons/ha (1.5 persons/rai) in 2001.

Residential zones will considerably increase the population demnsi-
ty. The density of the low density residential zones designated by the land
use plan is estimated at approximately 18 personsfha (3 persons/rai) +din 2011,
that of the medium density residential zones at approximately 61 persons/ha
(10 personsfrai)}, and that of the high density residential/commercial zones at
approximately 120 personsfha (19 personsfrai). The populatior density of the
rural/agricultursl zones will remain very low.
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