Phuket

3.1.2 Treatment

The raw water that is drawn from the RID Bangwad Reservoir through
two 500 mm pipes 1s fed into the 1,000 cu.m/h treatment plant by raw water
pumps. The treatment process consists of chemical flocculation, sedimenta-
tion, rapid sand filtration and chlorination., Alum is added mt the rapid
mixing basin and chlorine water is injected to the 400 mm filtrate pipe.

The treated water that is stored in the 6,400 cu.m clear water
reservoir is distributed directly by the clear water pumps. The treated water
needed by the Deep Sea Port is distributed by gravity due to low water demand
at present. Water used for backwashing the rapid sand filter is obtained from
a pipeline connected to the clear water pumps.

.The elements comprising the treatment plant are summarized in
Table 3-1-2, Figures 3-1-1 and 3-1-2 provide the schematic presentation and
layout of the treatment plant, respectively.

3.1.3 Distribution System

{1) Description of Existing Distribution Network
The distribution system of the Phuket Waterworks covers the area as
shown in Figure 3-1-3. The distribution system consists. of three
lines for Patong, Kathu and the Deep Sea Port. The pipelines for
these three areas are installed separately from the clear water
reservolr at the Bangwad Treatment Plant. Out of the three lines,
only one pipeline for Patong is pressurized by = hlgh pump while the
two lines operate by gravity at present.

Patong area is supplied water via a booster pumping station which is
located in the middle in the distribution main. This area is also
supplied with water by gravity from the old treatment plant at the
north end of Patong Beach. Water pressure in this area is extremely
high since the direct pumping system was adopted. When the booster
pump is operated, pressure at the house connection is raised up to
3.0 t6-5.0 kgfsq ecm. On the other hand, some areas located higher
than 15.0 m (AMSL) suffer water interruptions when the booster pump
is turned off. This is because the old plant can not produce the
sufficient head for distributing water because of its location and
the lack of distribution pumps.

The booster pump is turned on two to three times a day; therefore,
water pressure fluctuates drastically.

As described above, the distribution pipes in the service area in
"Patong receive intermittent high pressure at the ‘time of the booster
pump’s operation. Repeated high and low pressure in the distribution
line 1ig considered to be a serious problem that needs immediate
solution since this could damage the asbestos cement pipe itself and

at its joints.

The distributién pipe may even burst and this could occur in the near
future at various points in the network. The problem could be solved
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Tahle 3-1-2 Qutline of Water Treatment Facilities -

Facility : .Bangwad o | Patong
Water Source Bangwad Réservoir Wéterfall
Tfeatment Capacity 1,000 cu.m/h .20 cu.mfh

Raw Weter Pump | 600 cu.mfh x.26 m x .None

100 hp x 2units M/D
600 cu.m/h x 26 m x
100 hp x 2 units ME/D

Flocculation Basin

No. of Units 4 units : - 1L unit .
Dimensions - 7.28mx 7.28 m x 0.30 m.x 1.80m x

: , 3.40 m 0.40 m x 50 channels
Flocculation Time 43,2 min 32.4 min

Sedimentation Basin

No. of Units 4 units 1 unit
Dimensions 7.28 m x 54,78 m x 2.40mx 6.36m
3,10 m 3.40 m

Detention Time 4.9 h 2.6 h

Rapid Sand Filter :
No. of Units 8 units 1 unit

Dimensions 6.70 m x 6.60 m - 2,40 m x 1.80 m
Filtration Rate 67.8 mjd : S111.1 mfd
Cleay Watey Reservoir
No, of Units 1 unit 1 unit
Capacity 6,400 cuim
Detention Time 6.4 h
Elevated Water Tank None :
No. of Units "1 unit
Capacity

Detention Time

Clear Water Pump 250 cu.m/h x 45 m x
70 hp x 2 units M/D
250 cu.mfh x 45 m x
74 hp x 1 unit E/D
300 cu.m/h x 20 m x
37 hp x .1 unit M/D

Backwash Water Pump 1,400 cu.m/h x 15 m x
150 hp x 1 unit M/D

In-plant Water Pump 5 cu.m/h x 20 m x 2 hp

M/D:motor-driven  EfD:engine-driven ME]D:motormIengine-dfiven'
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immediately by providing proper pressure reducing measures, such as
the provision of a receiving tank at the proper elevation andj/or
installation of the most effective type of pressure reducing valve,
1f any measures to be undertaken, a careful hydraulic study should be

carried out.

The Kathu area is supplied water by gravity from the Bangwad Treat-
ment Plant. The distribution pipeline forms a single loop along the
main road inh the community. This area has the proper pressure range;
but its problem is in water quality.

The distribution line for the Deep Sea Port is now scarcely used

considering its big water conveying capacity. This is because the
planned big two consumers for this line have not been connected yet.
These are the Phuket Municipality and the Deep Sea Port. Therefore,
the size of the pipe for the present water demand on this line is
causing another water quality problem - high pH value of more than
pH 10.0. This problem is described further in Appendix A-3-1.

The schematic plan of the network is shown in Figure 3-1-4. A break-
down of the pipeline of the PWA Phuket Waterworks is tabulated in

Table 3-1-3.
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Table 3-1-3 Distribution Pipe

Approximate Length (m)

Dia. .
{mm) Patong Kathu D.8.P, Total
500 . 7,460 7,460
400 - 1,990 1,000 9,300 12,290
300 5,160 5,160
200 2,090 2,090
150 7,210 4,750 11,960
100 2,240 2,240
Total 11,440 10,910 18,850 41,200

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

Table 3-1-4 HNumber of Connections

Year _ No. of Connectibn

1987 ' 888

Although all of the house connections are ‘metered, some meters seem
to be defective or have a measuring errors. Also observed during
the ‘site investigation was that some of meters were rotating back-
wards in case of negative pressure and that air was introduced from
the open faucets. The reverse rotation results in the loss in meter
reading.

Another dafect of most of the meters is that it'cénnbt'detect small
flows of less than 5 l/hr. Therefore, some consumers -collect water
in pots or jars just by choking their faucets to the stated level.

The defects of the meters as described above will be reflected when
considering the unaccounted-for water.

Distribution Network Amalysis
Method of Analysis

A computer model was used to analyze the distribution system and to
determine the improvements necessary to satisfy the projected water
demand. The model uses a standard Hardy-Cross network analysis tech
nique where head losses are calculated using the Hazen-Williams
equation. An interactive procese is used in the model to balance the
hydraulic grade line at each pipe junction in the network, with
ad justment made in the hydraulic grade line to satisfy the contlnulty
equation at each Junctlon

-Hazen-Williams Discharge Coefficients ("C" values)

Estimates of the Hazen-Williams diécharge coefficients for existing
pipeline are made based on the age of pipe, which was obtained from

3-12
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the Phuket Waterwork during the field survey.

-Although the C value for asbestos cement pipes usually remains at 110
or close to its original level, newly installed pipes in the past 2

-to 3 years use a C value of 110, and & C value of 100 was adapted for

other remaining pipes.
Demand Distribution
Based on the water sales records, a demand distribution at each node
was prepared. It was assumed for the purpose of initial analysis
that the existing treatment plant can supply enough treated water to
meet the daily and hourly maximum water demands.
Evalvation of 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 2 m in water column is required at the
existing water treatment plant.
Patong Beach Pipeline
" Three operation system were set and analyzéd.
-~ Case I.
When the booster pump and the old plant are operated, pressure at
each node shows a extremely high at the hourly maximum demand
conditions.

A half 6f the water demand flows into the old plant,

This means that the old plant can not supply water to the system
while the hooster pump .is operated. )

3—-13
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- Case IL.

If the old plant is only operated, some area locating at the high
ground elevation indicates a low pressure less than 1.0 kg/sq.cm.
A capacity of the old plant is 20 cu.m/h, but the simulation model
shows about 74 cu.m/hr. It means that the old plant is not able to
supply the sufficient amount of water to meet demand.

- Case III,

In case that the booster pump is operated without the old plant, an
extremely high pressure at more than 8.0kg/sq.tm covers & whole
distribution system. : :

Kathu Pipeline

The results show that this system has a proper pressure tahge.

Deep S5ea Port Pipeline

As same as Kathu pipeline, there are adequate pressure throughout
the existing distribution-system.

The results indicating pressure contour lines are shown in Figures
3-1-5 to 3-1-7, and the results of network analysis are presented

in the separate volume.
The results of the pressure measurement in the existing distribu-

tion system described in Appendix A-3-2 confirm such a high pres-
sure area and also identified by the waterworks official,

3—14
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4.2 Operatibn and Maintenance

The operations status during the past one year from August 1987 to
July 1988 is shown in Table 3-2-1.

The treated water distribution was measured by separate master
meters for each area as shown below.

‘Month Patong . Kathu Déep Sea Port Total

1988 cu.m/mo F 4 cu.m/mo 4 cu.m/mo b4 cu.m/mo F4
Jan - - 36,060 95.2 1,838 4.8 37,898 100
Feb 20,913 38.4 28,421 52.1 5,189 9.5 54,523 100
Mar 35,130 51.1 27,182 39,6 6,422 9.3 68,734 100
Apr 57,373 50.1 24,894 21.7 32,373 28.2 114,640 100

. May 35,808 39,1 24,219 26.4 31,709 34.5 91,736 100
. Jun 50,370 61.4 26,539 32.3 5,141 6.3 82,050 100
Jul 35,004 57.2 21,648 35.4 4,545 7.4 61,197 100

Some irregularlties were found on the total distribution and on
the distributlon for each area. The operating condition has not yet been
stabilized.

. The present operating rate of the treatment plant vis-a-vis the
nominial treatment capacity is in the range of 5.1%7 and 15.4%Z, neglecting the
amount of clear water used in the plant. Therefore, the treatment plant did
not operate continuously to save the energy cost. However, all modules were
used during operation.

According to the operations record at the PWA Phuket Waterworks,
the average daily operation time was 4.1 hours in May, 4.2 hours in June and
3.1 hours in July, including the days when the plant was not in operation.
such batch operation may cause the stiffening of alum solution in the alum
mixing tank, surface hardening of the sand layer in the rapid sand filters and
ineffective flocculation in the sedimentation basins, although these are not
serious problems at present due to the good quality of raw water.

_ Treatment loss caused by water used in the plant was abnormally
high, 18.1Z on the average with a minimum of 5.1% and a maximum of 32.5Z.
Cleaning of the sedimentation basins is carried out periodically, or every
three months after emptying the basins.

_ _ The backwash to the rapid sand filters is made once everyday. The
amount of backwash water also shows some irregularities.

: The rate of alum dosage varies between 15.5 mg/l and 80.2 mg/l.
According to the result of the jar test, conducted on the field in August
1988, the optimum alum dosage rate was 5 mgf/l. Taking into account the stable
conditlon of raw water, it seems that the . dosage rate is too high.
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3.3 ‘Existing Improvement/Expansion Plan

The Bangwad Water Treatment Plant was constructed in 1987 and has
enough capaclty to supply water for the present service area as well as for
the Phuket Municipality. Therefore, there is no expansion plan as of now.

However, the improvement plan for the distribution system for
patong 1s presently being prepared to solve the high pressure problem in the
area. As stated earlier in this report, extremely high pressure (as high as
5.0 kg/sq cm) in the distribution pipeline is due to its topographical and
system characteristics. This problem comes from an absence of the proper
pressure reducing scheme on the pipeline.

The countermeasure being considered by PWA is the provision of a
recelving tank at the highest elevation of the pipeline. However, to reduce
the pressure in the Patong area, a precise hydraulic study should be conducted
to determine how both the dynamic and static hydraulic gradients would be for
the recommended scheme.
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Existing Constraints

During an intensive field survey, the following constraints on the

existing water supply system are reported:

(1)

(2}

(3)

{43

(3)

Water Source
-~ Small catchment area and steep slope

Flow is insufficient in the dry season

1

Flooding occurs in the wet season

1

- No potential aquifer
Intake and Raw Water Transmission Pipe
- Mining pits are insuvfficient in capacity in the dry season

- The Bangwad Reservoir water is frequéntly'spilled in the wet sea
son., '

- Many of shallow wells are coritaminated

Treatment

- A large amount of water is consumed inside the treatment plant.
Treatment loss reaches 32.5 percent at maximum.

- Jar test results shows that raw water requires less amount of alum
than that actually dosed.

Distribution

- Pipeline to Patong is pressured too high and conveys water within
a limited time only.

- In a pipeline to the Deep Sea Port high pH value is occurred due
to small amount of consumption.

Operation and Maintenance

- Operation is iIntermittently made.
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3,5 : Orgénization

3:5.1 -Organization of Regional Office

The regional offices of PWA directly supervise the urban watey -

works and assist the rural waterworks in.technical aspects.

The Phuket 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 section is
described as follows:

(1)

(3)

(&)

(5)

(6)

(7)

(8)

Personnel & Clerilcal Section

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

Finance & Accounting Section

A charge of finance and accounts of the waterworks jincluding borrow-
ing and depositing at their bank accounts.

Procurement and Stores Section

This section takes charge of procuring and storing materials and
supplies necessary for operating water supply facilities of the
waterworks. '

Maintenance Section

This section gives guidance énd_instruction on the conduct of the
operation and maintenance of the waterworks facilities.

Technical Service Section

A preliminary survey of projected waterworks schemes for both wrban
and rural waterworks is provided by this section.

Water Quality Control Section

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

Survey Section

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

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.
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(9) Construction Supervision Section

This is responsible for supervising the construction and

expansion/rehabllitation works of water supply facillities,
3.5.2 Organization of Waterworks

The organization of the Phuket Waterworks consists of three

sections; namely, production, services, and administration sections. The
organization chart with the number of employees is shown in Figure 3-5-2, and
the function of each section is described as follows:

(1 ‘Water Production Section

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

(2) Service Section

Services of setting and repairing house-connections are provided by
this section.

{3) Administration Section

This section takes charge of meter reading and bill- collection,
book-keeping of customers accounts, financing, record-keeping of
waterworks income and expenditure, and other administrative works and
meters.
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3.6 Financial Status
3.6.1 Present System

As of 1987, Phuket Waterworks has 666 connections. The water proddction
and sales in 1987 were 262,296 cu.m and 140,202 cu.m, respectively.

PWA has three ma jor sources of tariff revenue: namely water
sples, service charpges and connection fees, details of which is described in
gection 7.1.

3.6.2 Revenue and Expenditure

The annual revenue and expenditure of the waterworks in the last
two vears are shown below:

Table 3-6-1 Revenue and Expenditure

(Unit : 1,000 B)

Year  Revenue Expenditure Profit(loss)
1986 862 503 359
1987 1,572 1,225 347

In the accounting system of PWA, all the revenues of the
waterworks are transferred to the PWA Head Office. All the expenses are also
allocated by the PWA Head Office. However, as shown iq Table 3-6-3, such
accounts as capital investment, debt service and depreciation and amortization
are not concerned in waterworks’® own finance.

To identify and quantify the financial status of the waterworks,
one of the financial ratios (revenue/expenditure) is computed as shown below:

Table 3-6-1 Ratio of Revenue to Expenditure

1985 1986 1987

PWA Head Office 1.45 1.72 1.76
Phuket Waterworks - 1.71 1.28

If this ratio is equal to or greater than 1.0, it is considered
that its financial status is in good condition.

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

A breakdown of the revenue and expenditure 1s shown in Table 3-6-3.



Table 3-6-3 Kevenue and Expenditure of Phuket Waterworks

~ (Unit : Baht)

1985

Description 1886 - 1987
Water Production cu.m - 962,296
Water Sales cu. M - 140,202
No. of Connections 516 666

Revenue |

Water Sales 517,008.25 1, 171,67171.75
Service Charge ©9,610.00 - 86,230.00
Connection Fee 274,080.50 308, 604. 00
{ther Revenue 877.75 ' 5,024.18

Total Revenue (8)

861,576.50

1,571,585.93

Expenditure

275,529.97

414,772.00

Salaries
Remuneration 43,138.50 56,140.50
Chemical 12,378.75 - 61.298.72
Material & Maintenance 32,171.25 299,944.83
0il & Fuel 29,717.60 97,845.08
Office Supplies 4,085.30 11,342.12
Hired Service 617.50 16,488.12
Other Operating Bxpense 33,010.10 30,167.00
Public Utilities 1,958.00 - 5,514.00
Electricity - 140,125, 41
Connection Cost 64,050, 06 84,620.23
Haterial Sold S 280,00
Total Expenditure (8) 502,662.93  1,224,504.01

Profit (Loss)

358,913.57

347,081.92
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4.  POPULATION AND WATER DEMAND
4.1 Project Horizon
The study area.ls the main island of Phuket Province consisting of

three amphoes and one Municipality as shown in Table 4-1-1 and Figure 4.1-1.
The total area of the island ls approximately 550 sq.km.

Table 4.-1-1  Administrative Hierarchy of Phuket

amphoe fMunicipality Share of Area No. of Tambons
(%)
aAmphoe Thalang 39 6
Amphoe XKathu 47 3
Amphoe Muang Phuket — 14 6
2

Phuket Municipality - -

4.2  Population
4.2.1 Historic Population

-The population of the study area was 153,600 in 1987 as shown in
Table 4-2-1., Population of the province has increased steadily at 2,31 per
annum on average since 1980. The growth rate is nearly equal to the natural
growth rate of 2.4% in the southern region during 1980 to 1985.

The average annual growth rate of Amphoe Muang since 1980 was high
at 4.1%7, while that of the Municipality was low at 0.5Z. One of the reasons
for the difference is thought to be the urban expansion from the Municipality
to the neighboring tambons,

4,2.2 Future Population

_ . Future population was firstly calculated with the following five
mathematical formulae:

4) Arithmetical progression y=aX + b

yO0 x (1 + D)X

B) Geometrical progressiocn y =
C) Decreasing rate
of increase vy = K -~ ab™X
D) Exﬁonential__' y = y0 + aX*b
E; Logistic _ y =k [ (1 + exp(a - bX))
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Where,
b4 + Population forecasted
y0 : Populétion in the base year
X : Years from the base year

a, b, ¥ 1 Coefficient

Aside from these mathematical models, future population of the

study area 1s estimated based on the following assumptions. Thersfore, mathe-
matical models are used only for comparison.

(1)

()

(3)

(4)

At the levels of the province and the town planning areas, the popu-
lation projection of "The Study on Potential Tourism Area Develop-
ment for the Southern Region in Thailand" conduncted by JICA was
adopted. The tourism study calculated the population at ‘the. province
level according to NESDB reports. And at the town planning area
level, DTCP forecasts were modified taking into consideratlon the
recent and future development trends.

Population of each tambon is calculated assuming the present share in
the town planning area.

Population of the amphoe is calculated by adding up tambon popula-
tion.

Then the populatlon of the DTCP town planning area of Phuket
Municipality is replaced by the estimation of "Feasibility Study on
Sewerage and Drainage Improvement Project for Phuket Municipality" by
JICA.

Population of the main island of Phuket in 2011 is estimated at
213,700 as presented in Table 4-2-1. , .

Figures 4-2-1 to 4-2-5 show the population projection by amphoe for
reference. 1In these figures, legends "A" to "E" correspond to the
formulae mentioned above and legend "T" shows the adopted estimates.
It should be noted here that data in the past are all according to
the administrative boundaries, but in the future the municipal area
does not mean the administrative boundary but means DTCP boundary,
causing Jumps of the graph.

Presently the average family and house sizes are estimated at approx-
imately 4.82 and 4,90, respectively.,  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 71% of the 1987 level. Following the
decreasing trend, the family and house sizes of the island are esti-
mated at 3.44 and 3.50, respectively as in Table §.2-2, '

Accordingly the number of families in 2011 is estlmated at 62, 100 and
the number of houses at 61,100.
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Table 4-2-2  Projection of Nunbers of Families and Houses

Nation

Year (985 1990 1995 2000 . 2005 2010 2015
flousehold Size 498 462 4.21 3.96 3.7 348 3%
Year 1987 1991 1996 2001 2006 2011

Household Size 4.84 4.55 4.21 3.91 3.66  3.45

Index 1 0.941  0.870  0.808  0.756  0.714
Phuket Study Area

Year 1987 1991 1996 2001 2006 201
Population 153,574 166,600 179,900 191,800 203,300 - 213,700

Bamily Size 482 4.5 419 3.89 3.64 344

No. of Families 31,877 36,800 42,900 49,300 - 55,800 62,100

House Size 4.90  4.6] 4.26 3.96 3.70 3.50

No. of Houses 31,370 36,200 42,200 54,900

48,500

61,100

Source : HOMES Research Report, November 1987
Data from Offices of Phuket Province, Amphoe and Municipality
Analysis and estimation by JICA Study Team
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4.2.3' Higher end Lower Growth Cases

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

In the higher growth case, annual population growth rate of the
Municipality and each amphoe is 1% higher than the original case and in the
lower growth case, the growth rate is 1% lower,

In the higher ngWth case, the population of the province is 27X

more than the original case, while in the lower growth case, it is 217 less.

Table 4-2-3 Population Projection in Higher and
Lower Growth Caseés

Year . 1987 1991 1996 2001 2006 2011
Higher Growth Case : L

Phuket 153574 168510 189397 213073 239933 270434
&, Thalang 46518 50986 57180 64127 71917  B0654
A. Kathu - 15023 16176 17741 19459 21342 23408
A. Muang. - 54698 47690 51714 56078 - 60809 65940
Municipality 47335 53658 62761 73410 85864 100432
Lower Growth Case

Phuket - . 153574 155720 158583 1616356 164949 168475
A. Thalang 46518 47115 47873 48643 49425 5021¢
A. Kathu 15023 14942 14842 14742 14643 ° 14544
A, Muang 44698 L4046 43244 424357 41684 40926
Municipality 47335 49617 52624 55814 59198 62786

5.2.4 Population Distribution

At present, tambons thh over 10,000 population are Thep Kasattri,
Ratsada and Wichit in addition to the Municipality as shown in Figure 4-2-6.
Among the five sanitary districts (8.D); namely, Thep Kasattri, Choeng Thale,
¥athu, Patong, and Karon §.D's, population of Kathu $.D is the largest at
14,700,

Future population distribution is estimated as in Figure 4-2-7.
The numbers of tambons over 10,000 population in 2011 are four in Amphoe
Thalang and two in Amphoe Muang as well as the DICP town planning area for the
Municipality, of which the population is estimated at 79,500,
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4.3 Service Area and Served Population
4.3.1 Service Area

The pressnt service area of the Phuket Waterworks conslsts of
Tambons Kathu, Patong and Wichit, For the Phuket Municipality PWA agreed to
sell tap water to the Municipality with a limit of 6,000 cu.m/d at a rate
of 4 B/cu.m in July 1989. '

For the expansion of the selvices ‘area in the future, taken into
account are the DTCP's development plan and the PWA's development strategy.
Consideration was made with future land usé, population growth and tourism
prospect.

Tourism development is the most important factor in determining
the future service area, in other words, water supply for the resort beaches
has the highest priority. The implementation for these areas should therefore

be commenced in the earlier stage as shown in the extent of the service area
for 2001.

The extent of the service area in years 2001 and 2011 are as shown
in Figure 4-3-1,
4.3,2 Served Population
{1) Estimasted Served Populatlon
As the waterworks has started its operatlon at the Bangwad Treatment
Plant in 1987, historical data on the water consumption and number of

connections are not accumulated,

Served population was estimated frcm the number of comnections in
1987 and the number of members per household.

Table 4-3-1 shows the result of estlmation of served'population.

Table 4-3-1  Estimation of Served Popuiation '

No. of No. of Conn. for Pop./ Population
Ares Conn, Domestic Use No. of Houses - Served
(a) (b) TS (@)
Kathu 524 518 5.7 2,953
Patong 320 40 | 6.3 252
Wichid 44 38 4.8 is2
Total 8838 596 . . 3,660

(b) Estimated from the meter réading records from Sep. 1987 to
Aug. 1988

{c)y Calcolated from populatlon data by tambon and Snitary. District
(d) = (b) x (c) .
Figure 4-3-1

4—12
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(2)

(3)

{4)

Phuket -

Service Ratio

According to the PWA's stat;stical data, the total populatinn in the
service area is 7,446 in 1987, Service ratio is calculated as fol-
lows:

3,660 [ 7,446 = 49,22
Future Service Ratlo
The future service ratio are set for three different categories of
the ares: (1) the Phuket Municipality, (2) the existing service area
by PWA and tourism spots (hereinafter referred to as "tourism spot”,
(3) and areas other than (1) and (2). The ratios of these areas are
as shown in Table 4-3-2. :

Table 4-3-2 Future Service Ratio

(Unit : 2)

Year Municipality Tdufism Spot Other Area
1991 57 15 .
1996 65 30 15
2001 75 40 | 25
2006 82 55 ' 40

2011 L 70 © 30

Future Served Population
Future served populations are calculated by area using the future

service ratios and projected populatlon thereln as shown in Table
4-3-3, .

4—14
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‘Table 4-3-3 Future Served Population

~ -~ Population in Service Area Average
. - Service
Year Mun. " Tourism Other Total Ratio
: Spot - Area (2)
1991 345428 3,254 .- 37,682 33.24
_ (60,400)  (21,684)  (31,292) . (113,376)
1996 42,055 7,053 5,095 54,203 44,37
(64,700) (23,507) {33,960). (122,167)
2001 50,589 9,998 9,029 69,616 53.38
- {69,300) (24,993) {36,115} (130,408)
2006 60,926 14,477 15,216 90,619 65.35
_ (74,300) {(26,319) (38,040) (138,639)
2011 71,550 19,167 19,797 ~110,514 75.45

(79,500) (27,380) (39,588) (146,468)

Upper : Served population in the service area
Lower : Total population in the service area

The served population are calculated by tambon with the ratio of the
served population against the total population in each tambon, the
breakdown of which is shown in Table 4-3-4.

4—15
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Prediction of Number- of Tourists

The study on Potential Tourism Area Development for Southern Region
in Thailand for TAT by JICA prediets the number of hotel rooms and
tourists as shown in Table 1-3-1, ‘

-The study defines the two types of accommodation: the high and low

class hotels. These two types are assumed to have different pattern
of water use because of the level of facilities and equipment. The
breakdown of the number of rooms for each type are shown in Table
4.3.5, :

Table 4-3-5 Prediction of Number of Hotel Rooms

(Unit : Rooms)

Area 1991 1996 2001 2006 2011
Inside Mun. 3,500 3,500 3,500 3,500 3,500
Outside Mun. 12,683 16,172 18,421 18,421 18,421

Northern Area

Righ . 2,078 4,472 5,618 5,618 5,618
Low - ' 11 255 300 300 300
Sub-Total 2,089 4,727 5,918 5,918 5,918

Southern Area

High . 6,770 7,387 8,034 8,034 8,034
Low 3,824 4,058 4,469 4,469 4,469

Sub-Total 10,594 11,445 12,503 12,503 12,503

. Althdugh the TAT report also gives the number of hotel rooms inside

the Municipality, another report on the "Feasibility Study on Sewer-
age and Drainage Improvement Project for Phuket Municipality" for the
Public Works Department by JICA which conducted the detailed survey -
in the Municipality and counted the number of all hotel rooms in ent
figure which is adopted in Table 4-3-4 on the asumption that it will
have no change until 2011,

The'number of tourists is predicted by assuming the occupancy ratio
and average number of guests per hotel room. These figures are:

Occupancy ratio 607

Number of guests per hotel room = 1.8 persons

The total number of tourists of stay is, therefore calculated as
follcws:
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Table 4-3-6  Number of Tourisrs
Area 1991 1986 . 2001 . 2006 2011
Inside Mun. 3,780 3,780 3,780 3,780 3,780
Outside Mun. 13,698 17,466 19,895 19,895 19,895
Northern Area o . .
High 2,244 4,830 6,067 6,067 - 6,067
Low 12 275 324 324 324
Sub-Total 2,256 5,105 6,391 6,391 6,391
Southern Area . :
High 7.312 7,978 8,677 8,677 8,677
Low 4,130 4,383 4,827 4,827 - 4,827
Sub-Total 11,442 12,361 13,503 13,503 13,503

4—18
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4.4 WATER DEMAND

&.40.1 Historical Water Consumption

h-b-1.

The annual water production and sales in 1987 are shown in Table

Table 4-4-1 ~Annual Water Production and Sales

Water "~ Water No. of Consump.

Year Production ~ Sales Conn.  Per Conn.
(cu.m/y) {cu.m/y) (cu.m/d}

1987 805,878 394,314 888 1.217

4.4.2 Future Water Consumption

~ 'As previocusly mentionad, the dstailed survey was conducted in the

Feasibility Study on Sewerage and Drainage Improvement Project for Phuket
Municipality in which future water demand is also predicted for sewerage
scheme. This report mostly refers the results of the above study regarding the
future water demand in the Municipality.

(1) Domestic Water Consumption

The estimated per capita consumptions in the Phuket Municipality are
291 lped for 1988 and 300 lpcd for 2011, respectively. For the
tourism spots and other areas per capita consumption in 2011 are

assumed to be 150 and 100 lpcd, respectively.

Table 4-4~2 Unit Domestic Water Consumption

(Unit : lpcd)

Year Municipality Tourism Spot Other Area
1991 292.5 100 -
1996 295.,0 110 70
2001 297.5 ‘125 80
12006 - 300.0 140 a0
2011 302.5 150 100

Beside the above basic demand, there is an additional water demand of
3,494 cu.m/d by big consumers with an annual water consumption of
more than 1,500 cu.m for domestic and commercial purpose except for
restauyrants. This additional water demand is assumed to be stable

until 2001.
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(c)

Phuket

Table 4-4-3 shows the domestic water éonsumption in every five years
to 2011, : .

Table 4-4-3  Future Domestic Water Consumption

(Unit i cu.m/d)

Inside Mun. o Qutside Mun,
Year
Basic Add, Total Tourism Other Total
1991 10,070 3,494 13,564 325 - 325
1996 12,406 3,494 15,900 797 357 - 1,154
2001 15,050 3,494 18,544 1,250 7122 1,972

2006 18,278 3,494 21,772 1,998 1,369 3,367
2011 21,644 3,494 25,138 2,875 1,980 4,855

Governmental fInstitutional Watér Consumptiocn

The governmentalIinstitutional water. consumption includes the cone
sumption of such institutions as governmental officesy hospitals,_

chools and temples. Water consumptlons ‘of each 1nstitut10n is
predlcted separately as they are different in nature. .

Governmental 0ffice

Tt is assumed that the activities of governmental facilities corre-
late the population of the area which these facilities are govern-
ing. For example, the staff of the police department will be in-
creased as the popula*zon grows up. . :

Con31dering this concept, future water consumption of the governmen-
tal facilities is predicted from the ratio to the population in the
service area of each year.

The per populstion consumption was 7.3lpcd in the Mﬁnipality in 1988
and is assumed to be 10 lpcd. .

School

Prediction of water consumption of school is made by assuming the
number of students from the proportion of that against the total
population. The number of students is assumed to increase along with
the total population with a rate of 35Z,

The per student consumption was 11.7 lpcd in the Mun1c1palxty in 1988
and is assumed to be 12 lped through years.

Hospital

Most of hospitals in the study area are equipped with their own water
sources, mainly deep wells, as well as treatment facilities. This
fact makes it difficult to identify the unit consumption and the
actual total consumption of hospitals.

Regarding the statistical data of the number of beds against popula-

tion, the "Population and Health® report of TDRI shows the following
historical data with predictions in 1991 and 2006.
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Table 4-4-4 Ratio of Population to Hospital Bed

(Unit : pop./bed)

Year Whole BMA Provincial
. Kingdom : Area
1980 805.85 341.48 955.66
1981 801.35 361.22 852.75
1682 793.46 365.63 934,51
1983 761 376 888
1984 ' 749 _ 354 879
1985 748 336 882
1986 Tah 354 862
1991 . (700)
2006 ' ' (600)

There afe bne public hospital with 207 beds and four privéte hospi-
tals with 149 beds in the municipal area.

In consideration of the province population in 2011 which is
213,700, and a national target of 600 pop./bed at the public sector
level, 356 beds is required to be provided. The balance is allocated
to the outside of the Municipality.

In éccOrdance with this idea, the number of beds is calculated from
the total population and population per bed as shown in Table 4-4-5.



Bed Requiremént in Phuket Island

Table 4—4«5

Item 1991 1996 2001 2006 2011
Population 166,000 179,900 191,800 203,300 213,700
Per bed . o :
Population 600 600 600 - 600 600
Bed :
Requirement 277 300 320 339 356
Existing
No. of Bed - 207 207 207 207 207
(Inside Mun.)- '
Balaﬁce 70 93 113 132 149
{Outside Mun.) : ‘
Additional 149 149 149 149 149
{Inside Mun.) - ' : -
No. of Beds : :

inside Mun. 356 356 356 3586 356 -

outside Mun, 70 93 113 132 149

Phuket

A unit water consumption per bed is dséumed to he 1.5 cu.mldlbéd

through the years.
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(4) Summary of Governmental/Institutional Consumption

"The total of'governmentallinstitutional consumption are summarized as
shown in Table 4.4.6,

Table 4-4-6 Summary of Governmental/Institutional

Consumption
Ttem : ) 199l 1996 2001 2006 2011
1. Government
0 per pop. 10 10 - 10 10 10
consump.
{(lpcdy b :
¢ pop. in 113,376 122,167 130,408 138,659 146,468
' service area ' :
0 consump. 1,134 1,222 1,304 1,387 1,465
(cu.m/fd) ‘ :
inside mun. 604 647 " 693 743 795
~outside mun. 530 575 . 611 644 670
2, School
‘o per student 12 i2 2 - 12 12
consump.
 (iped) - L -
o no. of student 39,682 42,758 45,643 48,531 51,264
O consump. 476 513 548 582 615
{cu.m/d) '
inside mun. 254 272 291 312 334
outside mun. 222 241 257 270 281
3. Hospital
o per bed consump. 1.5 1.5 1.5 1.5 1.5
{cu.m/d/bed) . C
0 no. of bed 427 449 469 488 505
O CONnBWNp.’ 641 674 704 732 758
(cu.m/d)
inside mun. 534 © 534 534 534 534
~ putside mun. 107 140 170 198 224
Total Consump. 2,251 2,409 2,556 2,701 2,838
(cu.m/d)
inside mun,. 1,392 1,453 1,518 1,589 1,663
outside mun. 859 a56 1,038 i,112 1,175

(3) Tourism water consumption

The”teurism_water consumptioh is defined as the water required by
hotels and other accommodations.

The tourism water consumption is estimated by multiplying the per
room consumption by the number of rooms for the Municipality and by
multiplying the per capita consumption by the number of tourists for
the resort area.

The per room consumption was 1.2 cu.m/d in the Municipality and
assumed to be fixed until 2011, For the per capita consumption, 640
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and 500 lped are applied for-high and lowr classes, respectively.

Total consumption by tourists is,'therefore calculatedn as shown in
Table 4-4-7 o _

Table 4-~4-.7  Tourism Water Consumption

(Unit : ctt.m/d)

. Area 1991 1096 2001 2006 201l
Inside Mun. 4,200 4,200 4,200 4,200 4,200
Outside Mun. 8,187 10,527 12,012 12,012 12,012
Northern Area : L
High 1,436 3,091 3,883 3,883 3,883
Low _ 6 138 162 162 162
Sub-Total 1,442 3,229 4,045 4,045 4,045
Southern Area _ - .
High 4,680 5,106 5,553 5,353 5,553
l.ow 2,065 2,192 2414 2,414, 2,414
Sub-Total 6,745 7,298 71,967 7,967 . 7,967

(4) Commercial Water Consumption

Commercial water consumption is defined to be the consumption of
private businesses such as shops, restaurants, bars, and markets.
Consumption derived from the commercial activities is regarded to
closely relate to the urban activities in the Munitcipality -and the
tourism activities in the tourism spot.

In the Municipality, restaurants is categorized intc the urban activ-
ity, the consumption of which is equivalent to 5. of the basic con-
sumption, while figures of Pattaya Water Supply Development Plan
and Feasibility Study is applied to the tourism spot -as shown in
Table 4-4-8. L
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-Table 4-4-8 Commercial Consumption

(Unit : cu.mfd)

Municipalivy - Tourism Spot

' Comm,
Year Basic Comm. Tourism Gomm, Total

{a) (b) - (e} (d) (2)
1981 13,564 678 8,187 3,029 3,707
1996 15,900 785 10,526 3,895 4,690
2001 18,544 927 12,012 b, 444 5,371
2006 21,772 1,089 12,012 LA 5,533
2011 - 25,138 1,257 12,012 4,444 5,701

(b) = (a) x 0.05
(d) = (c) x 0.37
(e) = (b) + (d)

Industrial Water Consumption
“There are two areas in Phuket which need industrial water supply:

namely, the Deep Sea Port and the Phuket Municipality. The Deep Sea
Port is planned to use an amount of 1,000 cu.m/d for industrial use.

- "This amount is fixed until 2011. Another industrisl zone . is planned

to be developed in the eastern area of the Municipality, the water
demand of which is estimated at the same amount of 684 cu.m/d as the
presnt industrial consumption in the Municipality, since the posibil-
ity of industrial development in the municipality is regarded to be

" less.

Municipality 684 cu.m{d
Deep Sea Port 1,000 cu.m/d

Unaccounted-for Water Ratio -

The unaccounted-for water ratio is in the range of 10 to 15 percent
in these five years according to the Phuket Municipal Waterworks,
although the distribution amount is estimated based on the operation
time and rated discharge of pumps, while that of the PWA Phuket
Waterworks was 46.5% rather high in 1987.

This ratio 1s supposed to be improved lower by implementing the daily
maintenance works such as replacement of old pipes, leakage detection
and replacement of water meters with more sensitive and anti-reverse

. rotation type.

PWA set a target of reducing the unsccounted-for water as one of
measures for cost recovery at 23 and 20 percent in 1995 and 2014,

‘respectively. Implementing program of leakage controls presently on

going at various waterworks under PWA.

The said target is adopted in this study with intermittent figures as
shown below:
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Table 4-4-9 Future Unaccounted-for Water Ratlo

{Unit : Z2) -
_ Municipality & PWA Existing
Year New Service Area Service Area
1991 20 - 37
196 20 . . . 33
2001 .20 .28
2006 20 24
2011 20 : 20

4.4.3 PFuture Water Consumption

(1)

(2}

Peak Factors

Data for determining the peak factors from the préesent water use
pattern was not found, 1In this study, peak factors are set separate-
ly for tourism and commercial use and other use.

For peak factor of tourism use, 1.40 is addpted frbm'the past record

-of monthly fluctuation of number of tourist. Considering the other

planning of PWA's water supply projects, a value of 1. 25 is applied
for other use. oo :

.Future Water Demand

Future water demand is calculated from the water consumption, unac-
counted-for water ratio, and peak factors, Table 4-4-10 shows the
average and maximum daily water demand.



Table 4-4-10  Future Water Demand
(Unit : cu.m/d)
 Item - 1991 1996 2001 2006 2011
Domestic , 13,889 17,054 20,516 25,139 29,993
Insida Mun, 13,564 15,900 18,544 21,772 25,138
Outside Mun, 325 1,154 159?2 3,367 4,855
Governmental - 2,251 2,409 2,556 2,701 2,838
Inside Mun. 1,392 1,453 1,518 1,589 1,663
_ Outside Mun. 859 956 1,038 1,112 1,175
Tourism 12,387 14,727 16,212 16,212 16,212
Inside Mun. 4,200 4,200 4,200 4,200 4,200
Outside Mun, 8,187 10,527 12,012 12,012 12,012
Commercial ) . 3,707 4,690 5,371 5,533 5,701
Ingide Mun.- 678 795 927 1,089 1,257
Outside Mun. 3,029 3,895 4,444 4,444 4,444
Industrial 1,684 1,684 1,684 1,684 1,684
Inside Mun. 684 684 684 684 - 684
Qutside Mun. 1,000 1,000 1,000 1,000 1,000
Sub-Total 33,918 40,564 46,339 51,269 56,428
Inside Mun.. 20,518 23,032 25,873 29,334 32,942
Qutside Mun. 13,400 17,532 20,466 21,935 23,486
Municipality & New Service Area
Water Demand 23,753 33,406 38,393 43,043 47,882
Unaccounted=-for 20 20 20 20 20
Water Ratio (Z)
Unaccounted-for 5,938 8,352 ¢,598 10,761 11,971
Water
PWA Existing Service Area (Kathu & Patong)
Water Demand 6,465 7,155 7,945 8,225 8,546
Unaccounted-for 37 33 28 24 20
Water Ratio (%) :
Unaccounted-for 3,797 3,524 3,080 2,597 2,137
- Water
Daily average 39,953 52,437 59,026 64,626 70,536
Peak Factor 1.30 1.30 1.30 1.30 1.30
Daily Maximum 51,939 68,168 76,734 84,014 91,697

Phuket
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Table 4-~4-1} Demand by Zone

{(Unit : cu.m/d)

Zone No. 1991 1996 2001 . 2006 - 2011
Zone 1 0 350 476 687 882
Zone 2 164 277 384 556 754
Zone 3 1,246 1,420 1,584 1,846 2,160 ..
Zone 4 0 846 1,002 - 1,173  .1,336
Zone 5 20,359 22,883 25,736 29,209 32,830
Zone 6 151 258 361 525 715
Zone 7. 0. 3,432 4,328 4,446 4,560
Zone 8 0 1,355 1,728 1,860 1,981
Zone 9 0 664 750 803 852
Zone 10 6,314 6,897 7,584 7,700 7,831
Zone 11 1,984 2,179 2,405 2,463 2,527
Total 30,217 40,561 46,338 51,268 56,427




5. Degign Criteria

5.1 Raw Water Intske

Phuket

Amount of raw water to be taken should be 105 percent of daily

maximum water demand.

5.2 Treatment and Pipe Design

-Design criteria for the design of the treatment system and pipeline was
established on the basis of the variocus design standards having been employed
in Thailand or other countries, and with consideration on the conditions of
the project site and raw water quality to be taken from dams.

The design criteria is summarized in the followings:

(1) Water Loss .

Treatment Loss

(2) Pipeline

: 3 Z of production capacity for
filter washing and in~plant use.
Raw water has low turbldity so that
amount of backwashing water can be
smaller than other cases of surface
water treatment.

Formula for Flow Rate Calculation :

Hazen-Wiiliam’s Formula, C = 110

Velocity :

C-value for pipes mre usuglly defined as
130 for new pipes. For planning pur-
pose, 110 is adopted considering miscel-
laneous loss in 1line at wvalves, bends
etc.

Maxdmum 3.0 m/s

Minimum 0.3 m/s

Pipe Material: Material should be decided considering

pressure, soil condition, pipe profile,
atc. However, material 1is generally
selected in accordance with the princi-
ple below:

Steel Pipe:for diameter 400 mm or larger

AJC Pipe: for diameter 300 mm or smaller

‘:u(3).Treatment Plant Facilities

a. Receiving Well

Retention Time

: 1.5 min



b, Mixing Tank

Type of mixing
Mixing time (min)
Intensity, € (1/sec)

" o we

¢. Flocculation

Type of mixing :
Stage :
Intensity, G (3/sec) :
Flocculation time (min) :

d. Sedimentétion Basin

Type of sedimentation :
Type of basin :

Flow velocity (cmfmin} :
Retention time (hour)
Effective depth {m)
Length/Width ratio
S5ludge removal

on 44 we s

e, Filter
Type of filtration

Surface loading (m/d) :
Filter media

type :

depth {(cm) :

effective size (mm) :
Underdrain '

gravel layer -

~underdrain type :
Surface washing

type: H

jet pressure(kgfcm2):

washing time (min)

rate  {(m3/m2/min)
Backwashing
rate (m3/mZ/min)

e e

washing time {min)

f. Clear Water Reservoir

Retention time (hour) :

Depth (m) _ H

by

Phuket

Hydraulic.
1 -5
500 - 1,000

Hydraulic
3 or more
10 - 75~

20 - 40

by Gravity
Rectangular

Horizontal flow
less than 40

3 -3
3 -4
3-8

manual or suction pipe

Rapid sand filtration
Gravity down flow
120 - 150

Single media
60 - 70
0.45 - 0.70

160- 150 mm x 4 layers
Bored pipe

- fixed nozzle

1.5 - 2.0
4~ 6
0.2

0.6 or larger
5 -10

6.0

Big hotels have storage
tanks 80 that hourly
fluctuation is considered
small.

6



g+ Chemical feeding

Alum
coagulant
mixing :
dosage rate

-

-

Lime (as necessarily)
objective

chemical type

. Chlorination

Chemical type :
Minimum storage
Type of injector :
Dosage rate (ppm)

-

i. Instrumentation

General concept

Phuket:

Solid aluminum sulfate
Batch mixing
5 - 10

3 pH control for coagulae-
tion
Slaked lime (Ca{QH}2)

Chlorine pgas

1 month

Vacuum type injector
2.0

Centralized operation not to be Introduced;

Operation to be manual control at plants of small-

er than 10,000 cu mfdy

Operation to be automatic control at each facility
at plants of 10,000 cu m/d or more.

Flows to be measured :
Levels to be measured s

_Weights -to be measured :
Head to be measured :

(4) Distribution Facilities
8. Service pressure

Minimum pressure (kgfcm2}:

b. Distributibn reservoir

Retention time :

Raw and treated water
Receiving well
Clear water reservoir
All pump pits
Chemical tanks
Chlorine gas cylinder
Filter loss

1.0 (for hourly maximum
flow)

6 hours of daily maximum
flow






Phuket

6. Basle of Cost Estimates
6.1 Construction Gost
(1) General

Construction cost of facilities to be built is calculated with
prices in 1989 on the basis of the various unit costs.

The construction cost is calculated by different items in the manner
as described below: :

a. Pipelines : by linear meter for
: o Transmission pipes
o Distribution pipes

b. Water Treatment Plant : by facilities for
' Receiving well
Sedimentation basin
Sand filter

Clear water reservoir
Elevated tank

Pumping house
Chemical house
Mechanical works
Electrical works
Miscellaneous

[= o TN« I > B = B o B« B & B o B ]

¢. Land Acquisition

" Theseé costs are separated in Foreign and Local Cost portion with the
percentage by item as shown below:

Work Item : Foreign Currency Local Currency

. Pipeline {2) (%)
A{C pipes _ 30 ' 70
Steel pipes = o 80 20

 Structural/Architectural 30 ‘ 70

Mechanicael Works 80 20
Electrical Works ' 80 20

Land Acquisition 0 100

(2) Pipeline Construction

Pipelines are firstly separated into two major groups: (i) transmis-
sion'pipeline for either raw water or clear water, but not for
distribution, and {ii) distribution pipeline.

Unit costs for construction of transmission pipeline are calculated
. by linear meter, consisting of the material, transportation (two
cases as more thanm 800 km, or smaller) and installation costs.
‘Cost for fittings are assumed as 10 and 15 percent of pipe material
cost for asbestos cement and steel pipes, respectively. These
“ratios are set smaller compared to that of the distribution pipes
because of the simplicity in the pipeline components.

6—1
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Unit costs of distribution pipeline are calculated in the csame
manner as that for the transmission pipeline. The ratios for
fittings are set as 25 and 35 percent of the pipe material cost for
asbestos cement and steel pipes, respectively. .

Treatment Plant

Cost for the treatment plant is calculated by the unit cost by
facility of plant component of various capacity which has been used
by PWA for planning purpose. Each cost is updated to meet the
increased construction cost in 1989,

Unit costs for facilities, which are not included in the PWA's unit
cost list, are calculated assuming the unit costs for the major
items as follows:

o Concrete works by concrete volume, including related works as
reinforcement (assuming 100 kg/cu m of concrete), forming, scaf-
folding, supporting.

o Earth works by soil volume for excavation and fill
0 Architectural works by'unit area. of building

o Concrete piles by each pile, including material, transportatioﬁ
and driving cost

Mechanical Works

Costs for the plant facilities included in the mechanical works are
calculated on the basis of the number of unit of each equipment such
as pump, flocculator, sludge remover, or chemical and chlorination
dosage equipment. Additional peércentage is assumed for the mis-
cellaneous items as pipings and fittings.

Electrical Works

Cost for the electrlcal works substantially varies depending on the
instrumentation system. The records in the construction of the
advanced water supply system shows it would share as much as 40
percent of the total construction cost if the sophlsticated computer
control system is employed. Employing the more simple system
could reduce this cost much. .

The system to be recommended in this study should be the 31mple cne
as described in the Design Criteris so that the cost for the system

could be lowered. It is practical and common way to assume that
the cost of the electrical works closely related to the cost of the

mechanical works., In this study, . the cost is therefore, calcu-
lated by percentage of the mechanical works. ;

Land Cost

The land cost in the study area has been increasing. very rapidly
because of the booming investment therein. - The escalation ratio
ise said to be more than 300 to 500 percent in one or two years.
Considering thls gituation, the unit land cost is assumed as fol-
lows: : '
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a. Flat area in the island : Baht 2,000,000 per rai
b. Hill side area in the beach in the island :
Baht 5,000,000 per rai
c. Rubber plantation area in the hill side in and outside
. od the island : Baht 500,000 rai
d. Hill side area in and outside the island :
Baht . 300,000 per rai

The details of the unit cost are shown in the Appeﬁdix A-6-1,

6.2 Operation and Maintenance Cost

(1) General
Gperation and maintenance cost is calculated on the basis of the
price and rate in 1989, and consists of the following factors:

o

Energy Cost
‘0 Chemical Cost
o Manning Cost
o Repalr Cost
0 Replacement
This cost is calculated in local currency only.
(2) Energy Cost
It is practical that the energy for the operation will be provided
in the form of the electricity by Provincial Electricity Authority
{PEA).

The Energy cost is calculgted separately for the demand charge and
energy charge with the PEA rate in 1989 which are:

Demand Charge + Baht 229 /KW/month
Energy Charge :+ Baht 1.23 /KWH

(5)rChemical Cost

Uﬁit chemical costs are as follows:
Alum : Baht 3.9 [kg
Lime : Baht 1.25 /kg
Cﬁlorine Gas : Baht 15.6 [kg (excluding gas container)

{4) Manning Coét :

The unit manniﬁg costs of each year are calculated from the average

manning cost in 1987, which is Baht 6,540 per person per month.
. The annual increment of the monthly salary is set to be 5 percent.

(5)_Repair Cost

Reﬁair cost should be counted for repairing and maintaining the
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plant equipment. This cost is calculated as 0.3 percent of the
construction cost of the mechanical and ¢lectrical works.

(6) Replacement

Each facility to be constructed should have a certain life time.
The span for the life time is varying depending on its nature of the
facility. The followings are the life time of the facilities to be
taken in this study and concept for replacement:

Item Life time span ‘To be replaced
after life time

Pipeline -
- AJC pipes 20 years . - 50 percent

Steel Pipes 30 : 50
Concrete Structures

Treatment Plant 50 100

Reservolr 50 100
Mechanical Equipment 20 100
Electrical System 20 50

(7) Cost of the Head and Regional Office

Cost of the PWA’s head office and the regional office are allocat-
ed and added, in the financial study in Chapter 17, to the direct
operation costs above. The allocation is determined assuming the
future increment of their costs in each office, detailes of which
is explained in Chapter 17. :
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part 2 DEVELOPMENT PLAN
7. COnsideraﬁion on. the Development Plan

. An extensive expansion of the service area and the water supply
gystem should be required to cope with the present development and prospective
future development of the resort areas in the island. This factor is the
most important in considering the facility plannlng in the development plan.

: _ In the facility planning, the balanced and effective layout is
needed since the service area consist of the scattered zones and there are
several water sources both in the island and Phang Nga province side.

Land acquisition is becoming a serious problem in this region as
the investment by private sector has been extensively increasing. Such
investment is making the land price to substantially uprise. Therefore,
the land requirement should be minimized in the planning so that the implemen-
tation of’ the pro;ect would not be less hampered by the land acquisition
problem.

: The service area is separated into eleven blocks as shown in
Figure 7-1., The zoning method is introduced since it has several advantages,
such as: ' ' '

(i) Distribution of the water demand

Sefviée'nrea will consist of hhe separated zones which have the
separated water demand depending on the characteristics of the

‘population and social aspects. This will help the implementsa-
tion to be easily established by considering the priority of each
zone.

(ii) Easy cperation and maintenance

Operation and maintenance of the distribution system will be
easier sine each block is separated and grouped into several
systems depending on the location of the raw water source and
treatment plant. The organization of waterworks will also become
simple by the separated staff and responsibility.

Table 7-1 preéents the featnres of each zone.



Table 7-1 Characteristics of Znnes.'
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Water Demand.

s+ Characteristics

Zone : Amphoe : Tambon : Served : :
_ x : : Popilation : (im 2011) = of Zone :
No. : 3 : (in 2011) : {cu m/day} : ' :

1 : Muang : 1 H 3 : _ ' :

: Thalang : i 6,020 1,103 : Residential :

: : 2 : : : _ _ H

2 : Muang : 2 4,250 ¢ 943 : Residential & :

: ' : : : 3 Commercial :

3 : Muang s 3 1 6,615 2,700 : Residential &

H : : _ : _ : Deep Ses Port

& : Muang : 4 : 4,981 1,670 : Residential :

: : 5 H _ H .8 H

5 : Municipality : 71,550 41,037 : Commercial & :

H _ : : 3 Tourist Spot

6 : Kathu g 1 : 4,075 ¢ 893 : Residential :

7 : Thalang : 5 3,476 : 5,700 : Tourism Spot H

8 :zThalang : 3 : 3,786 2,476 : Téufism'Spot :

9 :Xhatw ¢ 3 : 1,534 1,065 : Tourism Spot

10 : Khatu : 2 : 2,830 G,788 : Tourism Spot '
11 : Muang : 6 : 1,397 3,159 : Tourism Spot :

Total 110,511 =« 70,533 ;

Note: Water Demands show daily average demands.
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8. Definition and Evalustion of Alternatives
8.1 Water Sources
8.1.1 Broposed Water Sources

‘Five of new dams are proposed to be canttructed for securing
permanent water source for the water supply of the Island. - 'The proposed
dams are: Bang Tho Sung, Khlong Katha, Bang Nieo Dam, Khao Che Tra, and Khlong

Lo Yung. Characteristics of each dam are described in Chapter 2. The raw
water intake capacity is, therefore summarized as follows:

~Table 8-1-1 Maximum Raw Water Intske Capacity

thef source - Maximum Intake Maximum Amount for
Capacity (cu m/d) Water Supply (cu m/d)
(Daily Average Base) (Daily Average Base)
(1) (2) = (1)y/1.05
1. Existing Source
- Mining Pits ' 13,900 13,240
- Bangwat Dam 11,700 11,140
Sub-total 25,600 24,380
2. Proposed Source Lo '
- Bang Tho Sung 10,900 10,380
-~ Khlong Katha 9,600 9,140
- Bang Nieo Dam 8,900 8,480
- Khao Che Tra 7,600 7,240
- Khlong'Lo Yﬂng o _ 21.400 ' " 20,380
Sub-total N 58,400 55,620
Total 84,000 80,000

Note: Maximum Amount for Water Supply (2) is less than Maximum Intake Amount
' by 5 percent as a total of the intake and treatment loss,

P THése'damé are designed on the basis of the design criteria of
Bangwat Dam. Geological and dimensioning aspects for the proposed dams are
described in Appendix A-8-1. The design drawings are presented in Appendix
A-8-2,

8.1.2 Temporary Water Sources

For the period before the proposed dams will be constructed, the
temporary measures should be made to help the shortage of water supply. The
provable water sources for the temporary measures are existing streams, and
mining pits.

Khlong Baﬁg Yai is almost only stream in the island which could
provide a substantial amount of water during the rainy season. Other streams
seem to be too small to be used as & water source, Khiong Ban Yal is pro-
posed to be used as a temporary source to supplement an intake capacity of
Bangwat Reservolr.

8—-1
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The intake point is proposed to be located at the bridge in Kathu
area where the two branched streams meet. The pumping station will be needed
to pump water to the reservoir from the intake point. The pumpirg station
will be able to send the enough amount of water to enable the. use of a full
capacity of the Bangwat Treatment Plant.

fn the other area, however, there is few sources of raw water for
the temporary use. Available sources for the temporary use are. the mining
pits in the island which have been abandoned, The followings are two pro-
spective mining pits and their approximate capacities.

Table 8-1-2 Proposed Mining Pits for Temporary Sources

Location Estimated Storage Catchment Area Water Supply

' " Capacity {(MCM) o (km2) _ Capacity (cu m/d)
Khao Na Bon . 1.65 2.6 7,600

Ban Tan Muang 1.40 3.0 6,500

Note: Water supply capacity is estimated as calculated in Appendix A-8-3.

The further 1nvest1gat10n and study are recommended .to be made by
PWA for the use of these mining pits to verify the detailed volume of the pits
and the necessary facilities for the water supply from these sources.

8.1.3 Water Source Development Plan

In order to meet the increasing water demand, the const;uctidn_of
the proposed dams should be carried out in the earliest time.. However, the
number of the proposed dam is counted to be five which are rather large to be
implemented quickly. It is assumed that a term of the dam prOJect including
the design and construction is four years on the basis of the schedules pro-
posed by RID.

The priority of the dam construction should, therefore be firstly
studied. In this respect, from the present information regarding the land
acquisition and the local people’s attitude for dam construction project, the
construction of the Khlong Lo Yung dam is considered to have more difficulty
compared to the other dams. Therefore, it should be scheduled in the later
part.

Several alternatives are proposed for this stﬁdy. The.compafi-
son study is, however described in the Chapter 9 since it should be made with
a study on the water supply system.
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8.2 Water Supply System

In consideration of the water supply system, there are three major
items to be studied: (i) Water demand prediction by zone, (ii) the total
facility layout, and (1ii) the facility planning of each component. These
issues are studied separately as follows:

8.2.1 ﬂﬁter_Dem&nd Prediction by Zone

Water demand in each zone is calculated from the served population
and unit consumption, by assuming the water supply service ratio of each
Tambon in every year.  The service ratios of each year and Tambon were set
following the 1mplementat10n schedule of the proposed dams. Various kind of
other demands such as tourism, industrial, commercial, and governmental use
are calculated in the same manner of predicting the water demand in the total
service ares.

Figures 8-2-1 shows a water demand predictlon by =zone. Detailed
calculation ‘is shown in Appendix A-8-4,.



Amours {cu miday}
e E & 8§

[=]

§ &

g

g

Amount {cu m/day)

g

Amount {cu miday)
g & 8

g

o=

DAILY AVERAGE CONSUMPTION {Zone - 1)

g

1888

1894

DAILY AVERAGE CONSUMPTION (Zone - 2)

g

DAILY AVERAGE CONSUMPTION {Zone - 3)

Il

1388

HTWWWT'

/. ;m’u._
w.im!m” ¥

1981

l“ﬂWﬂﬂﬂ“;ﬂﬂl

) m
ﬁ:g.,}au#m Lt B

mtm””,‘"

rl

=7 f

e e eer e 2001 03 2006 2007 2014
B ODOMES (11 GOV/INS/COMM £ TOURISM [ INDUST
FIGURE 8-2-1
Water Demand Prediction
{Zones 1-3) .




DAILY AVERAGE CONSUMPTION {Zone - 4)

&

g

Amount {cu m/day}
g B

o " b W
1668 1881

DAILY AVERAGE CONSUMPTION (Zone-5, Municipality)

1ot

DAILY AVERAGE CONSUMPTION (Zone - 7)

i 8 8 3

Amount {cu m/day) .

g

# DOMES 7 GOV/INS/COMM £3 TOURISM 01 INDUST

FIGURE 8-2-1 (Cont'd)
Watar Demand Prediction
{Zone 4 - 8)




DALY AVERAGE CONSUMBTION (Zone-7) -

Amount (o mfday)

10000
&ODD
oo |
F
0 1 s £ ﬁ ﬁ is &

1803 1885 1807 |88 B0

DAILY AVERAQGE CONSUMPTION (Zone - 8)

5

=§|

Amount{cu m/day)
§ 3

. 3

:

rg‘

Amount {cu m/day)
£ 8

1880 1909 1883 1006 1997 1908 2001 2008 2005 2007 2000 20%s

. B

W DOMES [ GOVANS/COMM £ TOURISM:

FIGURE 8-2-1 (Cont'd)
Water Damand Prediction
(Zones 7 - 9)




10000

3

~ Amountt (cu m/day)

DAILY AVERAGE CONSUMPTION (Zone - 10, Petong)

0 ) Pl ; 3 i o Lo Lo L ol ¥ ko el e v
1884 1881 1963 1888 1987 1909 2001 2003 2006 2007 2008 201

CONSUMPTION {1000 CUM/D)

5

1888 1881 1983 1885 1987 1858 2004 2003 2006 2007 2008 2011

B DOMES & GOV/INS/COMM [3 TOURISM

FIQURE 8&-2-1 (COnt'd)
Water Demand Prediction
{Zone 11)




Phuket

8.2.2 Total Pacility Layout

The layout of the total water supply system depends on the compo-.
nents of the system, and their locations. ‘The location of the dams and
reservolirs for the raw water supply are discussed in the previous sub-section.
0f the system components, particularly the number and location of treatment

plants should firstly be selected.

It is recommended that several treatment plants ate constructed
close to the proposed dam sites since the service zones are scattered in the
wide ares and further each other. -This concept will enable to reduce the
length of- the transmission pipeline betweén zones as well as to facilitate the
easy operation of water transmission and distribution.. Another advantage of
this concept is that the implementation of the proposed water supply system
will be able to follow the order of the dam construction so that it will be
carried out area by area. This point is important since the dam construc-
tion will be affected by the land acquisition which is an unknown factor as of"
now.

“As an order of dam éqnstruction is fixed to set the yearly water
demand prediction, the selection of the location of the treatment plants will
be limited as described below: : :

(1) Location and Zoning of Water Supply System

Since the service areas are scattered in the island, the water
supply system is alsc separated in some groups consisting of some
zones. It is proposed that each group of water supply system con-’
sists of one treatment plant and several service areas. and is named
as shown in Table 8-2-1.

As shown in the Table, Zone 5 {Municipality) will be supplied water
from several sources. This is because the water demand of the
municipality is so large that several sources sre needed.

To reduce a number of the treatment plant less. than this is not
practlcal from the topographlcal feature of the service area.

(2) Location of the-proposed treatment plants

Out of three of the proposed plants, T3 and T4 are recommended to be -
located near each dam site since the dam sites are close to the
service areas. The locations of the treatment plants will be,
therefore near the service areas. :

The treatment plant T5 will be located either at the Khlong Lo Yung 
dam site in Pheng Nga Province or near the service areas in the .
island.



Table 8-2-1 Proposed Group of Treatment Plants and Dams
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Raw Water Source

Treatment Plant
. i Dam

Supply Capacity

" Zone Amount
Supplled  Supplied

{Day Ave.) (Day Ave.)
(1) Bangwat System :
71 (Exis.) ~ Bangwat 11,700 cu mfd Zone 6 893 cu m/d
{Bangwad)}  Bang Tho Sung g,600 : 10 9,788
) 11 3,159
5 4,622 2)
(total) 21,300 18,462 */
(2) Manicipality System : .
T2 (Exis.) - Mining Pits 13,900 Zone 5 13,200 1)
©(Municipality) :
(3) Xhlong Katha System .
T3 - Khlong Khata 10,900 Zone 3 - 2,700
' : 4 1,670
' 5 6,010 2)
(total) 10,900 10,380
{4) Bang Nieo Dam System
T4 Bang Nieo Dam 8,500 Zone 1 1,103
Che Tra 7,600 2 943
8 2,476
9 1,065
- _ 5 10,127 2)
{total) 16,500 15,714 2/
(5) Zone 7 System
T5 Khlong Lo Yung 21,400 Zone 7 5,700
to T4 System 7,078
{total) 21,400 12,778

Balance for Thai Muang

§,622

Note : 1) (Supplied Amount) : Calculated from the treatment capacity of

Bangwat WIP as follows:

Maximum Effective Capacity (Qmax) = 24,000 cu m/d
Equivalent Daily Average Capacity = 18,462 cu m/d (Qmax/1.3)

2y (Amount for Zone 5) =

(Total Supplied Amount, 1). ) - (Other Zone’s Amount)

3) (Supply Amount) = (Dam capacity 16,500 cu m/d)/1.05

= 15,714 cu m/d

4) (Amount for T4 System) = Total of Zone 5 demand (41,037 cu m/d)
minus total of supplied amounts from Tl to T4
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Proposad Alternatives_for the System Layout .

Considering the above conditions for the location of the treatment
plants, the two alternatives are proposed for Khlong Lo Yung System
as summarized below. o

Alternative 1 : Treatment Plant T5 will be located in the iéland.

Alternative 2 : Treatment Plant TS will. be 1ocated near Khlong Lo
Yung dam in Phang Nga side

Figures 8-2-2 and B-2-3 show schematic plans for the two alterna-
tives. To be different between two alternatives is only the loca-
tion of the treatment plant TS. Required major facilitiles related
to the plant T5 and their characteristics for each alternative are
as shown in Table 8-2-2. ' ' '

Figure 8-2-4 shows hydraulic profiles of the water transmission ffom
Khlong Lo Yung for two alternatives.

8§—-10



Table 8-2-2
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Major Facilities for Alternatives
{Zone 7 System)

Item

-

Alternative 1

Alternative 2

1. Raw Water Source

+ %o

..

2. Treatment Plant

48 e

Y

3. Trénsmission
method

- s e

4. Transmission pipe

e e we

e owa

5. End of the :
Transmission pipe:

Khlong Lo Yung Dam
High water level +46.00 AMSL
Low water level +32.00 AMSL

: In Zone 7
(TS) Qda=10,940 cu m/d: Qda= 20,380 cu mfd

by pumping
(from dam to T5)

Steel Pipe, Dia

Design flow Qdm

Water Treatment Plant

:+ near the dam site

in Thai Muanpg (future} :{incl.supply for Thai
Qda= 9,440 cu m/d: Muang,9,440 cu m/d)

.
H

by pumping

"3 {(from T5 to Zone 7)

500 mm

34 km
14,222 cu m/d
1.3 * Qda)

: Service Reservolr

El
H

Note : Water supply amount for Thai Muang (9,440 cu mfd) in the
“above Table means a surplus supply amount of Khlong Lo Yung

* Dam. - The prospective demand in Thai Muang (10,000 cu m/d)

need an additional water source development for about 5,000

cu mfd.
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) ~ Station_

. Transmission Plpeline

Knlorlg Lo Yung Dam

Raw Water Pumping

Raw Water

(Dla.609 mm, L = 34 km)

10 km

FIQURE - 8-2-2
Zone 7 System
(Alternative 1)
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Thai Muan

Résort
. (Planned)

/

Khior/;; Lo Yung Dam

“~.._Water Treatment Plant

Clear Water
—____Transmission Plpeline
{DIa.800 mm, L = 34 km)

\
\
\
\
¢
|

10 km

F[GURE 8~2-3

Zona 7 Svstsm
(Alternative 2)
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(4)  Comparison of Alternatives

Table 8-2-3 shows a summary of the comparison for the two alterna-
tives. The details of the cost are shown in Table 8-2-4. )

Table 8-2-3 Comparison of Alternatives

Ttem f T Alternative 1 Alternstive 2

.

»
b

- need a telecommunication: - same as Alternative 1

Syétem Requirement
Transmission volume

congrol '+ between service area and:
: ¢ the treatment plant :
Pumping Facility {~one station at dam site :- one station at plant T5
c - :1-one station at plant T5 :~ one station at Zome 6

-one station at Thai Muang:- one station at Thai Muang

: H

Cost Effectivity (Cost Baht 1000)
Construction (for Khlong Lo Yung system only)

Treatment Plant
57,350 : 43,840

Transmission Pipeline (same condition)

Service Reservoir

+ Pumping Facility (same conditilon)
!

+ Service Reservoir
o : 16,240
Land Cost 3,300 : 9,300
Total of a & b 60,650 : 69,380
Operation (for ;ater transmission from Khlong Lo Yung only)

Enetgy.Cost (same condition)
2 plant system needs H
double number of staff :
Treatment Cost: same condition

Manning Cost

L A

2
N
H -

8-15
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Result of ‘the comparison shows that the Alternative 2 needs higher
total cost., The difference between the total costs is so extensive
(40 million Baht) that the additional expenses for the manning cost
for maintaining two treatment plants can not fill the gap of the
costs. Assuming that 10 people are additionally needed in Alterna-
tive 1 and that average salary is 10,000 Baht per person per month,

total manning cost will be about 18 million Baht in 15 years.

In this cost comparison, the construction costs of two alternatives
are. nearly same, However, there is a substantial gap in the land
cost. This is because the land cost for the treatment plant T5 in
gAlternative 1 is not counted by the reason that this land is belong-
cing ‘to the Government. The total land cost may, however be turned
up if PWA should pay for this land.

:Froﬁ'the technical'point of view, there is no difference between two
alternatives.

In case of Alternative 2, the treatment plant T5 will be put under
the jurisdiction of Phang Hga Province so that the necessary ar-
rangement should be made for the management of the waterworks.

“As shown in the comparison; Alternative 1 is advantageous because of

its lower total cost. Therefore, this alternative is recommended.

‘The system diagram and schematic plan of the total water supply
ystem are shown in Figures 8-2-5 (A) and 8-2-5 (B), respectively.
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System Diagram'
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8.2.3 Facllity Planning

On the basis of the system layout selected in the previbus sub-

section, the detailed planning is prepared for the facilities as follows:

(1)

(2)

{1) Raw Water Sources
{2} Treatment plants

(3} Transmiséion and Distribution Pipeiines

Raw Water Sources

Raw water SOUrces for the proposed water supply system are as pro-
posed in Section 8.1, and Table 8-2-1. A temporary water intake
from Xhlong Bang Yai will be made by use of & pumping station before
Bang Tho Sung bam will be constructed. . '

For the cther systems, it is assumed that the water supply facili-
ties will be constructed on the same timing of the completion of the

proposed dams.
Treatment Plant

The record show that the raw water of the Bangwat reservoir is quite
clear so that the slow sand filtration may be used when raw waters
are taken from the same type of reservoirs. However, the rapid
sand filtration is recommended because of its small land requirement
considering the recent difficulty of land acquisition in the Phuket
Island, :

The followings are the proposed facilities as the ma jor treatment
plant components which can commonly be applied for each treatment
plant.

a., Receiving well

b. Mixing tank

c. Flocculator

d. Sedimentation basin

e. Rapid sand filter

f. Clear water reservoir (with pumping statlon)

Sludge lagoon and drying bed are not recommended since the ‘smount of
the sludge will be so small that the drained water and backwashing
water may be discharged to the nearby waters without causing envi-
ronmental problem. :

Some buildings and housings, such as administration bﬁiiding; chemi-
cal storage, staff houses, warehouses will be 1ncorporated in the
facility planning of the treatment plant.

The characteristics of the_major_facilities of the treatment plﬁnt
are summarized as shown in Table 8-2-5. '
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Table 8-2-5 Major Facilities of Treatment Plant

. Item

Khlong Katha

Bang ‘Nieo Dam.

Zone 7

(1) Tréatment-Capacity :

Maximiun Capacity

Maximum Effecﬁive

13,900 cu m/d

21,000 cu m/d

1

7,800 cu m/d

Capacity 13,494 20,428 17,284
Equivalent Daily
Average Capacity 10,380 15,714 13,295
{2) Major Facilities
Receiving Well Dia. 2.5 m . Dia. 3.0 m Dia. 3.0 m
C D=3.0m D=3.0m D=3.0m
Mixing Tank L W D N L W D N L W D N
o 1.2x1.5x1.5 % 4 1.532.0x1.5 X b 1.5x2,0x2.0 x 2
Flocculator - L W DN L W D W L W D N
- : 1.5x20.0x2.5 x 2 2,0x24.0x2.5 x 4 2.0x20.0x2.5 x 4
Sedimentation L W D N L W D N L W DN
Basin 5.0x30.0x4.0 x 4 6.0x38.0x4.0 x 4 6.0x32.0x4.0 x 4
Sand Filter L W N L W N L W N
: 3.0 x 4.5x 8 4,0 x 5.0 x 8 3.5 x 5.0 x 8
Clear Water L W D H L W D N L W D N
Reservoir 32 x 13 x5x 2 35x20x5x 2 30x 20x 5x 2
V=4,800 cum V= 7,000 cu m ¥ = 6,000 cum
Cleaxr Water Dia. 200 mm Dia. 200 mm Dia., 200 mm
Pump P = 50 kw P = 80 kw P = 70 kw
N = 4 units N = 4 units N = 4 units

Note: Capacity calculations of the treatment plants are presented in
Appendix A-8-5.
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(3) Transmission and Distribution Pipelines

Design of the pipes should follow the design criteria described -in
Chapter 5.2, Route and location of the pipelines are determined
from the location of the treatment plant. . Sizes of pipes are
calculated from the water demand by zone and distribution of the
water demand in each zone depending on demand by Tamben.

Appendix.A~8»6'shows calculation of network analysis and plan of the
proposed distribution pipes. R

8.2.4 Tmmediate Improvement Project for Patong, Karon, and Katha

The existing water supply from the Bangwat Treatment Plant:to
Patong Beach has a problem of high pressure, and leaking and bursting of pipe
derived from its high pressure. Since the pipeline reaches Patong Beach over
the mountain, the elevation at the highest point in the line s as high as
+126 meters (AMSL). This topographic characteristic and the present transmis-
sion system is a cause of the serious problem of too high pressure in the
Patong service area. - o y

_ However, this high pressure will help water to be conveyed from
Patong side to Karon beach. There is a existing pipeline extended toLe
Meridien Hotel with a branch from the main transmission pipe (400 mm steel
pipe) before the pressure reducing valve. This pipe is, however too small in
size so that it is not practical to use this pipe.  Additional pipeline
should be laid for this purpose. SRR -

4 plan of ‘the proposed water supply system is shown in Figure
8-2-6. Figures 8-2-7 to 8-2-9 show & system diagram, and hydraulic profiles
of distribution system for Patong area, and Karon and Kata area, respectively.

‘The following shows the hydraulic study for water transmission for
Karon and Kata: . -
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Phuket
Water Demand

Table 8-2-6 shows the predicted water demands in the ares.

Table 8-2-6 Water Demand in Patoﬁg. Karon and Kata

Ttem Patong (Zone-10) 'Karon, Kata (Zoneell)'
Demand in 1991 Qda 10,022 2,480
: 'Qdm 13,029 . 3,224

Demand in 2001 Qda 10,533 . 3,007
: Qdm 13,693 3,909
Demand in 2011 Qda 9,788 3,159
-Qdm 12,725 | 4,107
Note: Q(da) Daily Average Demand (cu m/d)

(2)

(3)

P

Q(dm) Daily Maximum Demand (cu m/d)

Capacity of the Pipeline

Dotted line in Figure 8-2-9 shows a. hydraulic gradlent in the
existing pipeline (dia. 200 and 150 mm) extended to Le Meridien
Hotel. As shown in this figure, a possible maximum amount conveyed

to Karon side by the existing pipe is 1,600 cu. mfd only. This
~amount is limited by the hill top between Patong and Karon unless

additional pumping is provided.

Becsuse of a lack of the transmission capacity of the existing pipe,
a new pipeline should be constructed. As shkown in Figure 8-2-9,
new pipeline should hHave a diameter of 300 mm to convey an amount of
daily maximum demand for Karon and Katha (Zone 11). :

Proposed Transmission System

In the proposed scheme, three reservoirs are proposed to be con-
structed. Roles of each reservoir are described as follows:

o H;gh Level Reservoir

This reservoir is proposed to receive water from. the existing
booster pumping station and to supply water to the following two
distribution reservoirs. A volume of this reservoir can be de-
signed rather small since it works as a receiving tank only.
Although there is no criteria for designing the volume of receilv-
ing tank, a volume equivalent for one hour retentloﬁ time is
recommended,

o D1etribution Reservoir for Patong Area

A distribution ‘regervoir is proposed to’ regulate the distribution
pressure at the area. Pressure regulation by a reservoir is much-
more rellable and stable compared to control by the pressure
reducing valve since pressure reducing valve have no effect in
pressure reduction when water flow is very small, (Effect
in pressure reduction by valve is also varled by type of valves:
such as sleeve type, needle type, orifice type etc. Gate valve or

3-—-28
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butterfly valve 1s less effective for pressure reduction in big
range.)

The reservoir can also work to absorb the fluctuation of water
demand in the area so that the operation of the booster pump will
be made stable in pumping amount.

Elevation of the reservoir should be determined so that the whole
service area can be supplied water with sufficient but not too
high pressure, Congidering that the existing road in the area is
in the lower level than +15 meters {AMSL), the elevation of the

proposed reservoir 1is recommended to be approximately +30 meters
{AMSL) .

A volume of the reservoir should be as big as six hours retention
time to absorb the hourly fluctuation. Recommended herein is stage
cunstruction to save initial cost for immediate implementation.

Land acquisition, however may be the problem to solve since this
area 1s hilly and lacking flat area.

o Distribution Reservoir for' Karon and Kata Area

'This reservoir is proposed to supply water to Karon, Kata, and
Kata Noi Beaches with proper pressure. Water conveyed by gravity
‘with the transmission pipeline is received in the reservoir and
supplied to the service area. The reservoir will also be effective
to absorb a fluctuastion in water demand so that water transmis-
sion pipe can be designed only for daily maximum demand: conse-
-quently, pipe size can be designed smaller than that designed for
hourly maximum demand.

Elevation of the reservoir should high enough to supply water to

Kata Noi Beach. Detailed topographic survey should, however be

conducted for detailed design of the reservoir to determine the

elevations of hills between Karon and Kata, and Kata and Kata Noi,
. which are assumed +30 to +25 meters (AMSL) from reading maps.

A volume of the reservoir is recommended to have six hours reten-
tion time as well as the reservoir for Patong ares,
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Proposed Facilities.

The improvement of the existing distribution pipelihes and new
construction are algo Incorporated in the immediate improvement
project. Proposed facilltles are summarized as shown in Table

8‘“2"? .

Table 8-2-7 Proposed Facilities for Immediste Improvement

Faciiity _ | 7  Size
High Level Reservoir Valume 900 cu.m
Distribution Reservoir Volume 3,800 cu m

for Pztong area

Distribution Reservoir Volume 1,200 cum
for Karon and Kata area :

Pipeline
Transmission Pipeline from High Level Reservoir
. to Karvon Reservoir

'SP Dia. 300 mm, L = 8,000 m

AC Dia. 200 mm, L = 1,200 m
Distribution Pipeline
(i) Patong (Zone-10) _
{(Replacement) : o 5f -
AC Dia. 200 mm, L = 1,390 m
AC Dia, 250 mm, L = 360 m
AC Dia, 300 mm, L = 5,715 m
(New Construction) S
AC Dia. 150 mm, L = 800 m
AC Dia. 200 mm, L = 1,940 m
SP Dia. 400 mm, L = 150 m
{ii) Karon and Katha (Zone-11)
(New Construction) ﬁ
AC Dia. 150 mm, L = 800 m
AC Dia. 200 mm, L = 9,550 m
AC Dia, 300 mm, L = 1,600 m
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