Phuket

g, Implementation Plan

9,1 Wateyr Source Development

The water source development for the propoaed water supply system
ghould be firstly carried out since the existing water gources can supply only
a part of the demand in Bangwat and Municipality systems. The theoretical
water demand was calculated in Chapter 4;S$however, this prediction was made on
the assumption that the raw water is fully availsble through the period of the
prediction. Therefore, such demand should be called the "Pgotential Demand®.

The amount of water to be supplied is, however, not as mush as these figures
because of a lack of water sources.

In rhis Ch&pter, the "Possible Water Supply Amount" is determined
with a consideration on the raw water development schedule, in which the
priority in the dam construction is also studied from the view poxnt of the
economical implementation of the water supply development.

The methodology of the study is described with following steps:

- (1) To allocate the potential water demand by zone;
(2) To.calculate the possible raw water intake capacity from the
. . available sources in every year;
(3) To calculate the possible water supply amount on the basis of the
available raw water sources;
(4) To make an economic comparison of possible alternatlves Sand

(1) Allocation of the potential water demand by zone
This allocation is as presented in the section 8-2-1.
(2) Poséiblé raw water intake capacity

An amount of the raw water intake will depend on the existence of
the dams. Since the dam construction project requires a huge
investment for both the construction and the land acquisition, it is
not realistic to expect to construct all of the proposed dams at
once.

In preparing the alternatives for the dam construction schedule, the
following factors are considered:

a. It is assumed that at most the three dams will be constructed in
the first stage while other dams will be constructed later.

b. The construction of the Khlong Lo Yung Dem is inevitable for the
water supply for Zone 7 and Thai Muang area, but will be difficult
to be implemented soonest because of the cbjection of the local
people. Therefore, this dam is planned to be -constructed in the

second phase.

c. Khlong Katha and Khao Che Tra dams will be constructed in the
first phase since these dams are needed for commencing the water
supply for Zones 1, 2, 3, 4, 8, and 9, as well as supplement the

water demand of the munic1pa11ty

-d, Bang Nieo dam should be constructed before Khao Che Tra dam,
since it is lower in the elevation so that the treatment plant



will be located near the Bang Nieo dam.

Phuket

Considering these conditions, three alternatives for dam construc-
tion are proposed for Lomparison study as shown in Table 9-1-1,

'Table 9.1-1 Alternative for the Dam_COnstruction Scheduie o

Phase ©  Alternative 1

Alte:hative 2

'Alte:native'S

First Phase Baﬁg Thé sSung
{1990-1993) Khlong Katha

Bang Nieo Dam

Khlong Katha
Bang Nieo Dam
Khao Che Tra

Khlong Katha

-Bang Nieo Dam

Second Phase Khlong Lo Yung
(1991-1994)

Kﬁlong Lo Yung

Khlong Lo Yung .

Third Phase Khao Che Tra
(2002—2005)

Bang Tho Sung

-(2006-2009)

Khao Che Tra

(2002-2005)
Bang Tho Sung

-~ (2006-2009)

Note : In the Alternatives 2 and 3, a temporary raw water intake from the
Khlong Bang Yai by a pumping station will be operated until the Bang Tho

Sung Dam has been completed.

(3) Possible water supply amount

On the basis of the alternatives of the dam cohstruct;on, possible
water supply amounts are calculated by served zone on the daily
average basis., A total supply amount is determsnud by summarizing

the supply amount of each zone,

The Figures 9-1-1 to 9-1-3 show the potential water demand and
possible supply amount as well as the dam construction schedule.
The detailed calculations are shown in Appendix A9-1.

The amounts to be supplied from each dam are shown in Figures 9-1- 4

to 9-1-6.
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(4) Fcononic comparison of the alternatives

The proposed alternatives were compared from the view point of the

economical advantage. In the comparison, the following conditions
are considered:

a. The operation cost consisting of the energy and chemical costs
are counted. The construction and land costs of the proposed dams
rare also counted on the scheduled year. Other costs, such as the
construction cost of the water supply facilities, and manning

cost, are not included since they are considered to be same for
all alternatives.

b. Comparison was made by calculating the average unit operation
cost per volume of supplied water for the period from 1990 to
2011.  This unit cost is calculated in Net Present Value (NPV)

with a discount rate of 9 percent. The calcylation is presented
as follows: -

Z NPV (Cost for 1990-2011)

Average Unit Cost = :
(Baht/cu m) L NPV (Supply Amount for 1990-2011)

The result of the calculation is shown in the Table 9-1-2.

Ag shown in the Table 9-1-.2, Alternative 3 shows the lowest unit
cost which means the highest economic advantage, although the opera-
tion cost of the pumping station is highest. This is because the
construction of the Bang Tho Sung dam will be scheduled later.

By this comparison, Alternative 3 is recommended for the dam con-
struction: priority.

Detailed calculations are presented in Appendix A-9-1,
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Table 9-1-2 Fconomic Comparison of Alternatives

Yaar 3 Alvernative 1 : Alvarnativa 2 o "y . Alternative 3.
:  Supply Dam Energy : Supply Dam Energy 1 Supply Dan Energy

:  Amount Cost Cost t  Amount Gost” ‘Cost ‘¢ Amount - Cost Cost
t (ew mfd) (B 1000) (B 1000) 1 (cu m/d) (B 1000) (B 1000} i

Unit Cost (Baht eu m) = © 15,041 1 : 14,184t 12,995
1 ' e _ SRR I _

H Total Cost H Total Cost i : “Total Cost
NPY & 447,846 2,458,643 1 445,153 2,304,602 1 447,846 2,124,274
Total & 1,199,327 3,764,555 : 1,195,183 3,796,590 & 1,199,327 3,795,982
: 3,604,836 159,719 i 3,604,836 191,753 ¢ - 3,604,836 191,146
1990 : 24,938 3,152 1 24,938 3,152 1 .. 24,998 3,152
1991 ¢ 24,938 4,165 3 24,938 4,165 ¢t 24,938 . 4,165
1992+ 31,162 799,725 5,418t 31,162  6B4,519 5,418 1 31,162 495,697 5,418
1993 : 31,162 1,613,595 5,433t 31,162 1,498,389 5,433 + 31,162 1,309,567 5,433
1994 : 50,019 813,870 6,119 + . 45,875 - 813,870 7,874 + 50,019 813,870 7,874
1995 : 50,82t : 6,348 + 50,821 - 8,089 :. . 50,821 8,089
1996 1~ 52,437 6,498 ¢ 52,437 . 8,397 ¢ 52,437 8,397
1997 ¢ 53,710 6,813 1. 53,710 8,708 ¢ 53,710 8,708
1998 1 55,004 7,133 + 55,004 : 9,025 1« 55,004 9,025
1999 : 56,322 : 7,458 1. 56,322 9,346 1 56,322 9,346
2000 + 57,662 7,515+ 57,662 9,576 1 57,662 - 3,576
2001 : 59,026 . 7,883 1 59,026 9,890 5 ©-58,026 - - 9,890
2002 ¢ 60,076 §,106°: 60,076 10,115 ¢+ 60,076 10,115
2003 : 61,161 188,823 8,208 1 . 61,161 10,288 + 61,161 - 10,288
2004 : 62,281 188,823 8,431 + . 62,281 10,518 : 62,281 188,823 10,518
2005 1 63,436 8,167 ¢+ 63,436 10,726 3 . 63;436 188,823 10,119
2006 : 64,626 COBy246 1 64,626 10,292 + 64,626 . 10,292
2007 1 65,747 B AT7 t 65,747 10,528 + 65,747 - . 10,528
2008 3 66,897 8,714t 66,897 304,023 10,772 1 66,897 304,029 10,772
2009 : 68,079 8,956 + 63,079 304,029 11,023 1 . 68,079 304,029 11,023
2010 ¢ 69,291 9,089 : 59,291 9,089 : . £9,29] 9,089
2011 ¢ 70,533 9,332+ 70,533 9,332 : 70,533 9,332

Note : Construction and manning costs are considered to be same for all cases.

9—10
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9.2 Taplementation Plan

The implementation of the water supply system is established on

the basis of the recommended dam construction schedule, and is shown in Figure

9-2-1.

9~1tl
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10. ORGANIZATION OF WATERWORKS

The organization of the waterworks is proposed with consideration
on the components and size of the proposed water supply system. The con-
struction of gections is based on the existing organization chart of the
waterworks. Some additional sections are proposed for the operation of the
proposed water treatment plants and a raw water pumping station. The pro-
posed organization consists of the administration, the water production, the
operation of the raw water pumping station at Khlong Lo Yung, and the service
section s shown 1ln Figure 10-1.

, The major tasks and number of staff of each section are described
as follows:

(1) Administration Section

This section will be responsible for the administrative and finan-
clal issues of the waterworks. The works to be done will include
the preparation of the general sdministration for the waterworks’
staff, meter reading and preparation of bills, collecticon of water
charge, and management“of the documents and records.

For the number of staff, s number of the existing system is consid-
ered as a basis and increased by 80 percent of the increase of water
demand. - For a number of meter reader is, however assumed to be
three persons per each treatment system.

{2) Water Pfoduction Section

This section will be responsible for the operation and maintenance
of each water treatment plant and raw water intake for the plant.
Inspection of the transmission pipelines will be performed by this
segction. The maintenance of distribution pipeline under each
system will be taken care by this section.

1t is assumed that staff will con31st of one chief and six staffs
for each treatment plant.

(3) Raw Water Pumping Station Section

‘This section will be responsible for the operation and maintenance
of the raw water pumping station at Khldng Lo Yung.

It is assumed that one chief and two staffs will be manned at the
pumping station.

L

(4) Service Section

This section will be responsible for setting and repair of house
connection.

‘A number of staff is assumed to increase by five persons as treat-

ment systems will be expanded.

Table 10-1 shows numbers of staff.

10-1
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11. Project Cost Estimates
11.1 Construction Gost

‘The construction cost of the proposed water supply system was
calculated for each component of facility, Table 11-1 shows a summary of
the construction cost based on the 1989 price. '

111



Table 11-1 Summary of the Construction Cost

Phuket

Baht 1000)

{unit :
Total Porsign Cur,. Local Cur,
Item Dimension Cost “Porrion Porrion. Remark

(Behi 1000} {Baht 1000) (Baht 1000)

A, Raw Water Pavelopment

A-1l. Construction Gost

1. Bang Tho Sung Dam 514,307 334,660 179,647
2. Khlong Katha Dam 459,504 297,317 162,227
3. Bang Nieoc Dam and Che Tra Dams 440,745 . 275,527 165,218
4. Ehlong Lo Yung Pam 474,757 310,100 164,657
Total of A-l. 1,889,354 1,217,604 671,750
A-2. Land Cost o
1. Bang Tho Sung Dam 93,750 o 93,750
2. Ehlong Katha Dam 125,000 0 125,000
3. Bang Nleoc Dam and Che Tra Dams 343,750 0 343,750
4. Khlong Lo Yung Dam 375,000 0 375,000
Total of A-2. 937,500 0 937,506
Total of A. 2,826,854 1,217,604 1,609,250
B. Water Supply Davelopmant
B-1. Construction Cost
1. Bangwat Systen - Immediate Improvemsnt 104,142 63,065 41,078
2. Bangwat System 36,320 29,056 . 7,264
3. ¥Xhlong Katha System 83,774 44,809 38,965
4, Bang Weow Dan System 321,010 221,873 499,137
5, Zone 7 System 284,193 193,706 90,487
Total of B-1. 829,439 552.508 276,931
B-2, Lend Cost
1. Bangwat Systen - lumediate Improvement 7,03} 0 7,031
2. Bangwat Systen 0 4] 0
3. Khlong Katha System 7,500 0 7,500
4. Bang Neow Dam System 11,250 [ 11,250
5. Zone 7 Systenm g4 Q 94
Total of B-2. 25,875 0 25,875
Total of B. 855,314 552,508 302,806
Grand Total of A. B, 3,682,168 1,770,112 -~ 1,912,056

11-—-2



Phuket

Table 11-2 Construction Cost for Bangwat Immediate Improvement:
(Unit : Baht 1000)

: Unit Total Foraign Cur. Local Cur.
Item .- Dbimension ‘ Cost Coat Portion Portion
{Baht} {Baht 1000) {Daht 1000} (Baht 100G}

4, Tomporary Water Sourca Development
a.Temporary Pumping Station

Intake Weir Structure 200 60 140
Pump House (30 m2) 225 68 158
Punp Unit (300 vm, 150 w, 3 units) 1,000,000 3,000 2,400 500
Electrical Works {50 % of Pump) 1,500 1,200 300
Hiscellanaous {10 % of above) . . 493 373 120

Sub-total of a. 5,418 4,100 1,317

b. Rew Watar Transmission Pipe
8P 700 mm, L= 5,000 m 6,610 33,050 26,440 6,610

Land Acquisition for
Pumping Station 500 . sgqw 1,250 625 [\ 625

Total of A. 39,0923 30,540 8,552

B. Beach Water Supply Improvement

a.High Level Reseﬁoir

Volume 900 cu nm 2,250 675 1,575
b.Bistribution Reservoilr for Patong

Yoluze 3,800 cu m ‘ 7,980 2,394 5,586
¢.Digtribution Reservolr for Karon and Ratha ’

Volume 1,200 cu m 3,000 900 2,100
d.Transmission Pipeline from Patong to Rarom

SP 300 mm, L= 8,000 m 2,940 23,520 18,816 4,704

SP 200 mm, L= 1,200 m 1,770 2,124 1,699 425

e.Diatribution Pipeline
(L} Patong (Zone 10)

Replacement
AC 200 om, 1,390 m 890 1,237 LY} 866
AC 250 mm, 360 m ' 1,180 425 127 297
AC 300 mm, 5,715 m 1,620 9,258 2,777 6,481
New Construction
AC 150 =, 800 @ 610 488 146 342
AC 200 mm, 1,940 m 890 1,727 518 1,209
SP 400 mm, 150 m 4,150 - 623 187 436

(1L Faron and Katha (Zone 11)
New Cdnat._ruction

CAC 150 wm, 800 m 610 488 146 342

AC 200 mmi, 9,550 m 890 8,500 2,550 5,950

AC 300 om, 1,600 w 1,620 2,592 778 1,814
(114) Kathu (Zone 6)

AC 150 mm, 2,400 w 610 1,464 439 1,025

Sub-total of a. to a. . 63,675 32,524 33,150

———
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Table 11-2 Construction Cost for Bangwat Immediate Improvement (Cot'y
| | S - (Unit : Baht 1000)

Unic - Total Foreign Cur. Loecal Cur.
lten Dimension Cost Cost Portion - Portion
(Baht) (Baht 1000} (Baht 1000} (Baht 1000)

£.Land Acquisition

High Leval Reservoir, 1,300 2q m {*} _ 0 0 : 0
Dist., Reservoir (Patong) 1,300 sqm 3,125 4,063 0 4,063
Dist, Resexvolr {Xaron) 750 sq m 3,125 2,344 QO 2,344
Sub-total of £. : 6,406 B 6,406
Total of B 72,081 32,524 --39,557

Total of Immediate Improvement .
Construction Cost . 104,142 63,065 41,078

Land Cost 7,031 . 0 7,031
Total 111,174 63,065 48,109

{(*} : Land for the High Level Reservoir is cost-free betause of the government property.

11—4



‘Table 11-3

Phdket

Baht 1.000)

Construction Cost for Bangwat System
{other than Immediate Improvement)
(Unit :
Unit Total Foreign Cur. Local Cur.
Iren Plmension Cost Cost Portion Portion
{Baht}) {Baht 1000} (Baht 1000) (Bsht 1000)
A. Watar Source Development
Bang Tho Sung Dam ) 514,307 334,660 179,647
Land Acquisistion, 0.3 kw2 {300,000 m2) 312.5 93,750 0 93,750
Total of A. 608,058 334,660 273,397
B. ﬁa:er Supply Development
Raw Water Pipa
SP 500 m, L = 8,000 © 4,540 36,320 29,056 7,264
Total of B, 36,320 29,056 7,264

115
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Table 11-4 Construction Cost for Khlong Katha System
: ' (Unit ¢ Baht 1000} °

Unit Total Forsign Gur. Local Cur.
Item Dimension Cost Coat Poxtion Portion
{Baht) (Baht 1000} {Baht 1000) (Baht 1000}

A. Water Source Developument
Khlong Katha Dam : 459,504 297,317 162,227

Land Aequisition, C.4 km2 (400,000 m?) 312.5 125,000 0 125,000
Total of A, 584,544 297,317 287,227

B. Water Supply Development
1. Raw Water Pipe
SP 400 mm, L = 200 m 3,770 754 603 151

2. Treatment Plant: 13

Daily Average Demand : 10,380 cu mfd
Daily Maximum Demand 13,494 cu mfd

Maximum Capacity 13,900 cu nfd

Treatment Plant Facllity

Recaiving Well 20 cum 20 8 12
Sedimentation Besin 580 cu w/h . 11,600 4,640 6,960
Sand Filter 580 su w/h 4,960 2,784 4,176
Clear Water Reservoir 4,800 cu m 11,520 4,608 6,912
Pumping Houae 100 sq m 450 180 270
Chemical House 100 sg m 500 160G 240
Administrarion Bldg 200 sq m 1,000 400 600
Operators Houses 200 sq m 1,000 400 600
Machanical Works {B/unit)
Chemical Equip Mixer,Tank, Zunitvs 640,000 1,280 1,024 256
Chleorinator 2 kgl/h x 2 sats 360,000 120 576 144
Pumpa 4.5 cu mfm, 4 units 500,000 2,000 1,600 400
Miseellaneous 20 % of above 800 (640 160
Electrical Worka 70% of Mach, Works 3,360 2,688 672
Hiscellanaous 20 % of ahove 8,222 45111 4,111
Sub-toral of 2. 49,332 23,819 25,513

3. Matributicon Pipeline (Zones 3 & 4)
AC 150 tm, L=12,400 m 610 7,564 2,269 5,295

AC 200 mwm, L= 3,600 m 890 3,204 961 2,243
AC 250 mm, L= 2,000 m 1,180 2,360 08 1,652
5P 500 wm, I~ 4,000 m 5,140 20,560 16,448 4,112
Sub-total of 3. : 33,688 20,386 13,302

4. Land Acquisition
Treatment Plant 24,000 sq u 312.5 7,500 0 7,500

Total of Water Supply Development Project

Construction Cost . 83,774 44,809 38,965
Land Cost 7,500 0 7,300
Total . 91,274 44,809 46,465

11—-6
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Table 11-5 Construction Cost for Bang Nieo Dam System
{Unit : Baht 1000)

_ Unic Total Forolgn Cur. Loeal Cur.
Item Divension Cost Cost Portion Portion
(Baht)  (Baht 100G} (Baht 1Q00) (Bahr LOGOY

A. Water Source Development

Bang NWieo Dam . 250,599 156,571 94,028
Land Acquicition, 0.5 km2 (500,000 ul) 312.5 156,250 0 156,250
Cha Tra Dam . 190,146 118,956 71,190
Land Acquisition, 0.6 km2 (600,000 n2} 312.5 187,500 4] 187,500
Construction Cost - 440,745 275,527 165,218
Lend Cost - 343,750 ] 343,750

Total of A. 784,495 275,527 508,968

B. Water Supply Davelomant:
1., Raw Hater Pipe
§P 500 um, L = 200 w 5,140 1,028 822 206

2. Tiéatmant Plant: T4

Dajly Average Demand ° 15,714 cu nfd
Daily Maximus Demand 7 20,428 cu nfd

Haximum Capacity . 21,000 cu mfd

Traatwent Plant Facility .
Recaiving Well 20 eu m - 20 8 12

Sedimentation Basgin B75 cu 1_nlh 20,125 8,050 12,075
Send Filtrer 875 cu m/h 11,375 4,550 6,825
Clear Water Reservoir 7,000 cu m 16,800 6,720 10,080
Punping Bouae 100 ag m 450 180 270
Chemical House 100 aq m 400 160 250
Aduinistrarion Bldg . . 200 sq m 1,000 400 600
Oporatora Housea 200 ag m 1,000 400 600
Hachanical Works ] (B/unic)

Chemical Equip Hixer,Tank, Zunits 640,000 1,280 1,024 256

Chlorinster 2 ¥gfb x 2 mets 360,000 120 376 144

Pumps 6.8 cu wim, & units 600,000 2,400 1,920 480
. Miscellaneous 20 X of above. 880 704 176
Electrical Works 70% of Mech. Works 3,696 2,957 739
Miscellansous 20 ¥ of above 12,029 6,015 6,015
Sub-totel of 2. : 72,175 33,663 38,512
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Table 11-5 Construction Cost'for:Bang Nieo Dam System (Cont'd)
: {(Unit : Baht 1000)

Unit Total Foraign Cur. Local Cur.
Iten Dimension Cost Cost Portion Portion
{Bahr) (Baht 1000) (Baht 1000) (Babt 1000}

3. Diatribution Pipeline

{Zone 1 & 2} . .
AC 100 mm, L= 6,950 m 450 3,128 938 2,189
AC 150 mm, L= 2,340 m T 630 1,474 442 1,032
AC 200 mn, L= 2,750 u 220 2,530 759 1,771
SP 400 mm, L=27,050 m 4,270 115,504 92,403 23,101
5P 600 wm, L=10,950 n 6,710 73,475 58,780 14,695
SP 700 mm, L= 4,680 m 7,930 (37,112 29,690 7,422
(Zene 8}
AG 150 mm, L= 2,000 m ' 630 1,260 378 882
 AC 200 tm, L= 2,400 m 920 - 2,208 662 1,546
AG 300 gm, L= 5,110 m 1,680 8,585 2,575 6,009
{Zone 9}
AC 150 tm, L= 2,850 m - 630 1,796 539 1,25¢
AC 200 wm, L= 800 m 920 736 221 515
Sub-total of 3, 247,806 187,387 60,419 -

4, Land Acquisitien
Treatment Plant 36,000 ag m 312.5 11,250 ¢ 11,250

Total of Water Supply Dev._slop'men!;

Censtruction Ceset . 321,010 221,873 99,13f
Lend Cost 11,250 o 11,250
Total 332,260 . 221,873 . 110,387
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-Table 1%1-6 Construction Cost for Zone 7 System
(Unit : Baht 1000)

Unle Total Porelgn Cux., Local Cur.
Iten Dimensgion Cost Cost Portion Porcion
{Baht) (Baht 1000) (Baht 1000) (Baht 1600)

A, Water Source Dsvelopment

Khlong Lo Yung Dam . ’ 474,751 310,100 164,657
Land Acquisition 1.2 Km2 (1,200,000 w2) 312,53 375,000 0. 375,000
Totel of A. . 849,758 310,100 539,658

B, HWater Supply Devalopment
1, Raw Watoer Pumping Station

Ponp House, 50 w? : 225 68 is8
Pump Uni_t (5.7 cu wfuwin, 4 unirve) . 500,000 2,000 1,600 400
Elsctrical Work {50 % of Pump) 1,000 BOO 206
Miscellanaocus (10 % of above) 323 247 76
Sub-total of 1. 3,548 2,714 833

2. Raw Water Transmission Pipe .
SP 600 mm, L = 34 km 5,600 190,400 152,320 38,080

3, Treatment Plant: TH

Daily Average Demand 13,295 cu w/d
Daily Haximum Demand 17,284 cu w/d
Haximum Capacity 17,800 cu w/d

Treatument Plant Facility

Recelving Well Weum 20 . 8 12
Sedimentation Basin 740 cu w/h 17,020 6,808 10,212
Sand Filter 740 eu m/h 11,100 &, 440 6,660
Clear Water Rassrvoir 6,000 cu m 14,400 5,760 8,640
Pumping Houge - 160 sg m 450 180 270
Chemical House 100 eq m 400 160 260
Adpinistrarion Bldg 200 eq 1,000 400 600
Operators Houses : 200 sq m 1,000 400 600
Hochanical Works : (Bfunied
Chewical Equip Mixer,Tank, 2units 640,000 1,280 - 1,024 256
Chlorinator 2 kg/h x 3 sets 360,000 1,080 864 216
Punpa 5.8 cu niwm, 4 unive 600,000 2,400 1,920 480
Miscellanuous 20 2 of above 952 762 190
Electrical Works 70% of Mech. Works 3,998 3,199 800
Higcellanacus 20 % of above 11,020 5,510 5,310
- Sub-~total of 3. _ : 66,120 31,434 34,688

4, PMlstribution Pipeline (Zone 7) :
AC 150 mm, L= 6,600 m 1334 4,026 1,208 2,818

AC 200 mm, L= 7,650 m 290 6,809 2,043 4,766
AC 300 um, L= 4,000 m 1,620 6,480 1,944 4,536
AC 400 mz, Le 2,450 m 2,780 6,811 2,043 4,768
Sub-total of 4. 24,126 7,238 16,888

——
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Table 11-6 Construction Cost for Zone 7 System_(06nt'd)
(Unit : Baht 1000)

Unit Tm;él . Foreign_éur. Loeal Cur.
Item Dimension Cost Cost Portion  ° -Portioa
’ (Bahr) = (Baht 1000} (Baht 100¢) (Bahs 1000)

5. Land Acquisition

Pusp Houss,in Khlong Lo Yung - 300 m2 312.5 %4 0 94
Treatment Plant . 28,000 sq m 0 : N S0
Sub~total of 3. : 4 Y 94

Total of Hater Supply Development Project . : :
Congtruction Cost 284,193 193,706 © 90,487

Land Cost : 94 0 94

Total 284,287 193,706 90,581
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11.2 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 replace-
ment costs.

The energy and chemical costs are calculated in the alternative
comparison of the implementation plan as presented in Chapter 9.

Manning cost is based on the prediction of the staff number of
waterworks.

_ Replacement of the mechanical and electrical equipment is consid-
ered to be made 20 years after the installation so that they are not included
in the period of the development plan.

Total operation and maintenance cost is tsbulated in Table 11-7.

Table 11-7 Summary of Operation and Maintenance Cost
(unit : Baht 1000)

H OPERATION COSBT Sub-Total
Year : Energy Chemical Manning Repair Replace-
1+ Cost  Cost Cost Cost ment

1990 : 3,152 497 2,077 14 5,738
19¢1 : 4,165 497 2,180 14 6,855
1992 ¢+ 5,418 621 2,289 14 8,341
2993 : 5,433 621 2,404 14 8,471
1994 : 7,874 996 2,524 14 11,408
1995 : 8,089 1,012 2,761 14 11,876
1996 : 8,397 1,045 5,450 14 14,805
1997 :«+ 8,708 1,070 5,722 65 15,565
1998 ¢ 9,025 1,096 7,414 65 17,600
1999 : 9,346 1,122 7,785 65 18,318
2000 ¢+ 9,576 1,149 8,174 65 18,964
2001 : 9,890 1,176 8,583 85 19,713
S 2002 : 10,115 1,197 9,012 65 20,389
2003 : 10,288 1,218 11,584 65 23,155
2004 : 10,518 1,241 12,334 103 24,196
2005 ; 10,726 1,281 12,951 103 25,041
2006 : 10,292 1,287 13,599 103 _ 25,281
2007 : 10,528 1,310 14,279 103 26,220
2008 ¢« 10,772 1,333 15,201 103 27,409
2009 : 11,023 1,356 16,180 103 28,661
2010 ¢ 9,089 1,380 16,989 103 27,560
2011 : 9,332 1,405 17,838 1032 28,678
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12. ANNUAL DISBURSEMENT SCHEDULE

The annual disbursement schedule is prepared on the basls of the
construction schedule and the cost estimates as shown in the Chapter 9, and
10, respectively. ‘

Table 12-1 shows an annual disbursement by item.
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part 3 FEASTBILITY STUDY
13. FUNDAMENTALS FOR FEASIBILITY STUDY

As described in Chapter 8, the proposed watexr supply system is
divided in several sub-systems such as: (1) Bangwat System, (2) Khlong Katha
System, (3) Bang Nleo Dam System, and (4) Zone 7 System. Aside from this,
the Municipality waterworks is called the Municipality System,

The implementation of the water supply system is, however depend-
ing on the progress of the dam constyuction project which will be undertaken
by the Royal Irrigation Department (RID) and is beyond the control of PWA.
The only sub-system presently taken care by PWA itself is the Bangwat System.
This system wlll be able to operate in full capacity by providing a temporary
raw water intake from the Khlong Ban Yai. The operation of the pumping
station 1s, thexefora 1ncorporated in the total system.

The Immediate Improvement Project to achieve a stable water supply
in Patong, Karon, and Katha beaches is also proposed as a component of the
prOJect.

For the other sub-systems, the construction schedule was prepared
on the basis of the assumed dam construction schedule as presented in
Chapter 9.

There is & possibillty for supplying water in some areas by de-
veloping temporary water sources such as existing streams or mining pits.
This measure, however needs further continuous investigation works for deter-
mining capacities of such sources, and for planning processes of treating and
delivering water. Not only a technical aspect, a land acquisition or permis-
sion of land owners is one of the biggest problems in the Phuket Island for
use of mining pits.

Therefore, the detailed evaluation on such a temporary measure is
not made in this feasibility study because of a lack of data as of now, a long
duration required for the investigation works, and the uncertain situation for
the possibility of use of mining pits.
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14, Prelimissry Design
14.1 Rehabilitation/Modification Plan

The Immediate Improvement Project for improving-Bangwat System is

proposed as a modification of the existing system, the detailed facility plan
of which is presented in Chapter 8.

The  objectives of the Immediaste Improvement Project are:
() To supplement the lack of the capacity of Bangwat Reservolr
- (ii) - To improve the high pressure problem in Patong beach.
{i1i) To reduce the operation cost of clear water and booster pumping
system by use of the high level and distribution reservoirs.
(1v)  To extend the water supply to Karon and Katha beaches without an
additional pumping station.
(v) To extend the water supply in Kathu area
14.2 Expansion Works
14.2.1 Facility Comstruction Plan

Implementation of the proposed water supply system is scheduled in
accordance with the detailed processes as shown in Cahpter 15,

The distribution pipelines will be completed at the same time of
the completion of the treatment plants.
14.2.2 Phasing for the Implementation .

The project implementétion is divided into two stages as follows:

(1) . Inmediate Improvement Project
{ii) Main Project

The project components of each phase are summarized as shown in
Table 14.1.

14—1
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Pable 14.1 Project Component in Each Phase

1. Igmediate Improvement Project (31990-1091)

A. Temporary Water Source Development : '
A-1, Construction of a Pumping Station at Khlong Bang Yai-
B. TImprovement of Beach Area Water Supply
B-1. Construction of a high level reservoir
B-2. Construction of service reservolrs :
B-3. Construction of transmission pipe from the high level reservoir
to Karon beach
B-4. Replacement of distribution pipes in Patong beach
B-5. Construction of distribution pipes in Patong, Karon. and Katha
beaches
B-6. Construction of additional distribution pipes in Rathu area
2. Main Project {1994-1996)
A. Khlong Katha System
Preceding dam project : Khleng Katha Dam
A-1. Construction of a raw water pipe
A-2. Construction of a treatment plant
A-3. Construction of a distrlbutlon p;pe
B. Bang Nieo Dam System
Preceding dam project : Bang Nieo Dam
(Khao Che Tra Dam is to be completed in 2006)
B-1. Construction of a raw water pipe
B-2. Construction of a treatment plant
B-3. Construction of a distribution pipe
C. Zone 7 System

Preceding dam project : Khlong Lo Yung Dam

14 -2
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15. TMPLEMENTATION PLAN

The implementation plan is established for the three stages of the
process. (i) the pre-construction stage, (ii) the construction stage, and

{1ii1) the operation stage. The necessary processes for each stage are
summarized as follows:

(1) Pre-construction stage:

a. Land acquisition

b. Preparation of the PWA's own budget

‘¢. Loan application

d., Selection of the consultants for the detailed design
e. Preparation of the detailed design

f. Pre-qualification of the contractors

g. Tendering

.h. Contract award

(ii),Construction stage
a. Immédiatte Improvement
b. Water treatment plant

c. Distribution pipelines

(iid) pperation

The total implementation'schedule is as shown in Figure 15-1.

15—1
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16. Project Cost Estimates

The project cost is estimated and allocated as shown in Table 16-1
for each phase on the basis of the cost estimates of each component of the
project. - : .

Table 16-1 Project Cost Estimates by Phase
(Unit : Baht 1000)

. : Inmediate Improvemsnt Projec Hain Project
ltem Total (FIG) {(L/C) Total (F/C) (L/C)
1. Bangt}at System - Immediate Improvement
A. Temporary VWater Source Davelopment:
a.Temporary Pumping Station 5,418 4,100 1,317
b. Raw Water Transmission Pipe
5P 700 ma, L~ 5,000 u - 33,050 26,440 6,610
B. Beach Water Supply Improvament
a.ﬂigh Lovel Reservolir
Volumé 9_00 eu m : 2,250 675 1,575
b.Distriburion Reservolr for Patong -
VYoluma 3,800 cu m | 7,980 2,394 5,586
c.Distribution Reservoir for Karen and Katha .
" Yolume 1,200 cu m i o 3,000 500 2,100
d.Transpission Pipelins from Patong to Raron
8P 300 mm, L= 8,000 m 23,520 18,816 4,704
SP 200 wm, L~ 1,200 m | 2,124 1,699 425
a,Distribution Plpeline
{1) Patong (Zone 10)
Replacement :
AC 200 m=m, 1,390 m 1,237 371 866
AG 250 om, 360 m 425 127 297
AC 300 sm, 5,713 m 9,258 2,777 6,481
New Construction
AC 150 om, 800 m 488 146 342
AC 200 ym, 1,940 n 1,727 518 1,209
SP 400 mm, 15C w : 623 187 436

{il) Raron znd Eatha {Zone 11)
Hew Construction

AC 150 mm, - 800 m 488 146 342

AC 200 mm, 9,550 m 8,500 2,550 5,950

AC 300 mm, 1,600 m 2,592 778 1,814
{141) Fachy (Zona 6)

AC 150 sm, 2,400 m 1,464 439 1,025

Sub~Total of 1. 104,142 63,065 41,078

2. Bangwat System ~ Other than the Immediate Improvement

: P‘a‘!'-':.l.atar ‘Pipe (To ba constructed after Bang Tho Sung Daw} )
8P 500 wa, L = 8,000 m - : 36,320 29,056 7,264

————

Sub-Total of 2. 36,320 29,056 7,264
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Table 16-1 Project Cost Estimates by Phase : (Cont!d).

(Unit : Baht 1000)

Phukat

Temediate Improvement Projeec

Main Pro jacﬁ

Item Total (FIC) (LIC) Total (FI0) (LIC)
3. Khlong Eatha System
A. Raw Water Pipe
§P 400 mn, L w 200 m 754 603 151
B. Treatment Plant (T3) 49,332 23,819 25,513
C. Distribution Pipsiine (Zones 3 & 4)
AC 150 mm, L=12,400 m 7,564 - 2,269 5,295
AC 200 wa, L= 3,600 m 3,204 961 2,243
AC 250 mm, [~ 2,000 m 2,360 108 1,652
SP 500 mm, L= 4,000 m 20,560 16,448 4,112
Sub-Total of 3. 83,776 - 44,809 38,965
4. Bang Nieo Dam System
A. Rew Water Pipe : g
SP 500 mm, L = 200 w 1,028 822 206
B. Treatment Plant (T4) 72,175 - - 33,663 18,512
C. Distribution Pipsline :
(Zone 1 & 2) .
4C 100 mm, L= 6,950 u 3,128 938 2,189
AG 150 mm, L= 2,340 n 1,474 442 1,032
AC 200 mm, L= 2,750 m 2,530 . 759 1,771
SP 400 mm, 1L=27,050 m 115,504 - 92,403 21,101
SP 600 mm, L=10,950 m 73,475 58,780 14,695
SP 700 ma, L= 4,680 m 37,112 29,680 7,422
(Zone B} B
AC 150 mm, L= 2,000 o 1,260 378 882
AG 200 mm, Le 2,400 n 2,208 .- 562 1,546
AC 300 um, L= 5,110 m 8,585 2,575 6,069
{Zone 9) ' _
AC 150 gm, L~ 2,850 m 1,796 539 1,257
AC 200 mm, L~ $00m 736 221 515
Sub-Total of 4. 321,010 221,873 99,137
5. Zons 7 System
A. Raw Water Pumping Station 3,548 2,714 ¢ 8§33
B. Raw Water Transmiesion Pipe L . .
SF 600 mm, L = 34 ka 190,400 152,320 . 38,080
C, Treatment Plant (T5) 66,120 31,434 34,685
D. Distribution Pipelins (Zone 7) : o
AC 150 um, L= 6,600 4,026 1,208 - 2,818
AC 200 mm, L= 7,630 m 6,809  2,043: - 4,766
4C 300 mn, L= 4,000 @ 6,480 - 1,944 . 4,536
AC 400 mm, L= 2,450 m 6,811 . 2,043 . 4,768
Sub-Total of 5. 284,193 193,706 90,481
Total 104,162 63,065 41,078 725,297 489,444 235,833
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17. FINANCTIAL AND ECONOMIC STUDY
17.1 Financial Study’

The financial plan for the prOposed water supply system is studied
to enable the waterworks to take necessary steps for the viable implementation
of the project with due consideration on the existing financisl practices,
potential finding sources to meet the estimated capital costs for the con-
struction and recurrent costs for the operation.

17.1.1 Funding Arrangements

The funds are required largely in two categories for the con-
struction capital and recurrent costs for yearly operating and maintenance of
the systems, including debt service, depreciation and other miscellaneocus
oxpenses.

1) Cost Estimates

‘The regquired costs break down and the implementation-disbursement
schedule into annual disbursement for the construction stage are presented in
Table 17-1-1. The implementation plan of this program is separated into two
stages. Phase I is constructed from 1990 to 1992 and Phase II is planned to
be implemented from 1993 to 1996,

The capital disbursement for the construction is graphically
indicated in Figure 17-1-1.

2) Funds for Construction Costs

Out of the total capital costs, the foreign currency portion 1is
financed by the interxnational lending sgency which the local currency portion
is financed by the government subsidies, PWA'S own equity or loan.

: ‘Such international loans are normally provided to finance the
foreign currency portion of the project costs; however, in certain cases, a
part of local currency portion is also financed by international loan when
such ig¢ desirable.

. If the funding capability of the executing agency is not suffi-
cient, the subsidy from the central government to the possible extent may be
desirable and more soft loans with low interest and longer period of repayment
should be sought.

a. Loan from International Lending Agenciles

The international loans are broadly grouped in two categories such
‘as multilateral and bilateral loans. The multilateral loans are
‘vregarded as loans from the World Bank and Asian Development Bank.
The interest of such loans are presently ranging from 6-8 percent
'per annum and repayment period is normally 20 years with s grace
period of 5 years. The bilateral loans are exemplified by the
loan from West Germany, U.S5.A. or Japan with very concessionaire
jterms, for example, low interest rates of 2-3 percent per annum
‘and long maturity periods (up to 30 years) including an extended

‘arace period up to 10 years.

17—1
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b. Government Subsidy

The subsidy from the central government is allocated to the local
municipalities in Thailand for the constructlion project to
develop public utilities such as irrigation and drainage systenm,
sewerage system, feeder roads and other infrastructure develop-

ment projects.

The water supply development project as proposed to enhance
.community benefits such as public health and economic development
is necessary to be encouraged by the government initiative with
allocation of meaningful amount of subsidy.

c. Loan from Domestic Banks

The local currency portion of the capital costs are normally
financed by domestic banks, wholly or partly depending on avail-
ability of other sources of capital as subsidy. PWA presently
borrows the fund from the Krung Thai Bank. ' In amortization peri-
od, PWA pays only Interest part and capital repayments are in
charge of the national government. L

Tahle 17-1-2 shows loan conditions of international lending agen-

" eies.
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©. Table 17-1-2 Loan Conditions

' Agency Interest Rate Duration (Grace Period) Charge
. Year

Front-end Feae:

IRRD - 7.742 . 15-20 (3-5)
Commitment Charge:
0.752
: Service Charge:
- IDA 0z 40 (10) or 0.75%
35 (10) Commitment charge:

. : Commitment Charge:
IDB_ 8.17 15-25 (4-6) 0.752
' S Inspection Fee
12 of loan amount

ADB 6.372 ' 10-30 (2.7) Commitment Charge:
. 0.752

*
QECF ' 2.741 28.8 (9.6)

% Average condition of 198§,
3) Funds for Recurrent Costs

: “Phe funds are normally required after the construction of the
system to meet the mnnual costs including operation and maintenance costs, and
debt service payment if any loan is provided. There are established practices
in the developed counties that such recurrent costs are met by the users of
the system who receive the benefits through the collection of water tariff.

17.1.2 Alternative Financing Plan

The financial -plans are developed based on the capital  disburse-
ment schedule and funding arrangements. The funding arrangements are consid-
ered among others one of the most decisive factor for the financial viability
of the project. The funding arrangement which will not impose unbearable
burden upon the water works is most desirable subject, however, to the avail-
sbility of sufficient fund or the loan of lenient condition.

_ The folloﬁing five alternatives for the funding arrangement are
considered to assess the financial impact on the waterworks as well as indi-

vidual consumer and thereby to select adequate funding arrangement.
Alternative 1 : Total project costs is financed by the interna-
tional iending agencies (ADB or IBRD}.

Alternative 2 : The foreign currency portion equlvalent to
538,063 thousand Baht is financed by bilateral
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loan and loeal currency portion of 390, 240
thousand Baht is financed by the international
lending agencles. .

Alternative 3 o The foreign cutrency portion equivalent to
538,063 thousand Baht is financed by bilateral
loan and local currency portion of 390,240
thousand Baht is financed by equal contribution
of local loan and PWA’s own equity allocatdion.

Alternative & The total of foreign currency portiom and a part
of local currency portion equivalent to
230, 599thousand Baht (approximately 83 percent
of the total project cost) is financed by bilat-
eral loan and 159,641 thousand Baht 1s financed
by equal contribution of local loan and PWA’s
own equity allocation. .

The total of foreign currency portion and. a part
of local currency portion equivalent to 230,399
thousand Baht (approximately 83 percent of the
total project cost) is financed by bilateral
loan and remaining portion of 159,641 thousand
Baht is finehced by local loan.

Alternative 5

..

In the alternative plans above, the conditions of the loan are as-
sumed as follows.

IBRD or ADB: 20 year repayment period including 5 year grace
period with 7 percent interest per annum,

Bilateral Loan: 30 year repayment period including 10 year grace
period with 2.7 percent interest per annum.

Local Loan: 13 year repayment .period including -3 year grace
period with 11 percent ‘interest per -annum and in
amortization period, PWA pays only = interest

. part and principal repayments are depended on
national government contributiocn.

Such government'funding contribution can alsc be justified by the
prospective increase of socio-economic benefits to be derived from the pro-
posed project as manifested in economic project analysis.

Summarized fund arrangements for each alternative plan are shown
in Table 17-1-3. :
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Table 17-1-3 Funds Arrangements
: Unit : Baht x 1,000

Source of Fund

: Iﬁternational Bilateral | Local PWA's own
Funds Plan Loan Loan ~ Loan - Equity
Alternative 1 928,303
Alternative 2 | 390,240 538,063
Alternative 3 . 538,063 195,120 195,120
Alternative 4 . 768,662 79,820.5 79,820.5
Alternative 5 768,662 159,641

The sources of capital costs and subsequent recurrent costs in-
cluding debt services and operation and maintenance costs are indicated in
. alternative funding plans in Table 17-1-4 and the funding burden to be 1mposed
on PWA in each alternative is highllghted in Figure 17.1-2,

As clearly shown in this figure, the Alternstives 3 and 4 appear
more agreeable since required funde from PWA in successive years are less than
other alternatives. Although there is no significant difference in graphic
indication between Alternatives 3 and 4, Alternative 4 imposes less initial
K-fundlng burden on PWA during construction stage

_ Alternative 4 is, therefore assumed as a recommendable funding
arrangement. The further financing analysis are made based on this alterna-
tive to identify the various factors necessary for making the project finan-
clally viable. :

Tables 17-1-5 to 17-1-7 show the detail debt service for Alterna-
tive & financing plan and Table 17-8 shows summarized project cost and funding
allocdtion of Alternatlve 4.

Appendlx Al7-1-1 to Al7-1-5 shows details of deht services. for
‘each alternative plans.
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Table 17-1-5 Debt Services (Alternative 4)
for Foreign Portion

(Unit : Baht x 1000)

e e s e N S SN N I I I s S T T e e e

Total Annual Balance of

Year ~ Capital Interest Repayment Capital
1990 0 94 94 3,473
1991 0 117 117 4,342
1992 0 750 750 27,783
1993 0 1,453 1,453 53,829
1994 0 6,267 6,267 232,102
1995 0 15,917 15,917 589,521 -
1996 0 20,754 20,754 768,662
1997 0 20,754 20,754 768,662
1998 0 20,754 20,754 768,662 -
1999 - 0 20,754 20,754 768,662
2000 29,490 20,754 50,244 768,662
2001 30,286 19,958 50,244 739,172
2002 31,104 19,140 50,244 708,886
2003 31,944 18,300 50,244 - 677,782
2004 32,806 17,438 50,244 - 645,838
2005 33,692 16,552 50,244 613,032
2006 34,602 15,642 50,244 579,340
2007 35,536 14,708 50,244 544,739
2008 36,495 13,748 50,244 509,203
2009 37,481 = 12,763 50,244 472,708
2010 38,493 11,751 50,244 435,227
2011 39,532 10,712 50,244 - . 396,734
2012 40,599 9,644 50,244 - 357,202
2013 41,696 8,548 50,244 316,603
2014 42,821 7,423 50,244 274,907
2015 43,977 6,266 50,244 232,086
2016 45,165 5,079 50,244 188,109
2017 46,384 3,859 50,244 142,944
2018 47,637 2,607 50,244 96,560
2019 48,923 1,321 50,244 48,923

T TS b Svn b g e gy T v A S e A TR S R W YRS M e W e e S e A S A D RS A B e Gt SO TS K . At A

i i g T . s v n s A T R Ao T T DR T N I N AT T oS NEE S R TmEm=
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Table 17-1-6 Debt Services (Alternative 4)
for Local Portion

(Unit : Baht x 1000)

st e e e e e T Tt S S A I I I S N EI S O I Eim O m TR RRE IR RS SRS

‘Total Annual . Balance of

Year Capital Interest Repayment Capital
1990 0 3,260 3,260 29,639
1391 0 7,163 7,163 65,118
1992 0 7,229 7,229 65,715
1993 3,930 7,301 11,231 66,377
1994 4,362 7,238 11,600 65,798
1995 4,842 7,497 12,339 68,156
1996 6,016 7,336 13,352 66,687
1997 6,678 6,674 13,352 60,670
1998 7,413 5,939 13,352 53,992
1999 8,430 5,124 13,554 46,579
2000 9,357 4,196 13,554 38,1459
2001 10,387 3,167 13,554 28,792
2002 11,529 2,025 13,554 18,405
2003 1,639 - 756 2,395 6,876
2004 1,81% 576 2,385 5,238
2005 2,019 376 2,395 3,419
2006 419 154 573 1,399
2007 465 108 573 981
2008 516 57 573 516
Total 79,820 76,176 155,996

R S S S T T I N T NN TN NS S SRR n T ERRE = ]
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Table 17-1-7 Debt Services (Alternative 4)

(Unit : Baht x 1000)

= T Y S I S I o e o e e e s o g e S 50 R e £ e ey oy e e e ez

Total Annual Balance of

frgosn it e e ]

Year Capital Interest Repayment Capital
1990 0 3,354 3,354 33,112
1991 0 7,280 7,280 69,460
1992 0 7,979 7,979 93,498
1993 3,930 8,755 12,685 120,206
1994 4,362 13,504 17,867 297,900
1995 4,842 23,414 28,256 657,677
1996 6,016 28,089 34,106 835,349
1997 6,678 27,428 34,106 829,332
1998 - . 7,413 26,693 34,106 822,654
1999 8,430 25,878 34,308 815,241
2000 38,847 24,950 63,797 806,811
2001 40,673 23,125 63,797 767,964
2002° - 42,633 21,165 63,797 727,291
2003 33,582 19,057 52,639 684,659
2004 - 34,625 18,014 52,639 651,076
2005 35,711 16,928 52,639 616,451
2006 35,020 15,796 50,816 580,740
2007 36,001 14,816 50,816 545,719
2008 37,011 13,805 50,816 509,719
2009 37,481 12,763 50,244 472,708
2010 38,493 11,751 50,244 435,227
2011 39,532 10,712 - 50,244 396,734
2012 40,599 9,644 50,244 357,202
2013 41,696 8,548 50,244 316,603
2014 42,821 7,423 50,244 274,907
. 2015 43,977 6,266 50,244 232,086
2016 45,165 5,079 50,244 188,109
‘2017 46,384 3,859 50,244 142,944
2018 = 47,637 2,607 50,244 96,560
2019 48,923 1,321 50,244 48,923

A e MR mt S i ey TS VR A Wrd Gmm e meS S vk el T R B AW TRE Sum s R ok ok e T D - - - —— n == e = S TR =

e - e e e e D
Eomoomgmes - Bttt mmmmmrzoTER T =

17-—-13



Phuket
Table 17-1-8 Project Cost, Disbﬁrseﬁent Schedule
and Funding Allocation of Alternative 4

a. Project Cost and bisbursement Schedule wTe
(Unit : Baht x 1,000)

Year Forelgn Local ~ Total
Portion Portion
1990 2,431 60,320 62,751
1991 - 608 71,219 71,827
1992 16,409 8,225 ' 24,634
1993 18,232 2,139 27,371
1994 124,791 60,183 184,974
1995 250,193 _ 120,667 . 370,860
1996 125,399 60,487 185,686
Total 538,063 390,240 928,303

b. Funding Allocation . -
' : ~{Unit : Baht x 1,000)

Year Bilateral ~ Local PWA'Ss Total
Loan  Loan “Equity o
1990 3,473 29,639 29,639 ¢ 62,751
1991 869 35,479 35,479 . 71,827
1992 23,441 596.5 596.5 24,634
1993 26,046 662.5 662.5 27,371
1994 178,273 3,350.5 3,350.5 184,974
.1995 ' 357,419 - 6,720.5 6,720.5 . 370,860
1996 1179,141 3,372.5 3,372.5 185,886
‘Total 768,662 79,820.5 79,820.5 928,303

17.1.3 Revenue Plan
1) Water Saleé

The revenue ig required to be raised by waterworks to meet the
annual cash requirement after the construction of the systems. -Such annual
cash requirements normally include the operation and maintenance costs as well
as debt service if a certain loan ie made to finance the capital costs.

a. PWA Water Tariff Schedule

Water tariffs are collected by reading water meters with the
exception of negligible direct sale fees. PWA has three ma jor
sources of tariff revenue: namely, water sales, service:.charges
and connection fees. Revenue from these tariffs contribute 95
percent to the total revenue of PWA. All the waterworkes have the
same income structure as this. PWA also applies the same water
tariff structure to all waterworks. Table 17-1-9 shows the cur-
rent levels of water tariff structure,
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Table 17-1-9 Present Water Tariff Structure

Consumption Tariff
(eum [ mo ) _ (Baht [ cum )

0 - 10 3,75

11 - 20 4.50

21 - 30 o 6.50

31 - 50 o 7.50.

51 - 80 _ 8.00

81 - 100 8.50
101 - 300 9,00
300 -~ 1,000 9.25
1,100 - 2,000 9.50
2,001 - 3,000 9.75
3,001 and above 10.00

Connection Fees and Service Charges:

These fees and charges are of the nature which cover actual ex-
penses. to be borne by the consumers for connection work. PWA
accounts these fees and charges as revenue sources as they actual-
ly form a significant part of its revenue.

_ Present Connection Fees:

"The minimum connection fee is set at 2,050 Baht for 1/2" diameter
pipe with a length of 10 meters. The additional fee can be added
_substantially to the total cost of a connection - for example a
new 1/2" connectibn with a length of 30 meters from the main pipe
which could cost over double that for an equivalent connection 10
meters from the main. The additional fees are not charged accord-
ing to a fixed scale, but instead are levied by PWA on an ad hoc
basis charges for the labor and material costs.

Present connection charge and estimated connection fees are shown
in Tables 17-1-10 and 17-1-11, respectively.

Table 17-1-10 Present Connection Charge

Size of Connection Basis Connection Fee
{for connection lesg than 10
meters from main pipe)
(Baht [ conn.)

12" 2,050
3/4" . 2,750
1r 3,750
1-1{2" 6,690
2" 9,575
2-17z2" 13,075
gn 15,495
4" 21,455
6" 30,025

Noteé-Basic.cénnection fee is applied to the connection less
than 10 m from the main pipe
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Table 17-1-11 Connection Fee

Size of Conn, 0.5  0.75 1 1.5 2 2.5 3 4 6

{inch)

Conn. chargae

Coan.

(Bath/aonn.) 2,050 2,750 3,750 6,690 9,573 13;075 15,495 21,455 30,023 Charge

Year

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

2004 -

2005
2008
2007
2008
2009
2010
2011

Ho, of Conne. ) ) (Bath x 1000)

o 0 e o 0 0 6. 0o 0 0
785 0 1 0 2 o 0 0 0 1,632
477 0 i 0 2 0 0 0" 0. 1,001
476 o 1 0 2 0 o ‘o 0 999
453 0 1 0 2 0 o 0 0 952
478 0 1 0 2 0 0 0 0 1,003
480 0 2 Q- 3 0 43 0 0 1,020
440 0 0 o 20 S0 0 Y 0 1,094
1,497 [ 0 0 20 0 6 0 0 3,353
491 0 ] 0 20 0 0 0 0 . 1,198
592 0 o 0 20 0 0 0 0 1,200
493 0 3 o 20 0 0 0 0 1,213
709 - 0 0 0 16 o 0 0 0 1,607
1,786 0 0 0 1% 0 0 i S0 3,815
694 0 o 0 16 ) AR o o 1,576
724 o 0 0 16 0 0 o - 0 E,637
728 0 3 o 14 0 o 0 0 1,638
698 0 0 o 0 0 0 o 0 1,431
700 0 ¢ 0 0 0 0 0 "o 1,435
676 0 0 0 o 0 0 0 0 3,386
707 ) 0 0 0 0 ) o 0 1,449
706 o 3 0 0 o o ) 0 1,459

Note t 0.5 inch § Domestic & Commsrcial
1 inch i Government & School
2 inch  t Hospiral & tourism
3 inch 3 Industrial

Service charges are levied on consumers according to the size of
their connection,snd increase rapidly for larger connections. The
service charge is levied monthly and is fixed, regardless of the
level of water consumption during a given month. Present service
charges are shown in Table 17-1-12 below. ' -
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Table 17-1-12 Pregsent Service Charge

. 8ize of connection Monthly Service Charge
o (Baht):
1 2 ' 10
340 ' 15
it . 3¢
1-1/2* 60
2n : 100
2.1f2"° ’ 120
3" 160
4" and above _ 200

_Sarvice charges are estimated by multiplying the number of connec-
tions by the service charge per connection as shown in Table

17-1-13.
Table 17-1-13 Service Charge

Siza of Comn. 0.5  0.75 3 1.5 2 2.5 3 -S4

Sdnch) . - . . & above

Conn. charge _ _ : o Total Servica

{Bath/month.) 10 15 30 60 100 120 160 200 " Charge
Yepr ' No. of Conn. ' (Bath x 1000)
1990 1,997 0 52 0 130 o 0 0 414
1991 2,782 a 53 0 132 0 0 0 511
1992 3,259 o 54 0 134 0 o ) 571
1993 3,735 0 55 o 136 0 0 0 631
1994 4,188 0 56 0 138 o 0 0 568
1995 4,666 0 57 0 140 o 0 0 748
1996~ 5,146 0 59 0 143 0 0 0 510
1997 5,586 0 59 0 - 163 0 -9 0 as7
1998 7,083 0 59 0 183 0 6 0 1,102
1999 7,574 0 59 0 203 0 6 0 1,185
2000 8,086 0 59 o 22 0 5 0 1,268
2001 . 8,559 0 62 0 243 0 6 0 1,353
2002 . 9,268 0 62 o .259 0 6 0 1,457
2003 11,05 0 62 0 215 0 6 0 1,690
2004 11,748 ] 62 ] 291 0 3 0 1,793
2005 12,472 0 62 0 307 q 6 0 1,899
2006 13,200 0 65 0 321 0 3 0 2,004
2007 13,898 0 65 o 32 o 6 0 2,088
2008 14,598 0 65 1] 321 0 6 i} 2,172
2009 15,274 0 65 0o 321 0 6 0 2,253
2010 15,981 0 65 0 321 0 6 0 2,338
2011 - 16,687 © 68 0o 321 0 6 0 2,424

b; Project Water Sales Revenue

Water Sales of the waterworks are estimated as tabulated in Table
17-1-14 with the following conditions adopted in the forecasting.
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i) Water tariffe will remain unchanged until 2020.

ii) Waterneales'are_estimated by use for domestic. commer-
cial, institutional, industrial and other use as
predicted in each year. ' .

iii) Water sales are calculated from the monthly average
water cohsumption multiplied by water tariff,

In the PWA's water tariff system, water charge is levied on con-
sumers according to metered water consumption after every month. ~Charging
method is to levey a progressive method for the amount metered.. Prior to the
increases, charges were levied on a sliding scale.’ Thus, for: .example, a
consumer using 25 cu m of water in a month would pay 3.75 Baht per cu m for
the first 10 cu m, 4.50 Baht per cu m for the next 10 cu'm and 6.50 Baht per
cu m only for the last 5 cu m above 20 cu'm, so that a total payment will be
115 Baht. : ' : : S o
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17.1.4 Cash Flow Statement

1) Cash Flow

Table 17-1-15 shows the projected cash flow from 1990 to 2020.
Estimate condition of each items to be counted in cash flow are as follows.

A,

Cash Inflow
s Government contribution
capital contribution for interest payment of domestic loan.

s Loan

Local and foreign loan disbursement is estimated based on the
Alternative 4 financing plan.

* Water pales, connection charge and service charge.

Petailed estimation is shown in Tables 17-1-11, 17-1-13 and
17-1=14. '

+ Other income
This income is inclﬁding sales of materials, fine penalties

and other, and estimated 2 percent of total water sales of
each year.

+ Income from Phuket municipality

PWA agreeded with Phuket municipality about water rate to be
supplied from waterworks at four Baht per cu.m.

Cash Outflow
+ Project expenditure

It is according to capital disbursement schedule for Imple-
mentation plan. .

-« Amortization

Alternative 4 financing plan is adopted in the debt service
-calculation.

» Operation & maintenance
‘Details are shown in chapter 11.
+ Connection expenses

'50 percent of Comnection Fee.

.« Share of Head Office
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+ Payment to RID

PWA shall pay 20 stang per cu.m. for water ﬁaken'frdm dam
facllities, :

: As clearly shown in this table, from 1990 to 1991,'ahd from 2000
to 2000, the net cash flow ended in a defect. . 7 -

" Tt seems clear from "Altermative 4 financing plan® that these
deficits are covered with PWA’s own equity finance. i

After 2001, net annual revenue surpluses are forecasted large
enough to cover throughout operation and maintenance period, amortization caost
and operating expenses. -

: The result of this cash flow statement reveals that the annual net
cash flow will continuously raise profit.surpluses throughout after 2001, with
cumulative surplus increasing to 118,263 thousand Bsht in 2011 and 268,564
thousand Baht in 2020. This accumulated surplus is almost three times as
large as the gross operating revenue of the year 2011. '

. This result may demonstrate the simple financial feasibility of
this project. ' i - Lot

- As a sensitivity analysis, cash flow statement are also made on
the assumption that the water tariff including connection and service: charges
will be increased every three years at the rate of five percent per annum
adjusting for inflation of five percent per year. The result of this study
reveals, as shown in Appendix, A 17-1-6, that the annual net cash flow will
continuously raise profit surpluses throughout after 1994 except year of 2000

and 2001.

The cumulative surplus amount wili_be 839,094 thousand Baht in
2011 and 2,264,318 thousand Baht in 2020, respectively. ' o

2) Share of Head and Regional Office Overhead Expenses

PWA is administratively, technically, economically and financially
independent from the central government. Therefore, in order that total
financial independence can be achieved by the PWA in the future, administra-
tive expenses of its head and regional office, such as inventories,; personal
ezpenses and consignment fee shall be charged to the revenue of each water-
works, o ‘ S

In view of the above, it is recommended that the shafg allocation
of administrative expenses shall be calculated based on number of waterworks
and gross revenue of each waterworks. Lo

Table 17-1-16 shows share of Head and Regional 0ffice Overhead
Expenses in 1986 and 1987. ' - L
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Table 17-1-16 Share of Head and Regional Office Overhead Fxpenses
Phuket (Regional Office No. 4)

YEAR 1986 :
‘L, HEAD Office Expenses

a) Per Waterworks Portion (1/3)
Baht ——

b) WW/PWA-Total Consumption Portion (2/3)
Baht —

2. Regional 0ffice Expenses

&) Per Wateworks Portion (1/3)
Baht —_—

b) WWIRegion Total Consumption Portlon {2/33
Baht —_—

TOTAL SHARE OF HEAD AND REGIONAL OFFICE
OVERHFAD EXPESES Baht  ——

" YEAR 1987 |
1. Head Office Expenses

"a) Per Waterworks Portion (1/3)
Baht 517,498

b) WW/PWA-Total Consumption Portion {2/3)
Baht 134,063

- 2. Regional Office Expenses

a) Per Waferworks Portion (1/3)
. Baht 278,962

b) WW/Region-Total Consumption Portion (2/3)
Baht 72,552

TOTAL SHARE OF HEAD AND REGIONAL OFFICE
" OVERHEAD EXPESES Baht 1,003,075

3) Uhit Cost of Water

: As shown in Table 17-1-17, the unit cost after debt service which
w111 register 2.40 Baht per cum in 2011 and 2020 or equal to 78 percent of
‘the average unit water cost from year 1990 to 2011 and almost minimum level of
présent water tariff structure of PWA. An average unit water cost from 1990
to. 2011 is 4.50 Baht per cu.m.

The unit cost after depreciation is shown in Appendix Al2-1-7.
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Table 17-1-~17 Unit Cost of Water ‘ S :
- ~ (Unit :Baht x 1000)

Watexr Capital Operatinglpayment .- Total Unit Wate

year  Consum. Invest. Expenses to RID Expenses = Cost
(cu.m/day) _ (Baht/cu.m
1990 7,818 62,751 9,585 854 73,190 25.65
1991 8,449 71,827 12,533 930 85,290 27.66
1992 13,694 24,634 13,708 854 39,196 7.84
1993 13,760 27,371 13,866 854 . 42,091 ' 8.38
1994 31,491 184,974 18,984 2,231 206,189 17.94
1995 31,525 370,860 21,220 2,289 394,369 - 34.27
1996 33,042 185,886 24,621 2,407 212,914 17.65
1997 34,296 0 25,523 2,500 28,023 2.24
1998 35,573 0 28,999 2,595 31,594 2.43
1999 36,871 0 28,857 2,691 31,548 2.34
2000 38,192 0 29,737 2,789 - 32,526 2.33
2001 39,533 0 30,734 2,888 33,622 2.33
2002 40,656 0 31,664 2,965 34,629 - 2.33
2003 41,806 0 35,602, 3,044 38,646 2.53
2004 42,878 0 35,559 3,126 38,685 2.47
2005 43,949 0 36,560 3,200 39,760 - 2.48
2006 44,001 0 36,935 3,297 40,232 2.51
2007 44,062 0 37,905 3,379 41,284 2.57
2008 44,117 0 39,237 3,463 42,700 2.65
2009 44,062 0 40,558 3,549 . 44,107 2.74
2010 50,108 0 39,639 4,092 43,731 ©2.39
2011 51,397 0 40,922 4,183 45,105 2.40
2012 51,397 0 40,922 4,183 45,105 2.40
2013 51,397 0 40,922 4,183 - 45,105 . 2.40
2014 51,397 0 40,922 4,183 45,105 2,40
2015 51,397 0 40,922 4,183 = 45,105 . 2.40
2016 51,397 0 40,922 4,183 45,105 ©2.40
2017 51,397 0 40,922 4,183 45,105 2.40
2018 51,397 0 40,922 4,183 - 45,105 = . 2.40
2019 51,397 0 40,922 4,183 45,105 2.40
2020 51,397 0 40,922 4,183 45,105 ° 2.40
Average Unit Water Cost (1990-2020) : 4.50

s e e e e e T s ) S e S8t U s Suts S e S8 T e T T
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4) Average Water Rate

In view of revenue aspects, average water tariff is calculated
based on water sales and is shown in Table 17-1- 18.

5) Depreciation

At the end of the project, it may reasonably be expected to exist
some residual (or terminal) value. That is, the capital asset will not have
been used up in the course of the project period, and there will be a "residu-
al asset”. In this financial study, project period is established for 31
years from 1990 to 2020. The residual value lS, therefor added to the benefit
stream in the last year 2020.

Table 17-1-19 shows the depreciation of the pro;ect fixed assets
of each water supply system.

For calqulating, following conditions are adopted.

~ Straight - line method
10 percent of investment Cost

Depreciation method :
Final Salvage value :

Durable years :

1. Bangwat System - Immediated Improvement
30 years

2. Bangwat System - New Devélopment

: 30 years
3. Khlong Katha Systeﬁ

: 37 years
4. Bang Nieo Dam System _

H 33 years
5. Zone 7 System : 32 years

Durable years of facilities was calculated by weighted average of
each component. As shown in the Table 17-1-19, total salvage value in the
year 2911 and 2020 are 958,827 thousand Baht and 261,833 thousand Baht, re-
spectively.
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Table 17-1-18 Average Water Tariff =

Year Water Water Sales ~ Average
Consumption (1000 Baht Water Tariff
(cu.m/d) /year) = (Baht/cu.m)
1990 6,334 17,292 7.48
1991 8,448 . 23,052 7.48
1982 - 8,639 23,076 - 7.32
1993 8,833 - 23,244 7.21
1994 8,928 23,112 7.09
1985 9,128 23,424 7.03
1996 9,332 23,736 6.97
1997 9,531 24,060 6.92
1998 15,030 - 39,804 7.26
1999 15,436 40,608 7.21
2000 15,849 41,436 7.16
2001 16,271 42,264 7.12
2002 16,537 42,792 7.09
2003 21,184 55,248 7.15
2004 21,387 55,452 7.10
2005 21,713 56,160 7.09
2006 22,055 56,928 7.07
20607 22,362 57,684 7.07
2008 22,679 = 58,488 7.07
2009 22,900 59,018 7.06
2010 23,242 59,868 7.06
2011 23,594 60,780 7.06
2012 23,594 60,780 7.06
2013 23,594 60,780 7.06
2014 23,594 60,780 7.06
2015 23,594 60,780 7.06
2016 23,594 - 60,780 7.06
2017 23,594 60,780 7.06
2018 23,594 60,780 7.06
2019 23,594 60,780 7.06
2020 23,594 60,780 7.06

et e we s . e S Poo: Yy o e o o o A e T8 - AT ek e A it LN e e e W ETM M S T Y S e e Do mud N o g
s e e T R R e R S e N RN RN T RS EER =

17-28



Tabla 17-1-1% Depreciation
i (Uniet Bahe x 1000)

- Ll LT = mas R T e 20 o 7 D 5 R Y 0 Y R 1S

NEAR BangwacrrBangwat‘ : Khleng  Bang Zone 7 Yearly Accum. Salvage .
Iwp-Twp Dovelopment Katha Nieo . Total Total Value
1990 0 0 0 o 0 0 0 0
1991 . 0 ) o 0 ¢ 0 0 52,071
1992 3,124 ) ) 0 0 3,124 3,124 101,018
1993 3,124 0 0 Y 0 3,122 6,249 97,893
1994 1,124 0 0 0 0 3,124 9,373 94,769
1995 3,124 0 0 0 0 3,124 12,497 272,969
1996 © 3,124 i} ¢ 0 0 3,i24 15,621 632,494
1997 3,124 1,090 2,038 8,755 7,993 22,999 38,621 750,818
1998 3,124 1,090 2,038 8,755 7,993 22,999 61,620 767,819
1992 3,124 1,090 2,038 8,755 7,993 22,999 84,619 744,820
2000 3,124 1,090 2,038 8,755 7,993 22,999 107,619 721,820
2001 3,124 1,090 2,038 8,755 7,993 22,999 130,618 698,821
2002 3,124 1,090 2,038 8,755 7,993 22,999 153,617 675,822
2003 3,124 1,080 2,038 8,755 7,993 22,999 176,617 652,822
2004 3,124 1,090 2,033 8,755 7,993 22,999 199,615 629,823
2005 3,128 1,090 2,098 8,755 7,993 22,999 222,615 606,824
2006 3,124 1,090 2,038 8,755 7,993 ' 22,999 245,615 = 583,824
2007 3,124 1,090 2,038 8,755 7,993 22,999 268,614 560,825
2003 3,124 1,090 2,038 8,755 7,993 22,999 291,613 537,826
2009 3,126 1,080 2,038 8,755 7,003 . 22,999 314,613 514,825
2010 3,124 1,090 2,038 8,755 7,993 22,999 337,612 491,827
2011 3,124 1,090 2,038 8,754 7,993 22,999 360,612 = 468,827
2012 . 3,124 1,090 2,038 - 8,755 7,993 22,999 383,611 445,828
2013 3,124 1,090 2,038 8,755 7,993 22,999 406,610 422,529
2014 . 3,124 1,09 2,038 8,755 7,993 22,999 429,610 399,829
2015 . 3,124 11,080 2,038 - 8,755 7,993 22,999 452,609 376,830
2016 3,124 1,09¢ 2,038 8,755 7,993 22,999 475,608 353,831
2017 3,124 1,090 2,038 8,755 7,993 22,999 498,608 330,831
2018 3,126 1,090 © 2,038 8,755 7,993 22,999 521,607 307,832
2019 3,124 1,090 2,038 8,755 7,993 22,599 544,606 284,833
20200 3,124 1,090 2,038 8,755 7,993 22,999 567,606 261,833
2021 3,125 1,080 2,038 8,755 7,993 22,999 590,605 238,834
2022 o 1,090 2,038 8,755 7,993 19,875 610,480 218,959
2023 0 1,090 2,038 8,755 7,993 19,875 630,355 199,084
2024 0 1,090 2,038 8,755 7,993 19,875 650,230 179,209
2025 0 1,090 2,038 8,755 7,993 19,875 670,105 159,334
2026 ] 1,080 2,038 8,755 7,993 19,875 689,980 139,459
2027 0 0 2,038 8,755 7,993 - 18,785 708,766 120,673
2028 0 ¢ 2,038 - 8,755 7,993 18,785 727,551 101,888
2029 o 0 2,038 8,755 0 10,793 738,344 - 91,095
2030 0 0 2,038 0 0 2,038 740,382 89,057
2031 0 0 2,038 0 0 2,038 742,420 87,019
2032 0 ] 2,038 ] 0 2,038 744,457 84,982
2033 0 0 2,038 o 0 2,038 746,495 82,944
2034 0 - 0 0 [0 0 O 746,495 82,944
2035 0 0 ) 0 0 0 746,495 82,944
2036 ] 0 0 0 ] 0 746,495 B2,944
2037 0 0 0. 0 0 0 746,495 - 82,94
2038 0 ] 0 0 0 0 746,495 82,944
2039 S o 0 o 0 0 6 T46,495 82,944
2040 0 0 0 o 0 0 746,495 82,944
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17.3.5 Financial Analysis_

Tn this analysis ‘the viability of project shall be measured by the
following financial feasibility criteria:

FIRR
B/C > 1
NPV > O
where;
FIRR - Finencial internal rate of return
B ~ present veiue of benefits' |
c - present value of cests
B/C - fatio of benefits to coeﬁs

NPV+ - net present value or B - G

In the calculatlon of the Financ1a1 Internal Rate of Return
(FIRR), the follow1ng two indicators are normal]y used to evaluate the finan-
cial profitablllty of the project. : : :

{1} Internal Rate of Retuzn on Investment (IRROI)

The term, IRROI. indicates the internal:rate of return on total capital
investment, and assesses the profitability of the project as a whole and
the abiliy to recover funds invested in the project. :

The IRROL ie calculated based on the assumption that the total cajital
investment is covered by its own capital. Therefore, the financial
conditions such as the loan conditions on borrowed capital, changes on
the ratio of equity to total capital requirement and others have no
effect on the IRROI. Accordingly, the IRROT in indicates the profita-
bility of the project itself. . :

(2) Internal Rate of Return of Equity (IRROE)'

The term, IRROE, indicates the internal rate of return on equity, and
assesses the profitability only with respect to equity and the ability
to recover funds invested in the project as equity. Here, the IRROe is
calculated on the basis of such financial conditions proper to ths
project as the loan conditions on borrowed capital and amount -of capital
owned.

In this study, the FIRR was calculated using the both method. .

The xate of return was computed based on the present value of cash
inflow and outflows.

A B/C > 1, or an NPV > 0 at nine percent discount rate, Indicates
that the project is feasible, i.e. financial benefits exceed financlal costs
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at the prevalling opportunity cost of capital, fence, the project is viable
for implementation, Tables 17-1-20 and 17-1-21 represent the tabulation and
calculation of Financilal Bénefit and Cost for the project. As clear in these
tables, the FIRROE is estimated to be 12,67 percent, NPV is 31,208 thpusand
Baht and B.C. Ratio is 1.01 respectively.

Since FIRROE exceeds the opportunity cost of capltal of nine pex-
cent and interest rate of internatjonal lending agencies.

: 'B/C and NPV also exceed financial feasibility criteria, the.
project is considered financial feasible. The undertaking of the project is

therefore suggested itself to proceed positively on conditon to repay the
interest for borrowed capital.
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Table 17-1-20

Floancial Benafit and Cost (on invaestment)

(Unlt :Baht x 1000)

Hat Present Value

yoar Oporatin Covern. ‘Totel Capiral Operating Total Het L Hot
Incoms Subsldy Income Invest, Expenses Bxpensos = Income  Benefit Cont Income.
1990 0 0 0 62,75 0 62,751 62,751 0 62,751 -62,751
1991 0 o 0 71,827 0 71,827 71,821 0 65,89 65,89
1992 13,164 0 13,165 26,636 1,890 26,126 12,960 11,080 21,988 -10,808
1993 13,146 3,930 17,074 27,371 1,490 28,861 -11,787 13,184 22,286 9,102
1996 45,297 4,362 49,659 184,974 1,490 186,464 -136,805 35,180 132,096 -95,916
1995 50,260 4,842 55,102 370,860 1,490 372,350 -317,248 35,813 242,002 -206,189
1996 53,323 6,016 59,339 185,886 1,490 187,376 -128,037 35,382 111,726 -76,344
1997 56,683 6,678 63,361 0 13,806 13,806 49,555 34,661 7,552 27,108
1998 61,978 7,413 69,391 6 17,282 17,282 52,110 34,825 8,673 26,152
1999 62,208 8,430 70,638 0 17,140 17,140 53,498 32,524 7,892 24,632
2000 64,700 9,357 74,057 0 18,020 18,020 56,037 31,282 7,612 - 23,671
2001 67,275 10,387 77,662 0 19,017 19,017 58,646 30,097 7,370 22,727
2002 69,322 11,529 80,851 0 19,947 19,947 60,905 28,745 7,092 21,654
2003 73,307 1,639 75,036 0 23,885 23,885 51,152 24,475 . 7,791 ‘15,685
2006 72,737 1,819 74,356 0 23,842 23,842 50,714 22,311 7,135 15,176
2005 74,712 2,019 76,731 0 24,843 24,843 51,889 21,066 6,820 14,245
2006 77,125 419 77,544 o 25,218 25,218 52,326 19,531 6,352 13,179 -
2007 79,047 465 179,512 o 26,188 26,188 53,325 18,373 6,051 12,322
2008 81,255 516 81,771 0 27,520 27,520 54,252 17,335 5,834 11,501
2008 83,146 0 83,146 0 28,841 28,841 54,305 16,171 5,609 10,562
2010 85,508 0 85,508 0 27,922 27,922 57,587 15,257 4,982 10,275
2011 87,903 0 87,903 O 29,205 29,205 58,699  14;390 4,781 9,609
2012 87,903 0 87,903 0 29,205 29,205 58,699 13,201 4,386 8,815
2013 87,903 0 87,903 0 29,205 29,205 58,699 12,111 4,024 8,088
2014 87,903 0 87,903 0 29,205  29;205 58,699 - 11,111 - 3,692 7,420
2015 87,903 0 7,903 0 29,205 29,205 58,699 10,194 3,387 6,807
2016 87,903 0 87,508 0 29,205 29,205 58,699 9,352 3,107 6,245
2017 87,903 0 87,503 o 29,205 25,205 58,699 8,580 2,851 5,729
2018 87,903 o 87,903 ¢ 29,205 29,205 58,699 7,872 2,615 5,256
2019 87,903 0 87,903 0 29,205 29,205 58,699 7,222 - 2,399 4,822
2020 87,903 0 87,903 0 20,205 29,205 320,532 6,625 2,201 24,159
Salvage Value {~261,833) -
577,949 788,951 -191,268
0.73 5.24%

FIRR is

20 P B B U 05 0
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Table 17-1-21 ¥inanelal Banefit and Cost (on equity)
(Unit tBahi x 1000}

. . J i 52 o0 1 e B T LT 1]

Net Present Value

yaor Operating Goworn. Total Capital Oporsting Debt Total, Hat Het

tonn:_' Income  Subsidy Income Invest. Expenses Services Expenses Incous = Benefit Cost Incoma
1990 - 33,112 0 ¢ 33,112 62,751 0 3,354 66,105 -32,993 33,112 66,105 -32,993
1991 36,348 9 0 36,348 01,8277 ] 7,280 79,107 42,759 33,347 72,575 ~39,228
1992 - 24,038 13,164 -0 37,202 24,634 1,490 7,979 34,103 3,099 31,312 28.?0@ 2,608

1993 26,709 13,144 3,930 43,783 27,371 1,490 12,685 41,546 2,237 33,808 532,081 1,727
1996 181,624 45,297 4,362 231,263 184,974 1,490 17,867 204,331 26,952 163,846 144,753 19,093
1995 364,140 50,260 4,842 419,242 370,860 1,490 28,256 400,606 18,636 272,478 260,366 12,112
1996 182,514 53,323 6,016 241,853 185,886 1,490 34,106 © 221,482 20,371 144,209 132,062 12,146

1997 56,683 6,678 63,361 0 13,806 34,106 47,912 15,449 34,661 26,210 8,451
1998 61,978 7,413 69,391 0 17,282 34,106 51,388 18,004 34,825 25,790 9,035
1999 62,208 . 8,430 70,638 0 17,140 34,308 51,448 19,190 32,524 23,688 8,836
2000 64,700 9,357 74,057 0 18,020 63,797 81,817 -7,760 31,282 34,560 -3,278
2061 - 67,275 - 10,387 77,662 0 19,017 63,797 82,814 -5,152 30,097 32,093 -1,996
2007 . 69,322 11,529 80,851 0 19,947 63,797 83,744 -2,893 28,745 29,774 =-1,028
2003 73,397 1,639 75,036 0 23,885 52,639 76,524 -1,488 26,475 . 26,960  -485
2004 72,731 1,819 74,5536 0 23,842 52,639 76,481 -1,925 22,311 22,887  -576
2005 . TNz 2,009 76,731 0 24,843 52,639 77,482 - ~751 21,066 21,272 -206
2006 . 774125 419 77,544 0 25,218 50,816 - 76,034 1,516 19,531 ‘19,181 1380
2007 79,047 465 79,512 0 26,188 50,816 77,006 2,509 18,373 17,793 580
008 81,255 51 81,77 0 27,520 50,816 78,336 3,436 17,335 15,607 728
2009 83,146 0 . 83,146 0 28,841 50,245 79,085 4,061 16,171 15,381 790
2010 35.508 0 85,508 6 | 27,922 50,244 78,166 7,343 15,257 13,947 1,310
2011 87,903 0 87,903 0 29,205 50,264 79,449 8,455 14,390 13,006 1,384
2012 87,503 0 87,903 0 29,205 50,244 79,449 8,455 13,201 11,932 1,270
1013 87,903 O 87,903 a 29,205 50,244 719,449 8,453 12,111 10,947 1,165
2014 87,903 ¢ 87,903 [ 29,205 50,245 79,449 8,455 11,111 10,043 1,069
2015 . 87,903 0 87,903 0 29,205 50,244 79,449 8,455 10,194 9,213 980
2016 : 87,903 0 87,903 0 29,205 50,26k 79,449 8,455 9,352 8,453 899
2017 87,903 0 87,903 0 29,205 50,246 79,449 8,455 8,580 7,755  B25
2018 87,903 0 87,903 0 29,205 50,244 79,449 8,455 7,872 7,114 757
2019 87,903 0 87,503 0 29,205 50,244 79,449 8,455 7,222 6,527 695
%20 87,903 o 87,903 o 129,205 29,205 320,532 6,625 2,201 24,159
Salvage Valus (-261,833)

1,159,423 1,147,950 31,208

o B 0 4 ek ko S 8 D Y 8

- LT
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17.2 Economic Study

This section shows a evaluation of_the-anticipated economic bene.
fits to be derived from the project and economic cost.

Evaluation is concentrated mainly on such benefits, among others,
as public health, improvement of living environment and economic contribution
to the community. Regarding the economic evaluation of the project, a most
preferable approach may be quantification of the economic benefits and. costs,
But in may cases, there are many unquantifiable factors in the infrastructure
development project, such as this water supply project; however, ln this
study, quantifiable benefits and cost is counted for analysis as much as
possible. And intangible factors are also considered

The first step.in the economic analysis is to adjust financial
prices to economic values by eliminating direct transfer payments. Direct
transfer payments are payments that represent not the use of real sources but
only the transfer of claims to real resources from one party in the same

 economic society to another. In this projects, the most large transfer pay-

ments ‘are direct government subsidies and credit transactions that include
loans, receipts, repayments of principal and interest payments. -“All these
_entries should be taken out before the financial accounts are adjusted to

~reflect economic values.
17.2.1 Ecenomic Benefits of the Project

The main economic benefit which will be brought about by the
implementation of the project as proposed in this study are summarized as
follows. :

Direct Benefits :

- Increase in the area and population té_be served
-.Cbntinﬁous supply of safe water

Indirect Benefits :

- Increase of employment oppbrtunity

- Improvement of health condition

Increase in consumer satisfaction

Increase in land wvalues

Increase in income in some productive sectors
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1} Beneficial Value of Water

It is assumed that all residents is the served area would he will-
ing to obtaln water in sufficient quantities at a given price. In general,
public charges guch as water tariff are established lower than real its value
by political reason. Taking the benefits for "consumer’'s satisfaction® into
congideration, it is assumed that the economic value of water is 20 percent

higher than the eversge rate per volume of water used in the financial analyu
sis,

According to the result of questionnaire survey in Phuket area,
53.7: percent of residents are willing to pay for water charge in the up-to-50
Baht bracket, 36.6 percent in the 51-100 Baht bracket. Respondents, who

didn’t use the water supply system of PWA or municipal, wanted the water
charge lgss than 200 Baht.

In the meantlme, it clears from water sales forecasting that
average monthly water charge per connection for domestic is 51.38 Baht at
2011, This figure shows that water charge is about two percent of average
monthly income of respondent, in 1988, If this water charge increase by 20
percent, monthly water charge of 62 Baht is considered within the willing-
ness- to-pay of consumers.

Table 17-2-1 shows economic water value of the project.
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Table 17-2«1 Eonomic Water Value

" (Unit : Baht x 1000)

et i ot b At ok e i et ) Art et i B bt SR Sk Do Bt U 74 38 AT PP Poan fae e et ok Lmem e s e e s oS 2o e o g S0 20 BT N A M R e M I IO IR DI I IR R RS S
it i o dm et e mee e o e A e e e e R e e e S B P P T T T I Y S R R e R T S R NSRS e R S e L AR R ss es 2 e

Yearx pomes. Govern, Comme. Indus. Phuket Total
' Munici. o
1990 4,090 1,267 2,434 0 12,960 2,597 23,347
1991 5,213 1,742 3,240 S0 17,467 .0 27,662
1992 4,752 1,771 3,312 ¢ 17,856 8,855 36,546
1993 4,406 1,814 3,398 0 18,274 8,626 36,518
1994 7,027 2,822 5,098 0 27,950 31,904 74,802
1995 9,000 3,643 6,451 0 35,654 25,772 -80,521
1996 9,115 3,802 6,782 0 37,526 26,921 84,146
1997 9,072 3,931 7,013 ‘0 38,606 28,123 86,746
1998 8,352 3,845 6,840 4,176 37,526 29,350 90,089
1999 8,352 3,974 7,070 4,162 38,664 30,599 92,821
2000 8,438 4,104 7,301 4,162 39,802 31,872 95,678
2001 8,539 4,248 7,531 4,162 40,968 33,169 98,617
2002 8,266 4,306 7,632 4,162 41,472 34,632 100,469
2003 8,006 4,378 7,747 - 4,162 42,005 36,122 102,420
2004 7,790 4,421 7,834 4,162 42,336 37,644 104,186
2005 7,862 4,493 7,949 4,162 42,926 38,947 106,339
2006 7,934 4,579 8,078 4,162 43,560 38,442 106,756
2007 7,992 4,622 8,208 4,162 44,237 38,010 107,231
2008 8,050 4,723 8,323 4,162 44,928 37,550 107,736
2009 g,078 4,766 8,410 4,162 45,403 37,067 107,886
2010 8,150 4,838 8,539 4,162 46,152 47,063 118,904
2011 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2012 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2013 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2014 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2015 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2016 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2017 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2018 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2019 8,237 4,925 8,683 4,162 46,930 48,704 121,640
2020 8,237 4,925 8,683 4,162 46,930 48,704 121,640
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2) Benefit Pertinent to Haalth

Benefit pertaining to health which is the one of the purposes of
installing a water supply system, involves both the community concerned and
the individuals in the area. The anticipated benefits concerning health,
viewed from public and individual standpoints, are detalled in the following.

(1) . Benefits from Public Health Standpoint

Health benefit to accrue to the community from the water supply system
has two aspects; namely, 1) the preventive effect brought forth by the
water supply system reduces the burden on the local and central govern-
ments for the disease preventive activities and patient treatment facil-
ities, and 2) the elimination of opportunities of contact with infected
matters reduces epidemic cases on the part of the individuals.

Regarding the first item above, Budgetary and physical provisions of the
governmentg will be lightened with respect to chemical disinfection for
prevention of epidemics, hospitals together with necessary personnel and
equipment and materials. Regarding the second items, details will be
presented in the next subsection.

(2) Individual Health Bénefits

The provision of the proposed water supply system results in health
'benefits to the individual people in the service area, such as reduction
in the rigk and incidence of water borne diseases, consequent elongation
of life span, reduced expenditure on medical care, reduction in income
loss through absence from work, and others.

Table 17-2-2 shows age-cause-specific distribution of patlents and
Medical Cost per capita in 1981.
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Table 17-2~2  Age-Cause-Specific Distribution &
Medical Cost Per Capita :

Tvnerof'Diseese

Age -
c . _ ‘ Delivery and - . L
Infective  Digestive Respiratery Obstetric Others Total
0 0.114 0.017 " 0.135 0.276 0.458 1.0
1-4 0.045 0.016 0.181 0.0 - 0.758 . 1.0
5-14 0.010 - 0.061 ~ 0.066 . 0.001. - 0,862 1.0
15-24 0.001 0.010 0.002 . 0.044 - - 0.933 - 1.0
25-.44 0.001 0.020 0.004 . 0.034 0.941. 1.0
45-64 0.005 0.040 0.027 0.0002 0.928 1.0
65+ 0.001 0.034 0.044 0,0 0.01% 1.0
Qutpatient Lo o L
cost/ 74.33 101.83 66.88 66.23 . 7B.04
patient : ' : : s
Inpatient - : - o
-cost/ 1,424.90 1,464.66 684 .27 552.02 1,417.46
patient : o o .

Source: HOMES RESEARCH REPORT by Faculty of Economics, Thammasat...

University, National Economic and Social Development Board
and Asian Development Bank. . _ :

According to historical censuﬁer price increase, it is eétimated
that outpatient cost per patient is 100 Baht and inpatient cost per patient is
2,000 Baht regarding Infective in 1989. . .

The following assumptions are made to calculate the'saving'of
medical care cost by the installation of the water supply'system .

a.

The average number of water- borne disease occurred per 1,000
pergons is to be 32.0 in the Study Area on the basis of the
recorded incidences rate in the year 1987, whick described
in SECTION 1.2.4.

About 50 percent of the above cases is attributable to the
in-provision of the adequate water supply system.

Hospitalization for treating these cases is on the average
for two weeks, and amounts spent for medical care is about
300 Baht per day per patient.

About 30 percent of the population ie actually economically
active. The final figure for the cost of time lost due to
illness was derived by taking the economically active por-
tion of those afflicted by water-borne diseases by minimum
daily salary of 67 Baht and 15 days based on the assumption
that workers earning 67 Baht per day (67 Baht is the minimum
galary rate of a laborer in southern part of Thailand) are
unable to work for an average of 15 day described in the
above clause.
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The cost of the medical expenses was derived by multiplying the
morbldity rate by the served population and the average expenditure for medi-
cal expenses of 300 Baht.

~The sum of the two economic costs related to health benefits was
adjusted by 50 perxcent to account for the fact that not all water-borne dis-
eases are caused by a poor water supply system but may also be due to poor
personal hygiene or lack of sewerage facilities.

The economic values derived from health benefits is shown in Table
17-2-3.

These benefits are more quantifiable in due assumptions which are
based on various avaeilable data. Hence, an estimate of such benefit in the
monetary terms was exhausted possible means.

3) Contribution to Local Economy

~ The construction of the water supply system contributes substan-
tially to the local economy in several ways.

In the first place, land value in the area will be appreciated,
and in accordance with such an increase in land value, related properties will
also rise in value. On the other hand, the construction of the system fur-
nishes employment opportunities to the local people and purchases ‘local
products of materials and equipment. Some of the above benefits are quanti-
fiable while others are not. :
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Table 17-2-3 Health Benefits o
(Unit : Baht x 1000)

H..-..-—__.__._..—_,—..m...n...__._..m-...-.-—.__-h-...-.-m.—._n-i_......«.-._—-—n'.umw-_o—-u—mm_..—m_._.._..., O e e T =]
.....,m...-............-_-——n......._.—-—__—.._..—._.._...._.d._—--‘...__..._.‘_-___-___..,.-._.__._..__...-.—-._.—_._.5“_.;\..““.—_‘-_-.._._._,

Served Cost of Medical Total = = Reduction

Year Population Time Loss Expenses Economic Due to o
{A) (B) Loss Project -
1990 9,558 92.2 1,376.4  1,468.6 734
1991 10,536 101.7 1,517.2 1,618.8 809
1592 14,706 141.9 2,117.7 2,258.5 1,130
1993 15,408 148.7 2,218.8 2,367.4 1,184
1954 15,965 154.0 2,299.0 2,453.0 1,226
1995 16,642 160.6 2,396.4 2,557.0 . 1,278
1986 17,306 167.0 2,492.1 2,659.0 1,330
1957 17,897 172.7 2,577.2 2,749.8 1,375
1998 39,694 383.0 5,715.9 6,098.9 3,049
1989 40,778 393.4 5,872.0 6,265.5 3,133
2000 41,83% 403.7 6,024.8 6,428.5 3,214
2001 42,878 413.7 6,174.4 6,588.1 3,294
2002 44,659 430.9 6,430.9 6,;861.8 3,431
2003 60,780 586.4 8,752.3 .9,338.7 4,669
2004 64,277 620.1 9,255.9 9,876.0 4,938
2005 67,848 654.6 9,770.1. 10,424.7. 5,212
2006 70,017 675.5 10,082.4 .10,758.0- 5,379
2007 71,826 $93.0 10,342.9 11,035.9 5,518
2008 73,588 710.0  10,596.7 11,306.6 5,653
2009 75,110 724.7 10,815.8 11,540.5 5,770
2010 86,013 829.9 12,385.9 13,215.7 6,608
2011 89,771 866.1 12,927.0 13,793.1 6,897
2012 89,771 866.1 12,927.0 13,793.1 6,897
2013 89,771 866.1 12,927.0 13,793.1 6,897
2014 89,771 866.1 12,927.0 13,793.1 6,897
2015 89,771 866.1 12,927.0 13,793.1 6,837
2016 89,771 866.1 12,927.0 13,793.1 6,897
2017 89,771 866.1 12,527.0 13,793.1 6,897
2018 89,771 866.1 12,927.0 13,793.1 6,897
2019 89,771 866.1 12,927.0 13,793.1 6,897
2020 89,771 866.1 12,927.0 13,793.1 6,897

.__.._.._..._.H,......——._._._.._‘—'_-.—'—.—.'—“_.-.._._.—._"'"._...._—‘_-'—'..—".__._“"._."'_.""—"_—_._."'.‘—'........___.—_...—....—...-_""._"'__...""_"".-.............."‘"....‘—.,-""._‘—'....""_u...u-—_."‘“

NOTE : (A) 30 % x 1.13/1000 x S.P. x 67 Baht x 15 Days
B) 1.13/1000 x S.P. x 300 Baht x 15 Days
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(1) Value Added to Land

Investment in water supply facilities, and also in other public utili-
ties such as sewerage, electricity and road improvement, have the effect
of raising the intrinsic value of the parcels of land served by those
facilities. The value added per unit of land tends to equal or exceed
.pro rate share of the investment involved.

In the present project area, this benefit is considered especially
significant. The value of the benefit will be measured by the addition-
-8l .prices buyers are willing to pay for properties on which physical
improvements have been made. Tt is because che buyers appreciate the
possible intensive use of land, not to mention the improved quality of
amenity in the area.

Projected service area is shown in Table 17-2-4, which are calculated
‘basedon the assumption that both sides of pipeline with 200 m wideth are
- covered by water supply system. '
Table 17-2-4 Served Land Area

Zohe. : o _ ' Areagsg}kmz

Bangwat Systeﬁ _ 4,943
Khlong.Kathé System : 4.460
Bang Nieo Dam System _ 11.576
Zoné 7 System _ 4.140

Total : 25,057

In the meantime, land prices are adopted following unit cost:

~Baht 2,000,000 /Rai = Baht 1,250/sq m in flat area in the Island.
Baht 5,000,000 /Rai = Baht 3,125/sq m in hill side area in the each
. the Island. : :
Baht 500,000 /Rai = Baht 313/sq m in rubber plantation in the hill
side area in and out side the Island. :
" Baht 300,000 /[Rai = Baht 188/sg m in hill side area in and out side

~the Island.

On the basis of proportionate shares of estimated infrastructure invest-
ments in public utilities about five percent of total increase in land
values and increase during seven years after completion of each water
supply systems have been attributed to the availability of water supply
system. This benefit is developed in Table 17-2-5.

(2)_iﬁtensified Land Use

When water supply'syéﬁems become available, coupled with other public
" utilities in general, the land in the area can be more intensively used,
as the present project is implemented. More people can be supported and
more activities in industry, commerce and others can be conducted in the
project area. This project will, therefore contribute to this ares
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Table 1772—5.Ec0nomic.Lnnd Valus Incgaaaa

{Unft : Baht x 1000)

Bangwat Bangwat
Ivm-Tnp  Davalop.
(1) {2)

Land Price
{Baht/sq. m) 3,125

————————— -

" 1980 30,881,250
1991 31,498,875
1992 32,128,853

2017 52,710,788
2018 53,765,004
2019 54,840,304
2020 35,937,110

0
.

0

1993 32,771,430 0
1994 33,426,858 0
1995 34,095,395 0
1996 34,777,303 0
1997 35,472,849 0
1998 36,182,306 )
1999 36,905,952 0
2000 37,644,071 0
2001 38,396,953 )
2002 39,164,892 0
2003 39,948,190 o
2006 40,747,156 0
2005 41,562,097 0
2006 42,393,339 0
2007 43,241,205 0
2008 44,106,029 0
2009 44,988,150 0
2010 45,807,913 0
2011 46,803,671 0
2012 47,741,785 )
2013 48,696,620 o
2014 49,670,553 0
2015 50,663,964 0
2016 51,677,243 0
' 0

)

0

0

Khlong

Bang

Katha fileo

(1) (&)

313 188

2,754,400 4,352,576
2,892,120 4,570,205
3,036,726 4,798,715
3,188,562 5,038,651
3,347,990 5,290,583
3,515,390 5,555,112
3,691,159 5,832,868
3,875,717 6,124,512
4,069,503 6,430,737
4,272,978 5,752,274
4,486,627 7,089,888
4,710,959 7,444,382
4,946,507 7,816,601
5,193,832 8,207,431
5,453,524 8,617,803
5,726,200 9,048,693
6,012,510 9,501,128
6,313,135 9,976,184
6,628,792 10,474,993
6,960,232 10,998,743
. 7,308,243 11,548,680
7,673,655 12,126,114
8,057,338 12,732,420
8,460,205 13,369,041
8,863,215 14,037,493
9,327,376 14,739,367
9,793,745 15,476,336
10,283,432 16,250,152
10,797,604 17,062,660
11,337,484 17,515,793
11,904,358 18,811,583

Zone 7

+ 25,875,000

26,392, 500

26,920,350

27,458,757
28,007,932
28,568,091
29,139,453
29,722,242
30,316,686

30,923,020 .

31,541,481

32,172,310

32,815,756
33,472,072
34,141,513
34,824,343
35,520,830
36,231,247
36,955,872
37,694,989
38,448,889

39,217,867

40,002,224

40,802,268
41,618,314

42,450,680

43,299,694

44,165,638

45,045,001
45,949,981

46,868,981

Total

Increasd Renafit

Land Valus Land Value Pue to

. 7 Projact

'56,30a,22§ .0 0
70,294,700 1,490,474 30,881
71,325,644 1,530,944 31,499
73,398,400 1,572,756 32,129
75,014,365 1,615,966 32,771
76,674,989 1,660,624 33,427
78,381,783 1,706,795 34,095
80,136,320 1,754.536 58,587
81,940,233 1,803,913 25,001
83,795,225 1,856,992 = 26,251
85,703,067 1,907,842 27,563
87,665,604 1,962,537 - 28,941
89,684,756 2,019,152 62,561
91,762,525 2,077,768 54,724
93,900,993 2,138,468 33,472
95,102,333 2,201,340 34,142
98,368,806 2,266,473 34,824
100,70;,7?1 2,333,965 . 35,521
103,106,686 2,403,915~ 36,231
105,583,104 2,476,427 0
108,134,725 . 2,551,612 0
110,764,307 2,629,582 - 0
113,474,766 2,710,459 -0
116,269,134 2,794,368 0
119,150,575 2,881,440 0
122,122,387 2,971,813 0
125,188,017 3,065,630 0
128,351,060 3,163,043 0
131,615,269 3,264,209 0
134,984,562 3,369,293 0
138,463,032 3,478,470 0

Hote ¢+ Annual incresce rate of land valua’

(1) 5 2%
(3) ¢ 47
(4) 3 4%
(5) 2%
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which is expected to develop the impovtant economic area of Thailand,
but can't be immediately quantifiable its economic benefits.

{3) Public_Revenue

Public tax revenue to the local and central government will be increased
in two ways.

. First, the appreciated land value will produce an increase in land tax
revenue. On the other hand, buildings, such as for commerce, dwelling
and others, will be graded up in quality and quantity, thus making
possible an increase in property tax. This benefit cannot necessarily

be quantified, but it can stitutes an important reliable tax source for
the governments concerned.

{4) Employment'and Local Products

. During the construction period, the local economy will beneflt through .
the employment of individuals for construction work and through the
purchase of locally made materials and supplies. The amount of invest-
. ment for the project is sizable. The project after completion will also
provide permanent employment opportunities for the operation and mainte-
nance of water supply systems.

These economic benefit of production for employment.opportunity should
be counted in economic cost analysis by using the shadow pricing factor.

Some of the economic benefits, presently regarded as unquantifiable, may
become quantifiable in the future when scientific tools useful for such
‘evaluation are devised. Even at this stage where those benefits cannot
be measured in the monetary terms, the benefits justify, it is judged,
the proposed investment:in the present water supply project. And fur-
- ther, the evaluation justifies that the investment is to be made from

‘the fund sources of public and private beneficiaries, namely, the cen-
tral, local province governments and PWA and the people in the area
involved.

Summary of Economic Benefit is shown in Table 17-2-6.

Benefits of the proposed project have so far been considered from the
three viewpoints of health, land value and contribution to the local
‘economy, Some of the benefits were quantified, but most of them were
treated as unquantifiable. ‘Therefore, the benefits of the latter cate-
gory have been elaborated in works. The calculations of the quantifia-

" ble benefits show that the monetary values to be gained in the analyeis

 period.after the completion of the project area equal to 3,806 million
Baht, converted to present worth, 54 million Baht.
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Table 17-2-6
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Economic @

Watexr

5353 3 (5:1’7

100,469
102,420

104,186
106,339
106,756
107,231
107,736
107,886
118,904

121,640 :

: Cost of

s B SE  4d . B8 SO

LU T T O T Y LI U Y T T R T

- o8 te

121,640 :

121,640
121,640
121,640
121,640
121,640
121,640
121,640
121,640

-8 -

Summary of Eonomic Benefits

Health Benefits Total
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Economic
- Benefit

108,799
115,227

119,571
146,708

118,139

122,205

126,455
130,852
166,461
171,813
142,596
. 145,693

146,959

- 148,270
149,620

113,656

125,512
- 128,537
128,537
128,537
128,537

1281537
128,537

- 128,537

128,537
128,537
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17.2.2 Economic Costs of the Project

The direct costs of the pfoject should be transformed inte econom-

ic costs. For this purpose, the project cost and operating and maintenance
costs are considered in the study. These costs will be covered into the
economic cost using factors of shadow pricing

The financial project costs explained in Sub-section 12.1 was

converted into economic costs by the following modification,

1)

2)

3)

Import duties and domestic taxes are assumed to be 10 percent for for-
eign portion and five percent for the local portion of the project cost.

Shadow exch&nge rate factor of 1.00 was applied to the foreign currency

component. A shadow pricing factor of 0.95 was applied to the local
currency component. ‘A premium factor of 0.5 was applied to unskilled
labor portion, which is estimated about 10 percent of local currency
portion of project cost. On the other 1.0 premium factor was applied to
skilled lafor portion.

Economic Costs of the Project is shown in Table 17-2-7.

Economic cost of dam constzuctlon

Since. dams construction project cost shall be bear by RID, in financial
analysis, these expenses are not counted in financial cost. Only pay-
ment to RID for water from dam facilities shall be counted in operating
expences.

In economic a analysis, however, dams construction cost shall be consid-
ered in economic project cost as annual economic depreciation cost.
Table 17 2 8 shows Economic Depreciation for Dam System. For calculat

ing, following conditions are adopted.

Deépreciation method : Straight - line method

Durable years : 50 years
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Table 17-2-8 Depreciation For Dam Systenm

Beonomic

Dam Price

Bang Tho Khlong Bang Nieo Che Tra Khlong Lo
Bung Fatha Yung
455,646 407,060 221,754 168,266 420,654
0 0 0 0 )
0 8,141 4,435 3,365 0
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 8,435 - 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
o 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,141 4,435 3,365 8,413
0 8,041 4,435 3,365 8,413
0 8,141 4,435 . 3,365 8,413
9,113 8,141 4,435 3,365 8,413
9,113 8,141 4,435 3,365 8,413
5,113 8,141 4,435 3,365 8,413
9,113 8,141 4,435 3,365 8,413
9,113 - 8,141 5,435 3,365 8,413
9,113 8,141 43435 3,365 8,413
9,113 8,141 4,435 3,365 8,413
9,113 8,141 5,435 3,365 8,413
9,113~ 8,141 4,435 3,365 © 8,413
9,113 8,141 4,435 3,365  B,4l13
9,113 . 8,14l 4,435 3,365 8,413
9,113 8,141 4,435 3,365  B,A13
. 9,113 8,141 4,435 3,365 8,413
9,113 8,141 4,435 3,365 8,413
9,113 . 8,14l 4,435 3,365 8,413
9,113 8,141 4,435 1,365 8,413

L] X w2 e e P

{Units Baht x 1000}

Yearly
Totel

a
15,942
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
24,355
33,468

33,468

33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
33,468
13,468

er——
Accum,

Total

0
15,942
40,296
64,651
89,006

113,360
137,715
162,070
186,424
210,779
235,134
259,488
283,843
308,198
332,552
356,907
381,262
414,729
448,197
481,665

515,132,

548,600
582,067
615,535
649,003
682,470
715,938
749,405

782,873

816,341
849,808
883,276
916,743

Salvage
Value

0
781,138
1,177,438
1,153,083
1,128,728
1,104,374
1,080,019
1,055,664
1,031,310
1,006,955
982,600
958,246
933,891
909,536
885,182
860,827
836,472
1,258,651
1,225,183
1,191,715
1,158,248
1,124,780
1,091,313
1,057,845
1,024,377
990,910
957,442
923,975
890,507
857,039
823,572
790,104
756,637
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17.2.3 fconomic Analysis

To determine the viability of the project, all economic cost and
benefits shall be transformed to their present value at nine percent
discount rate. This is the rate assumed to represent the pertinent
opportunity cost of capital. A low discount rate, however, is consid-
ered justified since the project shall benefit the rural consumers whose
annual incomes are generally lower than urban consumers.

In this analysis the viability of project shall be measured by the
following economic feasibility criteria:
EIRR

B/C » 1
NPV > 0
where;
EIRR - Economic internal rate of return
B - present value of benefits |
C - present value of costs
B/C - ratio_bf beﬁefits té costs
NPV - net preéent value or B - C

The.rate of return was computed based on the present value of cash
inflow and outflows. :

A B/C > 1, or an NPV > 0 at nine percent discount rate, indicates
that the project is feasible, i.e. economic benefits exceed economic
costs at the prevailing opportunity cost of capital, fence, the project
ig viable for implementation. Table 17-2-9 represents the tabulation
and calculation of Economic Benefit and Cost for the project. - As clear
in this table, the EIRR is estimated to be 7.44 percent, NPV is -69, 406
thousand Baht and B.C. Ratio is 0.90 respectlvely

EIRR does not exceed the opportunity cost of capital of nine per-
cent but exceed interest rate of loan from international lending agencies. And
it is to be noted in this connection that this figure refers only to ‘economic
water value. So if other economic benefits, which are described in this sec-
tion, are combined, the project is considered economically feasible and a
number of unquantifiable benefits will also be conceived from the 1mplementa—
tion of the project. The undertaking of the project is suggested itself to be
proceeded positively. As a sensitivity study, EIRR, which ilncludes other
economic benefit such as health benefit and land value increse, also calculat—
ed in Table 17-2-10.
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Table 17-2-9 Keonowie Internal Rate of Roturn

{(Unit :Baht x 1000)

C L] 0 1 8 R 0 B M 0 e i 2 17 10 0 18 D 111 M8 Y 18 £t ] AT 2 Al

Net Prasent Valuo

year Water Total Capltal Operating Total Het Ner
Value Incoms Iovest. - Expenses Bxpenses Income Benafit Cost Incoma
1990 o 0 54,048 0 54,048  -54,048. ¢ 54,048  -54,048
1931 o 0 . 61,777 o 1,177 -61,777 .0 56,676 56,676
1992 15_,?96 15,796 21,840 1,416 23,256 ~7,460 13,295 19,574 -6,279
__1993 1..5.,‘768_ 15.7_53 24,266 1,416 25,682 -9,914 12,176 19,831 -7,655
1994 . 54,052 54,052 164,054 1,416 165,470 -111,418 38,292 117,223 78,931
'1995 59,771 59,771 328,918 1,416 330,334 -270,563 38,84? 214,694 -175,547

1996 63,396 63,396 164,863 1,416 166,279 -102,883 137,801 99,146  -61,345
1997 66,635 66,635 ' 13,116 13,116 53,519 36,451 7,175 29,277
1998 71,365 - 71,365 16,417 16,417 54,948 35,816 8,239 27,576
1999 73,120 73,120 16,283 16,283 56,837 33,666 7,497 26,169
2000 76,078 76,078 17,119 17,119 58,956 32,136 7,231 24,905
2001 79,125 79,125 18,066 18,066 61,059 30,663 7,001 23,662
2002 81,298 81,298 18,949 18,949 62,349 28,904 6,737 22,167
2003 84,633 84,633 22,690 22,690 61,943 27,606 7,401 20,204
2004 85,404 85,404 22,650 22,650 62,754 25,557 6,778 18,779
2005 87,714 87,714 23,600 23,600 64,114 24,081 6,479 17,602
2006 90,590 90,590 23,957 23,957 656,633 22,817 6,034 16,783
2007 93,023 93,023 24,878 24,878 68,145 21,495 5,749 15,746
2008 93,651 95,651 26,144 26,144 69,507 20,277 5,542 14,735
2009 97,942 97,942 27,399 27,399 70,543 19,049 5,329 13,720
2010 100,712 100,712 26,525 26,525 74,187 17,970 4,733 13,237
2011 103,556 103,556 27,744 27,744 75,812 16,952 4,542 12,410
2012 103,556 103,556 27,746 27,74 75,812 15,552 4,167 11,386
2013 103,556 103,556 27,744 27,746 75,812 14,268 3,823 10,445
2014 103,556 103,556 27,744 21,744 75,812 13,090 3,507 9,583
2015 103,556 103,556 27,744 27,74 75,812 12,009 3,217 8,792
2016 103,556 - 103,536 27,764 27,746 75,812 11,018 2,952 8,066
2017 103,556 103,556 - 27,744 21,746 75,812 10,108 2,708 7,400

GODOO0.00G‘O-O°OOOOOGQGQOOO

2018 103,556 103,556 27,744 20,744 15,812 9,213 2,484 6,709

2019 103,556 103,556 27,746 20,744 75,812 8,508 2,219 6,228

2020 103,556 103,556 27,744 27,74h 75,812 7,805 2,091 5,714 -
Salvaga Value . {~248,741)

. oy 1900 o P I e 2

635,482 704,888 69,406
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Table 17-2-10 Eoonemie Internal Rpte of Ratuern
(inlt 1Babt x 1000)

LT Ll - kR 0 A - ey - T T . ” T

Het Present VYalue

year Watar Incraage  Haalth Tatal Capltal Opsrsting - Total He.t Nat
Valie Land Value Benafit  IYncome . Invaest. Expenéas Exponges  Incons Banefit Géat Incoma
1990 © 0 0 0 54,048 - 0 - 56,048  -54,048 - L0 SA048 54,048
1991 o 0 o . 0 61,177 0 61,777 -61,777 0 56,676 56,676
1992 15,796 1,136 . 31,499 48,425 21,840 1,416 23,25 25,169 46,758 19,574 21,184
1993 15,768 1,186 32,129 49,081 24,266 1,416 25,682 23,400 37,900 19,831 18,069
1994 54,052 1,226 32,771 88,049 164,054 1,416 165,470 —77;421 ' 52,375' 117,223 -54,847
1895 5§.771 1,279 33,427 94,477 3za.§is 1,416 330,334 -235,857 61,403 214,694 -153,291
1996 63,396 1,330 34,095 '93;321_ 164,863 1,416 166,279 -57,453' 58,924 94,{45 ~45,223
1997 66,635 1,375 58,587 126,597 0 13,116 13,116 113,431' 59,253 7,175 62,078
1998 71,365 3,049 25,001 99,415 0 16,417 . 16,417 82,998 49,893 8,239 41,654
1999 73,120 3,133 26,251 102,504 ¢ 16,283 16,283 86,221 47,196 7,497 39,698
- 2000 76,078 3,216 27,563 106,855 0 17,119 17,119 89,736, 45,137 7,231 37,905
2008 79,125 3,294 28,941 111,360 0 18,066 18,066 93,294 43,156 7,001 36,155
2002 81,298 3,431 - 62,561 147,290 0 18,949 18,949 128,341 . 52,367 6,737 45,630
2003 84,633 4,669 64,724 154,026 0 22,690 22;690 131,336 - 50,240 7,401 42,839
2004 85,404 4,938 33,472 123,814 0 22,650 22,650 101,164 37,051, 6,778 130,273
2005 87,714 5,212 34,142 127,068 0 23,600 23,600 103,468 34,885 6,479 28,406
2006 90,590 5,579  34,82% 130,793 0 23,957 23,957 106,836 32,943 6,034 26,909
2007 93,023 5,518 35,521 134,062 0 24,878 24,878 109,184 30,978 5,749 25,229
2008 95,651 5,653 36,231 137,535 0 26,144 26,144 111,391 29,156 5;542 23,614
2009 97,942 5,770 o 103,712 0 27,399 27,398 76,313 20,1717 5,329 14,842
2010 100,712 6,608 0 107,320 0 26,525 26,525 80,795 19,149 4,733 14,416
2011 103,556 6,897 0 110,453 0 27,744 27,744 82,709 18,081 4,562 13,539
2012 103,556 6,897 0 110,453 0 27,744 27,744 82,709  16,388. 4,167 12,821
2013 103,556 6,897 ¢ 110,453 0 27,744 21,744 82,709 15,218 3,823 11,39
2014 103,556 6,897 0 119,453 o 27,786 27,744 82,709 13,962 3,507 10,455
2015 103,556 6,897 0 110,453 0 27,744 20,744 82,709 12,809 . 3,217 9,592
2016 103,556 6,897 0 110,453 0 27,744 27,746 82,709 11,751 2,952 8,800
2017 103,556 6,897 0 110,453 0 27,744 27,744 82,709 10,781 2,708 8,073
2018 103,556 6,897 0 110,453 0 27,744 27,744 82,709 9,891 2,484 7,406
2019 103,556 6,897 0 110,453 ¢ 27,744 - 27,744 8i,709.. ' 9,074 _' 3.279 6,795
2020 103,556 6,897 0 110,453 0 27,744 - 20,744 82,709 8,325 2,091 6,234
Salvage Value {-248,741) . -

949,415 704,888 244,528

- Sy ot R o e e T e DO e A TR

NPV ia 1.35 EIRR is 15.52%

s L o B BT
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