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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

.

Government contribution

capital contribution for interest payment of domestic loan.

Loan

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

Water sales, connection charge and service charge.

Detailed estimation is shown in Table 17—1-11, 17-1-13 and
17-1-14. '

Other income
This income is including sales of materials, fine penalties

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

b. Cash Outflow

.

Project expenditure

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

Amortization

Alternstive 4 financing plan is adopted in the debt service

calculation.

Operation & maintenance
Details are shown in chapter 11.

Connection éxpenses

50 pércent of Connection Fee.

Share of Head 0Office,

. As ciearly shown in this table, from 2003, the net cash flow ended

in a

defect.

After 1994,_net annual revenue surpluses are forecasted not enough
cover throughout the phase 17 construction period and operatlon and expendi-
tures in the maintenance period, amortization cost and operating expenses.
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The result of this cash flow statement reveals that the ahhual net
cash flow will not continuously raise profit surpluses throughout after 1994,
The cumulative deficit will be 32,822 thousand Bahf in 2010 and 85, 833 thou_

sand Balt in 2020, respectively.

As & sensit1v1ty analysxs. 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 inflatien of five percent per year. The result of this study
reveals, as shown in Appendix Al7-1-6, that the annual net cash flow, also
will not continuously raise profit qurpluses throughout after 1994 except year

of 2000 and 2001,

The cumulative deficit amount will be 76,213 thousand Baht in 2011
and 185,000 thousand Baht in 2020, respectively.

2) Share of Head and Regional Office Overhead Fxpenses

PYA is administratively. technically, economically and financ;ally
independent from the central government. Therefore, in order that total
financial independence can be achieved by the FWA iIn the future, administra-
tive expenses of its head and regional office, such as inventories, personal
expenses and consignment fee shall be charged to the revenue of each water-

works.

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

Table 17-1-16 shows share of Head and Regional Office Overhead
Expenses Iin 1986 and 1987.
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pable 17-1-16 Share of Head and Regional Office Overhead Expenses
Su Npai Golok {Regional Qffice No. 5)

YEAR 1986
1. HEAD Office Expenses

a)_?er Waterworks Portion (1/3)
Baht 468,688

b) WWIPWA Total Consumption Portion (2/3)
Baht 1, 099 594

2..Régional_0ffice Expehses

a} Per Waterworks Portion (1/3)
"Baht 212,281

b) WWlRegion Total Consumption Portion {(2/3)
Baht 367,006

TOTAL SHARE OF HEAD ANb_REGIONAL OFFICE
OVERHEAD EXPESES Baht 2,147,570

YEAR 1987
1. HEAD Office Expenses

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

'b) WW/PWA-Total Consumption Portion (2/3)
Baht 1,210,764

2. Regional Office Expenses

a) Per Waterworks Portion (1/3)
: Baht 207,358

" b) WW/Region-Total Consumption Portion (2/3)
Baht 365,087

TOTAL SHARE OF HEAD AND REGIONAL OFFICE
OVERHEAD EXPESES ~ - Baht 2,300,707

3) Unit Cost of Water

As shown in Table 17-1-17, the unit cost after debt service which
will register 7.70 Baht per cu m in 2011 or equal to 80 percent of the average
unit water cost from year 1990 to 2011 and almost fourth level of present
vater tariff structure of PWA. And average unit water cost from 1990 to 2020
is projected to stand at 8.54 Baht ox sixth level of present water tariff.

The unit cdst after depreciation is shown in Appendix Al2-1-7,
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Tabla 17-1-17 Unit Cost'of'Water

Water Capital Operating

Héad
Share

(Unit :Baht x 1000)
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2,617
3,708
3,939
4,199
4,358
5,914
7,358
7,622
7,916
8,377

8,709

year ConsumptionInvestemen Expenses
(cu.m/day)
1390 3,653 0
1991 3,782 0
1992 3,970 - 5,202
1993 4,166 12,1585
19594 4,372 61,317
1995 4,586 16,311
1996 4,810 0
1997 5,027 0
1998 5,252 0
1999 5,487 0
2000 5,732 0
2001 5,986 0
2002 6,271 0
2003 6,568 .0
2004 6,879 0
2005 7,203 570
2006 . 7,541 0
2007 7,878 0
2008 8,229 0
2009 8,593 0
2010 8,971 0
2011 9,361 0
2012 9,361 0
2013 9,361 0
2014 9,361 0
2015 9,361 0
2016 9,361 0
2017 9,361 0
2018 9,361 0
2019 9,361 0
2020 9,361 0

2,261

2,311
2,375
2,437
2,509
2,581
2,653
2,726
2,802
2,879

2,961

3,038
3,128
3,225
3,325
3,430

3,535

3,645
3,758
3,878

4,002

4,122
4,122
4,122
4,122
4,122

4,122

4,122
4,122
4,122

7,139
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4) Average Water Rate

In view of revenue aspects, average water tariff is calculated
pased on water sales and ds 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
peen used up in the course of the project period, and there will be & "residu-
al asset”. In this financial study, project period is established for 31
years. from 1990 to 2020. The residuzal value is, therefor added to the benefit
stream in the last year 2020.

Table'17 1-19 shows th depreciation of the project fixed assets of
water supply system, such as intake facility, treatment plant and mechanical &
electrical equipment. : :

Forrcalculating, following cdndiﬁions are adopted.

Depreciation method : Straight - line method
Final Salvage value : 10 percent of investment Cost

Durable years :
1, Raw Water Intake : 27 years

2. Treatment Plant : 30 years
3, Transmisiion
Pipeline : 30 years
4, Distribution
Pipeline 1 28 years

: " Durable years of facilities was calculated by weighted average of
each component. As shown in the Table, total salvage value in the year 2011
snd 2020 are 41,728 thousand Baht and 18,281 thousand Baht, respectively.

1727



Pable 17-1-18 Average Water Tariff
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Year Watex Water Sales Average
" Consumption (1000 Baht Watexr Tariff
(cu.m/d) /year) . (Baht/cu.m)
1990 3,653 8,928 6.70
1991 3,782 9,216 6.68
1992 3,970 9,588 6.62
1993 4,166 9,948 6.54
1994 4,372 10,368 6.50
1998 4,586 10,788 6.44
1996 4,810 11,208 6.38
1997 5,027 11,628 6.34
1998 5,252 12,072 6.30
1999 5,487 12,516 6.25
2000 5,732 12,996 6.21
2001 5,986 13,440 6.15
2002 6,271 13,968 6.10
2003 6,568 14,532 6.06
2004 6,879 15,108 6.02
2005 7,203 15,720 5.98
2006 7,541 16,332 5.93
2007 7,879 16,968 5.90
2008 8,229 17,628 5.87
2009 8,593 18,324 5.84
2010 8,971 19,044 5.82
2011 9,361 19,740 5.78
2012 9,361 19,740 5.78
2013 9,361 19,740 5.78
2014 9,361 19,740 5.78
2015 9,361 19,740 5.78
2016 9,361 19,740 5.78
2017 9,361 19,740 5.78
2018 9,361 19,740 5.78
2019 9,361 19,740 5.78
2020 9,361 19,740 5,78

i P b et g e bt e g e e o g m R G as e S S 2
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Table 17-1-19 Dapraclation

- i

Phasge 1

P R P e L e o v r m i en L A L8 R i e D K L ity B e g e S Sy 43 e b 3y B e s oy e e B

Treatment Treatment Trans,

: Intake Plant 1
Asset Price. 4,320 25,015

Year
1999 0 0
1991. . . e 0
1992 0 0
1993 0 0
1994 0 0
1995 0 0
1996 125 750
1997 125 750
1998 125 750
1999 125 750
2000 125 750
2001 - 125 750
2002 125 750
2003 125 750
2004 125 750
2005 125 750
2006 125 750
2007 125 750
2008 . 125 750
. 2009 125 750
2010 . 125 750
2011 125 750
2012 125 750
2013 125 750
2014 125 750
2015 125 750
- 2016 125 - 750
2017 125 750
2018 125 - . 150
201 125 750
2020 125 750
2021 125 - 750
2022 125 750
2023 0 750
2024 0 150
2025 0 750
2026 0 0
2027 0 0
2028 0 0
2029 0 0
2030 0 0
2031 0 0
2032 0 0
2033 - 0 0
- 2034 0 0
2035 0 o
2036 0 0
2037 0 o
2038 0 0
2039 o 0
2040 0 0

‘Plant 2
10,928

328
328
328
328
328
3ae
328
328
328
328

328

328
328
328

o318
328
328
328

328 .

328
326
128
328
328
328
328
328
328
328

S oD o 00T 0000 0O

[=J= - = i P =]

328

Dlatrl.
Pipeline Pipalina

17,400 26,787

=T = T B~ I~

365
522
522
522
522
522
522
522
522
512
522
522
522
522
522
522
522
522
522
522
522
522
522
<22
522
522
522
522
522

e L0
[E ]
b I ]

QOO oo 00 00 o 0 o0 o

<
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[~ = -~

129
732
861
361

861
861
861
861
861
861
861

861

861
861

86 :

861
g6t
861
861
861
861
861

861

861
861
861

861 :

B&1

732
129

o c 6 o Cc o o 0o oo o0

(=]

g

(Units Baht x 1000)

Phase 1Y

Raw Water Yearly

Intake Total
570
0 0
0 0
o o
0 0
0 129
o 1,097
0 2,586
o 2,586
0 2,586
0 2,586
0 2,586
0 2,586
0 2,586
0 2,586
0 2,586
0 2,586
19 2,605
19 2,605
19 2,605
19 2,605
19 2,605
19 2,605
19 2,605
19 2,605
19 2,605
1 . 2,605
19 2,605
19 2,605
19 2,605
19 2,605
19 . 2,605
19 2,608
19 2,605
19 2,480
19 2,351
19 1,383
19 19
19 19
19 19
19 19
19 19
19 19
19 19
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

Accum,
Total

=T - T = R

129
1,226
3,813
6,399
8,985

11,571

14,158

16,744
19,330
21,917
24,501
27,089
29,694
32,300
34,905
37,510
40,115
42,721
45,326
47,931
50,537
53,142
55,747
58,352
60,958
63,563
66,168
68,773
71,379
73,859
76,210
77,593
77,612
77,631
77,650
77,669
77,688
77,707
17,726
77,726

17,726 .

77,726
77,726
77,72
77,726
17,726
77,726

el e e O 0 39 3 0 T 0 T ) 0 B ML) I D A 0 K 1 e T B T N B T4 Sk O D M

Salvage -
Velua

[~ I~

9,280
66,899
80,066
77,480
74,894
72,308
69,721
67,135
64,549
61,962
59,376
57,360
54,755
52,149
49,564
46,939
44,334
41,728

" 39,123

36,518
33,912
31,307
28,702

26,097
23,491
20,886
18,281
15,676
13,070
10,590
8,239
6,856
6,837
6,818
6,799
6,780
6,761
6,742
6,723
6,723
6,723
6,723
6,723
6,723
6,723
6,723
6,723
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17.1.5 Financial Analysis

To determine the viability of the project, all costs and benefits
shall be transformed to their present values at nine percent discount rate,
This is the rate assumed to represent the pertinent opportunity cost of capi.
tal. A low discount rate, however, 1s considered_justified”since-the project
shall benefit the rural consumers whose annual incomes are generally lower

than urban consumers.

In this anélysis the viability of project shall Dbe measured by the
following financial feasibility criteria: ' ' :

B/C > 1
NPV > 0
where;
E - present value of benefits
C - present value of costs

B/C - ratio of benefits to costs

»

NPV - net present value or B - C '

A'B/C > 1, or an NPV > 0 at nine percent discount rate, indicates
that the project is feasible, i.e. financial benefits exceed financisl costs
at the prevailing opportunity cost of capital, fence, the project is viable
for implementation, Table 17-1-20 represents the tabulation and calculation of
Financial Benefit and Cost for the project. As clear in this table, NPV is
-77,663 thousand Baht and B.C. Ratio is 0.31 respectively. -

These figures are less than financial feasibility criteria but it
is to be noted in this connection that these figures refer only to incremental
earnings of the newly invested capital and if the formerly invested capital
are combined, the project is considered financially more feasible than the
case of without this project. ‘As a sensitivity étudy, Financial Benefit and
Cost which include sunk cost and benefit from such investment are calculated
in Table 17-1-21. In this case, NPV is -14,183 thousand Baht and B.C. ratio is
0.94. The undertaking of the project is therefore suggested that more soft
condition loan or government subsidy are required to proceed the project and
achieve the financial self-standing of waterworks.
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Table 17-1-20 Finaneial Benefit and Cost

(Unit :Baht x 1000)

- L Tt LT T LEET T T TN ™

- LT EOMIH G

Prasent Value

yeai Govarn., Operating Total Capltal Operating Total Net Het

.ﬁubaidy Income  Incoma Invest. Expenses Expenees Income Benefit Cost Incone
1990 0 0 0 0 0 o 0 0 0 0
1991 0 0 0 q o 0 0 ) 0 0
1992 0 0 0 5,202 0 5,202 -5,202 .0 4,378 4,378
1993 o 0 0. 12,195 0 12,195 -12,195 0 9,417 9,417
1994 0. 0 0 61,317 0 61,317 61,317 0 43,439 -43,439
1995 676 0 676 16,311 0 16,311 -15,635 439 10,601 -10,162
1995 750 452 1,202 0 1,516 1,516  -314 717 904 -187
1997 . 833 863 1,696 0 1,853 1,853  -157 928 1,014 -86
1998 1,090 1,333 2,423 0o 2,223 7 2,223 200 1,216 1,116 100
1999 1,210 1,807 3,017 0 2,761 2,761 256 1,389 1,271 118
000 1,363 2,318 3,661 0 3,175 3,175 486 - 1,546 1,341 . 205
2001 . 1,490 2,800 4,290 0 3,712 3,712 578 1,663 1,439 224
2002 14654 3,542 5,096 0 4,389 4,389 707 1,812 1,560 251
2003 1,836 4,051 5,887 "0 5,877 5,877 10 1,920 1,917 3
2006 2,038 4;669 6,707 . 0 6,616 6,616 91 2,007 1,980 27
2005 344 5,324 5,668 510 7,455 8,025 -2,357 1,556 2,203 -647
2006 382 6,000 6,382 0 8,482 8,482 -2,100 1,607 2,136 -529
2007 §24 6,611 7,035 0 9,310 9,310 -2,275 1,626 2,151 526
2008 5 7,315 7,320 0 10,563 10,563 3,243 1,552 2,239 -687
2009 5. 8,050 8,055 0 11,786 11,786 -3,731 1,567 2,292 -726
2010 6 8,814 8,820 0. 12,517 12,577 3,757 1,574 2,264 <670
2011 6§ 9,582 9,588 0 13,680 13,680 4,002 1,570 2,233 670
2012 7 9,582 9,589 0 13,680 13,680 4,091 1,440 2,054  -6l4
2013 8 9,562 9,500 0 13,680 13,680 -4,090 1,320 1,885  -564
2014 s 9,582 9,591 0 13,680 13,680 -4,089 - 1,212 1,729  -517
2015 . 10 9,582 9,592 0 13,680 13,680 -4,088 1,112 1,58 474
2016 - . 1L 9,58Z. 9,593 0 22,175 22,175 -12,582 1,021 2,359 -1,339
2017 12 9,582 9,59 0 22,175 22,175 -12,581 . 936 2,164 ~1,228
2018 0 9,582 9,382 0 22,175 22,175 -12,593 " 858 1,986 1,128
2019 0 9,582 9,582 0 22,175 22,175 12,593 787 1,822 -1,035
2020 0 9,582 9,582 0 22,175 3,894 5,688 722 293 429
Salvage Vaiwe - . : {18,281}

NPV = 34,098 111,762 -77,663

B/C -~ 0.31
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Tabla 17-1-21 ¥inanciazl Benefit and Cost
(Unit :Baht x 1000) -

- n-n-i-wi---uun-nunnhﬂ,-

= 12 2 R 7 0 B 7 e A O ST BV

Praéent Valua -

year Loan Govern. Operating Total Capital Operating Debt Total ~ Net Not
- Subaidy Incoms Income Invest. Expenses Service Expenses Income Benefit - Cost - Incoms

€t B e ok R U U Ve om0 B A o e i e e G S S o - e

19%0 0 0 9,342 9,342 0 4,878 0 5,878 4,464 - 9,342 4,878 4,464
1991 0 0 9,640 9,640 0 6,019 0 5,019 3,621 8,844 5,522 3,373
1992 4,433 0 10,222 14,655 5,202 6,314 186 11,700 2,955 12,334 9,848 2,487
1993 10,743 0 10,612 21,355 12,195 6,636 504 19,425 1,930 16,490 15,000 1,490
1994 52,239 ¢ 11,062 63,301 61,317 6,867 2,758 70,942 ~7,642 44,844 50,257 5,413

1995 13,543 676 11,513 25,732 16,311 8,495 4,020 28,835 -3,104 16,724 18,741 -2,017

1996 0 750 11,965 12,715 0 10,011 4,029 14,040 1,325 7,582 8,372 1%
1997 0 833 12,376 13,209 0 10,348 4,028 14,377 =1;168 7,226 7,865  .639
1998 0 1,600 12,846 13,936 0 10,718 4,195 14,923 -977 5,994 7,48k -igo
1999 0 1,216 13,320 14,530 0 11,256 4,195 15,45 2921 6,690° 7,114 4%
2000 0 1,33 13,831 15,174 0 11,670 4,195 15,865  -691 6,410 6,702° -2%
2001 0 1,490 14,313 15,803 0 12,207 4,195 16,402 <599  6;124 6,356 © -132
2002 0 1,654 14,955 16,609 0 12,884 . 6,761 19,645 =-3,036 5,905 6,984 -1,079
2003 0 1,836 15,564 17,400 0 14,372 6,761 21,133 -3,733 5,676 6,893 -1,218
2004 9 2,038 16,182 18,220 0 15,111 6,761 21,872 -3,652 5,452 5,545 . 1,093
2005 0 344 16,837 17.151 570 15,050 4,862 21,382 -4,201 4,717 5,870 . -1,153
2006 0 382 17,513 17,895 0 16,977 4,862 21,839 -3,944 4,507 5,501 -993
2007 o 425 18,124 18,548 0 17,805 4,862 22,667 -4,119 4,286 5,238 -952
2008 0 5 18,828 18,833 D 19,058 4,397 23,455 4,622 . 3,992 4,972 - -980
2609 0 5 19,563 19,568 0 20,281 4,397 24,678 5,110 3,806 4,800 - 9%
2010 0 6§ 120,327 120,333 0 21,072 4,397 25,469 -5,136 3,528 4_,534 916
2011 0 & 21,095 21,101 G 22,175 4,397 26,572 5,470 3,456 4,350  -89%
2012 ] 7 21,095 21,102 0 22,175 4,397 26,572 -5,470 3,169 3,991 -8l
2013 ) 8 21,095 21,103 0 22,175 4,397 26,572 3,469 2,908 3,661  -75
2014 0 9 21,095 21,104 0 22,175 4,397 26,572 -5,468 2,668 3.35 9_ -691
2015 0 10 21,095 21,105 ¢ 22,175 4,412 26,587 5,482 2,448 3,083 - 636
2016 0 11 21,095 21,106 o 22,175 4,412 26,587 5,481 2,246 2,829 - -383
2017 0 12 21,095 21,107 0 22,175 4,412 26,587 -5,480 2,060 2,595 = -95
2018 0 0 21,095 21,095 0 22,175 4,399 26,574 -5,479 1,889 2,380 -491
2019 o 0 21,095 21,095 0 22,175 4,399 26,574 =5,479 1,733 2,183 =430
2020 0 0 21,095 21,095 0 22,175 4,399 26,574 5,479 1,590 2,603 -413
Salvage Value (-18,281) ’

NPV = 215,736 229,919 14,18

BIC = 0.9
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17.2 Economic Study

Thl& section shows a evaluation of the anticipated economic bene—
itS tb be derived from the: project and economic cost.

Evaluation is concentrated mainly on such benefits, among others ,
as public health, improvement of living environment snd economic contribution
to the community. Regarding the economic evaluation of the project, a most

referable approach may be quantification of the economic benefits and costs.

But i1 may cases, there are many unguantifiable factors in the infrastructure
development project, such as this water supply project; however, in this
study, quantifiable benefits and cost is counted for analysis as much as
possible. And intanglble 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
“gociety to another. 1In this projects, the most large transfer payments are
direct government subsidles and credit transactions that include loans, re-
ceipts, repayments of principal and interest payments, All these entries
gshould be taken out before the financial accounts are adjusted to reflect
gconomic values.

17.2.1 Economic 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 to be served
- Continuous supply of safe water

Indirect Benmefits :

- Increase of employment opportunity

Improvement of health conditioen

Increase in consumer satisfaction

i

Increase in land values

Increase in income in some productive sectors
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1) Beneficilal Value of Water

It is assumed that all residents is the served area would be will.
ing to obtain water in sufficient quantities at a given price. -In geéneral,
public charges such as water tariff are established lower than real its: ‘value
by political reason. Taking the benefits for “"consumer’s satisfaction” into
consideration, it is assumed that the economic value of water is 20 percent
higher than the average rate per volume of water used in the financial analy,

sis.

According to the result of questionuaire survey in Su. Ngal Golok
area, 38.4 percent of residents are willlng to.pay for water charge in: the
up-to-50¢ Baht bracket, 23.1 percent in the 51-100 Baht bracket. The remaining

38.3 percent didn't give clear answer.

In the meantime, it clears from water sales forecasting that
average monthly water charge per connection is 106.55 Baht at 201l. This
figure shows that water charge is about three percent of average monthly
income of respondent, in 1988. If this water charge increase. by 20 percent,
monthly water charge of 130 Baht is considered within the w1llingness to-pay
of consumers. o

Table 17-2-1 shows economic water valuwe of the project..
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Téble 17+2~-1 Economic Water Value

(Unit : Baht x 1000)

amad e $ma s Shn ey g gt Mo e Ay Ty Y® S g i P S o D R Rk e it e e e Y i e e S S et s -
N N T T I T N S R T D R R L T I b T et e o et s e e e i 2 e e e e e e e e et R

vear Domestic Govern. Comme. Indus. Tourism Others Total

1990 3,211 2,347 374 72 3,672 1,037 10,714
1991 . 3,398 2,376 - 389 72 - 3,744 1,080 11,059
1992 3,658 2,419 403 72 3,802 1,152 11,506
1993 3,946 2,434 403 72 3,859 1,224 11,938
1994 4,234 2,477 403 86 3,931 . 1,310 12,442
1995 4,550 2,506 418 - 86 3,989 1,397 12,946
1996 4,882 2,549 418 B6 4,046 1,469 13,450
1997 05,213 2,592 418 101 4,075 1,555 13,954
1998 5,573 2,635 432 101 - 4,104 1,642 14,486
1998 5,947 2,650 432 101 4,147 1,742 15,019
2000 6,336 2,693 432 115 4,176 1,843 15,595
2001 6,754 2,707 432 115 4,190 1,930 16,128
2002 7,200 2,750 432 130 4,205 2,045 16,762
2003 7,690 2,794 432 130 4,219 2,174 17,438
2004 - 8,179 2,837 432 144 4,234 2,304 18,130
2005 8,712 2,880 432 144 4,248 2,448 . 18,864
2006 9,259 2,938 446 158 4,248 2,549 19,598
2007 9,821 2,981 446 173 4,248 2,693 20,362
2008 10,411 3,024 446 173 4,262 2,837 21,154
2009 11,016 3,082 446 187 4,262 2,995 21,989
2010 11,650 3,125 446 202 4,277 3,154 22,853
2011 12,298 3,182 446 - 202 4,277 3,211 23,616
2012 12,298 3,182 446 202 4,277 3,211 23,616
2013 12,298 3,182 446 202 4,277 3,211 23,616
2014 12,298 3,182 446 202 4,277 3,211 23,616
2015 12,298 3,182 446 202 4,277 3,211 23,616
2016 12,298 3,182 446 202 4,277 3,211 23,616
2017 12,298 3,182 446 202 4,277 3,211 23,616
2018 12,298 3,182 446 202 4,277 3,211 23,616
2019 12,298 3,182 446 202 4,277 3,211 23,6156
2020 12,298 3,182 446 202 4,277 3,211 23,616

e E e T R S S T T I R S T T T I O N N L L S T N T T L S N T I I N O NS s ST T RS ST = Im e
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2y Benefit Pertinent to Health

Benefit pertaining to health which 1s the one of the purposes of
installing & 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 detailed 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.
~itles, 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
governments willl 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 Benefits

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 risk 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 patients and
Medical Cost per capita in 1981. :
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Table 17-2-2  Age-Cause-Specific Distribution &
S Medical Cost Per Caplta

Age Type of Disease
C Co : Delivery and
" Infective - Digestive Respiratory Obstetric Others Total
Q- 0.114 6.017 0.135 0.276 Q0.458 1.0
1-4 0.045 . 0.016 0.181 0.0 0.758 1.0
S 5-14 0.010 0.061 0.066 . 0.001 0.862 1.0
15-24 0.001 0.010 b.002 0.044 0.933 1.0
25-44 0.001 0.020 0.004 0.034 0.941 1.0
" 45-64 0.003 0.040 0.027 0,0002 0.928 1.0
65t 0.001 0.034 0.044 6.0 0.011 1.0
Qutpatient : :
cost/ 74.33  101.83 66 .88 66.23 78.04
patlent :
Inpatient : .
cost/ 1,424.90 1,464.66 684.27 _ 552.02 1,417.486
patient : : ' -

Source: HOMES RESEARCH REPORT by Faculty of Economics, Thammasat

Univer51ty, National Economic and Social Development Board,
-and Asian Development Bank. :

According to historical consumer price increase, it is estimated

that outpatient cost per patient is 100 Baht and 1npat1ent cost per patient is
2,000 Baht regardlng Infective in 1989,

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

8.

The average number of water-borne disease occurred per 1,000
persons is to be 25.5 in the Study Area on the basis of the
recorded incidences rate in the year 1987, which 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 is 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
salary 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 ﬁhg
morbidity rate by the sexved population and the average expenditure for medi.
cal expenses of 300 Baht. i : : o

. The sum of the two.economlic costs related to health benefits was
adjusted by 50 percent 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. ‘ L S .

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

1) 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. : S :

(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 aresa, this benefit is considered especially
gignificant. The value of the benefit will be measured by the addition-
al prices buyers are willing to pay for properties on which physical
improvements have been made. It is because the buyers appreciate the
possible intensive use of land, not to mention the improved quality of
amenity in the area.
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e 2cem ey s ST N o SR T B e a5 e e e o 2 o o e e e e e o e i e s i e e e e e e 2mn

Sexved Cost of Medical Total Reduction

Year PopulationTime Loss Expenses Economic Due to

: (A) (B) Loss Project
1990 10,606 81.5 1,217.0 1,298.6 649
1991 11,113 85.4 1,275.2 1,360.7 680
1992 12,065 92.8 1,384.5 1,477.2 739
1993 13,065 100.4 1,499.2 1,599.7 800
1994 14,113 108.5 1,619.5 1,728.0 864
1995 15,210 116.9 1,745.3 1,862.3 931
1996 16,355 125.7 1,876.7 2,002.5 1,001
1997 17,454 134.2 2,002.8 2,137.0 1,069
1998 18,536 143.0 2,133.9 2,276.9 1,138
1999 19,782 152.1 2,270.0 2,422.1 1,211
2000 21,012 161.5 2,411.1 2,572.7 1,286
2001 22,286 171.3 2,557.3 2,728.7 1,364
2002 - 23,826 183.2. 2,734.0 2,917.2 1,459
2003 25,435 - 195.6 2,918.7 3,114.2 1,557
2004 27,113 208.5 . 3,111.2 3,319.7 1,660
2005 . 28,859 221.9  3,311.6 3,533.4 1,767
2006 30,674 235.8 3,519.8 3,755.7 1,878
2007 32,436 245.4 3,722.0 3,971.4 1,986
2008 34,258 263.4 3,931.1  4,194.5 2,097
2009 36,138 277.8 4,147.0 4,424.8 2,212
2010, 38,080 - 292.8 4,369.7 4,662.4 2,331
..2011 40,081 308.2 4,599.3 4,907.4 2,454
2012 40,081 - 308.2 4,599.3 4,907.4 2,454
2013 40,081 308.2 4,599.3 4,907.4 2,454
2014 40,081 308.2  4,599.3 4,907.4 2,454
2015 40,081 308.2  4,599.3 4,907.4 2,454
2016 40,081 308.2 4,599.3 4,907.4 2,454
2017 40,081 308.2 4,599.3 4,907.4 2,454
2018 40,081 308.2 4,599.3 4,907.4 2,454
201% = 40,081 308.2 4,599.3 4,907.4 2,454
2020 - 40,081 308.2 | 4,599.3 4,507.4 2,454

e e e e e e e e g e e e ]

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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As shown in Chapter 1, the study are consists of the municipality and a
neighboring area on the north in Tambon Pasemas of Amphor Su Ngai Golok
as in Table 17-2-4. .

Table 17-2-4 Land Area

_Zone o : ' _Area(sq.km)
Zone 1 Low Density Residential Zome 5,7?408
Zone 2 Medium Dénsity Residential Zone ' 2.63808
Zone 3 High Density Resi./Commercial Zoﬁe 1.342d8
Zone 4 Rural/Agricultural Zone  13.64552
Zone 5 Others | 2.23024
Total . | '25.63

In the meantime, land prices are higher in the central commercial aress.
In these area, typical official land prices are 2,000 Baht per sq.m upto
6,250 Baht per sq.m. The farther from the center and main roads areas
are, the lower are the land prices. 1In these areas, typlcal official
land prices do not exceed 100 Baht per sg.m. Actual market prlces of
land however, are thought to be higher than market prlce.

On the basis of proportlonate shares of estimated infrastructure invest.
ments in public utilities about five percent of total increase in land
values have been attributed to the availability of water supply system.
This benefit is developed in Table 17-2-5. '

(2):Intensified Land Use

When water supply systems 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 ronducted in the
project area. This project will, therefore contribute to ‘this area
which is expected to develop the important economic area.of ‘Thailand,
but can’t be immediately guantifisble 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, bulldlngs, such as for commerce, dwelling
and others, will be graded up in quality and quantity, thusg 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.
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(4) Employment and Bocgl Products -

puring the construction period, the local economy will benefit 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. . : o

These economic benefit of production for employment opportunity should
be counted in economic cost analysis by using the shadow pricing factor,
some of the esconomic benéfits, presently regarded as unquantifiable, may
become quantifiable in the futire 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 ie 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 areas
involved. - : '

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

Benefits of the proposed project have 80 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 period of
15 years after the completion of the project area equal to 1,129 million
Baht, converted to present worth, 191 million Baht.
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rable 17-2-6 Summary of Eonomic Benefits

( Unit : Baht x 1000)

e 2 i mmr e v s 0 e S e fm i £ Srn e s A e i) S A A S v e e Em e e o e e e e s e o [ R
oo v o T R R R G T D B e T A M i e S Sy D T B D I b o mm e DT e B o o o o i £ g g S e o et e e e

 Economic :  Health Benefits Total  : Increase : Total
Yea® Water : Cost of Medical Economic : Land : Economic
Value :Time Loss Expenses Benefit Value : Benefit

o i i A T . i bt s S e B £ 2 i a7 s e s Sk e kY e 15 B T W S A R $t v S S e e S S8 ok i R U S AR Ak e e . . o S

1990 10,714 82 1,217 649 : 0 : 11,363
1991 11,059 : 85 1,275 680 0: 11,739
1992 11,506 93 1,385 739 0 : - 12,245
1993 11,938 100 1,499 800 0: 12,738
1994 12,442 109 1,620 864 0 : 13,306
1995 12,946 : 117 1,745 931 4,566 : 18,443
1996 13,450 126 1,877 1,001 3 9,426 : 23,877
1997 13,954 134 2,003 1,069 : 14,597 : 29,620
1998 14,486 143 2,134 1,138 20,099 : 35,723
1999 15,019 152 2,270 1,211 25,950 : 42,180
2000 15,595 : 162 2,411 1,286 26,808 : 43,689
2001 16,128 171 2,557 1,364 :+ 27,701 : 45,193
2002 16,762 ¢ 183 2,734 1,459 ¢+ 28,629 : 46,850
2003 17,438 196 2,919 1,557 29,593 : 48,588
2004 18,130 s . 209 3,111 1,660 : 30,597 ¢+ 50,387
2005 18,864 : 222 3,312 1,767 ¢+ 31,640 : 52,271
2006 19,598 : 236 3,520 1,878 :+ 38,678 : 60,154
2007 20,362 249 3,722 1,986 : 40,013 : 62,361
2008 21,154 263 3,931 2,097 : 41,402 : 64,653
2009 21,989 : 278 4,147 2,212 : 42,848 : 67,049
2010 22,853 : 293 4,370 2,331 : 44,353 : 69,537
2011 23,616 : 308 4,599 2,454 ¢ 45,920 : 71,990
2012 23,616 : 308 4,599 2,454 0 26,070
2013 23,616 : 308 4,599 2,454 0 : 26,070
2014 23,616 : 308 4,599 2,454 0 26,070
2015 23,616 308 4,599 2,454 0 : 26,070
2016 23,616 : 308 4,599 2,454 : 0: 26,070
2017 23,616 : 308 4,599 2,454 0: 26,070
2018 23,616 308 4,599 2,454 0 26,070
2019 - 23,616 : 308 4,599 2,454 3 0 26,070
2020 23,616 : 308 4,599 2,454 0 : 26,070
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17.2.2 Economic Costs of the Project

The direct costs of the project should be transformed into econom-

ic costs. For this purpose, the project cost and operating and maintenance
costs are considered im the study. These costs will be covered into the
sconomic 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)

Import duties and domestlc taxes are assumed toLhe.10 péréentffdr for-
eign portion and five percent for the local portion of the project cost,

Shadow exchange 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 percent
unskilled labor portion, which is estimated about 10 percent of local

currency portion of project cost.

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

To determine the viability of the project, all economlc costs and
benefits shall be transformed to thelr present value at nine percent discount
rate. This is the rate assumed to represent the-pertinentjoppbrtunity'cost-of
capital. A low discount rate, however, ls considered 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 meaéured_by the
following economic feasibility criteria: S SR

.BIC >1
NPV > 0
where;
B - present value of benefits
C - present value.of costs
B/C - ratio of benefits to costs
NPV - net present'value.or B-C

‘ 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 prevalling opportunity cost of capital, fence, the project is viable for
implementation, Table 17-1-8 represents the tabulation and calculation of
Economic Benefit and Cost for theé project. As clear in this table, NPV is
-191,315 thousand Baht and B.C. Ratio ig 0.34 respectively.

These figures are less than economic feasibility criteria but it
is to be noted in this connection that these figures refer only to economic
water value and if other economic benefits, which aré 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 implementa-
tion of the project. The undertaking of the project is suggested itself to be
proceeded positively. As a sensitivity study, EIRR, which includes other
economic benefits such as health benefit and land value increse, also calcu-
lated in Table 17-2-9, : :
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Table 17-2-8 Economic Internal Rate of Raturn

{Unit ¢t Baht x 1000)

lad - ot 502 s oo B 9 Wl e =

Not Prosent Yalue

fasr " Water Total Capital Operating Total RET Nat
: VYalue - Incomn Investement Expsnses Expansas INCOME  Benefit . Cost Incone
1990 0 0 0 o 0 0 0 0 0
1991 0 o 0 0 0 0 0 0 o
1992 0 0 4,576 0 4,516  -4,576 0 3,852 -3,852
1993 0 0 10,746 0 10,746  -10,746 0 8,298 -8,298
1994 K 0 53,934 0 53,93 53,034 0 38,208 -38,208
1995 o 0 14,328 0 14,328  -14,328 0 9,312 -9,312
1996 534 334 0 1,440 1,440 -906 319 859 -540
1997 1,030 1,030 0 1,760 1,760 -731 563 963 -400
1998 1,587 1,587 0 z,112 2,12 -525 796 1,060  -264
1999 2,148 2,148 0 2,623 2,623 -475 989 1,208  -219
2000 2,754 2,754 0 3,016 3,006 -263 1,163 1,274  -iit
2001 3,323 3,323 0 3,526 3,526 204 1,288 1,367 79
2692 4,065 4,065 6 4070 4170 2105 1,445 1,482 -37
2003 4,784 4Jﬁ. 0 5,53 5,583  -800 1,50 1,821  -261
20064 5,516 5,516 0 6,285 6,285  -770 1,651 1,881 -230
2005 6,290 6,290 502 7,082 7,584 '-1,295 1,727 2,082 -355
2006 . 7,085 7,085 o 8,058 8,058 973 1,785 2,000  -243
2007 7.825 7,825 0 8,845 8,845 -1,0019 1,808 2,044 -235
2008 8,659 8,659 0 10,035 10,035 1,376 1,836 2,127 292
2009 9,531 9,531 © 11,197 11,197 1,665 1,85 2,178  -324
2010 . 10,437 10,437 0 11,98 11,98  -1,511 1,862 2,132 -270
2011 . 11,269 11,269 D 12,996 12,995  -1,728 1,845 2,127 -283
2012 11,269 11,269 0 12,996 12,996  -1,728 1,632 1,952 259
2013 11,269  11;269 0 12,996 12,996  -1,728 1,553 1,791 -238
2014 11,269 11,269 0 12,99 12,996  -1,728 1,424 1,643 218
2015 11,269 11,269 0 12,996 12,996  -1,728 1,307 1,507 -200
2016 11,269 11,269 0 12,996 12,996  -1,728 1,199 1,383  -184
2617 11,269 11,269 0 12,996 12,996  -1,728 1,100 1,269 -169
2018 11,269 11,269 o 12,996 12,996  -1,728 1,000 1,164  -15%
2019 . 11,269 11,269 0o 12,996 12,996  -1,728 926 1,068 -142
2026 11,269 11,269 0 12,996 12,996 15,639 849 980  -130
Salvage Value _ ) ~17,367 '

- - o . - = L

Total Present Value 33,549 99,058 -65,509

wwwwwwwww o b o s T T i e e

B.C.Ratio is 0.34

N T 0 4 oo
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Table 17-2.9 Economnle Intarnal Rate of Haturn

{Unit ¢ Baht % 1000}

- o o b

SRR

Net Present Valie

yaar  HWater Incresse Health Total Capital Operating Tbcél . NET - Het
Value Land value Benefitc Ingome Investomen Expenses Expensas INCOME. Beanefir Caey Incoma
1990 0 o 0 o 0 0 0 0 0 0 0
1991 0 0 0 0 0 0 0 0 0 0 0
1992 0 0. 0 0 4576 0 4,576  -4,576 0 3,852 -3,852
1993 0 o 0 0 10746 0 10,746 -10,746 0 8,298 8,293
1994 0 0 0 0 53934 0 53,936 ~53,934 0 38,208 -~38,208
1995 0 4,566 0 4,566 14328 0 14,328  -9,762 2,968 9,312 6,345
1996 534 9,426 70 10,030 0 1,440 1,440 8,500 5,981 859 5,122
1997 1,030 14,597 138 15,765 0 1,760 1,760 14,005 8,624 963 7,661
1998 1,587 20,099 207 21,893 0 2,112 2,112 19,781 10,987 1,060 . 9,927
1999 2,148 25,950 280 28,378 0 2,623 2,623 25,755 13,066 1,208 11,858
2000 2,754 26,808 3ss 29,917 o 3,016 3,006 26,900 12,637 1,274 11,383
2000 3,323 27,701 433 31,457 ) 3,526 3,526 27,930 12,190 1,367 10,824
2002 4,065 28,629 528 33,222 0 4,170 4,170 29,052 11,812 1,482 10,329
2003 4,784 29,593 626 35,003 0 5,583 5,583 29,420 11,417 1,821 9,5%
2006 5,516 30,597 729 36,842 0 6,285 6,285 30,55 11,025 1,881 9,144
2005 6,290 31,640 836 38,766 502 7,082 7,584 31,182 10,3#3 - 2,082 . 8,561
2006 7,085 38,678 947 46,710 0 8,058 8,058 38,652 11,765 2,030 3,735
2007 7,825 40,013 1,055 48,893 0 8,845 8,845 40,049 11,298 2,084 9,254
2008 8,659 41,402 1,166 51,227 0 10,835 10,035 41,192 10,860 2,137 &,733
2009 9,531 42,848 1,281 53,660 0 13,197 11,197 42,464 10,436 2,178 8,259
2010 10,437 44,353 1,400 56,190 0 11,948 11,948 44,242 10,026 2,132 7,894
7011 11,269 45,920 1,523 58,712 6 - 12,99 12,996 45,716 9,611 2,127 7,484
2012 11,269 0 1,523 12,792 0 12,99 12,99 -205 . 1,921 1,952 -31
2013 11,269 o 1,523 12,792 0 12,996 12,99 -205 1,762 1,791 -28
2014 11,269 0 1,523 12,792 0 12,996 12,996 -205 1,617 1,643 -26
2015 11,269 0 1,523 12,792 0 12,99 12,996 -205 1,483 1,507 -2
2016 11,269 0 1,523 12,792 0 12,996 12,996 - -205 1.;51; 1,383 . -22
2017 11,269 0 1,523 12,792 0 12,996 12,996 205 1,248 1,259 -20
2018 11,269 0 1,523 12,792 0 12,996 12,99 205 1,145 1,165_ -18
2019 11,269 0 1,523 12,792 0 12,996 12,996 205 1,051 1,963 11
2020 11,269 0 1,523 12,792 0 12,996 12,996 17,163 964 980 -15
Salvage Value -17,367 .
Total Present Value 187,899 '99.,055_ 88,841

17--48

EIRR ia

11,63%
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B.C. Ratio ia  1.90
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Su Ngail Golol

Meteorological Data

Table Al-1-1 : Honthly Rainfall at Su Hgai Golok

Code; R 3210 _
Station; Amphur Su Mgai Golok, Nara Thiwat

Year- 'Jan Feb Mar - Apr- lay Jun Jul Aug  Sep  Oct  Nov - Dec Total

1968 - 0.0

0.0 -36.0 177.0 212.5 227.0 119,2.289.6 108.3 417.7110.8 196.6 '1894.7
1969 103.0 46.3° 35,0 14,2 215.2 296.8 173.2 227.1 217.9 246.2 983.2 352.5 2910.6
1970 302.1° 28.0.109.1 272.8 174.4 217.6 229.2 260.0 369.3 366.1 470.7 484.4 3283.7
1971 217.0. 54.3 211.4 - 0.0 248.9 102.2 119.3 599.0 326.0 367.7 536.2 543.3 3325.3
1972 - 41.9- 26.8 13.4 156.2 440.5 109.2 418.0 175.5 383.2 126.9 216.9 444.6 2553.1
1913 29‘3 79.3 160.9 98.7 156.3 275.8 312.9 219.7 536.7 395.0 165.0 709.4 3189.0
1974+ - .142.5 199.5.124.2 82.9'267.3 296.0 167.7 231.9 389.9 374.7 -

1975‘542 8 148.2: 0.0- 69.3.326.3 312.0 135.9 372.7 536.6 306.5 460.9 425.3 3636.5
1976 - 40.6 30.6- 0.0 81.7 309.5 173.8 130.5 179.1 140.9 241.11126.4 279.7 2733.9
1977 118.9 89.4' '30.4 22.3'165.7 328.1 222.3 377.7 178.5.218.7 296.2 447.9 " 2556.1
1978 62,1 28.6 17.2 138.0 314.7 264.7 77.7 303.1 532.0 209.7 410.6 382.6 2741.0

1979 17.3° 46.5 48.5 182.2 185.6 251.6 328.7 261.6 202.1 281.4 834.6 132.2 2772.3
1980 0.0 15.5117.9 161.1 '93.9 216.0 294.2 367.3 254.9 327.7 321.7 663.9 2834.1 ©
1981 18.8 37.5 26.3 121.7 264.1 126.2.173.3 89.3 249.3 332.6 469.7.436.5 2395.6
1982 0.0 49.5 '73.5 2. 3-269.2 212.4 307.5 449.3 265.1 312.6 151.5555.6 2648.5
1983 53.8 0.0 .72.2 0.0 258.9 225.6-348.5 244.7 209.0 148.1 310.31030.5 2951.6
1984 180.2 201,0 129.2 56.4 252.7 186.9 233.2 314.9 227. 2 139.6 237.9 896.9 30%6.1
1985 28.6 89.3 523.8 146.5 252.6 75.4 186.8 437.8 418.1 351.3 203.1 404.2 3117.5
1986 -51.5 0.0 20.0 69.9 221.0 235.6 145.8 111.8 429.7 215.4 891.0 220.5 2612.2
1987 48.1 0.0 42.8 88.1 156.2 242.9 233.4 187.0 254.2 414,7 357.2 836.8 2863.4

Source : Meteorological Department
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Table A1~1-2 : Monthly Rainfall at Waeng

Code; RM 3204

station; Amphwr Waeng, Nara Thiwat

Year Jan Feb Mar Apr May Jun  Jul Aug - Sep Oct “Mov . Deo. Total
1975 364.4 344.0 62.0 10.7-168.0 163.0 204.5 236.8.329.4:101.9 452.7 377.0 2814.4
1976 30.1° 0.0 35.2 272.6 304.9 267.7 293.5 342.6 155.8 243.4 925{4'439,9” 33114
1977 142.0 106.4 23.7 0.0 248.7 335.2 367.4 331.2°212.0 290.2 390.9 437.1 28848
1978 139.5. 72.2 77.4 213.7.321.0 248.6 326.7 385.2 507.5 421.7 298,9°364.8 3377.2
1979 90.9 62.8 11.4 259.9 225.7 252.5 447.6 324.2 278.9 221.6 4669.3 186.0 3030.8 .
1980 54.2 114.1 138.8 121.2 273.3 163.1 214.9 443.7 193.1 317.9 382.8 435.2 2852.3
1981 59.0 82.1 4.8 225.0 277.9 67.0 169.8 139.3104.9.399.5 348.0 368.6 :2245.9
1982 -58.4 8.2 25.4128.7 328.5 201.3 214.7 226.2 341.0 185.4.150.9 513.9: 2382.6
1983 101.6 0.0 16.5 11.6 243.9 208.2 216.3 272.1.169.0 297.4 223,21187.1 2946.9
1984 353.6 316.2 206.6 233.3 447.9 286.1 183.0 215.3 380.6°216.9 275.8°837.9. 3953.2
1985 32.0 120.8 406.8 189.8 428.6 50.0 318.3 277.4 151.5 5318.8 282.5°407.6 3384.1 -
1936 94.2 0.0 62.4-105.0 230.4 288.4 130.2 117.7 403.6 459.1 '65.6 318.7 2893.3 .
1937 50.9 0.0 209.5 68,5 128.1 241.2-241.,7 423.9 263.1 181.2 298.2-869.2

2975.5

Source : Heteorological Depeirtment
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Table Al-1-3 : Monthly Rainfall at Su Ngai Padi

Code; RM 3211 _
Station; Amphur Su Ngai Padi, Nara Thiwat

Year Jan Feb Mar Apr Way Jun Jul Aug Sep Oct DNov Dec  Total

mram s et e —— — Py ——n bt e ——— s PR ——— —————

1971 260.7 81.0 273.7 4.2 149.9 67 2 134.5 550.7 515.0 302.7 500.2 577.4 3417.2
1972 10.9 - 3.4 25.8 82.5 317.0 99.1 216.2 287.8 174.5 177.1 305.1 397.8 2097.2
1973 34.4 72.5 136.1 53.0 73.2 220.3 238.4 175.6 462.4 289.4 369.3 882.9 13007.5

1974 - - = 126.8 - - 486.5 220.0 159.1 294.0 - - -

1975 297.5 33.1 10.6 10.4 207.4 100.5 234.5 252.6 262.6 162.2 224.3 202.8 1998.5
1276 0.0 0.0 0.0 46.9 183.6 64.5 40.6 398.4 38.4 36.3 439.1 82.9 1330.7
1977 0.0 0.0 0.0 '0.0129.2 236.6 147.2 87,3 18.1 214.5 388.4 151.4 1372.7
1978 0.0 0.0 15.0 46,3 0.0 111.0 65.0 54.6 131.5 214.9 153.9  84.1 876.3
1979 - - 0.0 - 7123.0 96.4 159.1 99.2 43.2'144.1 436.1 243.4 -

1980 - 0.0 0.0 100.9 164.8 156.3 177.7 328.2 251.8 223.3 524.8 550.2 2478.0
1981 40.0 30.9 17.6 153.3 360.4 92.7 40.2 54.0 13.4 28.3 191.5 - -

1982 0.0 .0.0¢ 0.0 15.6 68.1 58.0 95.9 369.9 338.3 74.2 413.3 832.8 2266.1
1983 0.0 0.0 12.6 0.0 0.0 144.7 148.8 454.6 202.5-389.1 302.8 1093.7 2748.8
1984 324.7 215.5 101.9 273.5 320.0 510.5 247.8 261.5 238.2-240.9 244.9 - 790.6 3770.0
1985 24.1 82.4 449.2 229.0 365.9 53.9° 96.5 359.4 470.2 422.9 216.8 426.4 3196.7
1986 34.2 0.0 154.1 137.6 133.5 258.2 294.4 108.8 525.2 154.0 121.1 - -

1987 96.5 0.0 15.0 174.7 302.0 140.0 120.1 281.4 180.0 417.6 467.9 1047.0 2855.9

Source ;. Meteorological Department
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Station  : Navatiwat

Latituds 3 06 25 N.

Longtitude : 104 49' E.

Su Ngai Golok

Table Al-1-4 : Hetéorological Data at Su Mgai Golok

E levation of station above MSL 2 meters

Ttems

Temparature {C.degree)

Mean

Mean Max.
Mean Hin.
Bt MHax.
Ext. Min.

Relative Humidity (%)

Mean

Hean Max.
¢Mean thin.
£xt. Min.

Evaporation (mm.)

Mean -~ Pan

Sunshine Duration ¢hr.)

- Mean

wind (knots)
.
Prevailing Wind
Mean Wind Spaed
Hax. Wind Speed

Rainfall {mm.)

Hean
. Hean Rainy Days
“Greatest in 24 hr.
Day / Year

Jan

117.1

E
5.2
40 NE,E

145.0
14.1
424.6
6/67

Feb Mar Apr May  Jun

6.8 20.6 28,
0.9 32,0 331 33.0 325
22.4 22.8 23.5 239 23.5
351 3.6 36.4 390 367
1.5 19.0° 19.8 205 210
79.0 8.4 717 9.2 79.0
93.8 9.1 93.6 939 941
66.8 64.8 635 64.5 63.9
.0 40.0 50.0 41.0 37.0

Jul  Aug  Sep  Oct  Nov Dec Year

6.2 25.8 7

7.6, 2.5 213 21,0

2.3 322 320 310 295 29.0 35
3.2 232 231 232 231 229 2y
6.2 3.5 36.4 6.0 335 326 39
20,7 20,6 20,2 203 187 12.8 111
79.8 79.9 80.5 83.2 86.4 85.6 903
91,7 94.6 94.7 95.8 96.9 5.1 947
4.9 64.6 65.0 69.9 755 5.5 613
39.0 43.0 42.0 46.0 53.0 56,0 37.0

113.4 140.4 145.3 142.4 123.2 126.5 131.0 121.8 123.0 101.1 xx -

Yo Observation

E E E NE WE
5.6 4.8 44 35 Al

3.0
33E 40E BESESOSU4SNY B5M 50W 4

NE NE NE N NE E -
3.0 3.2 31 34 48 -
SW 554 GONE 45HE 60N

46.4 86.2 65.9 135.5 125.9 151.1 162.7 196.6 295.6 .632.3 534.6 2571.8

8.2 66 7.2 13.1 126
42.4 154.2 109.9 94.7 79.3

13.8° 14.9 16.6 20.3 23.0 23.1 115
98,5 '86.3 124.3 145.9 366.1 291.5 4.6

15/64 25/13 - 23/79 30/68 27/74 12/85 03/83 19/68 20/65 28/59 4/66 6/6)

Source : Heteorological Depariment

Remark : Evaporation 1982-1935

: xx = The Instrument Failurs
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Su Negai Geolok

‘Table A2-1-1: Honthly Flow Records

piver : Golok Location : Su Ngai Golok _ Station : 119. Drainage Area : 1,600 sq m
L - Streamflow  din  (HCH) |

ifear | : . e : - | Annual
{1 Apr May  Jun - Jul - Aug Sep. Ot Nov  Dec Jan  Feb Mar i

1-__.-= !

':1981 {0 48.79 138.42 63.88 49.66 30.15 101.02 97.17 362.90 450.49. 53.93 24.43 404. 00 11,424.88
1982 | 44.49 73.33 184.44 175.68 140.41 231.87 196.21 182.37 356.89 153.68 28.91 5.85 !1,774.14
11983 | 1.85 9.57 50.80 107.00 138,00 155.00 142.00 260.00 576.00 203.00 299.00-138.00 12,080.00
11984 ¢+ 113.00 205.00 218.00 196.00 157.00 164.00 198.00 161.00 468.00 185. G0 95.80 336.00 12,498.00
11985 | 103.00 245.00 143.00 . 84.40.135.00 238.00 432.00 275.00 423.00 187.00 45.70  43.20 !2,354.00
11986 1 29.40 51.00 154.00 66.40 52.00 131,00 214.00 178.00 508.C0 142. (}0 43.10 59. 60 11,628.00

Table A2-1~2: Monthly Flow Records

River : Golok Location : Waeng Station : 121 Drainage Area : 43 sg m
b Streamflow  .in  {MCM) !

iYear j-—-- _ . e : ==} Annual
i i Rpr May Jun o Jul Aug  Sep Cet flov. Dec  Jan Feb: HMar |

! ! L el o X

I i g e o T : [

98t 1,06 7.87  2.53  2.17T 0.5 1.87 5.14 13,75 - 2719 117 0.2 39.31
1982 ¢ 3.22 5.56 8.28 5.52 5,08 9.12 8.21 9.68 20.78 7.74 2.58 0.91} 86.68
983 { . 0,19 1,96 3.02. 4.44 5.25 8.20 7.52  8.90 47.98 11.77 18.18. 9.41 |} 126.82
94 7 0,23 2.01 3.08 4.50 5,31 8.27 7.58  8.97 50.80 11.80 18.30 9.49 ) 130.34
1985 . 5,81 10.60 7.93 8.69 3.94 7.81 7.65 7.38 33.40 7.37 3.46 13.20 ) 117.24
11986 | 3.38 10.20 6.08 3.21 3.8 .7.94 15.30 14.80 19.20 12.00 3.24 2.85 1 102.05
11987 } 1.81 6.86 2.14 3.27 5.31 13.80 14.00 26.30 5.83 2.18 3.57 %1 g7.20

- 2.13
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APPENDIX A-3-1

Study on Flow and Pressiire Measurement

-xzin3bistribution SYStém







: Appehdix

(1)

(2)

REPORT
Su Ngai Golok

STUDY ON FLOW AND PRESSURE MEASUREMENTS IN
' DISTRIBUTION SYSTEM

Introduction

To -evaluate +the characteristics of the distribution
system, pressure and flow measurements were made from 16
to 17 August, 1988,

Method and Results

The flow measurements of 24-hours were conducted of the
main distribution pipe in the treatment plant using the
ultrasonic flow meter with pen recorder.

The pressure measurement were made by installing pressure
gage at 5 house connections in the distribution systemn.

The results of flow measurement at the Su Ngai Golok
waterworks, Location of pressure measurement points and
the results of pressure measurement are shown in Figure
A3-1, A3-2 and A3-3 to A3-8, Respectively.

The results Of.pressure measurements in the distribution
system show similar pressure conditions with distribution
network analysis {(refer to section 3.1.3),

The results also confirm the low pressure area 1dent1f1ed
by Su Ngai Golok waterworks'® official.

A—3—1—1
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FLOW RATE MEASUREMENT TEST

BUNGAI GOLOK
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FIGURE  AX1-1
FLOW RATE MEASUREMENT  TEST
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MALAYSHA

FIGURE A3-1-2
LOCATION MAP OF PRESSURE
MEASUREMENT POINTS
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WATER HEAD { KG. / CM=2 )}

PRESSURE MEASUREMLNT TEST

BUNGAI GOLOK Point 1
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FIGURE A3-1-3

PRESSURE MEASUREMENT TEST
(Point 1}
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WATER HEAD { KG / CM=2 }

PRESSURE MEASUREMENT TEST

SUNGA! GOLOK Point 2
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FIGURE A3-1-4
PRESSURE MEASUREMENT TEST
{(Point 2)
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X

PRESSURE MEASUREMENT TEST
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FIGURE A3~1-5

PRESSURE MEASUREMENT TREST
{(Point 3}
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WATER HEAD ( KG / CMZ )

'PRESSURE MEASUREMENT TEST

SUNGAI GOLOK Puint 4
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FIGURE  A3-1-6
PRESSURE MEASUREMENT TEST

 (Point 4)
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WATER HEAD { KG / CMZ J

PRESSURE MEASUREMENT TEST

BUNGAI GOLOK Point 5
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FIGURE A3-1-7

PRESSURE MEASUREMENT TEST
{(Point 5}
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WATER HEAD { KG / CM2 )

PRESSURE MEASUREMENT TEST

" BUNGAI GOLOK Puint 6

FIGURE. = A3-1-8

PRESSURE MEASUREMENT TEST
{Point &) :
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Su Naail Golok
APPENDIX JAR TEST

General

qu T@st Was conducted to avaluate the present dosage rate
of coagulant and to verify the appropriate dosage rate.

~The test was conducted on August 15, L988 For the raw

watar presently used by the waterworks.

Coagulanﬁ Usad

Aluminum sulfate . is being used as coagulant at Su Ngai

‘Golok . Waterworks as well as the othar waterworks, The

@hami@al 15 a solid type in a package of 25 kg bag, which
L3 dissolved in the coagulant solution tank with an
effective volume of about 1.5 cu.m.

According to the operator, ﬁhev arae consuming 75 Kg (three
bags) of aluminum sulfate in thres days. amount of
consumption, dosage rate is calculated as below: '

bosage rate'(R)'for daily average flow rate:

R = 75,000 g/3 days/3.500 cu m/day = 7.14 mg/1
Concentration of the coagulant in the solutien tank is

calculated from the amount of chemical dissolved and the
volume of the tank as follows:

Concentration of coagulant solution (C)

C .= 75,000 ¢g/1.5 cu m, = 30,000 mg/1

This solution was diluted 2 times for use of Jar Test:
thaerefore. solution had the concentration of:

50,000 % (1/2) = 25,000 mg/l

Test Procedure

Test prbcedure'followad the PWA’s regulation for Jar Test.

“Seguence and time are shown as Tollows:

a) Coagulant dosed

H

b) Rapid Mixing, 60 rpm 7.5 min
) Flocculation, 40 rpm - 7.5 min
d) Flocoulation, 25 rpm - 5.0 min

e) Sedimentation, about 5 min

A—3—2-1



Su Ngail Golok

six

e

condition and Results
Jar Test was conducted with a series of
dosage rates. The condition and resulits are as
Table A3-2-1 '
Table A3~2-1 Jar Test Condition and Result
_wmwwnwmmmmmw_wwwmmjm,WM“mg._ e e
Coagulant
Solution {(ml)} 0.1 0.2 0.4 0.6
Dosage Rate . .
(ma/1) 2.5 5.0 10 15
Turkidity after - -
settling 20.5 12.5 2.5 1.2
pH 6.51 6.25 5.61 5.20
Conductivity .
(micro ohm/cm) 2.8 2.0 3.3 4.3
Characteristics : .
of Tloc large large large large
floc floc floc floc

diftferent
shownh in

10.0 to 15.0 mg/l
Considering
increased.

From the resulits above, it is observed-that dosaqe rate of

A-3—2—2

shows. the most effective removal of turbidity.
this, present dosage rate (7.14 mg/l) should be
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Su Ngai Golok
"APPENDIX STUDY ON WATER CONSUMPTION

Pata Collection

Present water consumption data was c¢ollected from the
waterworks’ ' neter reading records for the study of water
demand and distribution network analysis. Meter reading
records at the waterworks office consisl of volumes of
cards In PWA's format for each connection, Monthly
consumplions from September 1987 to August 1888 aof each
'conneLtlon are recorded on this card,

Data collection was made in a manner of copying figures
water  conswnption of each consumer for every month. For
distribution network analysis, each consumer was located
on the map by interviewing meter readers of the
waterworks. When the exact locations were not identified,
they  were  located in some extent of the pipeline. Big
consumers were also identified for further analysis.

‘Collected Data

" Raw data copied from meter reading books was then summed
‘up” by month and by area. The attached sheets hereaftiter
show the summary of water consumption.
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APPENDIX _ QUESTIONNAIRE SURVEY IN. SU NGAI GOLOK (RESIDENTIAL)

_1 Objective

The door-to-door questxonnalre survey was conductaed to obtaln the
bas1c information an the r631dent s living conditions, water use
patterns, responses to the municipal system and/or their own
water sources and willingness for house-connection supply,. and
covared the area setved or unserved by thes municipal water supply
,ystem

2 SurvayiArea
The . $urvey araa was divided into 6 blocks by the roads as shown

in Figure al-2-1. ALl blocks were at present partially served by
the munlc1pal system.

3 Survey.Item'

The form used for the questionnaire survey was orlglnally written
by Thail and included the following items.

L. General
1.1 aAddress
1.2 Type of House
1.3 No. of Persons in Family
1.4 HNo. of Emplovees
1.5 aAverage Monthly Income
1.6 Average Monthly Medical Expense

2. Type of Water Supply
3, Cohditions in case of Municipal System

3.1 Pressure:
3.2 Quantity

4.  Othar Sources than Municipal System
4.1k Type of Source
4.2 Conditions in case of Groundwater
5. Potability
&.  Water Quality in case of Municipal System
6.1 Color
4.2 Smell
6.3 Turbidity
7. Average Monthly Water Consumption
8. Avaerage Monthly Water Charge

A—4—2—1
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o, Nillingnasa Lo Pay tor Water Charge
10. Water Quality in case of Dthar Sburce
10.1 Color .

10.2 8Bmell
10.%  Turbidity

1. Willingness to Connect to the Munlcipal Systen
12, Willingness to Pay for Connection Fee
13. Willingness to Pay for Water Charge

4 Burvey Method

The uwnemplyed graduates were emploved as interviewers and were
engaged in the questionnaire survey with the guidance of the PWA
Head  OFffice staff. The survey was conducted to 77 residents on
pogust 16 and 17, 19886,

5 Survey Results

The rasults of the questionnaire survey are sumharized in Table
Al-5-1.

1) Genaral

76.6% of the respondents lived in residential houses, 1L.7%
in - commercial buildings, 10.4% in residential/commercial
buildings and the remaining 1.3% was unknown due to the
omission of confirmation by the interviewers.

The total numbers of persons in families and emplovees were
3589 and 168, respectively. Accordingly. one household is
composed of 4.79 Family members and 2.21 emplovees on  an
“gverage with a total of 7.00 persons.

‘Regarding the average monthly income, 78.0% respondents were
cin the up=-to-4,500 Baht bracket, or 20.8% in the up-to-2,000
Baht, 35.1% in the 2,001-3,000 Baht and 22.1% in the 3,001~
4,500 . Baht  brackets, respectively. The averagse in
raspondents weighted by the number of persons and the median
in each income bracket was approximately 3,500 Baht, but the
number of persons was biggest in  the 2,001-3.000 Raht
bracket. ’ '

A5 Eo the average monthly medical expense, only 7.7% was 1in
the up-to-50 Raht bracket and 11.7%., 27.3%, 29.9 and 16.9%
were " in the 51-100, 101-200, 201-500 and 501-1,000 Baht
brackets, raspectively. The averags in respondents

- caleulated by the same method as the above is 460 Baht, and
the number of persons was biggest in the the 201-500 Baht
bracket .

A—4—2--3



4)

Tyee of Water oupply

9.1% of the res pondentu u%&d ihe munlclpa] sysbem only, only
83.1% the other source than the municipal system and 7.8%
the combined " system of the municipal  system and obther
source(s). e T '

100% or 70 oul of 70 other sources was groundwater as showp
below. ' '

Block No 1 2 3 4 5 ) fTotal

Municipal System Only - 1 - - - & R/
plus Well - - - - - & &
Well Only ' . 10 5 6 .10 18 4 53
plus Rain/River . 4 2 - - 1 1 8
plus Water Vendor - - 2 - - - 2
plus Others - - e - - - - 1
Total 14 Q 8 10 19 17 77

* Rain/Reservolr and Water Vendor
Response to Municipal System

The reputation of Lhe PWA waterworks among 12 respondents
using the municipal system was s0-s0, .that is to say, 23.1%
complainad of low pressure, 7.7% of insufficient water, 7.7%
of color, 23.1% of smell and 7.7% of turbidity. Those
peopla mostly lived in Block &. ' '

Potability

This guestion was originally intended to know the potability
of tap water, but the answer seemed to be made not only for
the tap water but also for other source water - since the
aquestion followed that on other sources, - :

Accordingly, the evalusastion was made extracting the data
from respondents using tap water or well water only,.

Tap Water Wall water
Drinking - (?) 1 (1.9%5
Mot Drlnklng - (=) L (1.9%)
Both 7 {100%) 49 {92, 4%)
Unknown - =) 2 (3.8%)
fotal 7 {L00%) 53 {L100%)

R A rm e m M UMk ML ek om oam ml Dn o e e em e o m e L X N L T N N LI L I NI R RIS T
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5)

6)

L.9%  used well water for drinking and- 92.4% for drinking
and not-drinking. .

The doublt - as to the kKind of water the respondents (who

answered that they didn’t use only one source for drinking)
usad  for drinking is remained. They may use the water
vendor, - although this 1is not expressed cl&afly in  the
sUrvVay.

Watar Quallty of Other Sourcoes

As ,menLLonad dbove groundwater wWas the main water source.
10.0%  complained of color, 4.3% of asmell and 10.0% of

purbidity.  Scrutinizing the data block by block, such

complaints most}y took place in Blocks 1 and 3. However,
genarally speaking , the people were blessed  with well
watar.

Conditions of Wells
The well'depth distribution is shown below. Between 2.4 and

20 m and 88.6% wells had depths of not more than 10 m. The
wall with a depth of more than 15 m was located in Block 3.

AL e e e Amn e e o e e e e ek G S e e e W M mma TR T b WA e el e em R e L S mm M T Yt sl vk e e p R et o e o Y o R e s e . e Y Tt

Block No. >5im >10m >15m Un- Total
S >5m <1Cm <15m <20m known
1 8 6 - - - 14
2 3 4 - - 1 8
3 3 3 - 1 1 8
4. - 8 2 - - 10
5 3 16 - - - 19
& i 7 2 = 11
Total 18 44 4 1 3 70
Well Depth 3.9 7.9 11.5 20.0
{m) (18) (44) (4) (1)
‘Water Depth 2.4 3.7 5.8 5.0
(m) . {19) (38) {4) (1)
Operation 2.5 1.3 0.5 &.0
Time (h/d) (12)  (26) (2) (1}
No.of _
Fetching - 22.4  28B.8 16.5 - .
Times (1/d) (8) (10) (2) (=)

A A e kM s ek n R m e TR T b TR SR WU e Ty S e W R e 8 L o e e e m e IR MAL Lo R i S e g e T e e e T e e

The figures in parehthases show the number of wells used for
the average calculation.
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D)

8)

Avaragé Monthly Water Consumption, Water Chargs . and
Willingness-to-Pay. ' -

‘Regarding the average monthly water consumption,” 30;8%_ oFf

the respondents belonged to tha up-to-15 cu m bracket and
20.8% and 15.3 % to the 16-30 cu m and 31-50 cu m  brackets,
regspactively. : '

38.4% of. the respondents paid the water. charge in the up—to-
50 Baht bracket and 23.1% in the 51-100 Baht brackets,
while, according to the result on the willingness-to-pay for
mater charge, 23.1% wanted that the water charge would be in
the up-to-50 Baht bracket and 46.1% in  the 51-100 Baht
bracket. The expectant amount was rather less than the

actual payment.
Willingness~to-Connect

Out of 77 respondents, 64 didn’t use the municipal system
at present. However, only 20.3% was willing to eonnect to
the municipal system. They wanted that the conngction fee
would be less than 2,000 Baht (76.9%) and the water charge
less than 100 Baht (84.6%). The response to the water
charge of the possible consumers wWas savarar than that of
the existing consumars. :

Reasons for unwillingness-to-connect were summarized baelow.

Block No. 1 2 3 4 5 6 Total
There is a well & 3 3 3 12 3 30
Wall water is snough 2 - 1 1 i - 5
Well water is clean 2 1 1 1 1 - &
well water is convenient - - - - i - 1
Lack of money : 3 - 2 1 1 - 5
Not my own house - - 1 - - ~ 1
Othars - - - 1 1 1 3z

Total 11 4 8 7 17 4 51
Contents of others were as follows:

o) The well water is better. The tap water sometimes
doesn’t flow. . o _

0 I will connect - to the municipal system  when
constructing the new houss.

o The well water is cool and fresh in: taking a bath.

Most peopls who were unwilling to connect to the. municipal
system thought that they already had wells and those wers
enough or clean. The wsells were very close an
indispensable to their living. S

A—4—-2—6



Table A1-S-1 - SUNHARY OF QUESTIONMAIRE SURVEY TN SU NGAL GOLOX (RESIDEHTIAL)
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- Questionnaire Survey for Hotels






_ Su Noail Golok
gpPENDIX_ _ QUESTIDNNAIRE SURVEY IN 8U NGAI GOLOK (HOTELS)

1 Objective

The door-to-door gquastionnaire survey was cohducted to
obtain the basic information on the hotels’ usage
condition, water use patterns, responses to tha municipal
system and/or their own water sources and willingness for
house-connection supply, and covered the area sarved or

unserved by the municipal water supply system aside Trom
that for the residents.

-2 Survéy_ﬁrea

_ﬁll hotels were targeted for the questionnaire survey.
The area located by hotels are at present served by the municipal
system.

3 survey Item

Thé form'used_for the questionnaire survay_was originally
wiitten by Thai and included the following items.

1. General

1 HName of Hotel
2 Address
3  Average of Occupancy Rate

=

1.
1.
1

2. Facilities

No. of Rooms

Average Room Rate
Swimming Pool
Restaurant and Others

NN N
BN =

3. Type of HWater Supply

4. HWater Consumption by Water Source

5. :Averaga Monthly Water Charge

& :Conditions in case of Municipal System

6.1 Pressure
6.2 Quantity

7. Other Sources than Municipal System

7;1 Type of Source
7.2 Conditions in case of Groundwater

8. Potability

A—i—3—1
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Su Ngal Golok
9. water-guality:

9.1 Municipal System
9.2 0Other Source

Lo willihgness to Connect to the quicipal $ystém
11. willingnéss to Pay for_Connéctién'Fee
12. willingness to Pay for Water Charge
SurQey ﬁathod | |
The unemployed college gradustes were amployed ‘as
interviewsrs and engaged in the questionnaire survey after

the guidance by the PWA Head Office $taff The survey was
comducted to 52 hotels on August 1& and 17, 1988.

Survey Results

Genaral

The occupancy rate wéighted}by the number of FOOINS - wWere
52.2% on an average, 26.0% in the low season and 73.7% in
tha high season, respectively

Facilities

Tha total number of rooms in 51 hotels answered was 1,800
Fooms out of which 1,108 rooms (él. 6%) were air-
conditioned. The average number of rooms per hotel was 37
rooms. The distribution of the room charges are shown
below. 73.1% was leass than 200 Baht. :

L L L L L N RN I D N D L D L o N A e i C o A L o o a  fn  m m ot o foa # on s dn e o o b = i o e ok e

Room Charge (Baht) No.of.Hotels Rate (%)
< 100G - 14 R . 26.9
1oL -~ 200 . C 24 46.2
201 - 300 . . ) = . . 17.3
301 -~ 500 _ . 2 ' 3.8
Unknown . 3 . o - 5.8
Total 52 160

Only one hotel had a swimming pool with a volume of 420 cu
m and there are 19 restaurants and others at 14 hotels.

Type of wétar Subply
40.4% used the munlclpal system, 3.8% other sources - than

the municipal system and 55.8% the comblned system of the
municipal system and other sources.

A—4—3—2
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Su Ngail Golok

In gthar sources, 96.8% was groundwater including the
combination with others as shown below:

Municipal System Only 21
Plus Watar Vendar _ 1

- Plus Well 28
Well Only 2
Total 52

Monthly'water Consumptibn by Water Source

The monthly water consumption in the municipal system
Was studied under the cooperation of the PWA Su Ngai
Golok Waterworks staff. 47 hotels with 1,699 rooms used
tap water with a total amount of 36,677 cu m  in  July,
1988. Accordingly, the average per hotel water
consumption was 780 cu m/mo and the average per  room

water consumption was 21.86 cu &w/mo.

While 7 hotels with 244 rooms in all used well water with
a total. amount of 3,370 cu w/mo. The average water
consumption were 481 cu m/mo. hotel and 13.8 cu wm/mo.
room, respectively, : :

Monthiy Water Chérge

48 hotels Wwith 1,719 rooms paid an amount of 291,714 Baht
for the water charge in July, 1988, Accordingly, the
avarage water chardes were 6,077 Baht/mo. hotel and 169.7
Baht/mo. room. '

Condition in case of Municipal System

Qut of 50 hotels using the municipal system, 24.0% had a
complaint of low pressure, 14.0% of insufficient water,
46.0% of color, 54.0% of smell and 52.0% of turbidity. as
compared . with the results for residents, the response of

hotels were rather sevarer than that of the residents.

Conditions in Case of Other Sources

-As mentioned abevé, almost hotels used groundwater. 3.3%

complained of color, 16.7% -of smell and 13.3% of
turbidity. ®As compared with tap water, the complaints of
water quality was rather less in groundwater.

Potapility

21 hotels used the municipal system only and answared they

used tap water for both drinking and not-drinking.

A-4d—3-3
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Su’ Ngai Golok
willingnﬁsswto~toﬁnebt-
Only 2 hotels didn’t use the munlclpal system but . both
were willing to connéct to the municipal system and wanteg

that the connection fee would be legs than 3,000 Baht ang
the monthly water charge less than 2,000 Baht.

A-4-3-—4
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Sungal Golok

APPENDIX . QUESTIONNAIRE SURVEY IN SU NGAI GOLOK (INDUSTRIAL)

1 :

Obgectlve

The door-to- dmor‘ quastionnaire survey was conducted to
obtain the basic information on the factories’ production
conditions, water use patterns, responses to the municipal
system’ and/or their own water sources and willingness for
house-conngction supply, and cavarad the ares served or

unserved by the municipal water supply sysfam aside from
that for residents.

Survey Area

Major factories weres targsted for  the questionnaire
survey . The area located by those factories are at
present sarved by the muhicipal system.

Survey Item

The form used for the questionnaire survey was originally
written by Thai and included the following items.

1. General
1.1 -Name of Company
1.2 Address
1.3 Type of Factory
1.4 Annual Production
1.5 No. of Present Emplovess
1.6 Area of Factory

2. . Water Consumption by Usage

2.1 Hashing

2.2 Cooling :
2.3 Raw Materials
2.4 Boiling

2.5  Re-use

2.6 ‘0Others

3. Wastewater Treatment Facility
4. Type of Water Supply
5.  Conditions in case of Municipal system

5.1 Pressura
5.2 Quantity

6. Gther Sources thanm Municipal System

&.1 Type of Source
6.2 Conditions in case of Groundwater

A—4-—-4—1
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4)

Sungal Golok
7. Potability

8. Water Quality

8.1 Munlczpal System (Color, Smell and Turbldlty)
8.2 . Other Sources (Color, Small and Turbmdlty)

9. -Nllllngnass:to Connact to tha_Munzc;pal System
10. Willingness to Pay for,Connectimh”Fee
11. Willingness to Pay for Water Charge

Survey Mathod

The unemploved college graduates were  emploved as
interviewers and engaged in the questionnaire survey after
the guidance by the PWA Head Office staff. ' The survey was
conducted to 20 factories on August 16 and 17, 1988.

Survey Results

General

A various type of factories such as food processing, metal
fabrication, construction materials, wooden products and
others were in operation in the particular arsas.

The average number of empidyees per factory was 20 persons
and 70% was small with a number of smplovees of not  more

than 20.

The average area of factory was approximately 2,206 sq m,
however excluding three (3) factories with an area of more
than 5,000 sgq m, it was 854 sq m.

Water Consunmption by Usage
Except for one factory with a monthly water consumption of
135 cu m and unknown four factories, the monthly water

consumptions were less than 20 cu m  which reguire no
special consideration.

Wastewater Treatment Facility

25.0%, or 5 out of 20 factories had thelr own wastewater
treatment facilities.

Type of Water Supply
25.0% used the municipal system only, 60.0% othér SOUTCS
than the municipal system and the remaining 15.0% the

combination system of the municipal system. and other
sources :

A-d—4--2
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In  other sources, 93.3% or 14 out of 15 other sources
were phe ghoundwater only, 23.3% the rain/river water

‘Municipal System Only 5
Plus Well z
Well dhly 11
Pond/Reservoir Only 1
Total S 20

The distribution of the well depth is as follows:

Well Depth (m) Mo. of Wells
Up to 5.0 -
5.1 + 10.0 7
10.4 - 15.0 4
1501 - 20.0 -
20.1 - 30.0 3

Conditiona of Municipal System

" Out of 8 factories using the municipal system, 2 factories

complained_ of low pressure, one factory of insufficient
water and 2 factories of color, smell and turbidity.

conditions of Other Sources

gut of 15 factories using the other sources, 2 factories
complained of color and smell and ong factory of

turbidity, but the complaint of water guality was less in
other sources, as compared with tap water.

Potability

The majority of factories using only one source used it
for drinking as shown below.

e e vw v e e v b v o b wh e e g e G e e amp e T Y e m Sw MW v s e e —r  ww bl es o T YR W Y e 7T oS oTT T oA om o4l IOV OT TN
N R N A I N O L R ISR m M m s m s mmman s s s s e =

Tap Water Well Water
Drinking 1 1
Not Drinking - 2
Both 3 S
Total 4 12

I e T et vibadbadidl-rlbredbocivi g o
A e ad W g ey et Map Wk Tm e i A e Ty wm o b ommoe YT [Erriaibdongiomiuiiaie g niingienipriies i G- P SR HE S
PR L AL L L R RS mm ot mm e o =
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Willinghass to Connect
B58.3% was Willing_to connact to : the. municipal .system,
Those factories wanted that the connection fae would bg

lass  than 3,000 Baht (71.4%) and the water. charge less
than 2,000 Baht (71.4%). . S
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~ Construction Unit Cost
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& A/C Pipe {Class 20 Noraal type) {1982}
{0y - o _
100 xa 115 12 §3 190 T i 261 153 L k{ TR W e
150 as 189 19 87 295 12 it W L5k 311 807 LU 580
100 an it 3 10§ {82 2 10§ 643 18 ged 1 L1 8-
250 o 54 i 142 ] W 885 1% 1091 91 L1 L,0%0
00 an 641 54 188 838 i 11 123 IR 7 T N €1 S K2 v N 18 § I W U
400 ux 1212 122 it B (311 81 38 20 1 ML M Lu 2,50
500 ex 1699 110 0 e 1H 408 3096 CEIJ £ S [ N O B 9
600 xn 2187 28 398 . M 178 626 3967 MY OiF M LI L
b. Steel Pipe (15 1) o .
150 & 556 8 i 4 o1 1008 188 - 16 1267 .93 1
20 ue %08 136 125 168 oo 10 1587 181. 1M9 1828 ¢ Loy LM
250 3y 1216 {4 {1664 { ki £136 196 33 6. 0.8 2,%0
300 g 1507 e w190 X 42 2603 /TR KT I ') LS N B 1
00 22 1497 Y @81 My W 533 1378 a1 364 BH . LM 3,580
500 ex 2261 339 {06 3006 A13 - 66R 233 0 B4 e L0 i
600 wo il §08 EF ] 11 288 829 5252 My 00 5103 Lo 5800
700 13 oun in B8% 43l 382 379 6208 407 e6R2 6005 110 6,600
800 2 £521 1 932 5138 {60 1383 §181 5 e ' 9,250
400 ax 5164 16 1080 8921 582 1578 9886 §13 10508 18,516
1099 se §804 1021 n01 0 922 118 2088 13234 591 13813 13,820
1100 n 926 1189 1832 1OMS 8% 238 15460 39 16099 S 15,160
1200 52 9048 1387 1863 12288 0 2193 17708 897 10 18,40
1350 ue 11000 1650 2268 L4915 1303 3407 21594 T84 22918 o, 380
1500 p2 12059 1943 2867 17BA3  IGt6 4027 5526 871 26308 26,400

t5 fote: Pipe waterial prices are estisated from the conbractor’s purchasing price
as of Bec, 1988
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lnit Cost

cor Distridation Pipeline {Transportation ¢ 800 k)

........................... ————

................................................................................

Tten Katerial Fitting lLabor Sub%otal Yraosprt Profit-~ Total 1 Pavemeat
: {¢800ka) ete.{21%){¢/10¢cont) Tetal { Mopted
{1988}
PRA
CitiRt Uaif Rate Based on Pipe Material Cost as of Decewber,1988 IS Price  Ratio
2, MG pipe (Class 20 Rormal type) {1987)
' {25 ¢ :

10 ez ' 115 29: 63 i T £ 54 153 137 It 1.28 g
150 &8 ‘ 184 i 87 EEE| 12 i {48 168 sU 5§41 b1 10
200 1 328 L 181 5l a1 108 181 890 (K1 g0
250 qn R 113 142 08 kH 158 184 158 1181 m (22 1,180
300 m 643 t6l 198 991 i it 1328 P E A 171 134 1.2t 1,64
400 ex 12 kAT m 10 8 397 1 3¢ AU T 4T T 8§ U 8 £
500 wa 1698 {25 i Hi fid $42 i 308 4 3098 Lat 3,
600 sk 2181 541 198 KIEH] 176 £35 4403 34 1752 335 L2t 4,15

b, §teel Pipe {3 1 ‘ ' '
Blen 550 193 1§ LI .71 13 182 [154 168 - 1322 1T L4 [,320
WMe 908 3 125 - 1350 U 29 1828 181 2000 1628 L 9,010
Hb 1210 e m 1806 {2 158 259 [96 285 2351 LI 2,650
e 1507 527 Hnr o s 63 i3 1088 i N By LU 3L
{00 = 1887 650 81 2828 3 §i2 1880 2N {151 2 Ly 150
500w 2261 191 g 3 I 13 {835 Yy sy Ly 50
609 ¢ : ny 883 L33 120 288 43 071 344 6325 5103 L3 6,330
100 £ Nyl 855 1346 LT V ki 1052 07 MRy B LM 7,480
80 ue 1527 1§ XA (11X B0 1 5356 15 1045 10,450
309 = 5104 1188 1031 (£TY I ) 1180 il LTA R Y] 11,870
1060 se . RO pr: )| 11 195%8 Hy WM 15045 3t 15528 15,630
108 22 [T T 27 S YA S §1516 835 18208 : 18,210
1300w - 3048 38T 1883 1M1 i03t 30 2WH3 591 20810 20,810
1350 e 11000 350 226 MBS WY e U5 1 ERA Y : 25,310
100 5 12083 4833 2867 L015% 1616 - M W 31 29818 29,800

1 fote: Pige waterial prices are estizated frow the contractor's purchasiag price

e b e g T R L R T 0 e 8 A bk A
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Unit Cost

Yor Trassaission Pipeline [Tranegortation b= 800 iu)

................................................................................

itee Katerial Fitting labor Subfotal Tramsprt Profit  Tolal I Pavement , B
{10%) (=800ke}ete. {210 xf 108cont ) Total 2~ idopted
{1388)
(RE2E8E Unit Rate Based oa Pipe Naterial Cost as of Decesber,1988 BREEEEE)
a. A/C Pipe {Clags 20 Roreal Eype)
(10 %) - - |
100 ax it 12 §3 19¢ 13 K 210 153 i L
150 en 184 1 81 295 U 87 i 168 533 807 LI1T 890
200 we 328 33 i {62 il 106 870 181 882 138 1,16 850
Nt 15 4 142 541 8 148 47 1 1y 8 LI 1,130
300 xe §43 ! 188 835 8 208 1308 SO 1.1 SR kT S 10 T R 41
100 ne 1217 122 119 1618 175 3. 2387 41 1658 2298 116 2,660
0w 1699 170 N3 282 288 58 3288 309 3587 1083 L6 3,600
600 ax 2187 a9 (T T 352 663 £201 K73 R YL I 1T S OO (R 41
b, Steel Pipe (15 1] o : :
150 uE 550 83 1 My i 162 1028 168 i193 R 0. L2n
200 o 808 136 125 - 1168 ' 111 1518 181 180t 1625 L1 1,800
2350 1 (214 182 - I 1864 83 U6 AL B 28T 2wl Lo 2,390
360 m 1507 216 1A 1360 - 12t 438 2??& 44 Ri1Y7 Ws R 3,08
400 52 1887 283 51 | 115 e 1498 i e BRI LT L1
500 2 2261 119 {06 006 150 105 {465 05 418 4y LB 8
500 wn 1723 408 LFI I 114 51 883 . 5638 B8RS 5100 LIT 598
100 ea S un {11 ) 1311 104 153 - 68l {01 1081 §00% 1,13 1,088
800 we 4521 81 932 6139 9% 1483 4393 iBF g7 : 5,880
400 un 5104 766 1051 %21 1163 1698 19769 523 11283 11,280
1000 us Tes04 MRl (gL 2l 1436 N 1419 1 L 14,710
10 e 7926 189 1832 10M46 1738 - 2622 . 16616 633 1725 , 17,260
1300 ex 9048 1357 1863 12288 2088 0H - 19081 - 657 191 _ i9, 788
1350 na 11000 1850 2268 14916 2617 - 3682 23336 184 020 04,12
1500 = 12883 1943 2887 17563 i 1387 21611 811 28548 ) 83,530

414 Rote: Pipe waterial prices are estimated frow the coatractor's parchasing price
as of Dec.1983
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It Cost

por Distribation Pipeline {Transpurtaf.i.on PERTL Y

..............................................................................

Iten Haterial PRitting Labor Subfotal Tramsprt Profit  Total ! Pavement
{y=800ke)etc. (213} {w/10%cont) Total J Adopted
(1968)
¢kERre nil Rate Based on Pipe Naterial Cost ag of Decenber, 1938 teEEE)
8, 4fC Pipe {Class 20 Horaa] type}
{25 1}
100 1 115 i 83 207 13 i 3K 153 #He oMLy 450
150 m 189 {1 i 3 H 1l 162 168 530 T L4 63
MW w 38 82 16§ 21 Y 1 118 738 181 97 1 LA §20
250 us i 18 2 109 £3 162 1028 196 12 M L¥ o 1,2
04 aa 643 181 188 991 i1 21 1436 e M2 125 1,680
W 1200 K17 me 0l 17 i 2630 2000 %% L6 2,90
500 m 1693 42 WUy 288 512 621 309 936 8 127 3,040
600 me 2187 37 98 3N 152 132 1637 MY 886 1M L7 4090
b, Steel Plpe : (3 1) S '
154 w B L 181 1 B84 % 185 11! 188 140 267 Ld 1,340
200 2x 808 18 15 1380 i Rl [881 181 2042 1625 L2 2,040
T 1219 4 2. 1hae 43 397 AL 196 0 2% LB 2,70
300 1 1507 aroar uk [21 502 3179 T I 7 S ) LT 8 | XY 4
160 n2 1887 660 21 B R §31 1997 £¥ P U 71T B3 T S O B ¥ [
500 am 261 13 {06 438 350 800 5068 09 BT L3 5,300
500w 2123 853 L3 1)) LYF il Tt 6361 My g H0F 1Al 6,710
00 pg I B X 855 946 w1187 7520 01 mEr 808 L2 1,930
8000 §52r 1% 932 My $19 1672 10598 g5 11082 11,860
T Slg 1786 18 TMD O 56y 1912 12118 - 831 1264 12,640
1060 m S04 2381 1401 R0S86 M6 2538 16601 581 16882 16,580
160 e fRe M KR I 1m 29%8 18726 6§38 19365 13,310
1300 s o048 3167 1863 01T 2068 3301 21400 897 22187 22,190
1350 m 1066 3880 2265 1115 267 41 26064 T8 20049 21,050
150 un 12953 4533 2681 20153 nioooun 3125 BT 31988 32,000

4t fole: Pipe latenal prices are estivaled frow the contraclor’s purchasing price
a3 of Dec.1988

................................................................................................................................
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{lait Cost

------------------

...................................................................

Concrete Work Baht
{incl. Rorn Rork,Scafolding)

Re-Bar Baht

Unit Cuncréte Cost
{incl.Foru ¥ork,Scafolding,

Re-Bar{[100%¢/eu 2 concrete}})

..............................................................................................................

Barth ¥ork
Excavation (with Backfill])

Soil Fill

Architectural Works
Auinistyation Rldg,
fead Quarter Bldg.

Chlorination House Baht

Pusp Rouse Bakt
{exct.parp pit}

----------------------------------------------

. Adopted
ost
{1988) ‘

L]l

M

Price in 3 Lovest Retimated Cost . PiA's Unit Cost
Tenders - (1988} (A)3.3 {for 1987}
(A}
?,2&0 Jou Baht 2,970 Jeu e -
18 kg Baht 24 [ig -
Badt 5,370 fou -
8 feu e 19 foun -
53 fen v 16
4,518 feq v [RUFTTY
3,812 5,160
2,80 fsg 0 Babt 4,043 Jsgx 3610 - 4300
2,687 fsqn - 3540 - 4200

1,860 fsq &

Babt

...............................................................................................................
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Bait Cost

............................................................................................................

Construction ¥orks P35 Cosi Uait Cost Estisated Gost Rgopted
: {for 1987} (8aht/cu afh} {fac 1089 Gost
{Baht 1000 (x} {A}1.30 (1988}
Treatment Pacilities tnit Cost Unit Cost
. {8abtfcu p/h) {Bahtfcn ofk)
Sedirentation Bagin
30 co ofke L3 28,200 3,109 34,000
100 cu ofhr 1,633 16,330 21,200 21,000
2060 cu s/he 1,136 15,680 20,400 20,000
250 cu w/he 5,133 0,532 26,700 27,080
500 cu a/ke 7,708 15,416 20,000 20,000
1000 ¢ afbe 11,14 11,783 23,000 21,4000
Filters
50 cu afhe 583 11,750 15,300 1§,000
109 cu wf/he 1,044 10,440 13,600 14,800
100 oy efhr &, 11,135 14,300 15,800
250 cu wfhe 8,337 8,348 12,200 12,008
800 cu afhe 4,674 8,344 12,200 12,000
1000 cu vfke 11,356 11,358 14,800 15,000
Clear Xater Reservoir Unif Cost {fait Cost
_ (Bakt/cu n) {Baht/cu x)
S0 cae B3t I, 2,300 2,300
1088 e n 1,828 1,624 3,100 Nt
1500 eu'w 2,693 1,199 2,300 2,300
2000 cu 2 2,803 1,482 1,860 L,800
AL T 3,282 1,488 1,909 1,908
3000 ca » 5,633 3, 2,900 2,300
- 3300 cu s §,603 2,001 60 2,500
1000 e n 110 1,39 1,510 2,500
5800 cu « : 10,809 1,864 2,400 2,400
Blevated Tank Cost Cost
{Baht 1400 {Baht 1800}
5 cun (T4 1 900
C 120cuw 1,146 1,430 1,500
- ey 1,34 1,810 1,300
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