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high, it is hard to open and close by hand. Accordingly, the

washing has not heen practiced sufficiently.

The major features of the above mentioned three Wafer Treatment Plants are

summarized in Table-5,2.

5,3.2 Mae Rim and San Kamphaeng
1) Mae Rim

The Mae Rim Treatment Plant is located on the hill about 2 K west of .-
highway No. 107 and intake site 'is locatéd close to a rivulet of Ram Nami Me
Sa River about 0.9 Km“fﬁrther-frOm'the’plant, The plant'compriées an old
fécility of 80 m/h éapacity and a new one of 250 m/h capacity. The layout
is Shown in Fig-5.9 and the major features of the Tréatment Pl&nﬁ are

summarized in Table-5.3 together with those of_the'San Kamphaeng Plant.

The above two facilities were.desiqned.based-pn the PWA standards and as
the result of treated water qﬁality testing, it has been proved that the
~water guality meets the DWS satisfaétorily. As each facility'has-been
periodically checked and maintained, there has beeﬁ no noticeable mechani.—~
cal failure, Chlorination has been applied without controlling the dosing

rate and measuring the residual chlorine,

2) San Kamphaeng

This treatment plant is located in a guiet place facing the ﬁaih.rdéd'ﬁsing
connecting to Cﬁiangmai Municipality.. The'plant;'consfructed in1970, is
deep wells. The aeratién systém aﬁd treatmént facilities of 80 cu m/h (=
1,920 cu m/d) were added to the plant because iron and manganese contents
of raw water were found.to_be high eventually. The layout is Shown in Fig~

5.10.

The condition of facilities are more or less same as those in the Mae Rinm
Treatment Plant. The measuring device of the chlorine container’'s weight

is also lacking.
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Table~5.2 OUTLINE OF THREE TREATMENT PﬂANTS IN CHIANGMAI WATERWORKS

e nan o

1784

HANG STHG KAM
TREATHENT PLANT

R
TREATHENT PLANT

PATON
TRUATHERT PLANT

Mater Source

{apacity

Facilities
- Receiving ¥ell

- Flacculztion Basin

- Sedimentation Basin

- Filter Bed

= Clear Hater Reservoir
Detention tiee 7.0 his

Chemical application
Coaguiant
Alkaline
Chlorine

Piné River
(Ban Tho Intake)

(1 80 w3/h
(& 250 ni/h

(1) Horizental zigzag flow

{H) 1 basin

(1) ¥ = 40 nl

(1) Detention tiee = 30 ein.
(2 Vertical zidzag flow
@ 2basins

(2 V =50 w3/basin

(2) Detention time = 24 min;

(1) Horizontal fiuw
) 1 basin
(I V= 350 =3

- (1) Detention time = 4.3 hrs
€2 Horizontal flow

(D 2 basins

Q) V.= 340 nd/basic .

(D Detention time=2.7 hrs

M 2 beds ‘

(1) Filtration rate=3.8 »}/hr/n?

(D 5beds :
(2) Piltration rate=3.8 wd/he/n2

V = 500 and. 1,800 a3

ﬁluniniﬁa Sulfate
Caleium Hydroxide

‘Chlovine gas and Bleaching

powder

Hae Tang !rriéatiun canal

O 260 &3/l
(2 1,000 83/h

(® 1 basin
(2> Detention fime = 6.5 rin.

(1) Vertical zigzag flow

1) 2 basin ,

(O V=50 wdbasin

(1> Betention tise = 24 ain.
(D Horizontal Flocculaters
() 4 basins

(D V= 250 wl/basin

(2 Detention time = 60 min.

(1) Horizental flow

1) 2 basins

{1) ¥ = 340 #3/basin

(1) Delention tise = 2.7 hrs
(2> Worizontal {lion

(D 2 basins

(D ¥ = 2,680 wi/basin

D Retention time=5.4 hrs

- (1) 5 beds

(1> Filtration rate=3.8 ad/he/n2
- (D) 8 beds

{2 Filtration rate=3.2 md/hr/u2

V = 1,800 and 6,000 nd
Petention tise 6.2 hrs

Aluainium Sulfate
Calcium Hydroxide
Chlorine gas

Ping River
Ban Tho Intake)

668 cu /b

1 #ell
V=183 cu a
Retention tiwe=17 min,

Vortical Blogculators
4 basins

V=103 cu whasin
fetention time=3T7 min.

lorizontal flow

2 basins

¥=1,080 ex w/basin
Retention time=1. 3 hrs

6 heds-
Biltration rate=d.1 »d/hr/g2

¥ = 4,500 u3
Detention lime 5.9 hrs

fluginive Sulfate
Calcium Hydroxide
{hlorine gas

Note : llmong Treatwent Plant has a 200,000 ¢u w capacity
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NO SCALE

STAFF BOUSES -

CLEAR WATER
RESERVOIR

N[

CHEMICAL BUILDING

250 m3/d: ,
FILTER AND pd
SEDIMENTATION BA: }u/ ] Ul 7 ‘
/ H A . :
¢ it

SR AP, Ay VWil . e e ¥

/ 1 R WASTEWATER
¥ |

\ POND

_ WAREHOUSE
\ . : 80‘m3/d' - . _ '
. : FILTER AND - ‘ \
\ SEDTMENTATION BASIN W\ \
\. WATERWORKS ~ — T )\ /

\ - . OFFICE - - /

. _ . SERVICE
AREA

Note : For capacity and volume referred -}

to Table-5.3. 3+
TO INTAKE
FIGURE : . LAYOUT
- . OF
5.9 ' MAE RIM TREATMENT PLANT
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Tabel-5.3 OUTLING OF WAE RIM AND SAR KAMPHAFEG THRATMNT PLANTS

ITEN

AE RIN
TREATHAT PLANT

SAN KAMPHARNG

Hater Source
(apacity

Facilities
- Floceulation Basin -

Lam Nau Mae Sa
(Iributary of Ping River)

D 80wk

@ 250 wi/h

(1) Vertical zigzag flow
{1>'1 basin '
My=aww
(1) Detention time = 30 min
(B Vertical zigzag flow

D 2 basins .

(D V=50 sd/basin

D Detention time = 24 min

- Sedirentat jon Basin

D Heffzunfal‘fIOH .

) 1basin.
IV = 350 w3

4D Detention time = 4.3 hrs

- Filter Bed

- Cléa; Water Reserveir

Chemical aplication
{oagulant
Alkaline
{hiorine

(D Horizontal flox

(2) 2 basin
(2 ¥ = 340 8d/basin
(2 Detention tike = 2.7 hrs

) 2 beds _

(I Filtration rate=3.8 wd/hr/n2
(2 5 beds -

(D Filtration rate=3.8 s3/hr/n2

V= 1,800 3 |
Detention time = 5.0 hrs

Chlorine gas and Bleaching
powder

~'TRRATMENT PLANT.

Grounduafgr
Mell depth: 902

) 80 »d/h

(l)'Veftical zigzag flow

1) 1 basin

(1) ¥'= 40 =3
(1) Detention tine = 30 min

(1) YHorizontal flow

{D 1 basin

M V=350

() Detention time = 4.3 hrs

{1) 2 bids

© 1) Filtration rate=3. 8 ad/hv/s?

V =950 and 126 w3
Detention time = 7.6 hrs

ﬁlunﬁniuﬁ Sulfate .

_ €alcium Hydroxide

Chlorine gas
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5.4 Distribution Facilities
5.4,1 Chiangmai

_.Distribution pumps at the treatment plants liftiwater from ¢lear water
reéeryéir to pump it to the network. Corresponding to the fluctuéting '
pattern of water demand, the number of distribution pumps put in operation
is adjusted, so that the:de1ivéry pressures in the Paton and Umong Treat-

“ment Plant are maintained at lower than 2.8 and 2.0 kg/sq cm respectively.

Accordiﬁg:to the guestionnaire survey, most of the service area, except in
- and éround the high elevation area near the Umong Plant, is pressurized
satisfactorily, as the answer complaining of low pressure was about 8 %.

_ Héwevar, when the_Umong Plant was suspended of its operation, the nearby’

area's people experienced'poof Suﬁply.

Tablé-5,4 (l)‘shows'the-distribution pipelines, classified by size and
material. The asbestos cement pipes (ACO) are, in size, less than 300 mm
and include more than 15'yéars 0ld Class 10 and 12 {(low pressure service)

and Class 15 laid in recent years.

The network shown in Fig- 5 11 covers most of the areas of high demand and
naturally larger size plpes are used in the central parts of the Munici-
pallty. As shown 1n the same figure, a 300 mm pipeline is connected with

Mae Rim water supply system,

About 140 valves for controlling distribution and about 120 fire hydrants
for-protectiqn against fire are located at the strategic points and air
valves are installed mainly on pipe bridges, the peak points in the pipe-

1lines' profile.

The hbuse~cohhections; nﬁmbering about 15;700 as of September 1985, are

.'mbStly provided with a-water meter and stop valve,
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Table-5.4.(1) DIAMETER AND LENGTH OF EXISTING PIPELINE
CHIANGMAT WATERWORKS

Dié. Material Length
(mm) _ : ~- _ o (m)
500 Ductile iron S,QOOH'
450 ~ @ - - 1,000
400 - do - 6,000
350 ~do - . 3,000
.300 Asbestoé cement .‘17,000
250 —do - . . . 4,000
200 - do - © 21,000
150 . ~de~ 31,000
160 - - do - 16,000
TOTAL . 104,000

5.4.2 Mae Rim and San Kamphaeng
1) Mae Rim

As the treatment plant and_distribution reservoir ére located on'a low
hill, higher the service area in elevation, treated water is delivered by

gravity.

‘Table-5.4 (2) shows the diétribution:pipelines, cléSsifiéd'bYZSize. The
300 mm diametér, 10.4 km long pipelihé is lai& along fHE'Méin Road 107 and
connected to the distributioﬁ_neﬁwork_of thé_Chiangmai Watefwofks. The 300
mm dia, pipeline serves the lérge'congumers such as the qrmy7camp,
Chiangmai Hospital and_Land-Dévelopment Office 1ocated along the route,

The rest consisting of 100 to 250 mm diameter, 12 km long in total, is

arranged as shown in Fig-5,12.

About 40 valves and 30 fire hydrants are installed at the'strategic points
of the distribution networks. There are_about 800 house connections rang-

ing from 1/2 to 6 inches.
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2) San Kamphaeng

.fTreated water is pumped to the elevated tank and delivered therefrom to the
.servnce area by grav1ty. the ACP of 100 t6 200 mm in diametér and 22 km
.:1ong 1n total, as listed in Table-5.4 (2), is 1aid as shown in'Figﬁ5.13'and
:25 valves ‘and 18 hydrants are installed. House connections totaled about
1,400 at the end of 1985, The meter diameter.ranges from 1/2 to 3 inches

: _ahd more than 90 % of the smallest size of 172 inch.
' Table-5.4 (2) DIAMETER AND LENGTH OF EXISTING PIPELINE

SANITARY DISTRICTS

Dia. pipe Length (m)
(o) MAE RIM SAN KAMPHAENG
300 . 10,400
250 1,400
- 200 3,000 3,000
150 . 2,500 6,000
100 5,000 13,000
TOTAL 22,300 © 22,000
Note: All pipe material of the Sanitary.Districts_are Ashestos cement

'§ipe.

5.5 Rehabilitation and Modification Works

‘The facilities described heretofore are planned for use in future,

To plepare for thg future increase of water demand, rehabilitation and
‘modification of the existing facilities are of absolute neceSSLty as well

as expan51on'of_them.

. Phe planned rehabilitation, modification and expansion works will be

detailed in Chapter 7 later.
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Chapter &) POPULATION AND WATER DEMAND
6.1 General

This chapter deals with the fulture population and water demand of the
service area comprising, as defined in the scope of work, Chiangmai Munici-
pality, and San Sai, San Kamphaeng, Saraphi, Hang Dong and Mae Rim Sanitary

Districts.

The future water demands were estimated based on analyzing the served
populations and the water conéumption records provided by PWA.  The past
trend was.studied for each category of water uses, such as domestic, gov~
ernment, commercial and industrial and the future water demands were esti-
mated category-wise., Since the major economy of the Municipality is tou-
rism, the water requirements by tourism are also analyzed and included in
the forecast. For forecasting the future population and wabter demand, PWA

Design Criteria was also referred and taken into consideration.

For the details of the forecast, refer to Appendix 1 POPULATION FORECAST
and Appendix 2 FUTURE WATER DEMAND, '

6.2 Population

6.2.1 Past trend of population

The records of populations of Chiangmai and the five sanitary districts for

last the 10 years are summarized in Table-6.1.

The past trend of Chiangmai shows stable increase of 2 % per year on an
average except adijustment by census results in 1980 and incorporation of

surrounding areas in 1983,

The five sanitary districts showed an average population increase at 5.6 %

.per year for last the 10 years.
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6.2.2 Population Forecast

The populafion growth'ﬁode}s are examined in the present study and the most
'.probable:mddel is adopted to forecast future population of each district of
" the service area. -

Chianémai ig envisaged to increase its population at 2 % per vear, a rate
observed for the last 10 years. Future populations of each of the five

"sanitary districts are separately estimated. The popuiation forecasts are

summarized in Table-6.2,

Table-6.2 POPULATION OF THE PROJECT AREA

AREA 1985 1990 1995 2000 2050 2010
 CHIANGMAT 155,000 164,000 173,000 181,000 190,000 199,000
MAE RIM 11,100 11,600 12,000 12,600 13,100 13,600
| SAN KAMPHAENG 17,000 18,80 = 20,600 22,400 24,200 26,100
SAN SAT 22,200 22,700 - 23,200 23,700 24,200 24,700
" SARAPHI 8,800 9,600 10,300 11,100 12,006 13,000
_HANG DONG 5,200 5,500 5,800 6,100 6,400 6,700
TOTAL 219,300 232,200 244,900 256,900 269,900 283,100

6,3  Service Area and Served Population
6.3.1  Service Area

As the wétérwérks of_Cﬁiangmai, Mae Rim and San Kamphaeng:are under the
f_control.of.PWA,_fhe present service area is defined.to be consisﬁinq of the
service'afeakéf-Chiangmai Waterworks and the two sanitary districts, 1In
Chiahgmai[ theiservide area is almost identical to the municipaii£y's

administrative area. .



Unitil 2000 the present status will be kgpt, while the seérvice area is

expected to expand in the municipality and ganitary districts

San Sai and Saraphi, presently lécking water supply. service, will have to
establish their own system in near future and Hang Dong, presently - served

by a small system will have to expand the. system.
After 2000, the present PWA service are will be linked to the service area
. of San Sai and Saraphi possibly, though.Hang Dong's will be remain ‘iso-

lated.

The present and future service area is presénted on Fig-6.1,

6,3.2 Served Popuiation

The future population to be served by the plannéd water supply'éystem,'will:
be projected, taking into consideration of the population growth, expansion’
of the service area, socio-economic conditions and availability of alterna-

tive water source.

The pfojected served populations is tabulated in.Tablev6{3f
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fable~6.3 FUTURE SERVED POPULATIONS

Chiangmai
- Population
- Served'Ratio (%)

- Served Population

Mae Rim
- Popdlétioh-
- Service Ratio (%)

- Served Population

San Kamphaeng
- Population
-~ Servige Ratio (%)

- Served Population

San- Sai
- Population
- Sétvice Ratio (%)

- Served Population

Safaphi
- Population _
~ Service Ratio (%}

- Served Population

Haﬁg Dong
- Population
- Service Ratio (%)

-~ Served Population

" Total Served

Population’

155,000
52
80,600

11,084
' 42
4,655

17,000

- 34
5,760

22,200

8,800

5,200

164,000-

61
100,040

11,600

53

6,148

18,800
43
2,084

22,700
15

3,405

9,600
15
1,440

5,500
15
825

119,942

173,000
67
115,910

12,000
61

7,320 -

20,600

10,300

23,200
27
6,264

10,3006
27
2,781

5,800
2
1,566

144,141

181,000
70
126,700

12,600
65
8,190

22,400
57
12,768

23,700
8,532
11,100

36
3,996

6,100
36
2,196

162,382

190,000
73
138, 700

13,100
68
8,908

24,200
62
15,004

124,200
a4
10,648

12,000
44

5,280

6,400

44
2,816

181, 356

199,000
75
149,250

13,600
70
9,520

26,100
65
16,965

24,700
50
12.350

13,000
50
6,500

6,700
50
3,350

197,935



6.3,3 Tourist PForecast

The number of tourlsts in the fuLuxe shall be studied, as it will certalnly
affect the water demand. The forecasted number, however,; is not to be
included in the population but to be used in estimating the water demand by

tourism,
For forecasting the tourist's number, the study team held discussions with
TAT,IDTCP, and the Municipal Office.  The discussions and previous study

veports on the tourism sector are reflected in the forecasts. Annual

tourist forecasts are'shdwn in Table-6.4.

Table-6.4 TOURIST FORECAST

Annual visits Average - Average
Year of Length ' baily_TéuriSts
. Tourists of  (persons/day)

(persons/year) Stay
1983 534,005 3 4,389
1984 561,150 3 4,612
1985 591,597 3 4,862
1990 . 733,364 3 6,028
1995 862, 560 3 7,090
2000 983,002 3 8,079
2050 1,096,833 3 9,015
2010 1,205,411 3 9,907

(Average Déily.Tourists) = (Annual Visits ofITourisfs)

¥ {Average Length 6ffstéy)/365_'



6.4 Water Demands

The study of water demands is detailed in APPENDIX 2 attached to this

feport.

In this sub-section, the water consumption classified by categorized'eonsuh
mer'group“ of Chiangmai is forecasted. Following it, the unaccounted-for
ratio and the peak factor, ratio of the .maximum to average day coneumptlon,

are estlmated,

U51ng the above data, the maximum and average day demands of Chlangmal are

calculated, tabulated and plotted in a figure,

The same process 1is applied to the five sanitary districts.

6.4:1 Chiangmai .

'Table*6.5 sh0ws_tﬁe.Water consumption classified by categerized consumer
greups, Each of the five eategories‘ consumption is expressed in terms of
per capita. .The‘percentage of use shows the non-revenue water accounts for
34 % of the total and the percentage to total consumption is the ratio of

each consumptlon to the total revenue-pearing water.

1) Domestic Water Consﬁmption

"Thétdomestic water consumption is.estimated on the per capita basis. 1Lt is
at 143.19&6 in 198%. The future per capita consumption is assumed to
gradually increase to 185 lpad in 2000 and 210 lpcd in 2010, From the
assumed per capita consumption and estimated served population, the future
60mestic water-consumption is estimated, as shown in Table-6.6.

2) Commercial Water Consumption

- This category includee consumptions at restaurants, bars and shops.

This coﬁeumption:is projected to allow-a growth proportional to the dome-

stic consumption, and estimated as shown in Table-6,7.



Table-6.5 PRESENT PER CAPITA CONSUMPTTON

Percentage Percentage
Water Use Category Per Capita of use to Total
(1pcd). c(s) Consumption
1) Domestic 143 | 32,1 48.6 %
2) Commercial 9 2,0 3.0 %
~ 3) Institutional 119 26.7 40.5 %
4) Tourism . 6 1.4 2.1 %
5) Others 17 38 5.8 %
Total 1) - 4) 294 66.0 100.0 %
Non-Revenue Water 151 ' ) '34.0 - =
Total Demand 445 - 100,00 . -

Note:r * Based on the served population of 80,600 in Sep. 1985.

Table 6.6 DOMESTIC WATER CONSUMPTION

DOMESTIC

YEAR SERVED PER CAPITA- = WATER
POPULATION = CONSUMPTION CONSUMPTION
- {1ped) -7 {en m/day)
1985 80,600 143 11,500
1990 - 100,040 155 . 15,500
1995 115,910 170 19,700
2000 126,700 - 185 23,400
2005 138,700 200 27,700

2010 © 149,250 - 210 T..031,300



Table~6.7 COMMERCIAL WATER CONSUMPTION

UNTT COMMERC TAL
SERVED CONSUMPTTON  CONSUMPTLON
YEAR. - POPULATION (1pcd) {m3/day)
1985 80,600 9 720
_ 1990 .100,040' 10 1,000
1995 115,910 11 1,280
2000 126,700 12 1,520
2005 138,700 13 1,800

2010 - 149,250 14 2,090
3) Instituticnal Water Consumption
This category'includes such consumers as the government offices, hospitals,

schools, and templés.' This consumption, as it is already high, is assumed

to grow scarcely and estimated as shown in Table~-6.8.

Table"G.S INSTITUTIONAL WATER CONSUMPTION

. UNIT INSTITUTTONAL

YEAR CONSUMPTION CONSUMPTION
. (1pcad) (m3/day)
1985 119 9,550
1990 119 11,900
1995 120 13,910
2000 121 15,310
2005 121 16,790
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4) Tourism Water Consumption

This caLegory includes conqumptlons at hotels, bungalows and massage paxr-

lors and accounts for about 2 % of the total Consumptlon.-

2% is_uhbeliévably.low for a populer resort area of_Chiangmai. Tﬁe3reason
is that those tourisgm-related establishments use mUch'grqhndwatefp drawn -
from individual deep wells. The:chiangmai waterworks'estimate'that only 15
% of their consumptien is relied on the waterwofks supply while the-;est,

ma jor part, the groundwater.

The present 31tuat10n is assumed to change in future. ag the waLerworks
supply will gradually replace the groundwatex to make the present ratlo to

65 % in 2000 and 90 % in 2010,

Table-6.9 shows the tourism water consumptién,'caléuiéted from the_tourist
number per_day'per capita consumption, estimated'COhSUmptiOn.including‘all
- supply sources, reliance ratio on PWA water and, finaliy, demand Dn_PWA .

waterL
5) Others Water Consumption

This category Comprlses consunptlons of other users than the categorlzed

before. It includes domestic- size industry and- suchllke...f

PWA survey in 1985 indicated that the consumption was about 1,400 ﬁ3/day,
or 17 1lpcd. This demand is assumed to gradually increase up to 29 lpcd by
2010. ' '



Table-6.9

Classification
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1990

1995

CPOURISM WATER CONSUMPTION

2000

2005

2010

Tourist Number

per day

Per Capita (ipcd)
Estimated Consumption
incl, PWA water apd -

others (cu m/d)

Reliance Ratio on

| PWA Water (%)

Demand on

PWA Water {cu. m/4)

700

3,404

15

700

4,219

25

750

5,317

45

750

6,060

65

750

6,761

80

7,431

20

" 6) Total Water Consumption:

: TablefG;lo pregents a summary of water consumptions by categories and per

capita consumption.

n Unaccouhtedwfot Water

The 1eakage and other forms of unaccounted-for water are currently esti-

'_mated at 32 % of the average day demand presently.

I prOJectlng the future unaccounted-for ratio, therefore, planned reduc~

tlon of - leakage by rectlfylng the above conditions and promoting leakage

control programs shall be taken . .into account.

The planned future ratio'of'the unaccounted-for is listed in Table-6.11.
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Table-6.10  TU¥AL NATER CONSUMPTION
. [CHTANGHAT)

SERVED SAmesesmes oo oo Smmen I - TOTAL
YEAR POPULATION  PER  CONSUMP- PER  CONSUMP-  PER  -CONSUMP-  PER  CONSUMP~ PER  CONSUMP-  CONSUMP-
CAPITA - TION - CAPITA.  YION  CAPITA  TION  CAPITA TION CAPITA  TION TION
(lped) (cu m/g)  (Lped) (cu m/d)  (lped) fou m/d)  (Lped) (ou mid) - (lped) (cu mid)  (cu m/d)
1985 80,600 143 11,500 9. 720 119 6,550 6 440 47 1,330 23,500
1950 100,040 155 15,500 10 1,000 11 11,900 11 LIk 19 . 1,900 31,400
1995 ¢ 115910 170 19,700 1 1,280 120 13,910 20 2,320 22 2,550 39,800
2060 1261706 185 23,400 12 1,520 121 15310 315,920 2% 3,040 47,100
2005 138,700 200 20,700 130 1800 121 16,790 39 5410 - 20 3TN 55:500
2610 149,250 210 31,300 % 2,090 12t 18,060 £5 6720 2% 6330 621609

8)  Average Day and Maximum Day Water Demand
The average day demand consists of the total water consumption estimated
above and the unaccounted-for water. The maximum day demand as the average

day demand multipled by the peak.factor.

Table-6,11 and Fig—6.2 shows the average day and maximum day demands for

Chiangmai.
- Table-6.11 SUMMARY OF WATER DEMANDS
' (CHIANGMAT )

Unit cu m/d

Classification 1985 1990 1995 2000 2005 2010
Total Consumption’ 23,500 31,400 39,800 47,100 55,500 62,600
Unaccounted-for water 11,000 11,600 13,300 14,100 14,800 15,700
Unaccounted-for ratio 322 0 27 % 25'% 23 21 % 20 %
Average Day Demand - 34,400 - 43,000 53,100 61,200 70,300 78,300
Peak Factor* 1.25 . 1.25  1.25 1,25 = 1.25 = 1,25
Max. Day Demand 43,000 53,800 66,400 76,500 87,900 97,900

* Refer to Appendix 2
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G.4,2 Sanitary Districts

Mae Rim and San Kamphaeng are presently provided with public piped watér
supply, while San Sai, Saraphi and Hang'Dong are planned to be served by
PWA within the frame work of the brojéct. ‘The future water demands are

forecast on the per—capita cdnéumptibn basis.,
1) Mae Rimn

This sanitary district holds largeQScéle'customers such as the army camp;
Chiangmai Hospital, Land Development Office as well as a. ceramic factory,
indﬁst:ial customer. These customers as Government/industries account for

about 70 % of the total water consumption. .

The domestic consumption is presently estimated at 80 lpcd. Future urbani—
zation will cause increase in the water demands, and the per caplta con-

sumption is expected to increase to 103 lped by 2000 and 120 lpcd by 2010

The category of “"others" includes uses for commercial and domestic*size
factoyies and ié presently estimated at 50 lpbd. The uxbanization in the
area will result in érowth of water demands up to 65 lpcd by 2000 and 75
lpcd by 2010.

2} San Kamphaeng

The water demand of the district consists of domestic and others‘consump—

tions. The both consumptions are expected as same level as Mae Rim.’

3). San. Sai, Saraphi and Hang Dong

PWR service will be initiated in these districts in 2000. The domestic

~ consumption will be 98 lped in 2000, at 1985 level of Mae Rim, and yradual-
ly increase to 120 lpcd by 2010. The others consumption is expected at 60
lpced in 2000, and to increase to 72 lpc&-in 2010.

4) Unaccounted—-for Water Ratio

The leakage and other forms of unaccounted-for water. are forecast as des-—

cribed in Section 6.4.1. The ratio is estimated at 23 % in 2000 and 20 %
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in 2010,
5) Average'Day and Maximum Day Water Demand

" As #he total water consumption estimated ahove is the net delivery, the
unaccunted-for'water shall be added to it in computing the demand for
production. The average day and maximum day demands are defined as the

production demand here.

Table-6,12 and Fig-6.3 shows the average day and maximum day demand for the

five sanitary districts.
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Table-6.12 SUMMARY OF POPUIATION AND WATER DEMAND

MAE RIN SANITARY DISTRICT

_________________________________________________________________________________________________________________

"SER. PER-CAPITA INDUSTRY OTHERS - TOTAL  UN-ACCOUNT. AVE-DAY ~ PEAK  MAX-DAY

YEAR POP. RATIO ~ SERVED  DEMAND  DEMAND ~DEMAND —  DEMAND RATIC DEMAND ~ FACTOR DEMAND
%) POP.,  (iped)  (lped) (lped)  (lped) (m3/day)” (%) (m3/day) (1) (m3/day)

1985 1608 42 £,655 80 290 50 20 1955 3% 298 1.3 31940
199¢ 11,600 53 6,148 87 292 S 433 2662 2 3667 1.3 4,923
1995 12,000 61 7320 9% - 294 59 M8 3279 35 L3172 1.3 5,903
2000 12,600 65 8,190 103 2% 65 4tk 34800 ;23 4,935 135 - 6,663
2005 13,100 68 8,908 112 98 10 480 L2762 5:412 1.3 7,307
2010 13.600 70 %520 120 300 4 49 4703 20 5879 135 7,93

SRR, PER-CAPITA OTHERS TOTAL  UN-ACOOUNT AVE-DAY PEAK  MAX-DAY
YEAR  POP. RATIO  SERVED DEMAND  DEMAND  DEMAND RATIO  DEWAND  FACTOR  DEMAND .
% POP,.  (lped) {lpcd) (Locd) {m3/dav? (%) (m3fday) ~ {1). {m3/day
1985 1,000 3 5.780 & 5o 3 E R YR R R KT
1990 15,800 43 8,08 87 S 141 1,140 97 LS6T 135 2,408
1995 20,600 S0 10.300 95 156 1,526 % 2115 135 2,85
2000 22,400 ST 12,768 . 103 65 168 2US B I8 1.3 3760
005 70 62 15,004 WM 82 27 A BAST 135 h66b
2010 26100 65 16,95 20 7% 9 3@ W kI 135 555
SAN SAT SANITARY DISTRICI
528, PER-CAPTTA OTHERS 7O T AL . UN-ACCOUNT AVE-DAY PEAK  MAY-DAY
YEAR  POP. RATI0  SERVED . DEMAND  DEMAND  DEMAWD RATID  DEMAND FACTOR  DENAND

(%) POP. (Lpcd) (tped) llgcd) (m3/day} (%) (m3/day}) (1) {m3/day

1995 23,200 - : S ]
2000 23700 3 8532 9% 40 158 1,348 2% L5

| 135 2363
2005 2200 4 1068 105 65 10 1,810 2 2 1B 3093
W10 %700 S 1230 10 72 192 23 W 206 135 4001
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Table~6.12: SUMMARY OF POPULATION AND WATER DEMAND

{Continued)
SARAPHI SANITARY DISTRICT
SER O OPER-CAPITA OTHERS TGO T AL  UN-ACCOUNT AVE-DAY PEAK  MAX-DAY
YEAR  POP, RATIO  SERVED DEMAND  DEMAND  DEMAND RATIO  DEMAND  FACTOR  DEMAND
: % POP, (Lped) {locd) (lped) (m3/day) (%) (m3/day) (1) (m3/day
1085 8,800
990 9,600

1995 10,300 I '

0000 100 % 3,9% 9B & 158 63 % 00 1.3 1,107
2005 12,000 4 520, 105 6 70 508 2 1A% 135 1.5%
2010 13,000 50 6550 0 7 192 1,248 M 150 1.35 2,106

" HANG DONG SANITARY DISTRICT

| SR,  PER-CAPITA OTHERS TOTAL  UN-ACCOWNT AVE-DAY PEAK  MAX-DAY
YEAR  POP. RATIO  SERVED DEMAND  DEMAND  DEMANG RATIO  DEMAND FACTOR  DEMAND
' (%) PP, (lped)  (llped) (lped) (mdsday) &0 (m3day) (D) (mdiday

1985 5200 0 0 00 9 0 0 0 1.3 -
1956 5,500 15 825 . 80 50 130 107 7 W 1.3 198
1995 5800 27 1556 &0 5% the 276 2% 01,35 406
000 660 36 2% 9% s o 158 W7 2% 51 1.35 608
W05 6400 44 2816 105 &S 147 21 &6 1.3 818
010 4700 50 3350 P, 2 W3 2 8 1.35 1,085
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CHAPTER 7 PROPOSED WATER SUPPLY SYSTEM

in the previecus Chapters all basic factors to govern the planning of the
tong~term development plan of the water supply systems have bean sthdicd,
including the prevdiling conditions of the supply area, the exigting water
supply conditions, the trends of population growth and water requirements.
Taking all the founding and results of the studies into account, the deve-
lopment plan will be worked out hereinafter, which is most appropriate,

technically and economically, for the study area.

7.1 Basic Considerations for Development Plan

Formulation of the long—term development plan of Chiangmai and Five
Sanitary Districts Water Supply Project will be based on the following

basic considerations:
1} Barliest Possible Realization of Water Supply

Emphasis will be placed on earliest possible realization of water
supply to the areas where supply is insufficient or supply is urgently
required by means of rehabilitation and medification of existing

facilities.

a) Deteriorated eguipment in the treatment plants and cbsolete pipe-
lines as described in Chapter 5 will be rehabilitated, and prob-
lems concerning operation and maintenance will be so solved as to

enable supplying safe water continuously.

b) To reduce leakage from the water main, leak detectors will be

provided and a leakage control program will be prepared.

c) Inexpensive and effective improvement works for uprating

production will be carried out.
2}  Phased Implementation of Project

To achieve cost—-effective implementation of the whole project, the

service area will be expanded, or the pipelines will be extended



according to the urgency of supply in individual areas.’

a)

b)

<)

In accordance with the Future plans‘ofoegibnal Officé'and Water-
works and in consiaeration of the development of the service area
and water demand, the development plan of the study area will he
phased'into'two.staées, i.e., Staée I up to 2000 and Stage IT up
to 2010.

San Sal and Saraphi have not.wafer supply'syéteﬁs, and the resi-
dents are using gfogndwater. Hang Dong has its water supply
systém'taking groundwater., As public water supply in these thrée
sanitary districts:are'conSidered not - 80 urgent compared with .
other diétricﬁs, it is recomméhdable to take ﬁp these three

districts in Stage II.

The service area of Mae'Rim is already connected with that of.
Cﬁiéngmai. ‘Along the main foad'connecting San Kamphaeng and
Chiahgmai,_there are manY'facEériéé‘ané shéﬁs; and so the area
along this road is planned as the service area. . From the above
condition, it is considered most: appropriate to fun—the water ..
supply for Mae Rim, Chiangmai and San'Kamphéeng:undér_a'compqsife
waterworks, and thé present development plan iS'prepared

accordingly.

3) Most Appropriate Technology

Strictly in compliance with the design criteria established by PWA,

least cost designs will be employed, rather placing'émphasis on labor

intensive technology.

a)

b)

In planning and designing the present water supply System,'the
plan of PWA now under way or under construction will be stﬁdied

as reference.

Constrpction methods, and mechahical/electrical_éqUipment,icur4
rently empldyed.widely in Thailand, will be used as much as’ '
practicable. Emphasis will be placed on easy and mistake-free

operation and maintenance.
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Succeeding sections first deécribe proposed water sources for the long-
texm development plan. Then, rehabilitation and medification of existing
_facilities tq be executed undér Sﬁage I are outlined. PFinally, it des~
cribes Stage I and Stage II Expéhsion Works for future water.supply system
'in Chiangmai and five éanitary districts. Water supply Plan worked out in

accordance with the above description is presented in Fig-7.1.

7.2 ‘Water Source and Water Supply System
7.2.1 - Water Source

Future water sources for Chiangmai and five sanitary districts are discus-
sed in detail in Appendix 3 STUDY ON WATER SOURCES. Based on the
results of the study, the:future water sources.are concinded as stated

" below.

1) Chiangmai

The Ping River and Mae Taeng Irrigation Canal used presently for the supply
will be able to managé'the water demand in 2000, -the target year of the

Stage I,

To meet the demand amounting 97,900 cu m/d or 28.6 MCM/year in 2010, the
target year of the Stage II, the Mae Kuang River and groundwater in the
‘area are found to be available in this study, as additional sources to the

" mentioned,

The Mae Kuang River, because of the abundance of flow, will guarantee
stable supply, but the invéstment costs of treatment and transmission and

' the running costs related to. the source's use are found to be rather high.

The groUndﬁatér development, because of lower operation cost than in the
case of treating surface water, is attractive. However, regarding the
investhent.cost, it is obviously high as many wells of limited production

'capacity and sizable lengﬁh of pipelines Lo connect the wells are needed,

The Mae Ngat Dam, located about 40 km upstream of Chiangmai city, was
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WATER_ DEMAND AND PRODUCTION CAPARCITY -{x 1,000 mi/d)
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completedlih 19é6 to dam up the mainstream of the Ping River and store 265
ﬁCM. The impounded water is uSéd for hydropower generation at the damsite
and.afterwafds, when disdharded to the iiver, for irrigation and the
Chiaﬁgmai's_water supply.f:Thewplanned'control of dam operation by RID will

be effective in stabilizing the flow of the river,

Considering the stabilized flow and the availability of land space in the
paton Treatment Plant site for expanding facilities, the most preferable

water source for the State II will be the Ping River.

although the river turbidity generally increases . in the rainy season and
iron content is comparatively high throughout the year, the quality of the

river water is acceptable. as. the future water source.,

2} 5 Sanitary'Districts-
a) Mae Rim

The Lam Nam Mae Sa rivulet is the future water source for the Mae Rim
Waterworks., The rivulet discharges a part of the flow to the raw water

_fesefvoir,_expanded'in 1986 to the present capacity of 50,000 cu m.

As judged by the field survey, the stream flow seems to be sufficient to
“eaver the treatment capacity, but installation of an observation station
and periodical measursment by PWA at an earlier date are recommended,

because information of the river flow is of essential necessity.

The raw water quality is. acceptable for the treatment process, as justified
by the fact that the treated water quality satisfies the PWA drinking water

stéhdards. Degradation of guality in the foreseeable future is not probable.

b) San’Kamphaeng'.

GréundWater_potentiél;is high in San Kamphaeng Sanitary District, and the
gropndwater produétivity:ranges from 1,000 to 3,000 cu m/day/well of the
'dépth of aquiférs, ranging from 100 to 160 m. Existing 4 deepwells used
.for the public water Supply ére_producing a tétal of 3,600 cu ﬁ/day which



will be able to cover thé demand in 2000. To meet the increased demand -in
" 2010, however, drilling of 2 wells, each capacitated for 1,000 cu m/d
production, are planned. The space of two wells to-be'Located in the

district shall be about 1.0 km at least, to prevent mutual interference.

The groundwater gererally contains some iron and manganese. Therefore, it
is necessary to consider treatment by aeration and/or pre-chlorination

followed by Tiltration.

c¢) San Sai

Groundwater is abundant in San Sai area and will be used as the future
water source. The groundwater potential "is expected'tq be about 1,000 cu
m/day/well, and therefore, 4 deepwells producing a tdtél.of”4,000 cu m/day

will be able to cover the water demand for the vyear 2010,

The qréundﬁater generally has a high content of iron in this area and
treatment by aeration and/or pre—chlorinatioh followed by filtration is to

be considered, depending on the conditions.

d) Saraphi and Hang Donhg

These two Saﬁitary Districts are located in the=Ping rivéreértesian
groundwater basin where groundwater potential is very high. Groundwater is
recommendable as the water sou:ce-for theee'waterworks. " The greuhdwater
productivity is expected to range from 1,000 to 3,000 cu m/da?/ﬁeli with
aquifer's depth ranging from 100 to 160 m, .

The groundwater geherally contains eqme'iron and manganese in this area,
Therefore, treatment by aeration and/or preﬂchlorination followed by

filtration is to be considered, depending on the conditions.

The Hang Deng S.b. waterworks has 2 existinqjdeepwelle with a tetai Capaé_
city of 1,260’cu'm/day which can cover the demand up to 2010. “Saraphi S.ﬁ.
will have to construct a'new.waterworks.in'the service area including 2
deepwells with capacity of 1,100 cu ‘m/day/well, td supply the demand in
2010. ' S o



7.2.2 Water Supply Systenm

Selection of the proposed treatment plant site together with transmission
route is ‘a key factor to establish a longterm development plan up to the

year 2010,

1) Chiangmai

In the foregoing Section 7.2.1, the ﬁing River and the Mae Tang Irrigation
Canal are proposed as the future water sources up to 2010. AL present, the
three'treatment plants of Waﬁq Sing Kam, Umong and Paton supply water to

the consumers in Chiangmai Municipality.

Of the three treatment plants, the Paton plant site is wide enough for the
planned future expansion of facilities. _The'expansion works will be made
on- the Ban Tho Intake, raw water transmiséion pipeline and the Paton plant

which form the present Paton system,

2) Mae Rim

The Lam Nam Me.Sa will be the future water sburée'of the Stage I and II
projects, aé itfis the present source. The raw water is pumped to the Mae
Rim Treatﬁéht:Plaﬁt,_treated and distributed by gravity. The ekisting
treatment capaciﬁy will be able to cover the. 2010 demand, but the raw water
transmission and distributioﬁ pipelines will have té e reinforced to

accord with increased requirement.

1) Sah'Kamphaeng

In tﬁe.Stage I,'capacity of the existing deep wells and facilities in the

San Kamphaeng Treatment Plant will cover the 2000 demands.

As for theistagé 11, new deep wells will have to be developed at the
eastern part of the disﬁrict and in cage excessive iron and manganese are

found in the watef} a treatment equipment will have to be provided.



4) _Sén Sai, Saraphi and'Hang'Dong

Déép"welié.will be newly developed to meet the 2010 demahds fér San Sai aﬁd
Safaphi Sanitary Diétri@ts. 'For Hang Dong District, the existing deep
wellé have enough capacity to doyer the 2010 demands. Facilities for iron
and manéanese removal will be coﬁstructed for 3 Sanitary Districts, if -

necessary.

The long-term development plan for Chiangmai and five sanitary districts is
shown on Fig-7.2. In the succeeding‘sub~Sections;'further detailed techni-

cal particulars on each works are described,

7.3 Stage I Rehabilitation and Modification Works

The rehabilitation/modification works are mainly fotused:upon the Paton
Treatment Plant to increase the suppiy’capaqiﬁy, while'feplaceméht-of
deteriorated pipelines to reduce the unaccounted-for water is also

included.

The items recommended for the rehabilitation/modification are summarized

below:

7.3.1 Chiangmai
(1) Install additional two raw water pumps at the Ban Tho Intake;

(2) Replace or Install alum and lime feéding equipments of the three

Lreatment plants{

(3) Replace water meters and indicators for the raw water of the -
three plants and treated water of the Wang :Sing Kam and Paton

plants;.

(4) Réplace level gauges of the cleaf water reservoir of the three

plants;
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(5) 'Provide a chlorine gas container scale for the three plants;

{6) ‘Replacde filter media and underdréin of the filter of the three

plants, or thoroughly clean filter media;

(7} Replace broken sludge collecting pipes of the 1,000 cu m/h

sedimentation basin of Umeng ;

(8} _Provide a simple device to accelerate floc setblement under the

planned, increased flow rate of Paton;
(9) Replace unrepairable distribution pump of Wang Sing Kam;
(10) Replaée deteriorated pipelines of the distribution system;

(11} Purchase leakage detecting'equipment, initiate a leakage control

program and immediately replaéé defective mains if any;

{12) Purchase a filter sand washer and undertake regular wash of

filfer media. -
If the works are suécessfully completed, rhe water demands up to 1921 will
be managed by the present system in Chiangmai.
7.3.2  Mae Rim and San Kamphaeng

(1) Provide.a chlorine gas container scale for each of the two plants
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7.4 Stage 1 Expansion Works
7.4.1 Chiangmai

The Stage I Fxpansion Works make provisions for the maximum water demand of
76,600 cu m/d, served population of 127,000 and sexvice.area of 4,900 ha,
all projected for the target year 2000.

Features of the proposed Works are as follows:

1) Intake and Raw Water Transmission Pipeline

An intake barragé, maintaiaing a sufficiently high water_le&el for taking
in the rated flow of the Stage I aﬁd 11, will'be constructed at a down-
stream p01nt close to the pLoposed 1ntake, as stated Ln Appendlx 8, Section
8.2.2. A grit chamber and raw water pump statlon will be constructed
adjacent to the:exlstlng Ban_Tho Intake. Raw’ water will be taken by _
pumping and conveyed through a 500 mm main of 3,100 m length to the Paton

plant.,

2) Treatment Plant

The proposed treatment plant of 20,000 cu m/d capac1ty is located in the
Paton Treatment Plant site, as there 1s a space W1de enough for laylng out
two more plants of same size as the existing 20, 000 cu-m/d facility.

The water treatment procesg.wlll con51st of pre 11m1nq, coagulatlon, floc—
culation, sedimentation, flltratlon and post-chlorination, Some partb of
the existing facilities, suéh as recelving well, sludge lagoon and distri-
bution pump station, Qiil be used_without_chanée, in the expansioh plan.

Layout of the proposed plants is shown on Fig~7.3.

3) Distribution and Service

New distribution pipelines with a total length of 105 ki are planned for

delivering the water demand in 2000.



7o 13

AJNIDY NOILVHIH000 TVNOLIYNYIIND NVdYT
- €L .
INEIE INTHIVRLL MEIWM NOIVE | _ mvwm - (11 Fsvisy otoz - o0z B
ZNOXYT G3S0408d 3 _ ( 1 39vas) 000Z - 1661
ONILSIXE mmmuu
GNEDET
! ! m
M !
ﬂ::l- . . " ) _amsmwmmw | NIVW NOILNGTHISIC i
_ ISO0H . ‘ //...-.J,.!-n...f .l/ T -
N EEREERREN 1 | g
L L __ / 5
: \ ™ . | . o o
1 . : N oaine \it:+t[tliJ_~f\ u w M
- . o
. .. ! dIoA¥EsSIY Y WT!m : nUﬁu / W m
. N it = NOTLVINGWIGRSD | ’z L33y _
\. .._,. - Bpld M
il &
s

-

FSHVLNI OHL NVH Loud)

i

NIVW - HILUM MV




T - 14

Installation of 4,900 additional service connections to meet about 26,000°
incremental served population, is proposed in the Stage I,

7.4.2 Mae Rim

An additional raw water transmission pipe with dia. 300 mm of 900 m length

is proposed. To serve 1,800 incremental population, -distribution

pipelines of 21 km length and 310 service conhections will be installed,
7.4.3 San Kamphaeng

Installation of 9 km length distribution pipelineé.and L,ObO service con-
nections are proposed to serve 4,200 incremental population.

7.5 Stage IT Expansion Works

7.5.1 Chiangmai

The Stage ITI Expansion Works will'provide_additional QO;OOO‘CU m/d
 production to meet the maximum water demand of 97,900 cu m/d by 2010,

1) 1Intake and Raw Water Transmission Pipeline

The existing and additional grit chamber constructed.in Stage I will be used.

New raw water pumps will be installed in the pump house constructed in Stage I.
A dia. 500 mm raw water transmission pipeline will be installed in addition

to that laid in Stage T. . :

2) . Treatment Plant

In Stage II, a 20,000 cu 'm/d treéatment facility is piaﬁhéd to.bé_cohstxucf.

ted at the Paton plant site, by the Stage T facility's side.'iThéuTréatﬁéht

process applied will be same as the Stage I's suéh as inclﬁdinq flash



mixing, flocculation, sedimentation, filtration, electrical equipments and

chemical feeding équipments.

3} Distribution and Service

 The distribution‘éystem was anaiyzed to optimize the system up to the year
2010. As the result, fhe proposed system_of.the Stage IT includes instal-
lation of 105 km long mains, ranging from 100 nm to 600 mm diameter,

The Stage II Expansion Works propose installétion of 4,?00.additional

service connections to serve 22,000 incremental population.

7.5.2 Mae Rim

About 12 km total. length of distribution pipelines will be laid in the
néwiy expanded service area under the Stage II and in the central area of

the town whefe high consumption is anticipated.

7.5.3 San Kamphaeng

In the Stage II, facilities to meet the 2010 demand of 5,600 cu m/d shall
be provided.  Two 1,000 cu m/d capacity wells will be constructed to the
_east of the service area and, in case high iron content is detected, a

S?stem consisting of chlorine"contact chapber and filter will be provided.
Pistribution pipelines, totaling about 7 km length, will be laid in the
expanded service area and existing area which needs reinforcement.

7.5.4 San Sai, Saraphi and Hang Dong

- San Sal will be provided with four wells, -each producing 1,000 cu m/d, as

the 2010 demand is estimated at 4,000 cu m/d.

Saraphi will see the construction of two wells to respond to the 2010

demand of 2,100 cu m/d.
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The general layout plan of the wells is shown in Fig-7.4.. The groundwater

will contain iron very possibly and a treatment system of chlorine-contact

chamber and filter will have to be provided.

Distribution pipelines are'planned to cover the projected -service area,

Length of the pipélines will be, 1) 26 km for San Sai, 2) 23 km for Saraphi

and 3) 11 km for Hang Dong. The estimated number of house connections and

served population in the three sanitary districts in 2010 are:

Sanitqry
District
San Sai
Saraphi

Hang Dong

Number of:

House. Connection

. Numbeér of

Served Population

2,200
1,200
620

12,400
6,500
3,400
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CHAPTER 8 PROJECT COST AND IMPLEMENTATION SCHEDULE

In this chapter, principal matters concerning the project cost and

implementation schedule related to the wabter supply system, as proposed

in Chapter 7, are described.

8.1 Price Level and References

Price level: Costs are valued at 1986 prices,

Unit cost Those Unit costs in the PWA price lists are generally
employed and where such price lists are not available, the
prevailing market prices are referred to.

8.2 Division of Project Cost

The project cost is divided into two parts, as follows, to be estimated

separately.
1) Construction costs; and

2) Other associated costs such as engineering and administrative

costs, inclusive of physical and price contingencies.

8.3 Method of Estimation

The above mentioned costs are estimated in the following manner.



8.3.1 Construction Costs
The costs are estimates for each of the following three:

1) Stage I Rehabilitation and Modification Works -
27 Stage I__Ekpansion Works
3) Stage II Expansioh Works

Construction costs shall ipclude the cost of acQuiring land neCessary'for
the planned facilities. The land acquisition cost was estimated séparatély

from the direct construction cost.

Summary of cost estimation is shown in Table-8.1(a) forZChiangmai; Mae Rim
and San:Kamphaeng, and Table-8.1(b) for San Sai, Saraphi and Hang Dong.
8.3.2 - Associated Costs

The costs of engineering serﬁices, inclusive of detéiled=desi§n. soil
investigatibn and field survey, and supervision are estimated tbgether with
'administrativé.cost, physical and price contingéﬁcies,'as shown below. The
coefficient used in_thé calculatioﬁ ié;taken after the cased of on-going
projects or the figures widely accepted'ih Thailand.

Where {A): Construction Cost, and

(B): Engineering Services Cost,

Detail Désign (D/D) = (A).x 5.2 %
Soil inveétigation.and |

Field Survey = (D/D) x 11 %
.Sﬁpervision : = (A} x 5.3 %

Administratiﬁe Cost (C) (A +B) x1 %

1

Physical Contingencies (D) (A+B+C)x 7%

(A + B+ C+ D) % 3.3% price

A

Price Contingencies (EY
‘escalation per annum for

the construction period



Table-8.1(a) SUMMARY OF COST ESTIMATES

{(CHIANGMAL, MAE RIM AND SAN KAMPHARNG)

(Unit : x 1,000 Baht)

Stage T Stage II
Descriptioﬁ Rehabilitation
and Modificatién Expansion Expansion
1) Land Acquisition - 1,800 1,000
2) Cénstrudtioﬁ of New _
Water Supply System 22,400 200,600 183,400
3) Engineering Services 2,500 22,200 20, 200
Sub total (A)=1)+2)+3) 24,900 224,600 204,600
4) Administralion Cost o
(1% of Sub total (A)) 200 2,300 2,000
~ Sub total (B)=(A)+4) . 25,100 226,900 - 206,600 °
5) Phyéiqal Contingency '
(7% of Sub total (B)) 1,800 15,800 14,500
Sub ‘total (C)=(B)+5) 26,900 242,700 321,100
6} Price Contiﬁgency _ ' _
(3.3% per. annum of total 3,100 36,800 ' 168,600

_yearly.disbursementa)

Grand Total - (C) + 6) 30,000 279,500 489,700



Table-8.1(b) SUMMARY OF COST ESTIMATES
(SAM SAT, SARAPHI AND HANG DONG)

(Unit : x 1,000 Baht)

'Stag'e Ii_
Description "“'—_"‘_"__"""“'_“""I""—__""‘." “““““““““““““““““
San Sai Saraphi Hang Dong
1) Land Acquisition 2,000 1,000 -
2) Construction of New o N _
Water Suéply_Systém 42,700 24,800 - . 5,100
3Y Engineering Services | _ .4;700 ._2,706- _ ._:600
Sub total (A)=1)+2)+3) 49,400 28,500 5,700
4) Administration Cost _ . _ _ _
(1% of Sub total (A)) 500 300 - o100
Sub total (B)=(A)¥d) - 49,900 28,800 - . 5,800
5) Physical Contingency o ' _ . .
(7% of Sub total (B)) 3,500 2,000 a0
Sub total (C)=(B)+5) 53,400 30, 80O . 6,200
6) Price Contingency _ | '
(3.3% per annum of total 30,700 17,700 - 3,600

yearly disbursements)

Grand Total (C) + 6) 84,100 48,500 . ... 9,800



8.4 Tmplementation Schedule
8.4.1 Target Year

Thé development plan is phased into two stages, Stage I and II targeting

: 2000'and-2010 iespectively, because of the following considerations:’

" - As many other cities waterworks under PWA. management need similar
development program also, dividinq the period into meore stages will be

. less appropriate administratively.

- ?wo:stageS' implementation will be appropriate from the viewpoint of

~ ize of investment,

H.As:other'muhicipal_plans Tor fuﬁure set: the target around ZOOQ,Ithe

Stage 1 will be coordinated with them.

The Stage I is further phased into rehabilitation/modification of the

existing system and expansion involving new construction works.

The areas of Stage I 1mp1ementatlon are composed of Chlangmal and two
surroundlng Sanltary bistricts, Mae le and San Kamphaeng as stated in. the
precedlng Chapter 7. The scope of Stage 11 implementation covers San Sai,
Saraphi aﬁd Hang Dbng'Sanitary Districts in addition to the Stage I

implementation's.

B.,4.2 Implemehtation Schedule of Stage I

.In the Stage.l, rehabilitation and modification works will be executed in
advance of .expansion works. The rehahilitation'and modification works are

'planned for completlon in the middle of 1989.

The expan91on works and the rehabllltatlon and modlflcatlon works are
: reCOmmendable to be detall designed coincidentally, as 1mmed1ately after

the completlon of the rehabilitation and modification works Lhe expan31on

'.works is to be commenced

Two years'ipetidd is planned for the expahsion works which involve a treat-



ment plant,-distribution pump and reservoir station and a.sizable length of
pipeline. The whole works will have to be divided into a number of lots so

that they can be progressed in parallel.

8,4.,3 Implementation Schedule of Stage II

It is deemed necessary-to complete the Stage II Préjéct around the end of
2001, considering the water demand increase. Taking two years' period for
the constrﬁcfion work ‘as ihfthe;case'offthe étégé'I Pfoject, it:-will be
required'to commencé the construction work at the beginning of 1@99,
Counting back from this time and allowing for a time period similar to the
case of Stage I for feasibility_stu&y,'loan procedure, etc., the commence—
ment of feasibility study of Stage IT is planned at thé,beginning of 1995, -
as detailed in Fig-8.1.
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CHAPTER 9 ORGANIZATION AND FINANCE

9.1 Organization and Financial Status
9.1.1 Organization of PWA

PWA is a state enterprise with staff members totaling in 5,111 in February
1986 (Head Office - 841, Regional Offices - 592 and Waterworks - 3,678),
supervised by the Board of Directors under the Ministry of Interior. The
organization chart showing the lines of administration is illustrated in

Fig-9.1.

For operating and maintaining 183 urban waterworks and providing technical
guidance to 675 rural wate;works across the country, PWA owns 10 Regional
Offices which directly supervise these urban waterworks and assist rural
waterworks in technical aspects. The survey area waterworks in this
report, Chiéngmai,'is supervise by Regional Office No. 9, which is orga-~

nized as illustrated in Fig-2.2.

9.1.2. Organization of Regional Office

Regional Office No., ¢, which is supervising Chiangmai, Mae Rim and San
Kamphaeng Waterworks, is organized in the same manner as other regional

offices and consist of the following 9 sections.

1} Personnel & clerical section, which is responsible of personnel
administration of the waterworks undeyr its control,

including the training of waterworks personnel.

2) Finance & accounting section, which takes charge of finance and
accounte of the water works under its control, inclusive of

debiting and crediting of their bank accounts.

3 Procurement and stores section, which takes charge of procuring
and storing materials and supplies necessary for operating

waker facilities of the waterworks under its control.
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4)

5)

6)

7}

8)

9)

9.1.3

Maintenance section, which takes charge of giving guidance and
instruction how to conduct operation and maintenance of the

fagilities of ﬁhe waterwdrks under the control.

Technical service section, which provides preliminary survey of

projected waterworks schemes for both urban and rural waterworks

under its jurisdiction.

Water quality control section, which is responsible for conduc-
ting quality test of raw water under its control to test if the

water meet the standards set by PWA,

Survey sectlon, whlch is- respons:ble for prOV1dlng Head Offlce
with information concernlng rural waterworks and planning of new

pTOjeCtS of water Supply under 1ts jurlSdlCtan.

Price estlmatlon aectlon, which is reépbnsible for éstimating'
coat of expansion and rehabllltatlon of water supply systems both
for urban and Tural: waterworks ‘under its ~ jurisdiction and

preparing documents and drawings for tender bidding, etc.

Construction supervision section, which is'reSPonsible for
superv151ng the construction “and rehabllltatlon of water supply

faallltles mentlcned in 8) above.

Organization of Waterworks

The proto-type orqanlzatlon of PWA waterworks, after which Chlangmat

Waterworks is modeled, consist of the following 3 sectlons, as illustrated

in Fig-9.3.

1)

2)

Water production section; which is responsible for operation and

maintenance of water production facilities,

Service section, which provides services of setting and repairing

house connections.
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3) administration section, which takes charge of meter-reading and
bill-correction, book-keeping of customers accounts, financing,
record-keeping of waterworks income and expenditure, and other

administrative works and meters,

Due to their small size, Mae Rim and San Kamphaeng waterworks are composed

only of two sections as illustrated in Figs—9.4 and 9.5.

9.1.4 Financial Status of PWA

Tt is the established for policy of the Thai government that the state
enterprises including PWA should become seifffihancing; and“thaﬁks to
continue effort to reduce operation ekpenées,:thé net income 6f-PWA hefore
depreciation and investment cost hés turned to surplus since. 1983 and that
after depreciation turned to surplus in 1985. - This means that PHA'achieved
the first of the five steps towards the self-financing target as éhoﬁn in.

Figs-9.6 to 9.7 in 1983 and the 2nd in 1985.

PWA is makihg a effort to achieve better bﬁsiness, and revisions have been
made in their accounting system. These revisions are of course welcome
from long term view points,.but these revisions break the continuity of
financial records and are making analysis of time series difficult.

Despite such inadequancy of study data, the financial statements shown in
Tables-9.1 and 9,2 show that the operating ratio of PWA has greatly im-
proved from 95.6 % in 1983 to 68.9 % in 1985 and dehonstréted its effort to

reduce operating cost.,

PWA thus has come to the stage where revenue more than'qffmsets its opera-
ting expenses,_but_it'still depends upon Government subsidies and financial
assistance from abroad for capitél investment which is indiSpensablé for
the Authority to perform its primafy‘objéctive of serving water of adeguate
qnaﬁtity and guality to the population of the entire. country except the
Bangkok Metropolitan Area. Tt is noted that almost half of the populétion

are still using unsafe water,



MAE RIM WATERWORKS
MANAGER (1)
= _ _ L
[ProbucTron| _ [SERVICING & ADMINISTRATION|
CHIEF . 1 CHIEF i
PRODUCTION STAFF 3 SERVICING STAFF 1
L METER READER 1
4 BILL COLLECTOR 1
ACCOUNTING 1
JANITOR 1
)
TOTAL 10
SAN KAMPHAENG WATERWORKS
[PRODUCTICNI _ [SERVICING. & ADMINALTRATION]
CHIEF ' 1 CHIEF i
PRODUCTION STAFF 4 SERVICING STAFF 1
- ACCOUNTANT 1
5 | ' METER READER !
© JANTTOR 1
SECURITY STAFF i
8
TOTAL 12
FIGURE _ MAE RTM WATERWORKS AND
0 4 SAN KAMPHAENG WATERWORKS
JAPAN INTERNATIONAL COOPRERATION AGENCY
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Table-2. 1

PROVINCIAL WATERWORKS AUTHORITY

9 ~ 10

INCOME STATEMENT

Unit: Mil. Bay

Revenua

Bad debt

Net profit (loss)

Mote: 1.

1983 ~ 1986
o o H 1983 | 1884 | 1986 | 1986(Budgag
O T : o
Water sales {net) H 626, 4U H 647- 53 H 8967, 14 HN 1. 229.03
Service charge ! } b2. 74 | 54. 50 ! B7.15
Connpnection income H 72.83 ¢ 118,358 |- 142, i1 | 146. 79
Other income H 28,57 | 66. 28 | 147,24 | 50. 00
: . I ] ] " [ ]
. . H . i ) 1 t
Total revehue t 727.988 | 884.50 1,307.89 | 1,483, 07
' ' ! : 1
Opsration expenses ! : . S o ! -
Salaries & Wages H 304. 74 |} 325.81 ¢ 351.12 384. 44
Temporary wages i Q.40 | 1.23 0.84 | 2,12
Remunerations H 56.32 | 65.78 | 61. 656 .} ;. 6%, 90
Chemicals : | 33.18 1 43.27 | -35.52 i c 44, 04
. Material & Maintenance : 48. 21 1} 35.27 1 39. 67 1 66. 23
0il & fuel H 22.36 | 15.69 - 1 14,50 - 18. 11
Office supplies H H - 9.84 | 6,658 ! 10. 84
Hite & service H 2.31 ¢ 12. 58 | 52.08 54.235
*.Othér operating expense \ 58,80 | 38,40 - ‘27.04 U 55, 27
Public Utilittes i 2.23 1| 18. 28 -3 6. 77 & 21,71
Electricity i 153. 36 ¢ 167.47 -1 167..29 ¢ 177.03
Interest & bank charge H 13,083 22,99 i 66. 857 - 104.56 .
Connection cost ! o 46.27 ¥ 71.66 1 85, 68
Miscellaneous H H 0.37 ¢ 0.56 | 20. 00
B 1 . k. . 1 [} .
: [ H R . 14
Total expenses H 585,95 3 793. 17 801.73 i,114.43
. ) ] 1 ]
Gross proftit : 32.03 ! 91.73 406.26 ! 368. 59
. [ 1] 1 ]
: 0.01 ! 0.72 ! 0.09 ! 1.-00
Rural w/w expenses - i ! 1.49 | 1.03 i 1. 50
Other expenses ! i3.68 | -12.25 66. 7 | 9. 85
Profit (loss) before ! 18.34 3 101,79 1 338,43 | 356, 24
deprictation & amortization | H H -1
- : Co : o nE
Depriclation & amertization H 136. 32 ¢ 1492.14 174. 568 | 200, 44
: H . H H . o
H ~117, 98 _E -47.37 i 163.85 | 155, 80

2. Income statement is not approved by the auditer.

For 1983, materlal and maintenance includes office supplias
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