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© APPENDIX STUDY ON FLOW AND PRESSURE MEASUREMENTS IN

(1)

12}

DISTRIBUTION SYSTEM

Introduction

To evaluate the characteristics ‘of the distribution
system, pressure and flow measurments were made from
August 30, 1988,

Methords and Results

The flow méasurements of 24-hours were conducted at the
main distribution pipe in the treatment plant using
theultrasonic flow meter with pen recorder. The pressure
measuremnents were made by installing pressure gage at 3
house connections in the distribution system,

The results of flow measurement at the Phang Nga Water-
works, location of pressure measurement points and the
results of pressure measurement are shown in Figures A3-
1, A3-2 and A3-3 to A3-5, respectively.

The results of pressure measurements in the existing

distribution system show similar pressure conditions with

distribution network analysis {(refer to section 3.1.3).
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‘7 WATER TREATMENT
. PLANT

SCALE 110000

FIGURE A3-1-2
LCCATION MAP OF PRESSURE
MEASUREMENT POINTS
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APPENDIX WATER QUALITY ON DISTRIBUTION NETWORK

(1)

(2)

{3)

General

Water quality analysis was conducted along the existing

~distribution mains by use of a potable water quality analiz-

ar. Parameters of the analysis are pH, terperature and
conductivity,

The results of the anélysis are shown in Table A4-1.
Sampling points are indicated in Figure Ad-1,

Causes of high.pH

Results shows that most of the sampling p01nts except Nos,
1, 3, 6 and 13 have high pH values.

Based on the fleld'lnvestlgatlon; the followlng causes may
result in calcium dissolution from the inner wall of asbes-
tos cement pipes.

a) Pipe are newly installed, about two year old

b) Water is retained long inside pipes due to low water
flow, :

Countermeasure

Drain-off from.hydrants or blow-off pipes should be periodi-
cally carried out in those area.
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Takua Pa
-APPENDIX - JAR TEST

'cGeneral

SJar Test was conducted to ‘evaluate the present dOﬁde rate
of . coagulant and to verify the appropriate dosage rate.
he test was conducted on September 1988 for the raw waber
presently used by the waterworks., which are from water
fall and tin minihg pit.

Coagulant Used

Aluminum  sulfate is being used as coagulant at Takua Pa
CWaterWworks as well as the other waterworks., The chemical
s a solid type 1n a package of 25 kg bag. which is
dissolved 1n the coagulant %olutlon tank w:th an effective
volumea of about L.5 ¢u. .M.

ﬁCGording to . the operator, they are consuming 20 kg  of
aluminum sulfate a day. From this amount of consumption,
dosage rate is calculated as below:

Dogage rate (R) for daily average Tlow rate:

ROz 20,000 g/1.350 cu.m/day =14.8 mg/l

Concentration of the coagulant in the solution tank is
calculated from the amount of chem:cal dissglved and the
volume of the tank as follows:

Concentration of coagulant solution {C)

C = 20,000 o/1.5 cu m = L%,300 mg/l

This =solution was diluted 1O Limes for use of Jar Test;
therefore, solution had the concentration of:

13,300 x (1/10) = 1.330 ma/l

‘Test Procedure

- Test brocedura followed the PWA's regulation for Jar Test.
" Saguence and time are shown as Tollows:

a) Coaguiant dp$ed

) .Rapid Mixing,léo rpom - 7.5 min
¢c) Flocculation, 40 rpm - 7.5 min
d) Flocculation, 25 rpm - 5.0 min

é) " gedimentation, aboutb 5 min

A—3—-3-1
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Condition and Rasults

4
Jar . Test was conducted with a éarias_ of éix_ ditferent
dosage rates for both waters from waterfall and tin
mining pit. The condition and results are as .shown in
Table AS-1 and 2. o

Table ad-3-1 Jar Test Condition and Result (Waterfall)
- - T ZHSWMQ-NE)M‘;_-*
1. Coagulant E :
Solution (mi) 1.85 3.70 7.41 111 14.8 18.5
2. 'Dosaga Rate : : o
(me/ 1) 5 5.0 10 15 - 20 2%

3. Turbidity aftter _ o _ N S

settling - <l.0 <1.0 <i1.0 <1.0 <l.0 <1l.0

4. pH 7.68  7.58 7.52 7.49  7.45  7.42

5. Conductivity _ . -

(micro ohm/om) 5.0 4.5 4.6  B.0O 5.0 5.0

6. Characteristics : \ : C

of floc - Fine Fine Fine  Fipe  fine. Fine
fioc floc floc floc floc, floc

——
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Takua Pa

Table A3-3-2 Jar Test Condition and Result (Tin Mining Fi1t)

1. GCoagulant
Splution {ml) 0.2 0.4 O.75 1.0 1.5 2.0
2_"Dosage Rate
(mg/1) 2.5 5.0 0.0 15.0 20.0 25.0
3. Turbidity after
settling 1.5 2.5 1.5 2.5 1.5 2.5
4. pH 6.05 & .00 5.90 5,92 6.15 5,85
5.  Conductivity
(micro ohm/cm) 3.75 4.25 3.5 3.5 4.1 4.0
&. Characteristics
of floc Fine Fine Fine Fine Fine Fine
: tfloe floc: floc tloc floc floc

 Since twWo raw water have quite low turibidity (3.0 and 8.6
for - water fall and tin mining pit, respectively), the Jar Test
had nearly no effect on the removel of the turbidity.
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Takua Pa
APPENDIX STUDY ON WATER CONSUMPTION

Data Collection

Present water consumption data was collected from the
waterworks' meter reading records for the study of water
demand and distribution network analysis. Meter reading
records at the waterworks office consist of volumes of
cards in PWA's format for each connection. Monthly
consumptions from September 1987 to August 1988 of each
connegtlon are recorded on this card .

Data collectlon was made in a manner of copying Tfigures
water consumption 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 hereafter
show the summary of water consumption. '
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Table A4 « 1 -1
Water Sale of Takus Pa ¥aterworks

. . lait 5 Cun
Bock Eo. ep, 87 et Hov Dec  Jan, B8 Eeb Kar i Kay Jin Jul dng Total  Day Ave.
-1 LI 4,19 1,888 L8I0 LO8) L0 1,898 2,271 2,085 L403  LME L4500 21554 59,0
12 LISIE D P U D 0 4 S .+ D TR.L0 R 8 TE N T + S Y B Y X L B S 1T S L I YT I L )
1 CLASE L0818 200 L2 2405 4,066 2,001 3,450 LMS 2,40 . 1,328 25,816 70.93
3 LISE 1990 1900 pdT0 o088 2,24 2,30 L,546 ,50 2,007 2,00 I,M6 25,362 1L.E3
-1 SO LME L8 AT LMY R8T LM um 5L, 2,881 B LMT 0 8hE
&) 462 B,06F 2,608 2,13 4,588 2,505 2,90 4,807 3,062 3,001 2,820 2,185 9,605 89,52
-} LIS 5,599 L6 3,960 LAI6 40 5T L4350 4O 3,898 34N 460 11358
} LIl L83 6638 LB 4460 1% 380 009 358 5,0 3,39 31 4,65 1ALI0

fotalfcasfu) IT.041 19,816 19,838 20,210 20,470 20,210 20,348 23,585 2,640 19,313 20,600 18,400 : 143,151 ¢ B6T.81

Tolai{cu.wfd) 568 839 681 §68 661 §99 $89 734 (R 544 865 ]
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:ﬁppﬁNDIX- ~ QUESTIONNAIRE SURVEY IN TAKUA Pa

1 Objective

The door-to-door questionnaire survey was conducted to obtain the
basic information on the resident’s living conditions, water use
patterns, responses’ to the municipal system and/or  their ouwn
watar sources and willingness for house-connection supply, and

coverad the area 5erved or unserved by the municipal water supply
system.

2 Survay Area
The survey area was lelded into 6 blocks taking into account the
munipality’s character1$t1cs as shown in Figure Al-2-1. Block 6
‘was ban Muang presently unserved by the municipal system.
0 3 'Survey Item

Tha form used for tha que&tlonnalre burvey was orlglnally written
by Thai and included the following items.

1. GeneraL
1.1 Address
1.2 Type of House -
1.3 No. of Persons in Family
1.4 No. of Emplovess
1.5 Averagse Monthly Income
1.6 Avetage Monthly Medical Expense
2. Type of Water Supply
Z. Conditions in case of Municipal System

3.1 :Pressure
3.2 _Guantity

4, Other‘Sources than Municipal System

4.1 Type of Source
4.2 Conditions in case of Groundwater

5. fpotabyllty

6.  water'Qua1ity'in case of Municipal Systam
&.1 Color
6.2 Smell.
&.3 Turbldlty

7.?. Average Monthly Water Consumption

8. Average Monthly Water Charge

A--d4—-2—1
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9. Willingness to Pay for Water Charge

10.  Water Quality in case of Other Source

10.1 c¢olor

10.2 Smell

10.3 Turbidity
11.  wil1ingnes5 to Connact to the Municipal System
12. willingness to Pay for Connection Fee

13, Willingness to Pay for Water Charge

'4 Survaey Method

Sanior high school students were emploved as interviewars and
were engaged in the questionnaire survey with the guidance of the
PWA Head Office staff. The survey was conducted to 158 residents
on September 1, 1988,

"5 Survey Results
Tha _results of the guestionnaire survey are summarized in Table
Al-5-1. :

1) General

57.0% of the respondents lived in residential housés while
43.0% in commercial buildings. ‘

The total numbers of persons in families and emplovees were
781 and 339, respectively. Accordingly, one household is
-composaed of 4.94 family mambers and 2.15 employees on  an
average with a total of 7.09 persons.

Regarding the average monthly income, 72.8% respondents was
in the up-to-4,500 Baht bracket, or 32.3% in the up-to-2,000
Baht, 26.68% in the 2,001-3,000 Baht‘and_1$.9%‘in the 3,001-
4,500 - Baht brackets, respectively. The avarage in
.respondants welghtad by the number of persons and the median
in sach income bracket was approx1mate1y 3,660 Baht, but the

number of persons was biggest in the up- to-2,000 Baht
bracket. : o

As to the average monthly medical expense, 39.9% was in  the
up-to~50 Baht bracket and 22.1%, 12.7% and 15.2% were in the
51-100, . 101-200 and 201-500 Baht brackets, respectively.
The averaga in respondents calculated by the same method as
the above 15 200 Baht, but the number of persons was biggest
in the the upwto 50 Baht bracket. .

A—4—2-3



2)

3)

4)

Type of Water Supply
55,5 % used the municipal system only, '60.8% tha other

source than the municipal system and 13.9% the combined
system of the municipal system and other sourca(s).

87.3% or 103 out of 118 other sources was:gkoundwatari

e e o ot o e o e e e v e A W W s M e e meb s Ul s WP WYY e wae e wm wed T M owr YW Do w o M e W2 7e o o

Block No. 1 2 3 4 5 & Total
Municipal System Only ' 13 i 7 7oAz - 40
plus .Rain/River : : - - - 2 - - 2
plus Water Vendor _ - - - 5 - - "5
plus Well _ 2 4 4 3 1 - 14
plus Others _ _ - 1% - - - - - 1

Well Only _ o 17 16 11 .9 12 19 B4
plus Rain . - - - - - 1 1
plus Pond/Reservoir : - - - - - 1 1
plus Water Vendor - - - ~ - - 2 2
Water Vendor Only - = - = - 7o 7
Others o T E T T
fotal 33 2y 22 27 25 30 158

—_.....‘.,...,-....-.—.v_.__u-.-...-_..__u_-......-.....--u---,-w-_uw--..—m.,.__,-..u_...--..-_.--uw.--.u....
,__._,__...._,-...._.___._......-.-.......—..__._.....-..._..._.._._._.—......_...__._....mm,—._h__.......-m,.—._-m“mnmn.m

* Rain/River and Well
x* Rain/River and Watr Vendor

Response to Municipal System
The reputation of the PWA waterworks among 62 respbndents

using the municipal system was not so good, that is.to say,
38.7%. complained .of low pressure, B8.1% of insufficient

water, 51.6% of color, 66.1% of smell and 59.7% of

turbidity. ~ However thare were big_gaps_in'responsé"by' the

‘block. Though the low pressure took place in all served

blocks except for Block 2, the respondents in Blocks 2, &
and 5 took sufficient water. The complaint of color, = smell
and turbidity occured in all served 6 blocks. c

Potability

This question was”originaily_inténded 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
gquestion followed that on other sources. AR

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

A—4—2—4



5)

6)

v_.m'ur--qwq-uu-—ww\-b'.'w“mww-——"w.wrw»-«.
R e e - R R Ry tpnidh e fmiidindre vl frliodinde il et oo b tedieibe i B dieil i wibe bl Gttt e ior

dre wy ST v W e o S W v ML e v et S b vt LN e ol e e b e bl e e o e e e o e . -

Drinking . 2% (57.5%) 64 (76.2%)
Not Orinking 13 (32.5%) 12 (14.3%)
Both 2 ( 5.0%) 5 ( 5.9%)
Unknown 2 ( 5.0%) 3 ( 3.6%)
Total 40 (100%) 84 (100%)

D I T o I I o o o I I o o I TN N I I M NI TS Y M i T Y e v e v e W e v e NP W0y e e e S T e e p e b v e e oy
- - e I I Rt il nian fpeifigintdine e ss o Giongeviigiie e

'57.5% used well water for drinking and 5.0% for drinking

and ;hotfdrinking in spite of their complaints of its water
quality,  while 76.2% useéd well water for drinking and- 5.9%
for drinking and not-drinking. ' '

The doubt as to the kind of water the respondents = (who
answered that they didn’t use only one source for drinking)
used for drinking is remained. They may use the water
vendor, although this is not expressed clearly in the survey.

Water Quality of Other Sources

As ~ mentioned " above, the main water source ~was  the
groundwater. 11.9% complained of color, 11.0% of smell and
15.2% of turbidity. Scrutinizing the data block by block,
such complaints mostly took place in unserved Block 6 (Ban
Muang). Compared with those in tap water, the complaint of
water guality was rather less in well water.

Conditipns of Wells

P The well depth distribution is shown balow. Between 2 and
14 m and 89.3% wells had depths of not more than 10 m. The

walls with depths of more than 10 m were located in Blogcks 1

and &)

A—4-2-5
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Block No. >5m >10m Unknown — Total

<Hm alom_ <15m
1 3 16 1 - 20
2 11 Q. ~ - 20
3 8 o - 2 15
4 4 & - 2 12
5 6 2 - 5 13
& - 15 7 i - 23
Total 47 45 2 9 103
Well Depth 4.1 7.7 12.5
{m) (47> (45) (2) -
Water Dapth . 2.2 . 3.7 &.0
{m) , (47)'_ (45) (2)
Operation Time 1.8 1.6 2.0
(h/d) - (28) (32) (2)
No.of Fetching s .
Time (l/d) - 8.9 9.4 .-
: (162 () (-)

The figures in parentheses show the number. of wells usad for
the average . caluulatlon . _

ﬁverage Monthly Water Consumptibn, Watar 'Chérge and
Willingness-to-Pay :

Regarding the average monthly water consumption, 38.7% of
the respondents belonged to the up-to~15 cu m . bracket and
24.2% and 8.1% to the 16-30 cum and 31-5%0 cu m brackets,
respeactively. ‘Howeaver, 21.0% belonged to the unknown
bracket ' ' ' '

35.5% pald for the water charge in tha up to~50 Baht bracket
and 27.4% in the 51-100 Baht brackst, while, . accordlng to
the result on the willingness-to-pay for water charge, 75.8%
wanted that the water charge would be in the up-to-50 Baht
bracket and 17.8% in the 51-100 Baht bracket. The expectant
amount was rather less than the actual payment.

Willingness-to-Connact

Out of 158 respondents, 96 didn’t use the municipal system
at present. However, 38.5% was wWilling to coppect to " the
municipal system. Such people mainly lived. in Blocks 1 and
&. When excluding the data in unserved Block 6, = the rate
the willingness-to-connect decreased to 21.2%. They wanted
that the connection fee would be less than 2, 500 Baht (1009}

A—d—26



and the water charge lass than 100 Baht (97.3%). The
response Lo the water charge of the possible consumers was
almost equal to that of the existing consumers.

Reasons for unwillingness-to-connect were summarized below

orlirilbigibudii b gt oitidbidiortibrdine gttt e i T i T U e e s ey ae e e W e
B g vt ipniiorivdirnpriir . n e falidd

e e T e R P U s o s o it i s Sl el it b vl oo i oulatdionl

Block No. 1 2 3 4 5 & Total
There is a well . - 8 8 9 8 1 34
‘Well water is enough 8 2 1 - - ) 16
Well water is clean - - 1 - - 1 2
Wall water is convenient L - - - - 1
Don’t use much water - 1 - - - 1
Lack of money - - 1 - 1 - 2
Others | 12 - - - - 3

_ Total 10 13 11 Q g 7 59
Contents of others were as féllows:

o I will transfer to the new house.

0 Tap water is unstable. B o

o) Tap water is not potable due to the chlorine smell.

Most people who were unwilling to connect to the municipal
aystem thought that they already had wells and those were
enough or clean. The wells were very close and
indispensable to their living.

A—a4—2-T7
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'APPENDIX A-6-1

Coris't.z.clgzctidn Unit Co;st'_







Onit Cost

)2 A 0D e L R 1 0 G 0 A o R R At

Pipél}ne

(HEHRREERERIE

8. A/C Pipe{formal Tytpe} {(23%)

100 xa
1504
200

i T

300 m

400
RN
600 a

Steel Pipe

15t 'm

;W
LT
W

R L
500 an

- 600 m

T

ul

5 a
3
w6
wmw
I TY
m
m W
TR

(351)

5 191
no
08 37
L
T

186
ST
u o n

5
n

90

126
167

uh

I3t
354

]
1l

18

i
150

36
158
582

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

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

P¥A's Unit Rate [1987) sestseedtsteersseestiseses)

162
255
S
566
J0t
1461
1981
2555

§38
1083
1811
19%
Lis7
i
hxH
3950

§
1
1
¥
1
)
1
161

12
4
]
R
8
160
24
K

3§
56
S0

125

m
3
1T
0

178
PAH)
34
L XY

A

H
760
847

att
3
589
192
119
2050
812
3615

Het
1451
2198
AR
HLH
3801

8

5688

40
14
166
1%
2l
It
28]
Eht

140
154
16§
178
23
8
23
R

H1}
i
Lkl
i
1342
293
3085
3934

126
1628
234t
It
i
4149
§103
6003
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{Init Cost

for Transwisgion Pipeline [Trqhspnrtntiog ¢ 800 ku}‘ )

...........

------

-

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

Netetial Fitting lsbor Sebotal Transprt Profit  fotal 1 Pavement

(102)

ctertet Unit Rate Based on Pige Keterial Cost as of Deceuber, 1988

a. A Pipe {Class 20 Noraal type)

100 ea
15 es
200 an
250
300 ax
400 »x
500
600 un

b, Steel
150 ug
200 as
250 m
300 m
0
300 a0
500 22
100 ux
800 s
900 m

1000 »a
110G wa
1280 #a
1350 un
1500 =

$4¢ Hote: Pipe waterial prices are estinated from the contractor’s purchasieg price

1
189
328
5
643
1217
1699

2187

Pige

550
308
i210
15
1387
261
anil
Hn
427
5104
6804
1926
9048

- 11600

12453

ag of Dec. ]9384

RS
12

19

B

45

&4

122
il
9

{15 %)

83

1§
182
326
83
i
408
i
£7%
766
1421
1189
1387
1650
1343

63

b
il
142
188
278
S
398

1
12
112
R
281
L5

5

653
932
1051
101
1632
- 1883
2265

2667 -

{<800Kkn) etc.(21%){x/10%cont)

190
295
12
W
B9

1618

2182

2804

S

1168

1564 -
1560

2451
3005
381
Bl
Bi3s
6921
322

10746

12258

s

17863

13
2"
©
6
§1
115
28
382
10
542
18
B9
1034
1309
1516

A—6-1--2

4
Bt
101

Mmoo
0

354
188
626

159
250

KT

iz}
533
668

829

479
1388
7%
2088
39
1y
ot
4021

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

T

--------

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

261
R

43
895
148

an

3098

057

108
1587
2136
2693

3818
Ok
B
806
T

9986

B

15460
17708
21584
28526

PEA

Price

{1987)

L
8
L
o
132
1038

3095

4

1261
1628
8
n1
S
49
5103

6005

Total 2
b33

i il
U I 1
18l §24

I LI (117
0 un
AN 113
03 1409
R I ki L
158 1116
161 1789
196 2382
w293
M W
309 454
S 5600
07 6612
65 9246
523 10508
581 13818

- B3 - 16099
531 18402
184 2308
87 26398

Ratio

{10

8%

31
1,090
1,480

Rt

§,320

1,21

1,10

2,360

T

AL

AL

5,600

6,810

5,280
10,510
13,820
16,100
18,400
22,380
26,400




Unit Cost

Tor Distribution Pipeline {Transportation < 880 ku)

(#2E858 Unif Bate Baved on Pipe ¥aberial Cost ag of Decexber, 1958

a. A/E Pipe (Class 20 Normal type)

100 11§
150 mn 189
200 un 18
250 m AH
300 = 643
LRI 117
00w 168%
600 AL
b, Steel Pipe
R LUR 850
2300 ma 908
250 ne 1210
300 2w 1507
{00 1881
500 nx Rl
600 s 5
00 3119
800 wa 4821
900 an 5104
1000w 6304
1106 ex 7426
RHIET 9048
1350 wa 1106
1500 na 12953

(25 1)
i
i1
LH

13
161
304

42

a1}

(3 %)
S
318
-
Y
860
191
983
111
1584

1988

2381
2
3167
3850
3

63
g7
101
142
1
i
33
398

1l
12
- 1m
201
24l
405
5
655
93
1031
1401
B
1863
2066
2517

e

07
3l
8l
10
891
1801
W
KRy

B4
1450

“1808

2162
2828
3458
4202
A6
LX)
H1

10586

12382
Hen
17118
20153

13
A
L
&3
il
175
88
352

{60

582
11§
369
1934
136%
161§

8

1l
12
185
il
w
117
£95

)
269
38
i
B12
163
93

118

1876
1130
231
272
3113

369

4571

284
EH
108
986
1373
33
3435
H483

15¢
1829
89
309
3880
1835
71
052
9995
11344
15015
17570
20113
U522
2T

Total 2
}43133 1)

155 4
168 614
181 890
19 181
ITI (73]
Mmoo s
0 I
LI 1Y)
168 131
181 2010
196 54
ut 138
M 8
/LS T
9 6328
W
$5 10468
523 11867
561 19626
619 18209
697 20810
T8 8307
871 29846

4% Hole: Pipe saterial prices are estimsted frow the contractor’s purchaeing price

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

28 of Dec. 1988

A—6-1—3

mrrm b ———

Pui

Price
(1981}

J64
501
735
n
134
2258

3098

3954

1261
1623

- 3361

215
ot
449
$103
5005

Ratie

1.2
LU
1.2l
1.2
L2
LA
1.2t
L2l

L
L
LI
1.1}

1.2

L3
L

L

“dopted
{1988}

40
610
830
1,180
1,620
2,140
SN
£, 150

1,40
2,018
1,650

- 3,340
{15
140
6,330
1,450
10,450
11,800
15,630
18,210
0,810
25,310

© 29,850




lnit Sost

For franseission Pipeline {transportation 2= 800 k)

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

b

-----

Haterial ERitting Labor . Sub?otal Tranepet . Proflt

fion -

100 ex
150 w2
200 w2
250 wa
300. ne
400 ux
50
800 an

Sieel

150 m
200 me
250 na
360 23
T
500 u
800 ax

- 700 =
- 300 m

800 22

1080 an
100

s&t Note: Pipe material prices are estimated frow the contractor’s purchaxlng price

1200 ze
1350 ne
1500 »5

chkeget Unit Rate Based on Pipe Haterxal fogt as of Dace:ber 1933
s A/C Pipe (CIass 20 Rorsal type} :

113
189
38
484
643

Ik

- 169¢

2181

Pipe

§50
- 908
1210
1507
1481
2261
e
ML
4527
5104
6804
1426
8048
11000
12853

2y of Dec. 1988

-

{10 1}
2

1!

k¥
L]
b4
Rty
1
9

LR
B
136
- 182
28
i
39
408
AN

B1tE

156
1621
“1188
1387
168
1843

i3
81
10!
42
188
At
m
358

i
128
m
21
2t
406

5 .

H

k!
1081
Hot
163
1863
2265
3687

190
298
R
41
895
118
218
2804

T4
1168
1554
1960
it
3006
3657
i1
5138
321
3225

10746

12268

14915

17563

13
"
8
6
gr
115
29
35

13
i8
83
1ot
175
350
in

™

919
1163
1436
{13
2068
217
131

A=6-1—4

§}

§?
i}
148
206
3
Lt
§63

162
255
6
138
51
165
889
1053
182
1698
239
2

3611

3682
367

amsa

fotal 1 Pavenent - -
b 30ﬂkl)ﬂt0~(213)(i/10103nt)

[y A e e L e T P L LR

28548

fotal 2
Conn
M0 18 43 W L6
Rri LT K 11} R P9 A
610 81 - 852 LI
KX | | S § KE m oL
1508 Me 8L 1Mz L6
51T 1) WY 11 Y +1 S W [
3288 doy HeT O 8% 1.6
Q00 Sy iy B L
1028 168 1183 181 oM
1619 180 ser 162 L
% 196 2T 2361 Lol
ANt w2 BB LM
M5 a1 dNE M LI
Hee 308 B Qe LB
5636 Wy b B3 LIE
6674 {07 7081 (4008 1.8
$93 - ey MW
10760 23 11283
1418 581 14N
16618 £33 17246
19081 - 697 19778
2395 TR 2120
a6t 8

{1988)

---------

|
B9
850
- L3
. 1,880
- 1,860
3,600

4,550

L
1,800
2,390

3,00

3,10
1,780
5,980
1,080
9,860

11,280

1,10
11,2660
19,180

o4, 120
28,850




Ynit Cost

For Distribution Pipeline (Transportation )= 800 L)

ELYT LY - - R L 8 3 20 N D TR e L TR 0 0 o e D e o e T

1te# Material Fitfing Labor Sudlotal Transpet Profit  fTobal | Pavement
' Co {¥=800kn)ete. (215} v/ 10%cont) total 2 hdopted
. {1988)
chexest fnit Rate Based on Pipe Haterial Cost as of Decenber, 1989 bttt
& A/C Pipe (Class 20 Horsal type}
' C (i) . : .

100 B b4 8. 207 il i 23 153 446 B L2 450
150 an i) {0 81 123 1l 1 i52 168 630 07 LM 6N
200 mn : Jt 3 f0l §11 Y] 1§ 136 181 7 138 1,28 920
250 na 8 11 42w k3 162 1028 196 1223 W L 1,20
300 an _ 43 161 188 991 gt 321 1436 i 1680 1342 Le 1,530
{00 w Coonn il 14 I i) 1% {15 2630 1 801 2298 L6 2,400
500 m . 1698 425 W uw 98 1 3629 09 I eE LA 3040
600 2187 547 398 3132 352 132 1637 348 {1986 1 TR 13 B 081

b Steel Pipe N LI ¢! ‘
150 na B 14 1! 854 18 1 188 1H0 1267 LO06  1,HD
200 wa 908 318 125 1350 {8 M 1681 181 M2 18 126 2,040
250 en 1219 424 i1 1306 83 i WM 196 2708 2361 LIy 2,00
300 wn 1507 521 a2y a6 121 502 31719 U O 1) LI B BN
400 ox 1881 680 H) 2828 175 (33 3097 it {268 Jild L3 4

580 5 2261 1 5 A% 350 800 S068 308 BTT 4M4) LMD 5,380
508 ax 2023 953 56 4202 5 004 6361 HI 6709 HI0 LM 6,70
700 ny 37 1113 635 4945 104 1187 7520 {07 19217 £005 13 1,530
800 mn 421 IS 9 1Ml 39 1n 10598 65 11082 11,060
900 we 3104 1786 1050 ek 1163 181 12118 523 1264 12,640
1000 ex o84 2381 [401 10588 136 $52% 18061 581 16592 18,540

1106 mn BREE{ TR A N S | % R Ak 1 173 2986 18728 638 19368 19,376
1200 sa 9048 J6T 1863 1407Y 2088 ki1 31480 b7 22187 22,190
1350 me 1000 3350 2265 1THLy  26HT 0 4IM 26284 1 2049 21,050
1500 an 12953 4533 2667 20153 31 4om kit 871 31996 32,000

t4t Note: Pipe material prices are estinated from the contractor’s purchasing price
ag of Dec, 1988
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llnit Cost

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

Construction ¥orks Price in 3 Lowest Bstinaled Cost  DWA's Unit Gost Mopted
Yenders {1988) (Reds {for 1987) -~ Cost
(A} ' {1988)
Concrete Rork Baht 2,200 feu @ faht 2,970 fous 0 -
{incl.2ors Work,3cafolding)
Re-Dar Baht 1§ /&g Beht Mg T
Uit Concrete Cost :
{inc). Fora Yozk,3cafolding, Baht 5,370 few w - 5,400
Re-Bae{100kg/cn 5 concratell}
Eacth Work , ' : .
Excavation {with Backfill} Bl Wiewe - L8
Seil Fill §3 Jox a % 120 _
{Feon DWA Cost)
Architecteral Works . _
Adinistration Bldg. 4,516 fag e §,48F fuq 4 o
Head quarter Bldg, 3,612 5,160 _ S,Qﬂﬂ
Chlorination Hoase “Baht 5,830 fsq Bebt 4,043 fegw 3610 - 4300 3,800
usp Bouse CBbt 1860 fsgw Babb  B687fagr M0 - 4200 1,600
(excl.punp pit) ' o o

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

uuuuuuuuuu

-----------------
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Unit Gost

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

Constriiation Yorks PHA's Cost nit Cost Bstinated Cost Mopted

(for 1987} {Bshtfcu v/h) (For 1989) {est
(Bakt, 1000} {a) (A)#1:30 {1988)
Trestmezl Facilities Uit Cost ~ Uit Cost
: ' (Baht/cn eih) {Baht/cu afh)
Sedirentation Basin

i co efhr 1,30 26,200 3,100 34,000

160 cu ufdr 1,613 16,330 21,200 21,000

206 cu afhr 3,13 15,680 a0, 400 ~ 20,000

250 cu /bt 5,133 20,532 26,700 21,000

500 ¢ nfke 1,14 15,416 20,006 20,000

- 1000 cu wfhr 11,723 17,723 23,00 23,000

Pilters : o
50 cu ajhe 588 11,760 15,300 15,400

100 en a/ke 1,04 10,440 13,600 14,000

20 cu w/hr 3,87 11,135 14,500 15,000

250 ci wfbr 2,3 9,348 12,200 12,000

500 ca wfhe 4,6T 9,348 12,200 12,000

1006 ca afhr 11,35 11,356 14,800 15,000
Clear Water Reservoir Unit Cost fnit Coat

; {Bakt/eu a) (Baht/cu &}

500 cun 887 - L 2,300 2,300

1660 cu 2 I,528 1,5¢8 2,100 2,i09

1500 e 8 2,58 1,795 1 2,500

2000 cua 2,803 1,402 1,360 1,840

2080 cun 3,282 1,459 1,900 1,900

3000 tu e ' 6,633 2,211 2,900 2,300

3300 cu s 6,803 2,01 2,600 2,600

" 4000 cu 1 7,130 1,933 - 2,508 2,500

5500 cu m 19,809 1,864 2,400 2,400

Blevated Tank Cost Cost

o {Bsht 1G00) (Baht 1800)
50cua 2l 349 _ 860
120 cu s 1,146 : . 1,43 1,300

i ea 1,34 1,810 1,300
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APPENDIX A-8-1

c'qpacit;y .Calculé.'t.ion ‘of ‘the Water Treatment Plant .







Capacity Calculation for Treatment Plant

_...u-«-;-nx--—-u_-——-.—.mm.—.n.—_—.—m-._—_._—-ﬂ-...u_._..“..—...uu.._.-.-...-.-..u....'.u..——-._.‘.._q.

s a4 w8 4w

“n

e v

item : Total System { for 2011
Planned Flow ' Q= 4,300 cu m/d
{(Daily Max) o= 179 cu m/hr
' po= 3.0 cu m/min
S 0.050 cu m/sec
No. of Treatment Line .
: "2 Lines
: 2,150 cu m/d x 2 lines
(1) :
Receiving Well :
- Criteria : T= 1.5 min
‘ : d= 2.0 m
No. 1 unit
Dimension : Circular
: Dia 1.8 m
I D cum
: t= 1.7 min
(2) :
Mixing Tank :
Criteria : T= 1.0 min
Dimension : Square 2 units
‘ ' Lomox ¥ mx DPmx units
: 1.2 1.0 1.2 2
R 2.88 cum
st o= 1.0 min
Mixer : Mechanical Flush Mixer

e wp ww

At e e ek o e e e &
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‘Takua Pa
Capacity Calculation for Treatment. Plant

» __.__....m..-n-s-..u.-u-ymm-._———..-—mmwn-——_—u—-_._.-«-m-.—_._-—u——-—m—.mna—.———lamuu.—-— .
.

:{3) Coagulant Mixing

Coagulant : Solid Aiuminum Sulphate-(AiZ(SO@)ﬂ)
containing 15 % Al2-03

. Dosage Rate : 10-25 mg-solid alum/l
Average 10 mg/1 :

. Coagulant Solution : 5§ % solution

: Dosage Amount :
43 kg-Alum/day ..

: Coagulant Solution 5 % sdiﬁtion}

= 1 cu m/day
No. of Mixer ; : | 2 units
Type ; Baﬁch Tfpe Mixing
Capacity ; 0.4 cu.m/unit
Dimension ; Syuare X 2 unlts (1 stand by)

L omx W mx Dmx units

1.0 1.0 1.0 1
vz 1:0 cu m/ﬁgit

; Total V = 1.0 ﬁu_m

A-—-8—1-2
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Capacity Calculation for Treatment Plant

: Item : Total System ( for 2011 ) :
o :
:Flocculator : :
=; _ Type ; Hydraulic Flocculation - :
;' No, ; N =2 lines x 2 units

; = 4 units

Unit Flow g = 0.75 cu m/min/unit :
: Criteria. ; T = 30 min ;
Dimension W mx L mx D mx n lines
: HER Y 12,0 2.0 2 :
v o= 24 cu m/unit :

' b= 32.1 min

A~8—1-3
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Capacity Calculation for Treatment Plant

© % i e T e 2 e v frm kR 2 Crm o S o ok o R ok ik A1 R 24 S AD VA A A T L N YA S T At T LR Y R R et e b 2 A e B gy ek
*

Item : © Total System { for 2011 ) ~
sy T
:Bedimentation Basin
Type Rectanglar, Horizontal Flow
No. S N= 2 line x 1 bagins
= 2 basins
Unit Flow s g o= 89:6 ¢u m/hr/basin
Criteria ; Retention Time
T = 4 hours
Dimensicn ‘W mx L mx D : mx N
: 5 25 L0 2
v = 500 cu m/basin:
t = 5.6 houps
;Flow velocity ; v o= ?.5‘cm/min
; Surface Load ; a = 17.2 m3/m2/day

:Sludge Removal : Mechanical Scraper

i L o e S sk A o A L DrF S i o o i ey vy o e o s S e e i A W bt

Sludge Amount :

Sclid Amount : S '
{ton-DS) : So = Q(K{T1-T2)+0.16xB)x10"-6
: where So:Sludge dry weight{ton)
Q :Treated water amount(m3/d)
K :Coefficient converting turbidity
to 8S (0.8-1.35 ->>1.2) _
Tl :Turbidity in raw water (ave=20)
T2 :Turbidity after Sedimentation {ave = 7)
B :Alum dosage rate {ave,= 10 ng/l)

8o = 0.07 ton-D5/day o
; Water Conlents of Drained Sludge
W= - 99.5 %
; Slodge Volume

v = 15 cu m/d :

B e e T Y 8 P ok R T ot et S ] P R rf i i S e A e e . M e o i Pt 8 o ke e R Tt s
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Capac1ty Calculatlon for Treatment Plant

Rapld Sand Filter

Type

No. -

~Unit ‘Flow

Criteria

Dimension

Surface Load

Filter Washing
Frequency

Rate

Water Amount
reguired

- q

Y

‘-

Down Flow, Single Media

N =2 lines x 2 units

]

Hi

4 units

i

1,075 cu m/day/unit

Surface Load
120 - 150 n3/m2/day

¥ mx L m X N units
2.5 3.5 4
& = % sg m/unit

: La = 122.9 n3/m2/day

: Once a day for each filter

: Surface Washing

. 0.2 m3/m2/min x 5 win~
Backwashing
6.6 n3/m2/nin x 10 min
Surface Washing '

9 sq m/unit x 4 units

A\

x 0.2 n3/m2/min x 5 min

it

35 cu m/day

Backwashing

It

v = 9 sq m/unit x 4 units

x 0.6 m3/m2/min x 10 min

= 210 6u m/day

A—8—1-5

Takua Pa



Takua Pa

Capacity Calculation for Treatment Plant
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Solid Amount
in Wastewater !

Solid Amount

{ton-BS) : Q*K*(TI TZ}*IO 6
: where So:Sludge dry welght(tOn)
Q :Treated water amount(m3/d)
K :Coefficient converting turbidity
: to 88 (0.8-1.5 ->>1.2). _
: : - T1 :Turbidity before filter(ave= T)
: T2 :Turbidity after filter( ave = 0)
So = . 0.04 ton-DS/day
88 Contents : s = 147_mg/i
(7
:Clear Water Reservoir *
No., s N = 1 units
Criteria - .
: Retention Time
: T = 8 hours

1,433 cu m

: Réquired Volume : V

Dimension 1 L o mx W om X D m. x N wunits
: 18 - 20 4 i

Total Volume

<
i

1,440 cu m

8.0 hours

i

Retention Time : t

b e e e o om P o e L Tt St Aok L A S P 7 S S S5 A i S S i A S wSe T S
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. Capacity Calculation for Treatment Plant

;Chlorination Equipment

.
.

2
’

LR}

,.

e ae ¥e

o A b e s e e sk, ok i T T o e ot e LR ok e b

A T A S AL AN S o R R ek ek i o o R K D ke e e e et Ry Ul i ! 7 Y P (e ke o S e i S Ak At ket TR e A A ¥ A o T A et e e ¥

Injection Point :

Dosage Rate
Type
Amount

Injector

Storage

Storage Amouht'

* we te aa

: No. of unit 2 units

.
.

*
-

at the Inlet of Clear Water Resepvolir

e o

. e

2.0 ppm

Liquid Chlorine {1l-ton cylihder) :

Vacuum Type Injector

9 kg~ Cl gas/day

rw

Ly

ar e wm

{excl, 1 units stand-by)

P

Rate 0.18 kg/h/unit
Capacity .10 kg/h/unit :
1 month | | ;
$ kg fday x 3D day = 258 kg ;
= € cylinders (50 kg)

No.
F;oﬁ'per unit
Diamete:

Head
'Motof cutpﬁt_

Total Capacity

t D

:{9) Clear Water Pump

N

q

= 2 units:¥ 1 stand-by

= 2.1 cu n/min/unit - ;
= 100" pm

= 30 m | ;
s 20 KW o
= 6,020 cu m/day ‘.;

e oy S e e T L ekl TR Tk W B ke e
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APPENDIX A-8-2

Di’-sf.ribu‘h_i_on Netﬁi)rk Analysis -







TITTLE ° i Takua Pa (Proposed)

NO. OF PIPES : - 82
NO. OF MODES. - : 76
PEAK FACTOR- - - :  1.25

MAX HEADLOSS/Km : 100
MAX UNBALILPS) : 005

PIPE  FROM . YO LENGTH DIA  HWC FLOW VELOCITY HEADLOSS
NO. Node 'Node (M) { MM {LPS) (MPS) £M/KM) (M)
1 100 1 40.00 300 110 35.91 0.51 1.33 . 0.05
g i 64 300,00 300 110 35.87 0.51 1.33 0.40
3 64 2 1080.00 300 11¢ 35.39 0.50 1,30 1.40
) 2 3 1500.00 280 110 35.37 0.57 1.81 2.72
B 3 4 2000.00 300 110 35.27 0.50 1.29 2.57
6 4 3 150.00 300" 110 34,26 0.48 1.22 .18
7o 5 & 1100.00 300 110 34.25 0. 48 1.22 0,12
10 ‘8 9  .200.00 250 110 19.20 0.39 1.02 0.20
119 10 150.00 250 100 18.14 0.37° 1.09 0.16
iz 10 .id 450.00 - 250 110 17.17 0.35 0.82 0.37
13 11 12 215.00 200 100 10.90 0.35 1.26 0.27
14 1z 13 210.00 150 100 © 3,31 0.19L0 0.56 0.12
15 13 . 14 100.00 100 110 1.13 0.14L0 0.46 0.05
16 14 15 180.00 100 100 0.16 L0.021L0 0.01 0.00
18 15 - 17 25,00 100 100 0.03 0.00LO 0.00 0.00
19 17 . 18 2&7.00 100 110 0.03  0.00LD 0.00 0.00
20 14 1% '$0.00 100, 110 - 0.87 (0.11L0 0,25 Q.00
21 19 20 410.00 ° 100 : 110 - 0.56 0.07L0 0.13 0,05
22 19 . 21 295,00 100 i10 0.31 0.04L0 0.04 0.01
23 11 22 140.00 150 100 5.47 0.3% 1.43. 0.20
24 22 23 492.00 100 100 - 0.80 ‘0.10L0 .29 © 0.14
25 23 24 100.00 100 110 0.15 ©.0210 0.0} . 0.00
26 2¢ 23 '312.00 100 1007 0.48 0.08L0 0,12 0,04
27 25. 26 15.00 i%0 © 100 - 1.81 ©.10L0 0.19 0,00
28 22 25 120.00 15¢ 100 4.20 S 0.24L0 0.8& 0.11
29 26 27 T 15.00 100 - 100 1.33 S 0.171L0 0.75 0.01L
0 27 28 ER7.00 100 100 0.4z OLO5L0. G.0%° 0.03
31 258 29 100,00 100 110 0.42  0.05L0 0.03 0.01
32 27 - 36 47600 100 100 O ed ¢.03L0 Q.2¢ 0.0%
33 12 30 r290,00 200 LOO 6.66 0.21L0 0,51 0.15
34 S0 51 100 .00 150 100 5.8% ©.33 1.60 0.1é
.35 31 32 - 500.00 150 110 Y .26L0 0.50 O.54
36 32 33 250,00 130 100 . 2,02 0.11L0 0.2% 0. 06
37 ‘33 4 150.00 50 100 0.04 0.02L0 .04 Q.01
38 35 30 150.00 200 100 1.68 ¢.05L0 0.Ca C.0%
39 25 35 476.00  L50 100 2.02 0.1LL0 Q.23 0,11
40 3¢ 35 20,00 150 100 .28 0.G1L0 .04 C.00
41 36 37 150.00 - 200 L0OO 0.l4 O.0O0LO 0.00 000
42 37 38 200 .00 150 100 0.27 . 0.02L0 0.01 .00
43 38 39 70,00 50 100 0.21 0.11L0 0.71 0.05
44 40  Z7 . 850.00 - 200 100 C.8G 0.02L.0 ¢.00 Q.00

A—-8-2—1
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210
231

TC

206
207
208
209
210
211
212

LENGTH
( M)

575.00
110,00
367.00

15.00

350.00 -

223.00
255,00
200.00
250.00
190.00
130,00
150,00

15.00
150.00
150.00
152.00

30.00
160.00
'250.00
170.00
410.00
436.00
1200.00
00.00
360.00
380.00
810.00
780. 00
660.00
720.060

440.00
2850.00 -

2021.00
680,00
720,00

1260 .00
850.00
&£00 . 00

660,00

8ad. 00

. DXA

250
Ry Rele;
LO0
100
100
100
LGO
100

HWe F
(L

A—8~-2-2

L.OW

P3)

o i L A ) W e A e O e A TY G e T b s e bm e

VELOCITY

0.21L0
O.00LD
0.27L0
©.2000
- 0. 13L0
¢.02L0
0.04L0
0.00L0
0.06L0
0.10L0
< 0.08L0
0.04L0
0. 140
0.07LO
- 0.09L0
0.02L0
0.L15L0
0.,02L0

-Q.05LD:

0.26L0
0.15L0
-0.03L0
0.00L0
0.08L0
0.40
0.48
Q.29L0
¢0.28Lo
0.27L0
©.041L0
C0.28L0
0.04L0
0.22L0
0.C1L0
. 0.01L0
-G O8LD
~0.02L0
C.09L0
G, 0510
0.02L0

. HEADLODSS
(M/KM) (M)
2.7%9 0.28
9.37 o021
¢.00 0.00
0.7 0.25
0.62 0.01
0.38 0.13
0.01 0,00
0.03 Q.01
$.00 .00
.10 0.02
G.17 0.03
0.13 0.00
.04 Q.01
G.32 Q.00
0.14 0.072
0,16 0.02
Q.02 0.0¢
Q.60 0.02
G.01 0.00
0.07 002
1.42 0.24
Q.49 0,20
0.02 0.01
0.00 0.00
.25 0.18
1.26 0.38
1.20 G de
Q.58 0.47
0.56 .43
0.52 0.35
0.03 0.0%
0.48 0,21
Q.02 .07
2.35 0.71
0.01 .00
.00 0.00
0.08& 010
0.02 Q.01
0.1& Gl
G.07 .05
L0l 0.0l



NODE FLOW ELEVATION H G L PRESSURE
NO. (LPS) (M) (M) (M)
1 0.000 13.80 39,95 26.15
2 -0.017 11.65 38.15 24.50
5 ~0. 104 11.7& 35.43 03,67
4 -1.014 11.60 I2.8% 21.28°
5 -0.003 11.20 I2.68 21.4&
& ~0.249 11.20 32.55 2L.35%
8 - =0,429 11.48 31.72 20.24
9. ~1.056 12.00 31.52 19.52
10 =-0.966 12.00 31.35 19.35
i -0.811 10.20 30.98 20.78
12 -0.924 10.00 30.71 206.71
13 ~2.186 L 10.00 30.59 20,59
14, _ -0.101 10.00 30.54 20.54
15 0,127 ~.10.00 ©30.54 20.54
17 0.000 10.00 30.54 20.54
s ~0.032 10.00 30.54 20.54
19 0.00¢ 1000 30.54 20 .54
20 -0.559 19,00 30.49 20,49
21 -0.307 10.00 30.53 20.53%
22 “Q.470 . 11.00 30.75 19.78
23 ~1.132 11,00 30.64 19.64
24 ~3.149 11,00 30.64 19.64
25 . -0.%68 11,00 30.68 19.68
26 0,000 11.00 30.67 19.67
27 -0.265 11.00 - 30.66 19.66
28 0.000 11,00 30.63 19.63
29 ~0.423 11.90 30.62 19.62
30 ~2.522 10.47 30.56 20.09
31 -1.143 11.08 30.40 19.32
32 -2.221 17.10 29.86 12.76
33 -1.29¢ 21.40 29 .81 8.41
34 ~0.043 21.40 29.80 8.40
Z5 -0.593 11.00 30.57 19.57
38 - ~0.243 11,20 . 30.57 © 19,57
iy -0.372 11,30 30.57 19.27
g ~0.061 - 11.43 30.57 19,09
e -0,209 11.50 30.52 19.02
40 -Q.550 12.00 30.57 18.57
41 -0.212 12,00 30.25 18.29
42 ~0.732 22,43 29.92 7.43
3 : -1.365 13.&d 29.71 15.87
4 ~Q.ZL2 12.00 2%.71 17.71
4¢. -0, 503 Co12.00 29,47 17.47
47 -0.105 12.00 29,486 17.46
45 ~0.380 15.0u 29,32 14 .26
4% ~0.838 22.50 29.32 &.82
50 0,180 12.00 2%.45 17.4%
5] 0.000 12,00 29 .45 17.45

A-—-ﬂ—z'—'_?)



DNODE - - 0 FLDW ELEVATION . # G 'L PRESSURE.

NO. {Lhs) . (MY (M (M)
52 «0,691 12.00 29,43 17.43
5% -0.831 12.00 29,42 17.42
54 ~0.294 12.00 29,42 17.42
55 ~0.261 12.00 29.4¢ 17 .40
56 -0, 353 12.00 29, 44 17.44
57 -0.,661 12.00¢ 29, 44 17.44
38 -1.185% 12.00 29,42 17.472
59 -0, 369 12.00 29.40 17.40
&0 -0,673 12.00 29,23 17.23
(=31 -1.069 12,00 29.02 17.02
62 -¢.223 12.00 29,22 17.22
63 -0.038 14.60 39.95 25.35
&4 -0.135 13.80 39.55 25,75
) -0 .345 15.00 39.37 24 .37

100 R 35,908 15,00 40.00 25.00

200 -0.173 11.20 32.10 20.90

201 -0 .359 11.20 31.62 20.42

202 ~0.433 11.50 31.19 19,69

203 ~-0.343 11.40 30.85 19.45

204 -0.278 11.40 30.82 19.42

205 -0.718 14,70 30.64 15.94

206 -0.057 12,00 29,02 17.02

207 ~0.041 12.00 29.02 17.02

208 ~¢, 258 17.10 29.76 12,66

209 -0.182 17.00 29.75 12.75%

210 -0.259 21.00 29.70 B8.70

211 -0.282 2%.00 29.65 B8.65
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 APPENDIX A-11-1

Details of -Operation Cost *
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