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Thung Song

Runoff Analysis

Rainfall Synthesis

The daily rainfall data for the six gauging stations,
collected from the Meteorological Department, RID and NEA
within and around the vicinity of the study area, con-
tain many missing data, To generate such missing data,
correlation study was done on the basis of monthly rain-

fall wusing the overlapping observation periods of the
stations. :

The coefficients of correlation and equations of linear
regression emploved to synthesize the missing rainfall
data in the object stations were determined statistically
by means of the method of least square on a monthly basis
among stations.

The . highest correlation was taken to complement the
missing rainfall data and generation of daily rainfall
was done fellowing the procedures shown below:

a) Fquation of linear regression cbtained through the
correlation study is expressed as:

Y = aX + b
where X: Monthly rainfall at the Lkey station
which Lkeeps perfect daily record of
rainfall during period under considera-

tion

Yo Expected monthly rainfall at the object
station which involves missing data

a,b: Coefficient and constant
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Table Ab-3-1

THUGN

LAN
RON

CHAWENG

NAKON

Rainfall

THUNG

0.510
0.494

0.732

0.498

Thung Song

Co-pelationship of Rainfall Stations

LAN

0

0

0

0.

at Lan Saka

Rainfall at Ron Phiboon

Rainfall at  Thung Song

510

- 0.749

. 748
. 230

829

"

H

A—22-12

RON

0.494

0.205

0.858

QHAWENG

0,732

0.230
0.205

0.316

NAKON
0.498

0.829
0.858

0.316

0,68 x Nakon + 0.63 (mm)
0.70Z x Nakon + 0.44 {mm)}

1,049 x Chawang + 1.28 (mm)



6-3-2  Runoff Model
(1} Tank Yodel
_(a)_ﬂennral

Water Balance in the Tank_

R ot
&
Rey voues
i
|
Vo E
N W ; Rasic Fauation

) ~lo x e ¥t
T :

The water balance in the tank is given by the following
differential'equation :

[{ PP | Y + (Re, vovan - (g + Q ooy /2 d¢

where: H .y - water stage in the tank at € = t+l

|1 = ~do- at t =1

Re, v.v.1 = effective rain poured inte tank during kime ©
| éﬂd.t+1

T = outflow from tank at { = ¢

Qoo = -doo at t = i

-4t time interval for calculation

H

fiving that dt = 1,0 day, 8 «- Ko and 0 ¢,y = KHy.o, then
H LT Ra, ¢-t+1 - KH t.r:/2

“ L+i
B = GK/2D/7CEK/DN o+ /2 Rey weva

. off ¢ + bRe, o

A—2-2-13



FIGURE A6-3-1 TANK MODLL AT X-T0

Locaticn

-fﬁitiaI'Water
. Depth (m)

Catchment 39,0 kil i !
Top Tank E "~E' Xk 0.10
! A ®oooem
(I - A . 0% 0
''x 0. b0 R
Studay Period 1976 - 1979 (1 yrs) : i
| Second Tank ' '°%“ ¥ 0.05
! 5!, R 0.0%
Lol % 0002 a
"'k 0,10
freal Rainfall 1723 mm/yr_ ; |
in Study Period S :
Third Tank B K 005
! 3.t %0 038
l"“f"rf*—L“ _ 100
X 0.001 e e
Rainfall Stayion (%)  Adjusted | l
Lon Saka 100 X 1,047  Fourth Tank ;. %
iA [ - A,,_i_. X 0.0 0
% 0.0 )

Jan FBeb Mar Apr May Jun Jul Aug Sep Oct Nov. Dec Annual
9.2 2.9 3.0 3.2 2.8 3.1 3.0 3.2 26 24 L9 2.1

Note: Rvapotranspiration = Potential Fvapoiranspiration X 0.7

Bparation 1

Qperation 2 ¢

Fvapotranspiration Subtracted from top to thirt tanks,
from top tank when water in top tank, from second tank
when no waler in top tank, so on,

Fvapotranspiration reduced to 80% when rainy day..



fydrojogical Waler Balance (Average in study Period)

ﬂr?al_. Ohae{ved GCompu ted Evapotrans-  Ground Water
_ﬁaj;fa;] R%no;f ) Runof f piration Racharge
U . 74") ) S 74 B O T N () (men/yr)
Mnernmnh 1123 1,938 B R ”Jmﬁwﬁw
Ratio 1,124 {0,840 0.167 0

(2) Muttiple Regression Model

(a) General

RBunoff () is generally explatned in the following formula as

rainfall (R)'Funation.:
Qi f(Riu Riz, Ri;h
where Riv 3 Today’s Rainfall
Riz ; Previous day’s Rainfall

Riz ; 2 days before Rainfall

Suppose thaf runoff is decribed as the linear combination of

rainfaf!; fofmuia (1) wil} be as follows,

i = Bat B Ryt BB+ .., PRt - (D)

where,

Bo, P, By i unknown constant

8 ; 1 Balance which can not be explained by

Multiple regression analysis s to obtain the most reliable im-

partial estimate among these unkoown parameters by

Now the halance square addition should be minimized in order fo

obhtain the estimate of fo. A1y ..ovves Am bos by el b
. / ]2
E=% {Q i (b b BRi i by Rid) }——--(3)

A-2-2—15



Ramely

« B [ _ ]
—me =20 (b b bR e + ba Ri) } == ()
& ho t e f . . i
@B i |
""""" ":'22 Rxl {[’l i - (hu i hl[\,il t orines + hn th) } == 0 '
& b }
................. P I I T N I ) | :
!
44 E y i
e —“?22 Rj_l {{-} P (bo + thi! o, g h"‘ R’-‘) } = 0 I
& h T )

By arranging the éhove equations, simultaneous equatidn'can be
obtained,

nbo 4 (% Ren) by # (5 Rig) be ¢ vvvee + (5 Rit) B =5 W

(5 R bol{E Rix® bt (D Rer Rio) bz # o b(E Ry Rid =% Ry

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

(% Rix)ho+(g R:q Ril)bl'l'(z Riz Rirn)b.z +...+(.E Ri+®)bn ;‘"S Rir s

The quadratic term describing non-linear runoff will be the following
equation;

ﬂl:giu}‘:&i

i+n i+n ’
o+t = L B Ry By-ooeeen 6

i=h k=J

As the same way as linear equation, o, «;; can he obtained by mipi-

mizing the balance aquare addition (7)

i+tn itn 2
E:E{Qt"(ﬂcl“f’z L aix RiRw } —————— (D

ik %=j

A=2—2—16
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In order t_o mip_iniize (N, the following formula must be formed,

- B !. irn i;n
-g"—-“ =.9% le i~ (a0 ¢ Ek Ej Ak R Ry Riy) }

e R T ien i+n
'“""'“"_":-22 Ri* Rn +{e i-f@a+ X B oa; RGRuIRD }

d=k k=4

0

]
i
!
!
1
f
J

Now,
Lth 21 +Nn
Taot & 5 ag R,; Ry =ZXe
d=K K=4J
. i+t i+n
(Z R-l’Rm)ao“i'z{RLRm ERE din R.iRk}:ERLRm € ;
- i= =4

A—2--2-17
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RUNOFK ANALYSIS BY TANK MODEL (DAILY BASE)

e LOCATION v THU Ial G SONG
. N Sl ‘
& CA ; 39,000 (k)
DIMENSION. OF TANK.
UPPER HOLE | MIDDLE HULE | LOWER'HOLE | PENETRATTON | °' ord LON
COEFF | 0.1006000 | 0.070000 | 0.050000
TANK | _ ' 0.600000 1.000
HEIGHT| 60.0 30.0 0.0 : '
COEFF | 0.050000 | 0.030000 | 0.020000 _ .-
TANK 2 0.400000 0.0
HEIGHT| 10.0 5.0 0.0
COEFF | ©0-050000 0.030000 0.025000
TANK 3 0.001000 0.0
HE IGHT 5.0 3.0 0.0
COEFF | 0.0 0.0 0.0 _
TANK 4 _ 0.0 6.0
HE TGHT 0.0 0.0 0.0
[ MONTHLY EVAPORATIONY
{mn” D)
! 2 3 4 ] 6 7 9 10 11 12
RATE | 2.20 |2.90 |3.00 |3.20 [2.80 {3.10 [3.00 [3.20 |2.60 [2.40 [1.90 [2.10

A—2—2—18
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'Appendix

(1)

(2)

Thung Song

_:STUDY ON FLOW AND PRESSURE MEASUREMENTS IN
DISTRIBUTION SYSTEM

Introduction

To évaluate the characteristics of the distribution

system, pressure and flow measurements were made from 7
to 8 September, 1988,

Methods and Results

The flow measurements of 24-hours were conducted of the
main distribution pipe in the treatment plant using the
ultrasonic flow meter with pen recorder. The pressure
measurements were made by installing pressure gage at 5

‘house <connections in the distribution system of Thung

Song.

Due to the lack of data for the existing distribution

system, these tests for Na Bon were not conducted.

The results. of flow measurement at the Thung Song 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 A3-7, respectively.

The resﬁlts' of pressure measurements in the existing
distribution system show similar pressure dconditions
with distribution network analysis (refer to section
301-3).

The results confirm the low pressure area identified by

"Thung Song PWA's official.

A—3—1-1
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Thung Song

 APPENDIX WATER QUALITY ON DISTRIBUTION NETWORK

(1)

(3)

General

distribution mains by use of a portable water guality anal-

Water quality analysis was conducted along the existing

izer. Parameters of the analysis are pH, temperature and
conductivity.
The results of the analysis are shown in Table Ad-1. Sam~

pling points are indicated in Figure Ad4-1,

Causes of high pH

Results shown that only onc sampling point No. 3 is pH 9.3.
Other peoints show relatively low pH within the water gquality
standard.  Based on the field investigation, the following
causes may result in calcium dissolution from the inner wall
of asbestos cement pipes.

‘a) Pipe are'newly installed { less than two years ago),

b} Wéter is retained long inside of pipe due to low water
flow,

Countermeasure

Drain—off from hydrants or blow-off pipes should be periodi-
cally carried out in this area. :

A—3-2-1
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fhung Song
APPENDIX JAR TEST

CGaneral

Jar Test was conducted to evaluate the bresant dosage rate
of coagulant and to verify the appropriate dosage rate.
The tast was conducted on Septamber 1988 for the raw
water presently used by the waterworks.

Coagulant'Usad

Aluminum sulfate is being used as coagulant at Thung Song
Waterworks as well as the other waterworks. The c¢hemical
is a solid type in a package of 25 kg bag, which is
dissolved in the coagulant solution tank with an effective
volume of about 1.0 cu.m.

According to the operator, they are consuming 50 kg (two
bags) of aluminum sulfate a day. From this amount of
consumption, dosage rate is calculatred as below: '
Dosage rate (R) for daily average flow rate:
'R = 50,000 g/4,700 cu.m/day =10.6 mg/1
Concentration of the coagulant in the solution tank is
calculated from the amount of themical dissolved and the
volume of the tank as Tollows:

Concentration of coagulant solution (C)

' © = 50,000 ¢g/1.0 cu m = 50,000 mg/l

“This solution was diluted 10 times for use of Jar Test;
therafore, solution had the concentration of: :

50,000 x (1/10) = 5,000 mg/l

Test Procadure

'Test procedure followed the PWA’s regulation for Jar Test.
Sequence and time are shown as follows: .

a) Coagulant dosed

7.5 min

 b) Rapid'Mixing, &0 rpm

©) Flocculation, 40 rpm - 7.5 min

d) Flocculstion, 25 rpm 5.0 min

@) Sedimentation, about 5 min

A—3-3-1
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4 Condition and Results

Jar Test was conducted with a series of six different
dosage rates. The condition and resulis are as shown 1in
Table AS5-1. ' - '

Table A5-1 Jar Test Condition and Raesult

1 2 3 4 5 5

L. Coagulant
Solution (ml) 0.5 1.0 2.0 3.0 4.0 . 5.0
2. Dosage Rate : oo o :
(ma/l) 2.5 5.0 10 15 20 .25
3. Turbidity after _ .
setting 2.3 <1.0 2.3 2.3 2.3 2.3
4. pH 6.81 6.50 6.10  5.80  5.12  4.8%
5. Conductivity , : . _
{micro ohm/cm) 4.9 . 5.0 5.1 5.3 5.8 6.6
&. Characteristics , . . '
of Tloc No floc fTloc No floc No floc No floc No floc
size ' -
1-2 -mm
From the results above, it is observed that dosage rate of

5.0 mg/l shows the most effective removal .of. turbldlty
Considering this, present dosage rate (10.6 mg/1l) may bs reduced
although the dosage should be made evenly through the operation
with a proper mixing and flocculation process.

A-3-3—2
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Thﬁng Song
APPENDIX STUDY ON WATER CONSUMPTION

Date 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
connection are recorded on this card.

Data collection was made in a manner of copying figures
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
walerworks., When the exact locations were not identified,
they were 1located in some extent of the pipeline. Big
consumers were also identified for further analysis.

Collected Data

-Raq_'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.

A—d—1=1
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APPENDIX - QUESTIONNAIRE SURVEY IN THUNG SONG (RESIDENTIAL)

i ijective

The door-to- door guesticnnaire survey was conducted to obtain the
basic information on the resident’s living conditions, water use
pattarns, rasponses  to the municipal system and/otr  their. own
water sources and willinghess for house-connection supply, and
covered the area served or unserved by the munlclpal water supply
qy%tam.

- 2 Survey Area

The survey area was_diVided into 5 blocks taking into account the
boundry of. the nunicipality, railway and roads as shown in Figure :
Aa1-2=1. 611 blocks were Tully or partially served by the
munlolpdl system. .

- -3 . Survey Item

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

1. General
1.1 Address
1.2  Type of House
1.3 No. of Parsons in Family
1.4 Noo of Employees
1.5 daverage Monthly Income
1.6 Average Monthly Medical Expense
_2_::.Typé of Water Supply
3. Conditions in case of Municipal System
3.1 Pressure
3.2 RQuantiby

Co4 Other Sources than Municipal System

4.1 Type of Source
4.2 Conditions in case of Groundwater

5. Potability
6. Water Quality in case of Municipal System
6.1 Color
6.2 Smell
6.3 Turbidity
7. Average Monthly Water Consumption

A—4-—-2-1
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8. . Average Monthly Water Charge
9, Willihgness to Pay for Water Charge
10. Water Quality in case of Other Source

10.1 color
10.2  Smell
10.3 Turbidity

11.  Willingness to Connect to the Municipal System
12. Willingness to Pay for Connection Fes

13. Willingness to Pay for Water Charge

4 Survey Method

college _students.wera amnplovad as interviewers and were engaged
in the ‘dquesticonnaire survey with the guidance of the PWA Head
office staff. The survey was conducted to 183 residents on
September 8, 1988.

5 Surveay Rasults

The results of the guestionnaire survey are summarized in Table
Al-5-1.

1) Genaral

55 2% of the respondents lived in residential houses while
4%:7% in commercial buildings and the remaining 1.1% was
unknown due to the omission of confirmation by Lhe
intgrviewers.

The total numbers of persons in families and employees were
918 and 434, respectively. fccordingly, one household is
‘somposed of 5.02 family members and 2.37 employegs on  an
average with a ttotal of 7.39 persons. . :

‘Regarding ~the average monthly income, 8B2.0% of the
respondents were in the up-to-6,000 Baht bracket, or 14.2%
in the up-to-2,000 Baht, 33.9% in the 2,001-3,000 Baht,
15.9% in the 3,001-4,500 Baht and 18.0% in the 4,501-6,000
Baht brackets, respectively. The average in respondents
weighted by the number of persons and the median in =sach
income bracket was approximately 4,700 Baht, but the number
- of persons was biggest in the 2,001-3,000 Baht bracket.

As. to the average monthly medical expense, 39.9% was in the
up-to-50 Baht bracket and 14.7%, 11.5% and 20.8% were in the
51-100, 101-200 and 201-500 Baht brackets, respectively.
The average in respondents calculated by the same method as
the above is 300 Baht, but the number of persons was biggest
in the the up~to-30 Baht bracket.

A—-4—-2-38



2)

4)

Type of Water Supply

&0.1% of the respondents used the municipal . system only,
23.0% the other source than the municipal system and 16.9%
the combined system of the municipal system and other
source(s).

27.7% or 64 out of 73 other sources was . groundwater -as
shown balow. : '

Block No. 1 2 3 4 5 Total
Municipal System Only 14 30 25 28 13 110
pius Rain/River 1 - 4 - 5
plus Pond/Raservolr - 1 - - 1
plus Water Vendor : - - - 1 - -1
plus Well 7 - 2 5 10 24
well only 8 - - 15 & . 39
plus Water Vendor e - 1 - -1
Rain/RiVer Only - - - - _.2 2
Total 40 - 31 21 5O 3] 133

ottt il nibudh ey sl gnuipeupeJpeigegieiepp SR SE DS MBS e

Response te Municipal System

The reputation of the PWA waterworks among 141 respondents
using the municipal system was not so good, that is Lo say,
47.%% complained of low pressure, 24.8%  of insufficient
water, :36.2% of  color, 47.5% of smell and 50.4% of
turbidity. However, there were big dgaps in response by the
block. Though Ethe low pressure took_place in all blocks,
especially in Block $ (Nabon), the respondents’ excapt for
Block 5 have insufficient water. The complaint of color was
conspicious in Blocks 2 and 3, while smeall was . mostly
detectad 1in Blocks 1, 2 and 3 and turbidity was found 1n
Blocks 1, Z, 3 and 5. ' ' '

Potability

This question was originally intended to know the potability
of tap water, but the answer ssemed to- be made not only for
the tap water but also for other source water, - since the
question followed that on other sources. I '

Accordingly, the  evaluatbion was made extrautihg the data
from respondents using tap water or well water oanly.

Al 24
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o T U SRy om0 e bt o e oo i

iaciibos ioreiuodiuiihn el ut e o el o ol b i il el v siodlin ey Jurgiieg = poegiaipug regpenivn

Drinking 54 (49.1%) o

o £ (71.8%)
Not Driniing & ( 5.4%) 8 (20.5%)
Both 50 (45.5%) = (=)
Unknown - (=) 3 {(7.7%)
Total L10 (Low 59 (100%

49.1% used well water for drinking and 45.5% for drinking
and not-drinking in spite of thelr complaints of ils water

guality, while 71.8% used well water for drinking.

The doubt &% to Lhe kind of water the respondsnts (who
answerad that they didn’t use only one source For drinking)
used foir drinking is remained. They may use the wabter
vandor, although this 1s not expressed clearly in  ths
survey.

Water Qualily of Qther Sources

As mentioned above, . the main water source Was the

groundwater. 23.3% complained of color. 19.2% of smell and

24.6% of turbidity. Scrutinizing the data block by block,
such complaints mostly took place in Block 4, while Blocks 1

~and 5 were comparatively blessed with water auality.

compared with those in tap water, the complaint of water
quality was rather less in well water.

Conditions of Wells

The well depth distribution is shown below. Between 2.4 and
30 m and 79. 7% wells had depths of not more than 10 m. The
almost wells with depths of more than 10 m were located in
Block 5.



7)

8)

i ma =i A i nm e e e vea W e e e e e o wme wah Wil meb W ek WL WA WL WA W ML MR Tar B WA W We SIA e ey M pe e W ven e Mem g e (b e Tas i e i e e e ey e ved

Block No. ' >5m - >iOm - >15m o >20m Un- Total

“<5m . <10m  <15m 20m <3Z0m Known
1 13 Ll 1 - - - .25
:2 - -— —an Py - - was
3 —-— . 2 bt bl - . 2
4 10 10 1 - - - 21
5 1 4 5 5 1 - 16
Total 24 27 v, 5 1
Well Dep. 4.4 7.5 14.0 19.2 30.0 .
fm) (24) (27) {7) (%) (1)
water Dep. 2.6 4.5 8.6 13.2  27.0
(m) _ (24) (26) (7} (5) . (1)
Operation 1.9 1.6 1.8 9.3 2.0
Time (h/d)} (10) (13) . (6) (4) (1)
No.of
Fetching 13.3 6.1 10.2 2.0 -
Time (1/d) (14) (10)  (2) (Ly )

The figUres in parentheses show the number of wells used for
the average calculation. : :

ﬁvefage Monthly Water Consumption, Water Charge and
Willingness-to-Pay. : .

Regarding the average monthly water consumption, ' 44 7%
belonged to the up-to-15 cu m bracket and 31.2% to the 16-30

U m bracket.

27.7% of the respondents paid for the water charge 'in the
up-to-50 Baht bracket and 37.6% in the 51-100 Baht brackets,
while, according to the result on the willingness-to-pay for
water charge, 41.1% wanted that the water charge would be in
the up-to-50 Baht bracket and 39.7% in the 51-100 Baht
bracket. The expectant amount was rather less than the
actual pavinent. :

Willingness~to~Connect

Out of 183 respondents, 42 didn’t use the municipal system
at present. However, 49.6% was willing to connect to the
municipal system. Such people mainly lived in Blocks 1, 4
and 5. They wanted that the connection fee would be- less
than 2,500 Baht (é65%) and the water charge less than . 100
Baht (85.0%), which a little bit more than that of existing
consumers as mentioned above. :

Reasons for unwillingness—-to-consct were summarized below.
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Therée is a well o 4
Well water is enough - 4
bon’t use much water 2 - - - - 2
Not necessary 1 1
l.ack of money - i

1 3

Tap water is expensive in
installation
Tap water is expensive z - - - . 3
Others 1 - - - i 2
Unknown 1 - - - 1
Total 11 - - 9 2 22
Contehts of others were as Ffollows:
o It will take time to connect the municipal system
a ~and  the connection work will be difficult.
o Although " having already paid for the connection

fee, I give up it due to no work.

Most people who were unwilling to connect to the municipal
system thought that they already had wells and those werse
gnough or clean. MWells were very close and indispensable to
their living.
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2558

g3
1083
i
1998
ALY

it

351
1950

.........

§
i
19
]
10
80

1%
161

12
74
]
58
8
160
26§
3

A—G—1~1

3
%
80
12
n
n
i
570

178
232
345
i
i
515
160
897

-
383

469
792
1119

050

2812
3615

1121
1471
19
1136

- W9

380
1820
5685

140
154
166
17

123

48
283

38

140
154
166
199
2
248
203
319

364
T
135
1!
1342
2298
3095
3034

1262
1624
1361

15
gt
1149

5103
§005



#ait Cost

e e o s e L R e 8 1 e R 8 1 b e U e A e e A M M S w0 S

Ttee Katerial Ritting [abor Subtotal Tramsprt DProfit = Total I Pavesent . . -
{1ex} {4300kx] ete. (202} {4/ 108cont) Total 2 " hdopted
) . was o )
| o | | om
(HReteE Init Rate Based on Pipe Material Cost as of Decesber,1988 gttty Price  Ratio
2, AJC Pipe (Class 20 Norsal type) : - {1987)
(10 x) __ | | |
100 22 15 12 B3 190 ! i 251 14 4 64 LU e
150 wa 183 19 81 203 12 1! 408 168 L E IR 11} Lu 530
200 #a 328 it 162 3 161 B3 18t 8 (£T I OO L IR
150 w 1) A Hr o sl 4 1 + 8% 196 W01 W L L0
300 xn 643 64 188805 H 187 14y 2 f1493 12 LI 5480
T VS LI 1) 134 1618 # 188 1810 Mo 1248 L 2,54
500 #x 1639 170 Hi 2182 144 438 -30%6 309 M08 3095 110 3yile
500 w 1181 AL 304 2804 115 626 3967 H QB KEKT) LIC 400
b, Stesl Yipe {15} ' , o _ C -
150 pu 550 R 1t (L1 13 159 1oog - 168 1. 1267 093 1,800
100 1 968 138 128 1184 U 254 1wl 17689 1625 1.0 '1,170
250 #e 1210 i82 1 1564 {2 i 2136 96 3 el 0.9 2,360
308 = 1501 R w 1954 63 {75 8y 93wl Lol 3,840
{00 22 1887 283 F{ T 11} 8t 533 REIE] I U L1 3,850
500 wp yri3 339406 3006 118 66% an u Wy {149 LO 45
600 w2 il 408 §26 3687 18 829 T 149 5600 Ui L10° 4,800
100 wr 311 11 855 4 11} 979 6246 I A 5045 110 6,80
300 we 1527 519 o 518 16 1385 8181 {68 9246 9,250
%00 xa 51 746 1451 5921 582 1578 4946 813 10408 1,510
1000 ez 5804 1021 Hop 9328 718 2088 - f3eM 8L 13815 ' 13,820
1100 =a 1918 113% 1831 10746 854 U 15460 839 15098 15,100
1200 2e 9048 13§71 1863 12868 {IE! 2793 . IS g91 18402 (8,400
1350w 1000 160 2365 WO 1309 MOT IMS4 e s 2,38
1500 we 12853 1943 2667 17563 1616 {021 25528 811 26398 ' 26,400

ttt Note: Pipe eaterial prices are estinaled frow the contractor's parchasing price
ag of Dec, 1989 :

A—-6-~1--2



Uit Cost

gor Distribation Pipeline (fransportation ¢ Hﬂu'kn]

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

1tee Katerial Pittiag Labor SubTotal Tramsprt Profit  Total | Pavement
. {{800ka) ete.{Z1T){w/10%cont) Total 2 Adopted
{1988}
PiA
(itete (nit Rate Baged on Pipe Maberial fost as of Decesber,i988 HEED Price  Ratio
a, A0 -Pipe {Class 20 Horeal type) . ' (1987}
(25 1)

100 m 115 pi 83 w1 7 I M 153 137 64 120 H
150 me 183 i 1] 323 12 10 445 158 614 S0 L. 610
300 m 38 B2 101 | 21 112 108 181 830 135 L 190
Ww B 1 2 709 32 145 988 196 1161 1 L 1,180
300 ae K 1 188 991 ¥ 118 AT T S T 2D T B 18 71
e SRR YA 4 1801 8 m 2513 e 298 LRl 2,780
Wom 1699 Y1) uy Uy 14 2 UH Wy A W Ll L
860 ax 187 57 3 N 176 £95 1 M9 My M L2l 4180

b, Steel Pipe {35 1} . :
50w 30 193 IBE 851 13 182 1Y 168 1332 1287 L0413
WM 508 38 15 1350 oW 1829 - 18t w10 I62F L. 4,000
25002 1219 b 1 1808 T 388 2459 196 2654 231 L1200 2,630
300 we R LI A Y I ¥ 1Y 83 182 3093 (LU ¢ X T I 1 T I PO S P 11
Bm 1847 660 L ST ] 512 3880 MO RK L 4150
0w %1 T )| 105 M58 i 16 135 £ T SR AL I 8 { O P (1
§00-ns 2183 953 626 4202 288 943 s MY 83 N3 LA 6,330
100 w8 CH 1§l 655 4948 LY U UK S {14 401 Y 6005 LA 1460
800 us 1521 1586 I T4l 460 1576 9985 - 465 10451 10,450
1Y jlo0 186 1051 M 562: - 1790 11344 523 18T 11,870
1000 ex 6394 - 2381 Q4001 10486 e AN 1M 81 13626 15,630
1100 #2 7928 77 i63 13N 369 2 11570 §39 18208 18,210
1260 v 9048 167 1863 1077 10M 31 g0 697 20819 210,810
1350 xs- 11000 3850 2265 IS 1309 1869 44822 - T4 28307 5,310
1500 xa RFa1Y 1533 66T 20153 1BiE BN WITh 871 29448 24,859

t4 Fote: Pipe material prices are estiwated frow the centractor's purehasing price
ag of Dec. 1988

S
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Unit Gost

For Transaission Pipeline [Transportation »= 300 Y|

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

Ites Katerind Fitting Tlabpr Subfotal Tramsprl Profit  Totsl'l. Pavement B
(103} (>=800ka}ate. (215} {w/10%cont} Total 2 kopted
) (1988}
(tebeet nit Rate Based on Pipe Material Cost as of Deceaber, 1988 2325235
a. 4/C Pipe |Class 20 Rormal iype) :
{10 1}- ' _
10w 11§ 12 AL 190 13 43 3l LT V4 B L ¢
14 m 8 87 295 2] 61 4 168 £93 501 L1 540
200 v 128 3 10l 82 TH i 470 181 832 1”0 LI 854
250 ea {54 i5 142 841 63 148 R 196 1133 1] I O L B S k|
300 ue f3 & 188 895 87 . 6 - 1308 T T YO < R Y T N
400 11 122 A1 TN £ I V1] 31 2387 i 2658 2293 - L6 2,660
500 wm 1699 11 3 s 288 §19 288 - 0w 3%9T 3088 18 3,600
600 eu 2187 219 k3T 82 §53 RO MY MY WM LI1E 58
b, Steel Pipe {15 1) o . _
150 €n 550 83 11 i 26 162 1025 168 1193 1281 .90 1,290
100 e 508 138 16 1168 § 3% 1649 1B 1801, 162 LI 1,800
250 me 1210 182 1 156 8 Hs 292 196 8T 2% - L0 %M
300 u 1507 28 1t 1960 187 438 EARE Mgz B Lo 3,80
£00 xx 1487 243 1 sl 175 B 398 mooowe nM L LI
500 m 2161 9 s 006 - 0 705 - g6 09 4 1144 148 4,780
500 »x an {08 5§26 3687 77 889 5636 HY- 8984 51 LIP30
700 un 1Y in 638 3 T 1053 6874 07 1081 0 6685 - L1 7,080
800w 81 §7¢ 932 6138 $19  HEl 4393 eI LY - 5,880
900 &n 1t 76 - 1051 g921 1183 1698 10750 B3 1E 11,280
1009 ma B304 M1 MRl %22% &M 22 Hig - M N : 14,770
1160 en 7926 1189 - 1632 1076 - 1138 2822 15616 f38 17256 17,260
1260 2 049 1387 1863 12268 M8 UL 13084 801 . 1ume 19,760
1350 ke 11000 1650 2265 MO9S - 2610 - 36R2 1333 T8¢ 24120 8,10
1500 w 12953 M3 86T 17563 1AL 43T et g7l 28548 28,550

4% Fote: Pipe waterial prices are estimated from the conbractor’s purchasing price
as of Dec. 1983

i R R o L 3 M
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| fnit Cost

for Distribution Pigeline (Transportation )= 80D ke]

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

Ttea Naterial Fitling Labor SubTotal Transprt Prof it Total 1 Pavewent
{r=800ka}etc, {213} (w/10%c0nt) Total 2 idapted
{1988)
(44481 (nil Rale Based oz Pipe Haterial Gost as of Decewber, 1988 shEEED
a. AJC Pipe {Class 20 Rorual Lype)
R '
100 ua 113 3] 83 w 1] 4 03 133 F T T I Y
150 22 18 i 81 2 1 1 §62 16§ 830 501 LM 80
100 11 Y ) §ii i 116 13 18 RIS KT I 1 830
W i H3 142 (] 63 162 - 1028 196 120 ot Lis 1,220
30 B 1] 181 188 8 41 1436 Z L Y R 1 N R W 1
400 &a 1217 104 AL I H1) 17 15 830 a1 01 %% 36 2,900
e - 1899 425 W uin P 2 82 R T TS (111 S % BN
600 1 2187 547 398 33 352 kA 4631 348 1985 u 12T 4,990
b, Steel Pipe (35 1)
150 En 880 - 103 11 B34 28 185 {ifl 168 130 1267 LO6 1,340
200 as 408 18 15 1350 W 1861 181 2042 163 L6 2,040
30 m 10 §i4 172 1366 83 w U 198 2708 2361 LI 2,m0
300 m 1567 527 Yo ower I 502 37 EU T X S L T LT PO L A ¥
00 m et 860 1 2828 I 83 KLY a1 4 W L3 4
500.am 1261 T80 406 M8 350 800 5068 w3 ey LW RN
§00 e2 FAVA] 953 586 02 L7} S 1T 6361 HOOOBMY S8 1.3 67N
100 =8 1L I )3 VI 11 M 1y 7520 LTI 1 S 1 IS O S 8K
800 x2 587 1804 932 104 91y 16m 10598 g5 11062 - 11,060
360 we LU Tt T 111D G 1T S TR O X R 13 JFA TR YR VA ) 11,840
1000 ax a0 2381 1401 10888 MIE 2928 16601 881 16582 18,580
1100 W B LTS 1 & 1 S VA VX TR Y £ T 1+ 18726 539 19868 14,318
1200 ua 948 - 3167 1863 BT 2068 3N9) 11490 97 22187 ' 22,190
1300w 11000 - 3850 2265 . 105 2817 4l 26 B 204 27,08
1500 wa 12953 4533 2667 20183 2% 43N 312h 871 31096 _ 32,000

# fote: Dipe aaterial prices are estirated from the contractor's purchesing price
- ag of Dec, 1088

............................................................................
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it Cost

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

Constraction ¥orks  Price in 3 lovest Botinated Cost P?A{é-ﬂdif Cost Addpﬁeﬂ
Senders  {1988) (AL - {for 1987) Gost
Y : (1988}
foncrebe Rork Beht 2,000 fenw Raht. 2,970 fenw | -

{incl.Porw Work,Scafolding)

Re-Bat Baht 18 fkg tht 2 kg | - |

Unit Concrete Cost _ _ 3
{tnel. Pocw Yoek,Scaloldiag, gaht 570 feuw - - 5,400
Be-Bar(100kg/cu & concrete))) _ .

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

Barth York _ N _ . :
Brcavation (vith Backfill] 85 Jen a ST fou e - .8

Soil Rill ' Sl R : 120
© {Pros PYA Cost)

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

Architectural Yorks

Mrinistration Bldg. 4508 Jg YT R

fead Quarter Bidg. 3,612 5,160 ‘ : _ - 5,000
Clorintion foise ~ Babt 2,890 /sqgr  Babt 40N /sgx  J6I0- 430 . 3,80
Purp fHouse Bakt 1,860 fsq 1 Baht 2,687 Jsg 3540 - 4200 ' 3,600

{excl.puny pit)

A—6—1-—6



bait Cost

.............................. e . ———

e e L L P

Construction Horks Fik's Cost Unit Cost Estigated Cost : Adopted
: {Foz 1987) iBadt/eu &/h) {Eor 1389} ‘ fost
(Bakt 1000) {4} (A}21.30 {1988)
Treatsenl Pacilities : Unit Cost _ Ueit Cost
: _ {Bahtfca ufh] {Babtfen ufh)
Sedinentation Basin _
50 cu afke 1,40 26,200 34,100 14,000
100 cu efhe 1,633 16,330 21,200 21,000
200 cu efhr 1,136 15,680 20,489 20,009
250 cu s/hr 5,18 20,532 26,700 21,000
500 cu w/he 7,708 15,415 20,000 20,000
1000 cu ufhe 17,723 17,123 23,000 23,000
Filters
50 cu afhe 588 11,760 15, 300 15,000
100 ¢ w/he 1,04 Ig, 440 13,600 14,000
200 cu ofbe 2,207 11,138 14,500 15,000
250 ¢n wfhe 5L, 9,348 12,200 12,000
500 cu ufhr {614 9,348 12,200 12,000
1060 cu wfhe 11,386 11,56 14,500 15,004
Clear ¥ater Reservoir Unit Cost finit Cost
{Babtjcu o} {Babtfea o}
500 cu 887 1,10 2,300 2,300
1000 cu w {,528 1,628 2,160 2,100
1500 cem 2,60 1,798 2,300 2,300
- 2000 cua 2,803 1,462 1,800 1,500
1180 ¢u x 3,280 1,459 1,300 1,500
3000 cu = 6,633 2,21 : 2,300 2,500
3300 cu p 6,603 2,001 ) 2,600 2,500
4000 cu = .m0 1,933 2,500 2,5
5600 cu a 18,809 1,864 2,400 2,499
Blevated fank _ Gost Gost
- {Bakt 1000) {Baht 1000]
50 cun 7 o 0
120 cu 8 1,1 1,40 1,500
250 ¢u 8 1,34 1,810 £, 860

A—6—1-7






APPENDIX A-8-1

o Capa_._Ci:ty Calculation of the Water Treatment Plarit






Capacity Calculation for Treatment Plant

T A T S T L et L e i £ e i o % A o ek e T ek o e i e e v

:Plannéd Flow
: {Daily Max)

cu m/d

cu n/hr
cu m/min
cu m/sec

Thung Song

(1)
iReceiving Well
: : Criteria
: No.
: Dimension
1 (2)
:Mixing Tank
: Criteria
: Dimension

Mixer

ae wa

! Q=

HE 350
o= 5.8
! o= 3.097
Line

: 2
H 4,200
: T= 1.5
: d= 2.8
3 o 1
: Circular

¢ Dia 2.0
¢ oy= 9
b= 1.5
: T= 1.0
: Square
rLomox W
: 1.2 1.2
Ty o= 6.48
Lt o= 1.1

Lines

min

unit

T T s T Sy T e b N AL A e e e R 1l L B e e ot Tt A T W L e TR e o e Bt . A o 2ot

3 units
mx Dmx
1.5
cu m

min

Mechanical Flush Mixer

A—-8—1—1

units



Thung Socng

Capd01tv Calculatlon for Treatment Plant

:(3) Coagulant Mixing

e aw

Coagulant : Solid Aluminum Sulphate (A12(S04)3)

i __contginlng _15 %.AlZ—OS o
; Dosage Rate : 10-25 wmg-solid alum/1
: - Average 10 mg/l :
; Coagulant Soclution : 5_% solution :
; ; Dosage Amount . ;

84 kg-Alum/day

au g

s aa

: Coagulant Solution { 5 % solution)

; = _ 2 cu m/day ;

No. of Mixer ; 2 units ;
Type. ; Batch Type Mixing ;

Capacity ; 0.8 cu m/unit ;

; Dimension ; Square X 3 uﬁitéi(l stand.by);
¢ L omx ¥ mx Dmx ‘uwiits . :

: 1.0 1.0 1.0 2 :

; ‘ ;' v = 1.0 cu m/unit ;
: , Total V = 2.0 cum :

A—-8—1-2



Thung Song

Capdcity calculation for Treaiment.ﬁlant

Ttem Total System . ( for 2011 ) ;
N . ;
:Flocculator : .
; Type ; Hydraulic Flocéulation ;
i No. ; N =2 lines x 2 units :
i ; = 4 units :
: Unit Flow ; q = 1,46 cu m/min/unit
: Criteria  : T = 30 min :
i Dimension W mx L mx D mx n units
H 1.2 15.0 2.5 4 :
: ; v = 45 cu m/unit ;
; ; t = 30.9 min ;

e o L A L A T A A L Ay L o e o N R o e Gk kT e e e e e o 4 e 2 £ e 2 et

A—8—1-3



Thung Song

Capacity Calculation for Treatment Plant

-q«ka“a*ﬂmw_“__u“Hu__ﬁ“__n~______P__n_qum——___u___“¢_uu_uu»—o

b e e 1t e e i A e < S i S A e 2 A St T AR A L Y R i S et S T o o R e S Ak g S R N i ket ¢ S b o e 4 3

(5}

:Sedimentation Basin

Type : Rectanglar, Horizontal Flow

: No. ; N =2 line x. 1 basins
; = 2 basins
: Unit Flow ; q = 175.0 cu m/hr/basin
Criteria : Retention Time
T = 4 hours
Dimension ; W mx L mx D mx : N
6 30 4.0 2
v = 72d cﬁ m/basin
IR A 4.1 hours
;Flow veiocity ;v = 12.2 cm/min
; Surface. Load 1 a-= 23.3 n3/n2/day

181udge Removal : Mechanical Scrapér

8ludge Amount

Solid Amount :
{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 turbid:oi:
to 88 (0.B~1.5 ->>1.%} ' '
Tt :Turbidit: i raw vater {aves 12)
T2 rucbidity alter Sedimentation {(ave = 7)
Bo:alum desage rate {ave.= 10 ng/l)

So = 0.06 Lon-DS/day
; Kiter Conlents of Drained Sludge
W o= 99.5 %
; Sludge Volume

v = 13 cu m/d

- A -y S B i e s I e

| QS U R R ——— R etk ek

A—8~1-4



e we ws

:Filter Washing

*r as de aa

e ve ee awm

e se wr s

Capacity Calculatlon for Treatment Plant

ma e A e i s

e i r An2 A Y A e e e 4
A Lt s i sen e o et i A e e S e e e e 2 2o i ©

- _._._.....__-...._.._..—.-.“._..._,.“...._.....—.-«....__......-H...._.__._,__.........._...........___,..._..._“MH__.,___‘ *

.Unit Flow .

Criteria H

Dimension :

Surface Lead :

Frequency

Rate

4e s ws

Down Flow, Single Media

2 lines x 4 units

i

N

H

8_units

if

q 1,050 cu m/day/unit

SurfacérLoad
120 - 150  w3/m2/day

W mx L mx N units
2.5 3.0 8
a= 8 sq m/unit

La = 140.0 m3/m2/day

Once a day for each filter
Surface Washing

0.2 m3/m2/min x 5 min

: Backwashing

“r ae

Watér Amount :
required H

e w

er as o=

e e Sk i e e SPTE T e B S A T, T A A L e

0.6 w3/m2/min x 10 min

Surface Washing

v = 8 sq m/unit x 8 units
x 0.2 m3/m2/min x 5 min
= 60 cu m/day
Backwashing

v = 8 sg m/unit x 8 units

x 0.6 m3/mn2/min x 10 min

= 360 cu m/day

e i b P e Y A W e Ay S e i Ao 8 e e -

A—8—1~5 -
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Thung Song

Capacity Calenlation for Treatment Plant

lM“mm“n———mmumu&m“wnnmwmm“““d*—”ua“‘wu-—ummmmu””ﬂn"ﬁmﬁ_“diﬂ—:

'_—ﬁ“”“ﬂ‘——~ﬂw—“~m—*qn&‘—‘—-_“ﬂM—mm—“—m—"——m——#uh&m-"‘uu_—_u.

Solid Amount @
in Wastewater :

Salid Amount @
{ton-DS)}

= @¥K¥(T1-T2)*107-6
where So:5ludge dry weight(ton)
@} :Treated water amount{m3/d}
K :Coefficient converting turbidity
to 88 (0.8-1.5 ->»>1.2) ‘
T1 :Turbidity before filter(avez 7)

-T2 :Turbidity.gfter filter{ ave = 0)
So = 0.07 ton;DS/day
8S Contents ; 8 = 168 nmg/l
_E;; ___________________________________________________________
:Clear Water Reservoir
No. t N = 1 units
_Criteria .
: Retention Tine
; T = 8 hburs

: Required Volume : V

2,800 cum

X W mx D m x N

"8.6 hours

Dimension ; L units
: 20 30 - B 1
; Total VYolume ' o e
tvi=- 3,000 cum-. - |
Retention Time ; t =

B o e o 1 T e e o Ao R A R ok okt S S ETH A o Fam Pt e e o o T R W L W $7 T TS W Y T e TR e s

A-8—1-6 .



Capacity Calculation for Treatment Plant

el g st Pt L S R S e Sy A A R ik 4k Sk s e
T N M ML o g i Ty R ik B b o e g Y A A A U e s e e nim s b

:Chlorination Equipment

Injection Point

. ke s

Dosage Rate
Type

Amount

o sn S8 ws 28 we @

: Injector

B8 be P as 2% ss ws

Storage

Storage Amount

s ar we

e

se

: N No.
: Flow per unit

‘Diameter

Tr ae W e

"Head

Motor output

L LR Y

: Total Capacity

.
.
.
-
.
-
.
*
*
.

N T

At aw o As

" a4

at

Ligu

Vacu

No.

Rate
Capa
1

17

he Inlet of Clear Water Reservoir
2.0 ppm
id Chlorine {1-ton cylinder)
17 kg~ Cl gas/day
um Type Injector

of unit 2 units
(excl. 1 units stand-by)

0.35 kg/h/unit
city 10 kg/h/unit
month
kg /day x 30 day = 504 kg

= 11 cylinders (50 kg)

3 units + 1 stand-by
2.7 cu m/min/unit
200 nm
RIL
30 KW

11,760 cu m/day

A—8—1—T

e e

as we an wa

s *+ as e

o g e P S g A A i T e T ——— 7 T LD e 1 M2 Sk S o e . R = Rt St e T T A T Ak e i iR At A o e m  m

(9) Clear Water Pump

Thung Song
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APPENDIX A-8-2

Distribution Network Analysis






Table 6-3-1 Results of Distribution Network Analysis

TITLE : Thung Song (Proposed)
NO. OF PIPES : . 141
NO. OF NODES ;124
PEAK FACTOR i 1.25
MAX HEADLOSS/Km : 100
MAX UNBAL(LPS) : ,007
PIPE. FROM TO  LENGTH DIA  HuWe FLOW  VELOCITY HEADLOSS
NO..- Node Node (M) (MM) (LpPs) (MPS) {M/KM) ( M)
1. 200 1 110.00 400 110 126.94 1.01 3.39 0.37
2 -1 2 423,00 250 110 31.20 0.64 2.49 1.05
3 2 3 920.00 200 110 24.34 0.77 4.67 4.30
4- 3 -4 680.00 200 110 7.18 0.23L0 0.49 0.33
5 - 4 S 1120,00 150 100 5.01 0.28L0 1.21 1.36
& i & 482.00. 400 110 '95.74 0.76 2.01 0.93
7 8 7. 1152.00 400 110 92,97 0.74 1.91 2.19
8 - 7 8 240.00 300 100 . 91.44 1.29 8.95 2.15
9 8 .9 436.00 - 300 100 89.25 1.26 8.55 3.73
10 .9 10 258.00 - 300 100 7.29 0.10L0O 0.08 0.02
12 10 12 256.00 100 100 4.36 - 0.55 6.76 1.73
13 12 13 292,00 100 110 3,117 0.40 3.03 0.89
14 9 14 296:00 300 100 79.54 1.13 - 6.91 . 2.05
15 0 14 1B 70.00° 150 100 2.18 0.12L0 0.26 0.02
16 . 15 16 394.00 100 100 0.92 . 0.12L0 0.38 0.15
17 15 47 410,00 100 100 0.60 0.08L0 0.17 0.07
18 14 18 106.00. 300 100 77.36 . 1.09 6.57 0.7¢
19 18 19 186.00 200 100 21.52 0.69 4.44 0.82
20 19 20 28.00 200 100 16.23 0.52 2.63 0.07
21 19 23 328.00 150 100 5.08 0.29L0 1.24 0.41
22 20 21 106.00 200 110 16.23 0.52 2.21 0.23
23 21 22 126,00 200 110 9.64 0.31 0.84 0.11
24 . 23 22 - 28.00 150 100 1.87 0.11L0 0.20 0.01
25 23 24 375.00 100 110 1.44 0.18L0 0.73 0.27
26 24 25 200.00 100 110 0.83 0.11L0 0.26 .05
27 . 21 26 176.00 150 100 6.16 0.35 1.78 0.31
28 . 22 26 175.00 100 110 1.87 0.24L0 1.18 0.21
29 26 27 454.00 150 100 6.87 0.39 2,18  0.99
30 27 28 110,00 100 110 1.20 0.15L0 0.52 0.06
31 29 28 116.00 100  L10 2,01 0.26L0 1.35 0.16
32 18 30 226.00 300 100 54.85  0.78 3.47 0.79
33 22 37 20,00 200 110 9.05 0.29L0 0.75 0.01
34 30 31 44.00 200 100 17.65 0.56 3.07 0.14
35 . 31 32 284.00 150 100 3.81 0.22L0 0.73 0.21
35 32 33 18.00 100 100 1.46 0.19L0 0.89 0.02
37 33 34 270.00 100 . 100 0.88 0.11L0 0.35 0.09
38 31 35 164.00 200 100 11.62 0.37 1.42 0.23
‘39 .. 35 36 80.00 200 100 10.05 0.32 1.08 0.09
40 36 50 90.00 150 100 0.32 0.02L0 0.01 0.00
41 . 36 37 20.00 200 100 8.11 0.26L0 0.73 0.01
42, 37 28 62.00 150 110 - 4.20 0.24L0 0.73 ¢.05
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PIPE FROM TO LENGTH DIA HWC - FLOW VELOCITY ™ -HEADLDSS'

NO. HNode Node (M) (MM) - (LPS) {(MPS)  (M/KM) ¢ M)
43 37 41 44,00 200 100 12.88 0.41 - 1.71 - 0.08
44 35 39 62,00 150 110 3.53 0.20L0 . 0.5% . - 0,03
45 39 40 18.00 150 100 3,01 0.17L0  0.47 0.01
46 39 43 70.00 100 100 0.26 . 0.03L0 0.04 0.00
47 . 40 44 80.00 - 100 110 1.7 0.2210 1.01 0,08
48 40 45 . 182.00 100 100 1.07 ~ 0.14L0" 0.50 © 009
49 44 46 16.00 100 110 1.74 - 0.22L0 1.01% 002
50 45 46 66.00 100 100  0.38 “0.05L0.  0.07 .00
51 . 4) 42 70.00 100 110 .45 0.06L0O 0.08 0.01
52 43 42 46.00 100 ii0 0.00: -0.00LO 0.00 0.00
5% 46 47 18.00 100 100 0.02. 0.00LO 0.00 0.00
54 48 47 50,00 100 110 G.91 0.12L0 0.31 - 0.02
55 49 48 76.00 100 110 . 1,59 . 0.20LO 0.88 0.06
56 41 . 49 20.00 - 200 100 12.33 . 0,390 1.58 0.03
S7. . 46 &1 -92.00 . 100 110 - 1.59 0.20L0 0.87 Q.08
58 47 57 70.00 100 110 0.39. . 0.065L0° 0.06 Q.00
59 . 49 54 34.00 200 110 10.65 0.34 1.01 0.03
&0 30 ‘51 114,00 300 100 35.25 0.50 1.53 . - ©0.17
61 51 52 120,00 100 110 2.53 0.32 2.07 ©.25
62 51 80 104,00 300 100 . 32.57 0.446 - 1.32 0.14
63 52 53 100.00. 100 110 2.40 0.31 - 1.88 0.19
&4 53 B8 104.00 150 110 0:51 0,03L0 0.01" T 0.00
65 = 53 S4 24.00 150 106G “1.11 0.06L0 - 0.08 D Q.00
66 54 55 - 34.00. 200 110 11,69 0.37 1.20 0.04
&7 55 56& 70.00 1007 110 - 0.45 ©  0.06LD 0.08 - 0.02
&8 56 57 60.00 100 110 0.11 0.01LD 0.01 '0.00
69 55 ' 59 26.00 200 110 © 10.75 0.34 - 1.03 0.03
70 59 &0 136.00 150 110 - 2.88 0.16L0 0:.37 0.05
71 - &0 61 18:00. 150 100 2.47 0.14L0 0,33 0.01
72 80 81 20.00. 100 110 2.80" 0.36. ' .2.50 ~ 0.05
73 81 82 255.00 100 110 - 1.01 0.13L0 0.38 ¢.10
T4 80 83 90.00 30 100 27.92. 0.39 1.00 T 0.09
75 61 &2 12200 100 110 .1.89 0.24L0 1:.20 0.15
76 - 62 &3 106.00 100 100 1.25 0.156L0 0.67 C0.07
77 63 64 76.00 100 100 . 0.43 0.05L0. 0.09 0.0
78 &5 &4 44,00 100 | 100 2.48  0.32..° . 2.37 . 0,10
79 61 65 10400 100 100 . 1.68B S QL2110 1.15 - D12
80 59 &7 ¢4.00 200 110 7.74 0.25L0 0.56 C0.04
81 . &7 66 38.00 200 110 12.88 Q.41 . 1,44 © Q.05
82 86 &5 166 .00 150 LO0 . 1 3.20 0.18L0 0.53 .09
a3 &4 &9 160.00 100 100 - 0.54 0.07L0 0.14 . 0.02
B4 70 &9 210.00 1850 110 3.50 0.20L0 0.52 0.1L
85 66 70 176.00 200 110 8.03.  0.26L0 0,60 ©oo.1l
86 70 71 | 160.00 200 110 3.73 0.12L0 . 0.15 0.02
87 71 72 150.00 156 110 &6.26 0.35 1.54 - 0.2%
88 - 72 73 130.00 150 110 3.03 T 01710 0. 40 0.05
89 73 74 150.00 150 110 1.52 0.09L0 0.11 0.02

90 74 75 450.00 L5C 110 Q.61 0.03L0 0.02 0.0!
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pIPE  FROM: TO LENGTH DIA HWC FLOW VELOCITY HEADLOSS

NO. Node Node (M) (MM) {(LPS) (MPSY  ~ (M/KM) (M)
91 68 &7 25.00. 200 100 5.22 0.17L0 . 0.32 0.01
92. 83 &8 310.00 200 100 9.56 0.30 0.99 0.31
93 68 77 204 .00 150 110 - 3.57 0.20L0 0.54 .11
94 - . 77 76 170.00 150 110 3.13 0.18L0O 0.43 .07
95 76 71 26.00 200 110 4.55% 0.14L0 0.21 0.01
96 83 84 6.00 . 300 100 17.56 0.25L0 0.42 0.00
97 84 85 20.00 150 100 4.22 0.24L0 0.88 0.02
o8 85 86 236.00° 150 100 4.22 0.24L0 . 0.88 0.21
99 86 87 20.00 100 100 3.92 0.50 5.57 0.11
100 86 90 96.00 100 100 0.29 0.04L0 0.05 0.00
101 87 a8 _60.00 100 - 100 0.06 0.01L0 0.00 0.00
102 87 8% 96.00 100 100 3.79 0.48 5,22 0.50
103 84 91 146.00 200 100 13.13 0.42 1.78 0.286

104 91 92 90.00 100 100 1.89 0.24L0 1.44 0.13
105 91 94 - 182.00 200 110 10.44 0.33 '0.98 0.18

106 92 93 160.00 100 100 0.12 0.02L0 0.01 0.00

107 92 77 172.00 100 100 0.57 ©0.07L0 0.16 0.03

108 78 76 170.00° 150 110 1.89 0.11L0D 0.17 0.03
109 78 79 194.00 100 100 0.39 0.05L0 0.08 0.01
110 101 78 50.00 200 110 2.48 0.09L0 0.08 ©.00
111 101 102 100.00 200 100 0.18 0.01L0D 0.00 0.00

112 103 101 3.00 200 110 3.35 0.11LO 0.12 ¢.00
113 94 103 - 117.00 200 110 3.89 0.12L0 0.16 0.02
114 94 95 40.00 200 100  6.08 0.19L0 0.43 0.02
115 95 = 97 310.00 100 100 0.25 0.03LD 0.03 0.01
116 95 96 22.00 100 100 5.36 0.68 9.91 0.22
117 96 98 285.00 100 100 . 4.14 0.53 6.13 1.75
118 98 99 . 212.0C 100 110 3.80 0.48 4.40 0.93
119 99 - 100 380.00 100 110, 2.60 0.33 . 2.17 0.83

201 & 201 700.00 100 110 - 0.86 0.11L0 0.28 0.20

202 201 202 470.00 100 1l0 0.31 0.04L0D 0.04 0.02

203 . 201 203 = 580.00 100 110 0.3% . 0.04LO 0.05 0.03

204 7 204  1250.00 100 110 0.21 0.03L0 0.02 0.02

205 9 226 880.00 100 110 0.15 0.02L0 0.01 0.01
206 226 205  800.00 100 110 0.15 0.02L0 0.01 0.01

207 205 206 - 670.00 100 110 0.15 0.02L0 0.01 0.01
209 13 208 240.00 100 110 2,44 0.31 1.94 0.46

212 208 211 - £70.00 100 110 2.44 0.31 1.94 1.30

213 211 29 350.00 100 110 2.44 0.31 1.94 0.68

215 75 213 &50.00 100 110 ©.0.49 0.0610 0.10 0.07
216 74 214 700.00 100 110 0.43 0.05L0 0.08 0.05
218 100 216 720.00 100 110 0.60 C.08LO 0.14 0.10
219 216 217 900.00 100 110 0.18 - 0.02L0 0.02 0.01
220 216 2i8. 150.00 100 110 .  0.00 0.00L0 0.00 0.00
221 218 219 800.00 100 ° 110 0.3} 0.,04L0 0.04 0.03
224 222 218  1130.00 100 110 0.97 0.12L0 0.35 0.40
225 223 222 | 900.00 100 110 1.70 . 0.22L0 0.99 .89

226 89 223 620.00 100 110 3.34 0.43 3.47 2.15
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To
Maoda

LENGTH
(M)

“DIA -
{(MM)

FLOW = VELOCITY -
CO(MPS)  (M/KM)

-
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-&.858
17.158
~2.173
-4.54%
~1.213

- ~1.326

-2.190
-2,271
-2.927
-1.250
-0.670
0.000
~0.657
-0,924
~0.599
-1.007
~0.218
0.000
-0.434
-0,587
-1.,766
~0.610
-0.829
-1.154
-5.689
-3.209
-0, 429
~1.931
~-2.218
~-2.355
-0.579
-0.879
-1.571
~-1.619

- =0.094

-0.664
-0.267
-Q.223

HWe
: (LPS3)
110 0.65
110 0.00
110 0.24
119 0.22
ELEVATION H G L
{ M) { M
&1.10 85.83
&l.44 84,77
60. 79 80.48
62.53 BO. 14
73.53 78.78
&0.07 84,90
55,92 82.70
55.48 80.56 .
54.08 76.83
53.66 76.81
53.30 75.08
53.70 74.19
52.71 74.78
52.02 74,76
853.48 74.:6%
52,00 74.69
51.70 74.08
£5.46 7326
53.446 73.19
52.58 72.95
51.79 72.85
51.79 72.85
850.72 72.58
50.62 72.53
53,00 72.64
53.30 71.65
53.38 71,59
53.30 71.75
51 44 75.30
51.44 73.16
50.59 72.96
50.58 72.94
50.21 72.85
51.60 72.93
51.79 72.85
51.79 72.83
51.70 72.79
51.60 72.75
51.70 72.74
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0.00LY’
0.03L0 -
0.03L0

PRESSURE

HEADI 0SS
M)
0.17 0.14
0.00 0.00
0.03 0.01
0.02 0.01



NODE FLOW ELEVATION HG L PRESSURE
NO. (LPS) (™) (M) (M
41 -0.105 51,60 72.76 Z2L.16
42 ~0.447 51.58 72.75 2L.17
4% -0.259 51.57 72.75 21.18
44 0.000 51.57 72.66 21.09
45 ~0. 692 51.60 72.65 21.05
46 -0.484 51.57 72.65 21.08
47 -0.540 51.57 72.65 21.08
48 -0 .687 51.58 72.66 21.08
49 -0.078 51.61 72.72 21.11
50 -0.320 51.61 72.84 21.23
51 ~-0.148 51.55 73.13 21.58
52 -0.134 51.56 72.88 21.32
53 -0.778 51.5%0 72.69 21.19
54 -0.079 51.50 72.69 21.19
55 -0.494 51.48 72.65 21.17
56 -0.343 51.50 72.64 21.14
CY) -0.49] 51.52 72.64 2i.12
58 -0.506 51.35 72.69 21.34
59 -0.125 51.48 72.62 21.14
&0 -0.407 51.50 72.57 21.07
&1 -Q. 496 51.50 72.56 21.06
&2 -0.640 51.40 - 72.42 21.02
63 -0.817 52.20° 72.35 20.15
Y -2 .380 51.85 72.3%4 20,49
&5 -2.407 51.60 72.44 20.84
&6 ~1.640 51.30 72.53 21.23
&7 -0.0%0 51.35 72.58 21.23
68 -0.764 51.35 72.59 21 .24
&9 -4 ,045 52,13 72.32 20.19
70 -0.803 51.25 72.43 21.18
73 ~-2.023 51,53 72.40 20,87
72 -3.225 51.90 72.114 20.21
73 -1.517 52.23 72.06 19.83
74 ~0.477 52.68 72.04 19.38
75 ~0.115% 52.70 72.03 19.33
76 -0.46% 51.53 72.41 20.88
77 -1.011 51.25 72.48 21.23
78 -0.407 5].30 72.44 21.14
79 -0,388 50.94 72 .42 21.48
80 -i.846 51.52 72.99 21.47
81 -1.796 50. 40 72.94 22.54
82 -1.006 47 .88 72.84 24 .94
83 -0 .804 51.53 72.90 21.37
84 -0 .207 %1.53 72.90 21.37
85 0.000 %1.53 72.88 21.35
86 0.000 51.05 72.67 21.62
87 ~0.076& 51.05 72.56 21.51
88 -0.057 53.95 72.54 21.61
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(LPS)

-0.532

R 126.939
-0.205
-0.306

-0.348
-0.205

0.000
~0.149

0.000

0.000

0.000
-0.494
-0.429
-0.420
-0.180
-0.667
~0.307
-0.727

~-0.997

-0.647
-0.243

0,000
-0.218

(M)
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Table 6-4~1 Results of Distribution Network Analysis
TITLE : NA Bon {Proposed)

NO. OF PIPES i 27
NO. OF NODES T 24
PEAK FACTOR : 1.25
MaX HEADLOSS/Km : 100
MAX UNBAL(LPE) : .005
PIPE FROM TO LENGTH = DIA  HWC FLOW  VELOCITY -  HEADLOSS
NO. Node Node (M) . (MM) (LPS) *  (MPS) (M/KM) (M)
i 400 13 30,00 150 100 15.32 0.87 9.5¢9 0.29
2 2 i 115.00 150 100 0.64 0.04L0 0.03 0.00
3 3 2 30.00 150 100 ~  0.69 0.04L0 0.03 0.00
4 4 3 115.00 150 100 0.97 0.05L0- ©0.08 0.01
S 5 4 140,00 150 100 2.72 ~ 0.15L0 0.39 0.05
6 & 5 - 25.00 130 100  3.48 0.20L0 0.61 0.02
7 7 é 75.00 150 100 4.36 0.25L0 G.94 . 0.07
8 7 8 67.00 100 100 0.10 0.01L0 0.01 0.00
5 4 S 88.00 100 100 0.27 0.03L0 0.04 ©.00
10 7 9 213.00 100 100 1.26 0.16L0  0.68 0.14
11 10 7 25.00 150 100 = 5.91 0.33  1.65 0.04
12 1l 10 85.00 150 100 5.91°  0.33 1.65 0.14
13 - 12 11 260.00 150 100 7.25 0.41 . 2.41 0.63
14 = 15 1L 123.00 150 100 0.30 0.02L0 0.0t 0.00
15 13 12 - 75.00 150 100 7.25 0.41 2.41 ©.18
16 13 14 208.00 150 100 5.06 0.46 2.93 0.61
17 14 15 188.00 100 106G 1.59 0.20L0 1.04 0.2¢
1S 16 1% £0.00 150 100 1.50 0.09L0 0.13 . 0.0l
19 14 17 87.00 - 150 100 5.53 0.31 1.48 0.13
20 17 1é 110.00 150 100 ©  3.29 0.19L0 0.56 . 0.06
21 15 22 47.00 156 100 1.16 ¢.07L0  0.08 0.00
22 22 23 23.00 150 100 0.36 0.02L0 0.01 0.00
235 22 21 $3.00 100 160 0.62 0.08L0 0.18 0.01
P 17 18 $3.00 100 100 1.5& 0.20L0: 1.0l 0.06
25 18 19 130.00 100 100 0.58 0.07L0 0.18 0.02
26 21 - 19 206.00 100 100 0.43 0.05LD 0.09% 0.00
27 19 2C 92.06 100 100 ¢. 31 0.04L0 0.03 0.00
MODE FLOW ELEVATION H & L PRESSURE
NO . (L.PS) (M) (M) ( M)
400 R 15.315 55.46 7C. 45 15.00
L ~0 . 537 S2.1L . £9.05 16,32
2 ~0.05¢ 4% .34 £3.04 19.70
M -0 . 280 SU. 01 59,04 19.03
4 -1.487 51.54 ©7.04 17.5G
3 -0.734 51.22 52, 10 17.38
& -0.902 54.4C &9.1L 14.71
7 -0. 125 34.13 89,18 £S.05
s -0, 097 34,71 &9 .15 4.47
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APPENDTX A-11-1}

Details of Operation Cost
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