AT'I;ACHMENT 4

WATER HAMMER CALCULATION OF AQUEDUCT PIPELINE
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$rokeketirsC ALCULATION FORMULA OF HYDRAULIC LOS

1. Friction loss of straight pipe @ il

Il is given by the following formula as per WILLYAM I[AZENs formuls.

L Vg2
Hi - = X 2e
fhere . 7 It1 - Friction loss (w

L. - Pipe length [m})
D - Pipe diameter (w)
V -~ Flow velocity - (m/sec)
g - Gravity acceleration (m/secix?
R 1 -
Cexl. 85 Dex (1/6) x Vax0. 15
€ - Coelficient indicating pipe inner roughness

f

2. Taper pipe loss in case of convergent flow @ H2

H2 is given by the following formula:
' _ExVZ - VizvVl

Where : H2 - Taper pipe loss (m)
V1 - Inlet flow velocity {(w/sec).
V2 - Outlet flow velocity (m/sec)
& - Convergent angle {deg)
C - 0.025 '

L %S (/2

3 Taper pipé loss in case of d.ivergent flow = H3

H3 is given by the following formula:
ng-p o MRTYAME |
rA4 .

Fhere U3 - Taper pipe loss (v

' V1 - Inlet flow velocity (n/sec)
V2 - Qutlet flow velocity (a/sec)
8 - Divergent angle (deg)

f is given by the following table:

[ @ {deg) 1 g | 12 1 18 |
{1 | 015 | o0.215 | 0307 |
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4. Bend pipe loss : {4

14 is given by the following formula as per KEISBAGH's formula:
' VvV '
4 - f. x % .
Yhere H4 -~ Bend pipe loss (m)
V - Flow velocity (w/sec)
D - Bend pipe diameter (um)
& - Bend angle (deg)
R - Radius of bend pipe center (mn)

D ' .
f - (01314 1.847 » ("R) #*3. 5 x (9%)#*0 5

5. Butterfly valve loss : HS

HS is given by the following formula:
W5 -1 o XY
4
Fhere 5 - Butterfly valve loss {m}
~ Flow velocity fn/see)
0.18 (Pia. is not less than 1200mm)
0.20 (Dia. is less than 1200mm) ‘

e D
!

1

B Sluice valve logs : U8

N6 is given by the following formula:
VxV
2g .
Khere H6 - Sltuice vaive loss (m)
V - Flow velocity (u/sec)
f - 005 (In case of full open)

H6 - 1

7. Non-return valve loss : N7

7 is given by the following formula:

Vox
H? - f «x Egv_
Hhere {7 - Mon-return valve loss {(m)
V - Flow velocity (m/sec)
[ -05 |

8 Ialet loss for bellmouth : H8

H8 is given by the [ollowing formula:
Vxy
g ,
Bhere H8 - Tnlet loss for bellwouth {w)
= Flow velocity (m/sec)
0.2 (Made from casting)
0.4 (Made from stecl)

- f =

—
i
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9. Loss of branch and confluence flow : HY

9 s giveﬁ by the [cllowing formula as per CARDEL's foruula:

In case of confluence {low

g ~la - 1 x —LXVF

4 X g
Hy —tla - fy x —~2 2V

2xg
Wy 1A - (1y - 18) x LEVE

L XE
(8 - - 0.95(1 1 qf)esdiafx aBxll + 0420 1) - 08(t (-8 CS0 - 0 39
. & prd ¢

cos &

[y - qf%:2 x (259 + (1 B2 - p#%0, 5) ( - 1)~ 0.628)+ qf8 (1. 94 ~¢4)- 0.03
fhere ifa -~ Pressure head at the upstream of main pipe ()
2 - Pressure head at the upstream of branch pipe (W)
Iy - Pressure head at the downstream of main pipe (w)
Each abbreviation «. 2. ¥ indicate a location described in the above
fa - Loss coefficient at « '
i - Loss coelficient at 8
ty - Loss coclficient at ¥
Vv - Flow velocity at 7 (n/sec)
& - Angle between main and branch pipe f{deg)
¢ - Area ratio of main and branch pipe
£ — Ratio of radius at branch and main diameter
g - QA7 9y {(shall be negative value)
0% - Main outlet flow at ¥
QB - Branch inlet {low at @
Qo -Qy - Q8
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_1L0SS CALCULATION. TABLE

service :
i ftem [ bescripticon of losses I Fiew | Dia. [velocity | i TLloss
_____ Ho. i {m3/gec) {rmm) (m/sec) | {m)
I C ‘ o I T .
| i 0 Screen loss | - 0.00000 | 0 | G.DOD I" 0.0000 0,300
I | | ] o !
| | | P | T ™
1 1 ; Bellmouth [ 0.30000 | 400 | 2.387 | 0.2000 | 0.058 |
| 1 ] | |
i | [ | i I 1 - ]
} 2 45 deg Bend = 0.30000 | 4oo [ 2.387 ] 0,0994 | 0.029 |
t | i A ] __’
| . ] : | | B b ]
i | 3 {Straight pipe(William Hazen)| §.30000 | 400 bo2.3s7 | o0.0229 | 0.133 |
] F“ | Length=  8.00{mj C=110 | | 4 - i I |
| a ; . | P i i
i | 4 |{sluice valve I 0.30000 | 400 - .} 2.387 | "0.0500 0.015 |
] ! } i | - | I A
| ] | | | I | I |
| | 5 |Taper pipe{Divergent) | ©.30000 [Dl= 300 |V1= 4.244) 00,1717 | 0.030 |
| L] I |D2= 400 }v2= 2,387 i i
! ] - P~ [ . | B i
i : 3 EButterfly valve { 0.30000 { 400 | 2.387 | 0.2000 | 0.058 f
| . A A | 1 A
| I i - { 1 T [~ | .
| [ 7 |Non-return valve | 0.30000 | 400 i 2.387 | 0.5000 | 0,145 |
| | | I | i | i .
| | | | | T | T
| | 8 |[cConfluence flow at T | 0.30000 |D1= 400 |Vi= 2.387| 46,0531 | 0.234 |
iI ! ]l }_ : D2=1100 EV2= 9.316 H 1 ]
. b a : { I
i | 9 |straight plpe(wllllam Hazen) { 0.30000 | 1100 |  0.316 . | 0.0262 0.000 |
1 | | - length= 4.00{m) C=110 | | 1 1 ' i
i I ] ] ] . } N ]
| _ i 10 | Confiuence flc)w at T i 0.60000 |D 1‘ 400 V1= 2,387| 0.6869 0.014 |
g ! 1 | | D2=1100 | V2= 0,631] !
! b i i b ] 1. S |
| | 11 |straight plpe{Wllllam Hazen) | 0.80000 | 1100 | 0.631 | 0.,0236 | ¢.002
; i | length= 4.00¢m) C€=110 % | . | ! 1
f i ! | i |
| | 12 |confluence flow at o - 0.90000 |Di= 400 |Wi= 2.387| 0.5228 | 0.024
I| i | | =Dz~1100 |wz= 0. 947;
| i |
i | 13 |straight plpe(wﬂlmm Hazen) | 0.90000 | 1100 | 0.947 | 0.0222 ¢.004 |
! |} length= 4.00(m) C=110 ; % % |
| | A Co c
| | 14 |confluence flow at T | 1.20000: |Dp1= 400 |Vvi= 2.387] 0.4202 0.034
| [ | | D2=1100 |v2= 1.263] | }
! | i | I, P | |
| | 15 |Straight pipe(William Hazen){ 1.20000 | 1100 b1.263 | 0.0213 | 0.0624 |
] i | Length=  15.00(m) C=11i0 : E f I }
] | ]
| | 16 |ventury flow meter 0.00000 | o [ 0.000 | 0.0000 | 6.200 |
| ] ] : ] } ] l | 1
| ] ] | | { ] ] o
| I 17 |[Straight pipe(William Hazen)] 1.20000 | 1100 | 1.263 | 0.0213 | 30.642 |
l | | _ Lenqth=19450,00(m) C=110 { E { g %
| | | .
| | 18 |Ventury flow meter 0.00000 | g | 0.000 |} 0.0000 | 0.200 |
| | | | I I i | J
| ] | . | 3 | ] | |
l | 19 [other loss | 0.00000 | 0 | 0.000 [ o0.0000 | ¢.800 |
L e — —|
| | 20 |velocity héad |  1.20000 | 1100 { 1.263 | 1.0000 0.081° |
|I | ! : | ! i . % %
i sum of Hydraulic losses in meter I 33.028 |
| : |
I Static head 85.300 |
) | |
f”' [ (118.328) |
| Total Head L;T I
[ 1126.0
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Calculation of Water Hamner by Electronic Computor

We are conducting the calculation of the water hammering
phenomenon by use of thé electronic computor. This calcu-~
lation is based on the formulae'ﬁrepared from Fﬁg graphic
calculation method developed by R.W. Angus, L, Béfééron,
Therefore, the explanation of the graphic calculation
method makes also clear the electronic computor calculation
system for the water hammer;

The most fundamental concept of the graphic calculation
method is to assume the water and Pipe as the elastic
materials. When the pressure rises, water is compressed
and the pipe expands, On the coﬁtrary, if the pressure

is lowered, the water expands and the pipe is contracted.
This phenomencon is rélayed from one end of the pipe
conduit to the.another end of the pipe conduit. This is
the propagation of_Ehe.pressure wave.

" According to Newton's motion law and continuation formula,
.the following formula is obtained.

dv _  aH av g an

at dx dx a2 dt

When this differential equation is solved, the general

equation of the propagation.of pressure wave is obtained

as to the respective points of the pipe conduit,
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HAE ~ HBE = - a/g (VAL - VALY

HBt] - HCL2

= - a/g (VBtl - VCt2)
HCt2 - HBt3 = + a/y {(vot2 - vBt3)
HBt3 - HBt4 = + a/g (VB3 - VAtgq)

These formulae form the basis of the graphic calculation

system,
The meaning of the respective signs are shown in the
drawing at the below. As the pressure wave is propagated,

the distance from the pump and the time are changed,

__ﬂn—__ —
Pr—
—

£2

(Fig. 1)

These formulae represent such straight lines as have the
gradient of ¥ a/g. The graph at the Fig. 2 shows this

relation.
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A‘tv' B, s Cf,.
/
Iy . . \\\\\\\\JluQ curve

Bi{3
\\‘\iH-Q curve at t2

Gradient of a/g

Fig., 2

The change of pressure at A point fesults in the.decline
along a/g gradient line. This is assumed that the pressure
waﬁe unéer the constant coﬁdition at C point reaches A
point at the time ty.

On fhe other hand, A-point at ty time shows the condition
after the input is shut off. The revolution number,
therefore, is reduced énd H-D curve is lowered considerably.
The crossing point bethen this straight line and H-Q curve
is obtained as Atz.point.

The propagation of the pressure wave : A-+=B «=C

The propagation of the reflective Qéve:' CDB-=n

The above propagation is pursued by a/g straight line and
the pressure changes at A, B and C points are to be obtained

successively.

Since this work is so much complicated and is time-consuming,

the numerical formulae are prepared and the calculation is
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made by the electonic computor.
On.opening.position of Delivery valve
When thé pump outlet conditions are to bhe obtainéd, it must_
be £aken into consideration that the delivery valve is
throttled down and the resistance loss occhg. The

resistance value at the respective opening positions is

calculation as follows:

- y?
H =~5 -56

The resistance coefficient 4 is

é = Fl {¢))] 8 : valve opening position

LY

[}

F2 (t})

This is a function of the time. After all, the resis-
tance loss .is expressed as:

. 2
He = F(t) v
2g

This is also a function of the time,
In this case, V value is changes as the time passed by
and is to be obtained during the process of the succes-—

sive caleculation.
In the whole calculation, the resistance loss is sub-
tracted from H-Q curve toward H direciton and the resul-

tant curve of the pump and valve is prepared.
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OnVSurge Tank

when the calculation on the surge tank is to be made, such
a concept has to be introduced as covers the branched pipe,
Where the pipe conduit merging pige.

The conditions which are established at_the‘hraﬁcﬁiﬁé

point of the pipe conduit are as follows.

Ha = Hec = Hd_
ca + Qd = Qc
ad
N y
Qa . — PR § [ o
A B C
Fig. 3

od
Ha=ilc=Hd

. Q __=0aioa

Fig, 4

{In case of the merging flow)
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wWhen these conditions.are shown in the gréph, together with
the general formula, the graph at the above is optainéd.
The Calculation frequency of the pipe conduits a, C and

D is arranged to be combined at B point, and such a value
of this merging point is to.be o?tainéd as sati;fies the
above relations.

The lowered liquid face of the syrge tank is expressed

by the following formula,

Ot + Ot -4t) _ At/s =AH

2
At : Calculation time
Qt : Delivery amount
4H : Reduced amount
s : Surge tank sectional area

Together with A1, the pressure by the surge tank water
level is changed, and Qt and Q{(t -4t} are changed incessantly

Therefore, they are combined in the process of the successive

calculation.

On Dimensionless Form
In order to facilitate the above calculations and to .
provide the universality in application, the dimensions

are made dimensionless in the calculation so that no unit
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may be involvéd.
The basic numerical values are:
Basis water volume : Qr
Basis head . Hr
The design value is used in dgeneral. Fplloﬁing_general

equations are then obtained.

At - hgty = 24 (VAL - vBt))
hpt = hety = L2 & (vpt - Vetg)

hct2 - hpt3y = 24 (very - vBts)
NBt3 - hatq = 2 Z (VAt4 - vat3)

avr Or

2gHR

Formulé of Revolution Number Change

The revolution number of the pump is decreased as the
inertia (including'that of motor) is consumed through the
feed work of the water.

The lowered revolution number 4 N is expressed then as
follows.

4N =K.m. 4t

n Mt + M(t -aAt) 1 (Dimensionless form of

2 MR

the torque)
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91200 fgQy :
K= (wefficient of the inertia Force)
INR2 : o '

GDZ/dg (Inertia moment)

=
Il

These values are calculated and indicated in the calculation
sheat . The values of { N and m are changed as the time passes

by and the successive calculation is carried out.

The above is the brief calculation mechanism in the economic
computor and the main calculaiton formulae.
The resistance of the pipe conduit and the pump characteristic

curve and also set in the formulation and are included in the

calculation,
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The Symbol of Qutput Sheets by Computor
(PRO, NO. C911)

1. Page. l. o
LEVEL ; Water level in suction well
DT ; Minute time
——eu-KANRO DATA-~——- ;Pipe line data
KYORI - 3 Distance of5§ipeline -
KANSYU 3 Kind of pipe -

D } Diameter of main pipe

T ; Thickness of pipe

E- ; Blastic modulus
MOTO-KANRO  ; Previous pipeline

PUMP NO ; Pipse nuhbsr:

3-NO 1Surge tank npmber

V-NO ; Valve number

END ; The end of ﬁipeline
SULRIO ; Totalcapacity in main pipe

PIPE-LOSS ; Loas head of main pipeline
VALVE-LOSS ; Loss head of valve

2L/a iInterval of .time for pressure wave round trip
ROW t Pipe coefficiont

POINT s No. of intermediate point for calculatiop
BUNKATU ; Division for calculation

womemPUMP DATA~—wme’

DAISU H Quantity of pump

TOKUSEL : Type of pump

YALVE : Type of discharge chack valve
V-NO ¢ Number of cushion check valve
PLOT : Plotting indicate mark
YOOTEI : Total pump head

SUIRYO : Capacity of a set pump

KW tOutput of motor

P : Pole of motor
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GD2
GD2{WHEEL)
RPH

K

a
*
-

.
r

Inertia of pump and motor
Inertia of fly-wheel
'Pump spead

Damping coefficient

cenemSURGE TANK—~—rner

NO
SYURUT
V-NO
PLOT
SUITO
MENSEKT
10SS |
KYORI
KANSYU
ATR-Q
0SS

»
.

Jurge tank number -

Surge tank type

Vé.lve number

Flotting mark
Initial level of tank
Sacticnal area of surge tank
Losé head of surge tank pips
Distance from surgs tank
Kind of surge tank pipe
Initial air volume

Loss head from surge tank

————ATURYOKU SENZU DATA-—=—

¥Water hummer pressure curve

~~—=JUDAN DATA~-—-

NO
KYORI
TAKASA

Pipe numbor
Distance from pump
Lavel
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2, Paga 2,
KEISAN INTERVAL : Interval for calculation
SURGE TANK SUII HENKA : Variation of surge tank lavel

NO tSurge tank number
MAX. (MIR.) _
YOOTEI tMaximum (minimum) head in pipe at each place
LEVEL tMaximum (Minimum) level in pipe at-each place
SUIT HENKA :Variation of level S
MENSEKI :Sectional area of surge tank
SUIRTO 1Flow volume of surge tank

KANRO ATURYOKU  :Pressure of pippline

No :Pipelina number (symbol)

KYORI | iDiatance from pump

TIHE :Time afier power failure
SULRTO tCapacity in pipe.at each place
YOOTEI :Head in pipe at each place
LEVEL tlevel in pipe at each place
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vezsel.doe
ALICURATION OF SERGE VESSEL FOR INTAKE PUMPING SYSTEM
1. . Initial Volume of Air in the Vessel (Q0) = 10 m3

Normal Condition _ Water Hamuner occured

PO : Intial Pressure
QO : Intial Volume of Air
P1 : Balanced Pressure at Water Hammer

Q1 : Balanced Air Volume at Water Hammer
2. Required Air Storage at Water Hammer

PO+ HQI={P1+ D) QL

where PO = Maximum IIy(.lraulic Head = 15.0176 kg/cm2
Pi1= Minimmﬁ Hydrauh'c Head = 3.1644 kg/cm2
Q0= 10m3

then (150176 + D x'10=(3.1644+ 1) x Q1

therefore

Q1= 38.94 m3.

Hence, the volume of air vessel is 40 m3.
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A'!‘"I;ACH MENT 3

HYDRAULIC CALCULATION OF WATER TREATMENT PLANT
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Calculation of Hydraulics of Water Treatment Plant

1. Quantity of Water to be freated by the Facility
Quantity of water treated by the facility is :
Qg = 25,000 m>/day
= 1041,66 m>/hr
= 17.36 n/min

= 0.289 m3/sec

2. Water level at individual processes in the water

treatment plant

1} Raw water reservoir W4

+

Piping from the raw water reservoir to the receiving

tank is steel pipe.of 700mm diameter and Z0.0h length, which

co:respohds to the flow speed :

Qg

VR4 = : —
o "/4 x 0.7°

= 0.752 m/sec

a) Pressure loss at straight pipe section nj

From the Wwilliam & Hazen's eguation,

10.666-¢c~1-85.p-4.87.571.85.

ny =
= 10.666 x 1007185 x 0.707-87 x 0.2897-85 x 20
= 0.0243 m

where C = flow speed cqefficient
D = pipe inside diameter {(m)
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Q flow rate (m3/seC)

#

1}

L = pipe length (m)

b) Pressure loss at bending section ho

vRe -

hy = (fy x 1+ f x5+ f3x1 4+ £, x1 9+ Egx1)x

29

' 0.7522
(1.0 + 0.3 x5+ 1.0x5+ 1.0+ 0,1 x3) x —

T 2.x9.8

I

1

0.254 m
where £, = pressure loss factor at exit opening: 1.0
f, = pressure loss factor at bending sectipn; 0.3
f; = pressure loss factor ét_tee.section: 1.0
f4 = pressure loss factor at inlet opening: 1.0
fS = pressure loss factor at butterfly valve: D.T.
c} Pressure loss at flow meter and valve-® h2'
hz"z 1.0 m as the pressure loss at Ventgri flowmeter
and control valve

From the above assumptions:

Ny o+ Ny o+ h2 = 0.0243 m + 0.25%54 m + 1,00 m

= 1.2783 m = 1,50 m

L N b % %188, &o0

why = 1 885 oo
was'sasoo [T 188000
—t T
———
Raw water reservoir. Receiving well

3.7-114



wq(HWL) = 85.00 + 3.50 = 88.50 m
W, o= 85;00 + 1.50 = 86.50 m
2) Waler level in receiving well W3
wy = 85.00 m
3) Water level in mixing well W4
a) Wg = W3 - h3 = 85.00 - 0.30 = B4.70 m

ake Q = 1.84 B'h3.3/2

O = flow rate: 0.289 m°/s
B = weir width; 3.50 m
Thet, h3| = 03,1263 m
rut h3 = 0.30 m to assure overflow
Wy =
__p Yt 85.00 g -
S . Wy =
—4—
My ¢ t8¢.70
+ = :
Receiving well Mixing well

b) Calculation of G value

p h

&
it

Hov

where p = shaft horsepower kg‘m2/53

h efficiency of reduction gear

[

v

it

[}

1
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0.8

capacity of mixing basin 52,08 m3

water viscosity 1.0 x 1073 kg/m*s

(at 20°C)



G = 250 (experiential value} 250

p x 0.8
250 = : 3
52.08 »x 10°
272
Then, p = 4068.75 kg'm“/s

4.07 kw

fl

Elective motor of 5.5 kw is employéd.
4} Water level at upstream of the flocculation basin Ve
a) Condition of calculation
Number of basins NFy = 2 ({stand~by basin = 0}
Number of rows " NR = 10
b) Friction loss at the inlet gate to the flocculation
basin h, .
Dimensions of gate: 0.5 m width, 0.5 m height
Flow speed at gate:
VR, = 0,289 m3/5 & (0.5 x 0.5) - 2 = 0.578 m/s
Pressure loss across gate:

vR,? . 0.5782
hy = fg X —2— = 0.60 X ~o—
2g 2 x 9.8

= 0.8102 m = 0.02 m
Then, the water level at upstream of the floecculation basin
becomes Lo:

We = B8B4,70 - 0.02 = 84,68 m
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g

a)

g

Water level at downstream of the flocculation basin W
Head loss caused by baffled-flow of flocculation basin,
h5, is calculated as below,.

Condition

Number of baffled-flow rows .10

Total head loss @ 1.0 m

Mixing :_tapered flocculation

Baffled-flow cross section : 1,6 m width, 3.5 m length

Flow speed at the first baffledelow : 0.6 m/sec

Flow speed at the last baffled-flow : 0;3 m/sec

GT value 700000

fiw

Baffle plate thickness TU : 0.03 m
Bottom level : +80.70

Initial depth HUO : 3.98 m

;,L%&ZS [_25
T l’
32 41 e
§ ‘> 4 P N T
9 18 | 7 6%
' ! l B
. | I
| a _
o ] |
} | .
_ | |
[ R A
¥
+h+++HH%+MkLHﬁ§L+-
Flocculation basin Plan view
5
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by Main-equatidns
Baffled-flow loss
* AL the lower bént section
hu{n) = fd = vU(n)2/2g + HU(n)/CZ'R x vUAZ
wvhere fd : loss coeffiéient at the lpwer bent section 2.5
{averagse 3.5)
vU{n) : average flow speed at thé'lower bent sechtion
{(m/sec)
g gfavitatiqnal acceieration 9.8.ﬁ/sec2
nug{n) : depth of the portion No. n : 0dd number for
upper positioﬁ ané even humber for lowe;
position
C : Chezy's coefficient
2 - 1/n? x r¥/3
n o Manning‘s.roughpéss factor : 0,014
R : nyd;aulic rédius (m)
* At the upper bent portion
hU(n) = vU(n)®/2g + HU(n)/C? R x vUAZ
* Total head loss
N

hU = 3 hu(n)
N-1
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] .
¢) Result of calculation

No. Average flow Height of Upper Lower Dept{;
speed at baffled- opening bending bending
{low section loss loss

m/sec om m g m

3.98

1 (.60 0.241 0.018 3.91
2 0.59 0.245 . 0.062 -3.80
3 0.58 0.249 . 0.017 3.83
4 0.57 0.254 . -0.058 3.83
) 0.56 0.258 0.01¢ : - 3.81
6 0.55 0.263 0.054 3.76
1 - 0.54 0.268 0.015 3.4
8 0.53 0.273 , 0.050 3.69
9 (.52 0.278 0.014 3.68
10 0.5] 0.284 0,046 3.563
11 0.50 0.289 - 0,013 3.62
12 0.49 (.295 0.043 3.98
13 0.48 0.301 - . 0.012 3.56
14 0.47 0.308 0:039 3.93
15 0.46 0.315 0.011 3.51
16 0.45 0.322 0.036 3.48
17 0.44 0.323 0.010 ‘3.41
18 0.43 0.336 - : - 0.033 3.44
19 0.42 0.344 0.009 ’ 3.43
20 - D.41 0.353 : 0.030 3.40
21 0.40 0.362 0.008 3.39
22 0.39 0.311 0.021 3.36
23 0.38 0.381 0.007 3.35
24 0.317 0.391 0.024 - 3.33
25 0.36 0.402 0.007 3.32
25 (.35 0.413 0.022 3.30
21 0.34 0.426 0.006 3.30
28 0.33 0.438 0.019 0 3.28
79 ¢.32 0.452 0.005 3.21
30 0.31 0.467 0.017 3.29

Subtotal of head loss 0.169 0.563
Total head loss h5 = 0.731 m
{
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d})

6)

a)

.W6=WS—'hr

G% value

GT = (p-g-hFa'T/u)0'5

where p = water density 1000 kg/m3
u = water viscosity factor 1 x 1073 Bg/m's
T = retention time in flocculation basin 1836 sec

= (1000 ¥ 9.8 x 0,731 x 1836/1 x 10-3)0-5

= 114,634

v

100000

>

= 84,68 - 0,731 = B3.95

“with some margin,

we = 83.80

Water level in sedimentation basin wy

Baffle wall loss al upstream of sedimentation basin

Diameter of baffle hole is 100 mm, number of baffle wall

ﬁ6

. rows is 20, and number of stages is 10.

Flow speed across the béffle wall:

0.289 wl/s
VR, = 5 = 0.094 m/s
_ /4 x 0.1% x 20 x 10 x 2 basins
VR
hg = 1/¢5% x —2
2g
where ¢y = loss factor of_baffle‘hole : 0.6
1 0.094%
he = — = X ~—————— = 0.0013 m % 0 m
0.6 2 X 9.8
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7)

8)

Baffle.wall loss at downstream of sedimentation basin Ny
Diameler of baffle hole-is 100 mm, number of baffle

wall rows is 20, and number of stages is 10,

ny = 0.0013 m = 0m

Then, the Water level in the sedimentation basin becomes:
Wy = wg ~ 0 = 83.80 -0 = 83.80 m

Water level in the sedimentation.tfééied water cﬁnduit Wy
Multi-hole trough is employed as the water efluent
troughs, which has fhe dimensions of 350 mm width, 350 mm
depth, and 4,000 mm length: The numbe; of troughs is 6
for every basin.

Wg = Wq - HT1 + HTZ2 - HT3

where - HTI

trough depth 0.35 m

Hrz

it

disténce between the top of trough and the
center of collection hole 0.05 m

HT3 = margin 0.15 m
Then, the water level in the sedimentation treated water
conduig becomes:
wg = 83.80 - 0.35 + 0.05 - 0.15 = 83.35 m
Water level in the intake conduit to the filter basin wg
Piping from the sedimentation treated water conduit

Lo the intake conduit of the filter basin is steel pipe
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al

b}

9]

a)

.Water level in the filter basin

&f 700 mm diameter x 20.0 m length,
Flow speed in the filter basin :

Q .
VRy = 0 5 = 0.752 m/s
n/4 x 0.7

Pressure loss alt straight pipe section .“8

From the William & Hagen‘s equation,

ng = 10.666 x 1007187 x 0.707%-87 x 0.2897-85 x 20
= 0.0244.m '

Pressure loss at bending'sectidn ng'

VRq

ng = (£ x 1 ¢ £, w5 4 £4 % 1) %
i 29
D.752%
= (1 + 0.3 X5+ 1) X ——m = 0.101 m
2 x 9.8
Then, ng + ng = 0.0244 + 0.101 = 0.1254 m % 0.200 m

i

wg = wg - 0.200 m = 83.350 - 0.200 = 83.15 m

Yi0

Number of basins NR; = 6 basins (stand-by basin = 1)

Design filtration to be treated per basin : 5000 m3/day

.

208.33 m3/hr

)

3.472 m3/min

il

0.0579 m?/sec
Pressure loss at straight pipe section Nqq

With the piping of 350 mm diameter and 5000 mm.length,

10
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the flow speed in the pipe :
VRg = 0.0579 - (u/4 x 0.35%) = 0.602 m/sec

From the William & Htazen's eguation,

it

Nyp = 10.888 x 10071-85 5 0.3579.87 »x 0.05791-8% x 5

It

0.009 m

b} Pressure loss at bending section nqq

T VRg?
gy = {f1 x 1 + f2 Xx 3 + fd x 1 + f5 x 1) x
2g
0.602°
= {1 + 0.9+ 1 4+0.1) X ———— = 0.0555 m
2 x 9.8
Then, nyg + nyq = 0.009 + 0.0555 = 0,0645 m & 0.10 m

Wig = Wg - 0.10 m = 83.15 - 0.10 = 83.05

10} Height of tdp of the treated water channel Wqq

Head loss of sedimentation basin is taken as Ny, =

- 3.65 m,

Wyq = wTO.“ 3.50 = 83.050 - 3.65 = 79.4 m

11) Héad loss duri#g backwashing HG

Filtration area AF = 42,00 w’
Backwashing rate gB = 0,800 m3/min-m?
Quantity of backwashing water

QB = AF x gB = 42.00 x 0.800

33.6 m>/min

1
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'a) Head
fluidizat
hG 1 =

where LO

£0

pS

pF

b} Head

stagnant

hG2

where LG

VG

= 0.56 mJ/sec
loss of silica sand hGl: From the theory of
ion,

LO/pF(1-€0) (pS-pF)

thickness of silica sand bed before fluidization:

0.800 m

It

void fraction of silica sand bed before
fluidization : 0.470 at 0.6 mm or less of
effective diameter and at 1.5 or less of

uniformity factor

13

Erue specific weight of silica sand
pS = 2630 kg/m3

relative weight of backwashing waterxr

i

pF = 1000 kg/m3

(0.800/1000) x (1-0.470) x (2630-1000)

0.691 m
loss of gravel bed hG2: From the theory of
layer,

VG i (1—€G)2
200 x LG x .

pF-g°¢$G2:DG2 eg3

fl

thickness of gravel bed 0.050 m/gravel dia.

backwashing rate 0.8 m/min‘m? = 0.013 m/sec'm?

12
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U= viscosily factor of backwash water

1073 kg/m sec as stagnant water

#G = shape factor of gravel: 0.800 for round gravel
DG = gravel dia.
2 - 4mm DG 1 = 2.5 x 1073
4 - 6mm DG 2 = 4.5 x 1073
6 - 13mm DG3 = B.5x 10-3 ..
13 - 20 mm DG 4 = 15.0 x 1073

EG = void of gravel bed: 0.380 for round gravel

»

©0.013 x 1073
200 x 0.05 x . 5 X
1000 x 9.8 x 0.802 x DG

(1-0.380)3 8.99 x 10-8
0.3803 DG*
Thus,
hG21 = 0.0144 m
hG22 = 0.0044 n
hG23 = o.ooiz m
hG24 = 0.0004 m
and
hG2 = hG21 +-hG22 + hG23 + hG24

G.0204 m

I}

c) Head loss of coilection Ihlock hB: TFrom the

experimental data,

13
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hB = 0.400 m for 0.8 m>/min‘'m? of backwéshing.rate.
d} Heéd léss of piping-system. h
Piping ffom the head tank to the filter basin is 700 mm
of diameter and 400 m of length.
Flow speed inside the.pipe VRg =‘ﬁ.56m3/sec %hin/4x0.752)
= 1.267 m/sec
i) Pressure loss at straight pipiné section h%3"
From William Hazen's equation;
hyy = 10.666 x 1007 -85 x 0,7071-87 0.561-85 x 400

1.659 m

ii) Pressure loss at bent section and valve section hld

2
VR

"

hygq = (£4X1+8,%154f3xBrE,x14Fex4d) X

29
h9

’ ' 1.2672
{1+0.3x15+48+1+0.1x4) x

2 x 9.8

1.220'm

h15 ({flow melter) 1.0 m

It

Then, hy, + hy, + hyg = 1.659 + 1.220 + 1.0 = 3.880 m

i

Consequently, HG hG1 + hG2+ + hB + hj

n

0.691 + 0,.0204 + 0.400 + 3,880

1}

4.992 m

L.W.L. = 81.850 + 4.992 x 1.5 (margin hight)

14
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1

89,338

L 91,00
HW.L., = 91.00m + 3.0 m {(depth of water ) = 94.00 m
t 2400
I ., 00
Filter basin Treated water channel Filter washing water basin

LY

Required tank capacity = 336 m3/cycle ¥ 2 basins x 1.5
(margin) = 1008 m3
Net capacity = 20.0 m x 19.5 m x 3.0 m = 1170 m>
Net retention cycle = 1170 e }-336 m3/day = 3,48 cycle
129 Height of top of the treated water basin wy,

Piping from the treated water channel to.the treated
water.basin is 700 mm of diameter and 20 m of length.
Flow speed inside the pipe

VR; = @, (7/4 x 0.7%) = 0.752 m/s
a) Pressure loss at straight piping section hyg

From William Hazen's equation:
hyg = 10.666 x 100485 x 0.70"1-87 x 0.2897-85

x 20 = 0.0243 m

15
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) Pressure loss at bent section and valve_section h17

2
VR
hyg = (£qx1+E5x5+fgx1+fyx14fox1) x
29
, 0.7522 ,
= {(1+0.3x541+1+40.1) ¥ —mr—s = 0.1327 m
. 2 x 9.8

Then, nqyg + ny7 = 0.0243 m + 0.1327 m = 0.157 m

0.157 m + 0.20 {margin height)

-0.357 m-

10,400

W12 = W11 - 0.300 = 79.400 - 0.400 = 79.00

16
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A’I"I"AGHMENT 6

CAPACITY CALCULATION OF WATER TREATMENT PLANT
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Capacity Calculation of Waterworks Facility

1. Quantity of water to bé breated by the facility'QO
Qp = 25,000 m?/d x 4 lines = 100,000 m’/a
One line treats 25,000 m3/d, then

Y

25,000 m>/d = 1041.66 m3/hn = 17.36 m>/m = 0.289 m°/s

2. Capacity of individual unit in the process
1) Raw water reservoir
Number of reservoirs HNR = 4 (including no spare)

*

Design retention time 'DR'; 4 hr or longer

il

Design capacity of reservoir VR = 100,000 m3 x 4/24

16,667 m>
Design capacity of single reservoir = 16,667 W - 4 =
4,167 m3

Dimensiuns = 27.0 m width % 62.0 m length x 2.5 m
depth ® 4 resexvoirs = 16,740 w3

Retention time = 16,740 = 100,000 x 24 = 4.02 hr » 4.0 hr

2} Receiving well

Number of wells NA = 4 (including no spare)

Design retention time DA = 1.5 min or longer
. 3 1.5
Design capacity of basin VA = 100,000 m~ x
24 x 60
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Ve 104.2 w3
Design capacity of single well = 104.2 = 4 = 26.04 m3

Dimensions = 3.5 m width x 3.5 m length x 4.3 m depth

x 4 wells = 210.7 m3_ ,
Reltention time = 210,7 = 100,000 x 24 x 60 =_3.03 min
3) Mixing well
Number of basins NM = 4 (including no spare)
Design retention time DM = 1 - 5 min

Design capacity of the basin VM = 100,000 m> x

3 .

= 208.33 m3
24 x 60

[t

Design capacity of single well 208.33 m> + 4 basins

52.08 m3
Dimensions = 3.5 m width x 5.0 m length x 4.0 m depth

%x 4 basins = 280.0 m>
3

Retention time = 286?0 m- 10b,060 x 24 x 60 =
4.03 min
4} Tlocculation basin

Humber of basins NF = 8 basins (including spare basin)

Mumber of rows NR = 10 rows/basin

Design retention time DF = 20 - 40 min

DeSigh capacity of basin VF = 100,000 m'3 X ~w_i2————
24 x 60
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= 2083.3 m’
Design capacity of single basin = 2083.3 m3.% 8 basins
= 260,14 m>
Dimension = 1.0 m width x 7.5 m length %.3.54 m depth
x 10 rows x B basins = 2,124 m3

Retention time = 2,124

100,000 x 24 x 60 =

30.59 min

5) Sedimentation basin
Number of basins NS = 8_(including,no spare)
Design relention time DS = 120 min

120

i

Design capacity of basin VS 100,000 mo x

24 x 60

8333.3 m>

Design capacity of single basin 4 basins

n
-l-

8333.3 m°

2083.3 m>

il

Dimension = 7.5 m width x 40.0-m length x 3.5 m depth

x 8 basins = 8,400 m3
Retention time = 8,400 <+ 100,000 x 24 x 60 =
120.96 min

Number of efluent troughs : Overflow load is taken
as 260 m3fhr and the effective length of trough is

taken as 4.0 m. Then, the necessary number of
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efluent troughs is

100,000 m3/d - (260 . x 4 % 8 basins x 2) = 6.01

6/basin

100,000 m3/d
Overflow load

IH

2 x 6 X 8 basins x 4 m

260.4 m3/m-d

6} Filter basin
Number of basins NEK = 6 basins per line (including 1
| spafe basin)
24 basins per 4 lines (including
4 sparerbasins)
Design filtration rate VK = 120 - 150m3/m3'd
Water quantity ﬁo be treated per baﬁin QK =
100,000 m3/d : (24 basins - 4 basins) =
5,000 m>/d-basin
Réquired'filtfation area per basin AK =
5,000 m3/d-basin > 120 m3/m>-d = 41.7 w?

Dimension of single basin

i

6.0 m width x 7.0 m length

It

Filtration area 6.0m x 7.0 m x (24 basins - 4

 pasins) = d4u m2

Filtration rate = 100,000 m>/d - 840 m® = 119.0 m/d

I

7) Treated water reservoir
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8)

(1)

Number of. reservoirs NN =
Design retention time DW

Design capacity VW =

Capacity of single reservoir = 16,667 m>

Dimension =
Net capacity =
16,928 m>

Net retention time =

23.0 m width x 46.0 m. Jength x

23.0m x 46.0 m x 4.0 m x 4

16,928 m> + 100,000

4 (including no spare)

4 hr or longer

100,000 m> x 4/24 = 16,667 m>

wje

4 =
4,167 m>
4.0 m depth

basins =

m3/d'x 24 =

4.06 hr

Filter washing water basin
Number of basin NT = 1

Washing rate VT =

washing waler quantity QT

' 10_min =

0.80 m3/

2

m“ min

= 42 w% x 0.8 m?/m%-min

336 m3/batch‘ba5in;'the guantity is

specified to enable 2 basins simultaneous washing.

Calculation of sludge generation in sedimentation basin

water to be treated in basins = 25,000 m3/d x 4

Water quality : 18 BTU
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Solid aluminum feeding rate
OCuantity of generated solid matter pér‘line is
calculated by: 40 mg/l (15% - A1203)

2 x'78 (Molecular.weight-of Ai(OH)3)
25,000:x (20 + 40 x 0,15 x — :

102 (Molecular weight of Al,03)
x 1073 = 729f4.kg/d
The removal rate of turbidity in sedimeptation basin is
taken és 90%, and the sludge Concentratién is.;aken as 0.3%,
Then, the discharged sludge from éhe sedimentation basin is
calculated by:

729.4 kg/d x 0.9 x 100/0.3 x 10~3 = 218.8 m3/d

[}

e

220 m3/d

(2) Calculation of sludge generated from filtration basin

Ngmber of basins = & (including 1 spare)

Filtration area = 7.0 m width x 6.0 m length = 42

m%/basin -
.Washing water quantity = 42.0 x 0.8 x 10 = 336
m?/basin'batch

Number of washing cycles = 1 cycle/36 hr (1.5 day)
Quantity of washing water per 1 line = |

]

(336 + 42 x 1.5} x x 5 basins = 1,330 m3/d

1.5
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Sludge concentration of washing water = 729.4 kg/d x
0.% = 1330 x

1073 & 54.8 mg/l

{3) Capacity of sludge discharge basin
Number of sludge discharge basins = 2 basins/line x {
.. lines = 8 basins
Capacity of sludge discharge baéin‘=‘%0 x 13.5x 3.0 =
405 m3; Quantity of one cycle of wéshing water; the
basin shall have the sludge retention. part at the
bottom.

Dimension = 10.0 m width x 13.5 W length x 3.0 m depth

2) Sludge dfying bed

(1) Calculation of sludge quantity generated from 1 line
Slﬁdge discharged from sedimentation basin and from

filtration basin is sedimented to separate in the sludge

discharge basin, The sludge concentration is taken as 2.0%.

The overflow from the sludge discharge basin contains

approximately 50 mg/l of sludge.
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Feed from sludge discharge
basin to sludge drying bed

‘Overflow from sludge
discharge basin

IWateF quantity Concentration
32.68 m> 2.0 %
1517.32 w 50 mg/1

1550 m3/d

fotal

(220 m3 + 1330 m°)

{2} Required area pér.1

line

Sludge quantity

653.5 kg/ad

75.9 kg/ad

729.4 kg/d

Assuming the watér removal rate per day of 8.0 mm/day,

to give 60 % of water content at O.SO-m of water depth ,

needs:
0.02 x 0.6
60% sludge height = = 0,030 m
1 ~ 0.6
. 0.6 m - 0.030 m .
Drying days = : = 71.25 day
: 0.008
Capacity of drying bed = 32.68 m° x 71.25 d =
Dimension of drying bed = 20 m
m water depth x 6 beds
Net drying bed capacity = 20 x 40 x 0.6 x 5
= 2400 w3 > 2328.45 w3
8
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'
A. Chlorine dosing unit

1. Design spectification
1) Water quantity to be treated Maximum 25,000 m>/day’

2) Chlorine dosing rate

Pre-chlorine dosing Maximum 10.0 mg/l
Average 4.0 mg/l
Post-chlerine dosing Maximum :’1330 mg/1
Average 2.0 mg/l

3} voint of chlorine dosing
Pre-chlorine dosing Réceiving weli
Pést~chlorine dosing Treated water basin
4) Control method of chlorine dosing
Control with manual control wvalve

5) Method to step operation

Manual

2. Calculation of chlorine dose
Chlorine dose is calculated by the equation:

g =0 x 1/24 s x 1/1000

where g = guantity of chlorine dose (kg/h)
0 = watér quantity to be treated (m3/day)
s = chlorine dosing rate (mg/l)

Calculated result is given below.
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1) Pre-chlorine dosing

-

Dosing rate Maximum Average

Water quantit ;

to be treated’ 10.0 mg/1 4.0 mg/l
 I— ) . — -\\ ] -

25,000 m3/day 10.4 kg/h 4.2 kg/h

100, 000 m3/day A1.6 kg/h |16.8 kg/h

2) Post-chlorine dosing

'Dosing rate Maximum Avefage
253%%%23‘“ater 3.0 mg/l 2.0 g/
T 25,000 m3}aay 3.1 kg/hr 2.1 kg/hr

100,000 m3/day 12.4'kg/5r 8.4 kg/hr

3. Capacity of cﬁlorine dosiﬁg unit:

Based on the chlorine dosing rate calculated in
precéding section, the capacity of chlorine dosing unit is
defined as below.‘

1) Pre-chlorine dosing unit

The required chlorine dosing rate is 10.4 kg/hr at the

maximum. With a slight margin, the capacity of pre-chlorine

~dose is defined as 15.0 kg/hr. When the control range of

the chlorine dosing unit is seleéted as 10 : 1, the control
range of chlorine dose is 1.5 - 15 kg/hr.
2
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?2) "Post-chlorine dosing unit
The required chlorine do;ing rate is 3.1 kg/hr at the
maximqm. With a slight margin, the capacity of pre—éhlorine
dose is defined as 5.0 kg/hr. When the control fange of the
chiorine dosing unit is selected as '10 : 1, the control
'rahge of chlorine dose is 0.5 - 5.0 kg/hr.
3) Type of chlorine dosing unit
Type : Vacuum welt type dosing unit
Capacity : Pre—chlorine dosing unit 15.0 kg/n
| Post-chlorine dosing unit 5.0 kg/n
Quantity : Pre-chlorine dosing unit : 5 (including 1
spares) ’
Post-chlorine dosiné unit : 5 {including 1
spares)

Power-source : 1¢ 220V

4. Confirmation of consumption of chlorine

Calculated maximum consumption of chlorine per day is:

Pre-chlorine dose 41.6 kg/day x 24 998.4 kg/day

1

297.6 kg/day

1

Post-chlorine dose 12.4 kg/day x 24

Total _ 1296.0 kg/day
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Maximum guantity of natural evaporation 6f'chioriné
from a single cylinder is approximately 7.0 kg/hr.
Accordingly, 8 cylinders in parallel are sufficient for
chlorine supply without using evaporator. since the
charged quantity of chlorine in an 1 ton cylinder is 1,000
kg, the totai capacity'of 8 cylinders tb'supply chloring is
calculated as: o

1000 kg x 8

. = 6.17 days
1296.0 kg/day

So Lhe duration of one charge batch is approximately 6 déys.

For an ordinary‘chlorine dosing is estimated as:

1

Pre-chlorine dose 16.8 kg/day x 24 = 403.2 kg/day

Post-chlorine dose 8.4 kg/day x 24 201.6 kg/day

Total 604.8 kg/day

[

Eight of 1 ton cylinder supply the gas for:
1000 kg/cylinder x B cylinders / 604.8 kg/day = 13.23 days

Thus, the exchange of cylinders is done every 13 days.

5. Chlorine gas storage

Chlorine gas for minimum 30 days of operation should be

stored. The required number of chlorine gas cylinders is:
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604.8 kg/day x 30 days = 18,144 kg
Calculated number of cylinders is 19 (as 1 tén chinder).
By adding some margin to possible variation of

operating condition, total gquantity of 1 ton Cyiinder ig 22

including 8 under operation.

6. Pump capacity of pressured supply walter for chloriné dose
The water supply capacity requested tco the chlorine

dosing unit is:

Quantity of water Pressure of water
Pre—chlorine dosing unit 208 1/min-unit " 4.8 kg/cm®
Post-chlorine dosing unit 72 1/min-unit 4.9 kg/an’
Total 2680 1/min 4.9 kg/cm?

Neceséary guantity éf water supply per 1 line is taken
as the éapacity of full operation of each one unit of pre-
chlorine dosing unit and post-chlorine dosing unit at a
time. Then, thé specification of pressured water supply
pump is defined as:
Type : Centrifugal volute pump
Discharge capacity : 280 1/min + 70 l/min (elevated tank)

= 350 1/min
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bDischarge head : 60 m
Quantity : 8 (including 4 spares)

Motor : 3%, 380V, s508%, 7.5kv, 5oH%
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B, Cﬁlorine gas neutralization unit
Capacity of ;hlorine gas neutralization unit is
séecified as 500 kg/hr. The specification of the unit is:
Type : Packed column gas-liguid contact (2 column syétem)
Chemical: 15% NaOH soln, |
Storage tank : 16 m3 x 1 tank
NaOH circulation pump : 450 )/min x 15 m'x 2 units
3 ¢, 380 VvV, 50 Hz, 3.7 kW
Exhaust blower for neutralization : 45 m3/min x 175 mmdg x
2 units
3 &, 380 Vv, 50 Hz,
3:7 kw
Chlorine gas leak detector : Type.; Diffusion
éemiconductor type
Power source : 14, 100 v
Quantity : 6 sets for
chlorine cylinder room

4 sets for

chlorine dosing room
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c. alubinum sulfate feeding unit
1. Design specification
1j Watef gquantity to be treated

Maximum quantity 25,000 m3/day x 4 lines

- 100,000 m®/day
2) Aluminum sulfate feéding_iate (13.0% Al,0; solid
aluﬁinum sulfate)

Maximum 60 mg/1

Average 40 mg/l
3) Feeding point of aluminum sulfate

Hixing basin

4) Control method of feeding rate

Manual control

2. Detgrmination of aluminum sulfate feed rate

Solid‘aluminum sulfate contains 13.0 % of alumina.

Y

The feed of aluminum sulfate is carried by preparing 18%
solution of the solid aluminum sulfate.
100 1 1

X — X X
C r 1000 o3}

C2
q = Q x 8 X

where q feeding rate of 18% solid aluminum sulfate
solution (1/day)

water quantity to be treated (m3/day)

L
"
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S = feeding ratio of 18% aluminum sulfate solution

r = density of 18% aluﬁinum gsulfate solution
¢ = concentration of solution (%)
¢q = net content of Al,05 : 13.0%
Cy = standard content Qf.A1203 : 15.0%
Feeding rate Maximum Average
Wwater quantity to be treated 60 mg/l 40 mg/1l
25,000 m> /day \ 8.8 w3 /day 5.9 m3/day
100,000 m3/day 35.2 m3/day | 23.6 m3/day
L

3. Capacity of individual equipment

1} Storage of solid aluminum sulfate

The total storage capacity is selected to

100,000 m3/day x 60 mg/l x 30 days x 10-6

= 207.7 t
Adding a margin to fluctuating water gquality,
207.7 £ x 1.2 = 249,2 = 250 t

the storage gquantity is selected to 250 tons.

2) Dissolving and dilution tank

30 days.
15.0
X""""‘—'—‘
i3.0

Capacity of dissolving and dilution tank is selected as
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2 days.
Capacity of tank* : 17.6 m> /tank x 2 tanks x 2 days -
= 70.4 m’
Number of tanks: 17.6 m3/tank x 2 tanks are under
operation
17.6 m3/tank x 2 tanks aye'for'negt d%y
opération'
17.6 m3/tank X 2 tanks are under
dissolVing operation
17.6 m /tank x 2 tanks are for spare
Then,”the tbtal necessary number éf tanks is 8 of 17.6
m3/tank.
: with a élight margin, the capaciﬁy is selected to
18 m3/tank. |
Dimension of tank: 3.6 m width, 3.0 m length, and 2.2 m

height (effective water level is 1.7 m)

Aluminum sulfate feeding.bump
Required discharge capacity of aluminum sulfate feeding
pump is 8.8 m>/day.

Type : Diaphragm metering pump

Discharge capacity : 6.12 1/min

10
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Motor : 0.4XY 3 ¢ 3g0V, soliz

Quantity : 6 (including 2 spares)

"
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