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1. Hydraulic calculation of pipeline

I.1. Hydraulic calculation of Lransmission pipcline

(1} NGWAZINI COMMUNITY

Flow requived-- Design flow -
152.0 mi/day -

Daily average ‘ ~ Qave. =
Daily maximum " Qmax. = 197.6 ni/day
Hourly maximum Qhr-max. = 14.8 ni/hour

191.6 ni/day
2.20 €/sec.
14.8 . ni/hour

247.0 £ /min.

‘held waler capacily of bo:ellole " Quax.

H

Supp!y water capacily Qhe-max,

@ Fron the intake well to the distribulion reservoir
Head loss of transmission pipeline

&) llead loss of straight pipeline AlU=f1XL/D XV /28 :
All ;Head loss in the pipeline :
f1 = 0.0210.0005/0 ;The head loss coelficienl
L, ;Length of the pipeline {m)
- D ;Diameter of pipe (m)
V ;Rlow velecily - - (w/s).
= Q/{(60x3. 14/4XD?)

[Pipedia. 55 | 32 | a0 | so | e | 8 | 100 | 125 | 150

L'— fl 0.040 | 0.036| 0.0331 0.030 | 0.028| 0.026 | 0.025 0.024 | 0.023

Pipe dia. D=146y Q/V _ _ S

| Q V=10n/

Qave. 152.0¢ ni/d = 0.106 m/min, S

Qmax.  197.6 ni/d  0.137 ni/win,

Qhr-rax. 14.8 nl/br= 0,247 m’/min

Well punp specification L _

Qmax 197. 6ni/d =200 = 9.88ni/lir = Q. lGSm/mm s> 0, 165ni/ntin
= 146/707165/1.0 = 59. 3um 69nm- < over
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Flow velocily

(0=100nm)  (D-80wm)

(0=65nm) (D=50um)

V(3. pax. ) =0.165/(60%3.14/4xD%)= 0.350 m/s = 0.548 n/s = 0.829 m/s = 1.398 w/s
AHLA00) (4. max) = 0.025X790/0.1 X {(0.3500%/19.6 = 1.2 m
( 80) (4. max) = 0.026x790/0.08 X (0.548)%/19.6 = 393 w
( 65)(d. max) = 0.028x790/0.065x (0.829)/19.6 = 11.932 n
( 50_)(d. max) = 0.030% 45/_0. 05 x{1.398)%/19.6 = 2.692 ullWe!! Punp)
8) Head loss of elbow pipe |
AH2 = IxXV3/2exQty =02 100an Q ly=Tpcs 50 mr @ty 1 pe.
AH2(100) (d. max. ) = 0.2X{0. 35002/19. 6 %7 = 0.009 m
( 80)(d.max.) = 0.2%(0.548)%/19.6X7 =0.021 m
( 69)(d.max.) = 0.2X(0.829)%/19.6%7 =0.049 m
( 50) (3. max.) = 0.2x(1.398)2/19.6%1 = (0,020 n
€) Head loss of gate valve o '
_ AH3 = XV 2gxQ ty 100an @ Ly=1pc 50 mm Q' Uy I pc.
Pipe dia. (mm) 50 65 80 100 125 150
f 0. 115 0.172 0. 168 0. 164 0. 150 0. 145
AH3(100) (6. max. ) =0. 164 (0. 350)2/19. 6 X1 . = 0.001 n
{ 80)(d.max.) =0.108x (0. 548)2/19.6x1 = 0.003 n
{ 65) (d.max. ) =0.172x (0. 820)3/19.6%X1 = 0,000 m
{ 50) (d.max.) =0. 115 (1. 398)%/19.6x1 = 0.017 m
1)] 'Iiead loss of check valve
ABE = [XV2/28XQ" ty f=08~01.2 50mm Qty=1pc
AREC 50) (homax. ) =1.2%(1.298)%/19.6 x1 = 0,120 n
Pipeline disa. 100 pn 80 aun G5 i 50
ead loss of slraigﬁi pipe | 790 n Al 123 n 393 m| 11932 w|2.692
liead loss of elbow : Tocs { A2 0.009 m 0.02l m 0.049 u}0.020 n |
lead loss of gate valve 1 pe. | AN 0. 001 0.003 n 0.006 m ) 0.017
Head loss of chev_:k valve 1 pe. | &AM - - - 0.120 m
Total head loss Al L24w 3.958 n 11.987 n | 2.849 m
Actual lead Al 90.2 m 90.2 m{ 90.2 =
Total head (AHEH+H50mm) T.H 94._ 293 n 97.007 m| 105 036 m
(Resull) - Besl pipe dia. ———s 100 mm
Required head of well pupp > 100 m
Discharge pipe dia of well pupp ——> 50 mn
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Hydraulic calculation chart of transaission pipeline_

(1) NGWAZINI COMMUNITY

V5L 8a & V516

1 Reservoir
Hi=2. 5m - GLVT49, B (300nd) - _-—F<}-

Control house

2= (749, 3-599. 6) =49, 77

L=790. Om .
D=100 mm

' [ /698, 6m

Q(d.max)=0.165 ni/min -

Well

[ A 113=38. Gm¥(approx. )

Dynanic well water levet—'-——
Well punp

Actual head(A. ) = HLHH24H3 -
=2.5t49. 738, 0=00. Zm

UEGBNT

PL : Control panel
PS- : Pressure switch
M : Flow meler
| X |: Gale valve
| /1 : Check valve
K23 : Flexible joint:
—: Ball tap valve

- 6-28
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(2) BEKHINKOS! COMMUNITY

Flow required--- Design flow

Daily average Qave. = 83.8 ni/day
Daily maximum Qmax. = 108.9 ni/day
Hourly maximum Qhr-max. = 8.2 ni/hour
Yield waler capacity of borehole  Qmax. = 108.9 ni/day
_ 1.3 £ /sec.

Supply water capacily T Qhr-max. = 8.2 mi/hour
: = 136.7 € /win.

(D Fron Lhe intake well 1o the dislribution reservoir
Head loss of transmission pipeline

A) Head loss of straight pipeline Al = f1XL/ADXV?/22
: AN ilead loss in the pipeline _
f1 = 0,0240.0005/0 ;The head loss coefficient
L ;Leagth of the pipeline (n)
D ;Diancler of pipe (w)
Y ;Flow velocity {w/s)
=0/ (60X 3. 14/4xD? )

Pige dia| 25 2 | 40 | 50 65 80 100 | 125 | 150

1 |0.010 {0.035 |0.033 |0.030 |0.028 [0.026 |0.025 |0.024 0,023

Pipe dia. D = 146/ Q/V
: Q : = 1.0 w's
Qave. 83.8 nl/d = 0.058 of/uin.
Qmax.  108.9° ni/d = 0.076 nf/uin.
Qhr-max 8.2 ni/hr= 0. 1367 of/min. _
Well punp spemhcallon (Spare pump = NOGWAZINI weil pump)
Qmax. = 108.9 +20 hr = 5.445m/min = 0.08Lni/min ~——> 0. 165m/nin
D =146 0. 165750 = 53.3 am ————> 69 mu<

Flow velocily = m/s
_ {100ma) ¢ 80mm) ( GSmm)  S0nm)
V(d.max.) = 0.165/ (60x3.14/4%xD?)= 0.350 0.548 0.820 1.398

L= 1140 m Well puup discharge pipe lenglgh L =35.0 m

ARICI00) (4. max) = 0.025%1, 140/0. 1 x(0.350)*/19.6 = 1.781 m
( 80) (4. max) = 0.026X1, 140/0. 08 x (0.518)%/19.6 = 5.677 n
{ 65)(d. max) = 0.028>1, 140/0.065x (0. 820 */18.6 = 17.219 n
{ 502 (d. max) = 0.030x  35/0.05 x(1.398)%/19.6 = 2.0%4 u

6-29



B) Head loss of elbow pipe

AH2 = [XV?/2g %0 ty

AH2(100) (4. max. )
( 80) (4. max, )
( 65)(d. max.)
( 503 (d. max. )

" " n |l

f=0.2 100mm Q ty
0.2x(0. 390} /19.6 X7 = 0

=Tpcs
.009 w

0.2x(0,548)*/19.6 X7 = 0. 021 o

0.2%(0.829)%/19.6x7
0.2x(1.398)%/19.6x1

oo

C) Head loss of gale valve

A3 = [XY /28X ty

0.049 &
0.020 m

195 or 100mm or 80 wn Q' iy 1 pe;

S0mm Q' iy I pc.

50m @ty | pe

AH3(100) (4. max. ) = 0.164%(0.35002/19.6X1 = (.00l m
( 80)(d.max.) = 0.168x(0.548)%/19.6x1 = 0.003 m
(85 (d.max.) = 0.172x(0.828)2/19.6x1 = 0.006 m
( 50) (3. max.) = 0.175%(1.398)2/19.6x! = 0.017 m
B) Head loss of check valve _
AHE = [XV/2e%Q ty f=08~1.2 50 Q' Ly 1 pc.
AR50 (d.max. ) = 1.2x(1.398)%/19.6 X1 =0.120 m
Pipe dia. 100 mo 80 mm 655 mm 50 s
Head loss of straight pipe (L 140 m MUY L8l n) 5677 m|17.219 n2.004 n
Head loss of elbow Tocs [AH2] 0.009m| 0021 m| 0.049 w|0.020 m
Head loss of gate valve 19c. | AH3] 0.000 w| 0.003 m| 0.006 w|0.017 m
Head loss pf check valve 1 pc. | A4 - - - 0,120 m
Total head loss AL 1791w 5700 w1721 w2251 0
Actual head Al 1525 ®w|52.5 n 52.5_1:1' :
Total head (AH#HH50mm) 56.542 w | 60.452 w [ 72.025 n
(Result) - Best pipe dia. 3 80w

Required head of well pump _
Discharge pipe dia. of well pump ————> 50
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Hydrautic calculation chart.of transmission pipeline

(2) BEKHINKOSI COMMUNITY

Conlrol hoﬂse

1 IKHIF*I}I(P

GLV1672.5 n

Y Y104, 0n 1O V703.8
Reservoir
H=2.5n 6LV +701.8a | (170nd) -

112=(701. 5-572. 5) =29,67

- max)=0. 165 «i/min
L=1, 140
D= 30 mm

H3=2l.0m (approx.)

[}' Well'pump

Well

Dynamic well waler fevel

Actual head(A H) = HIHI2HI3

=2. 5129. 0421, 0=52. 5m

LEGENT

PL : Contiol panel
PS : Pressure swilch
M : Flow meter

: Gate valve

: Check valve

: Flexible joint
: Ball tap valve
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(3) MSUMPE COMMUNITY

Flow required-- Design Flow

Daily average Qave. = 594 ni/day
Daily maximum Qmax, = 72.0 wi/day
Hourly maximum Qhr-nax. = 5.4 m/hour
Yield waler capacity of borehole  Qmax. = 72.0 m/day

_ 0.83 £ /sec.
Supply water capacily Qhr-max. = 5.4 ol/hour

' ' = 90,0 ¢/nin.

D From the intake wair to the distribution reservoirs - A line(20ni Res)

llead less of bipelin_e

A)llead loss of slra'ight pipe

All = FIXL/DXV? /28

B line(70n' Res)

AN Head loss of pipeline

f1 ;0.0240.0005/0  :The head loss coefficient
L ;Length of the pipeline (m) ‘
D ;Diameter of pipe (m)
V ;Velocily (n/s)
_ _ = Q/(60x 3. 14/4X0%) .
Qmax= 72.0m/¢ Opax=9. 0m'/d Quax=9. 0mi/d Tap
- —Siow r—“ -
River Jﬁﬁ{}w> Roughing Al sand filter |—-AZ— Reservoir (20ni) —9{‘4 pcs
s filter - FStow: — . -
—BH;}L sand filter F—02—1 Reservoir  (70n) *>1f8 pes |

Qmax=63. 0nt/d

Flow = Tap ratio
A tine flow _(Qd._max)
B line flow (Qd.max)

A0 pipe dia. D =146 OV

Flow velocity

T2.0ni/dx 4/32
T2. 0ni/d X 28/32

]

1

.Qmax=.63. Oni/d

9. Oni/d
63. 0ni/d

Q(d. max.} = TL9m/d = 0.050n/min V= 0.6 w/s
146 ¢ 0.050)/10.6) = 42.2 mm ——> 65 mn

V(d-max.) = 0.050/(G0%3. 14/4xD*)= 0.25] w/s
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Pipe diaseter
AO Line
Al Line
AZ Line
81 Line
B2 Line

- Flow velocity

A0 Line (65mm)
Al Line (50mm)
A2 Lire (50mm)
Bl Line (50mm)
B2 Line (50mm)

Head loss of pipeline Al

AD Line

Al Liné

A2 Line
- Bl Line

_BZ Line

ol el s e

n [ n 11 "n-n

lead loss of Elbow

AQ Line
Al Line
A2 Line
B! Line
B2 Line

1 t 1] 1] n u

- | 9/PVC
1464 07V 1D

. ap

1464 O70500/10.6) = 42.2mwm  9PVC  68.dmm  ThHmm
146/ W 00637006y = 14.9 wa  SPVC  45.6mn  S0um
146/ (. 006D/W0.6) = 14.9 wa 9PVC  45.0mn  50un
M6/ 0. 0437 W. 6 = 39.4 me 12PVC  50.0wm  GO. S
146/ (0. 0438)7(0:G) = 39.4 ms  OPVC  45.Gem  SOum
Q{d. max) /(60X 3. 14/4XD?)

(0. 050 )/{60x3. 14/4%0?) = €0.050 )/€0.199) = 0.251 w/s
(0. 0063) /{60 3. 14/4XD?} = {0.0063)/00. 118) = 0.053 n/s
(0. 0063)/(60%3. 14/4xD?) = (0.0063)/(0.118) = 0.053 /s
{0.0436) 7 (60 % 3. 14/4%D?) = (0.0438)/{(0.118) = 0.37] n/s
(0. 0436) /(60 % 3. 14/4%0%) = (0.0438) /(0. 118) = 0.37] wn/s

= [IXL/DxVi/2g
f1 =0.028 - L= {0a _
A1 = 0.028% 10/0. 065X (0.252)%/19.6 = 0.0l4 n
f1 = 0.030 L=140m _
OHE = 0,030 140/0.05 X (0.053)3/19.6 = 0.012 m
ft =0.030 . L=800n =
AR = 0,030 800/0.05 X (0.053)%/19.6 = 0.069 m
fl:=0.030 L=10. 135m . _
AL = 0.030%10, 135/0.05 X (0.371)2/19.6 = 42,704 n
1= 0,030 0 1265
Alll = 0.030> 265/0.05 (0. 37D%/19.6 = Ll w
AH2 = TIXV/2eXQ ty f=02
L AHZ = 0.2x(0.251)%/19.6X1 = (0,001 n
AH2 = 0.2x(0,093)8/19.6%2 = 0.001 w
AN2 = 0,2x(0,053)%/19.6%8 =000l m
A2 = 0.2%(0.371)2/19.6x2 = 0,003 n

Al = 0.2x(0.371)%/19.6X%8 0.0 m
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AO Line(65mmn)
Al Line(50mm)
A2 Line{50nm
Bl Line(50mm)
B2 Line(50mm)

Head loss of gate valve AH3 = XV 2gXQ 1y
AN = 0.172€0.25D%/19.6X1
A3 = 0. 179% (0. 053)7/19. 62
AH3 = 0. 175X (0.053)2/19.6%2
A3 = 0, 175X(0.371)2/19.6x2
A3 = 0. 175X (0.371)/19.6%2

" 13 L1} 1 i

0.00] m
0.001 m
0.001 m
0.002 n
0.002 »

MSUMPE - COMMUNITY Calculation of ‘aqueduct pipeline & Lransmission pipeline

A pipeline B pipeline
~ Line AO Al A2 Bl G2
Pipe length - (m) 0nm (140 m (800 m [10,135 m]265m
Flow Q(h. max.) (wi/min) 10,050 |0.0063|0.0063 | 0,0438 | 0.0438
Pipe dia. (1D) (m) 0.065 10.05 0.05 0.05 -} 0.05
Velocity (n/s) 0.251 [0.053 |0.053 0.311 0.371
Elbow el i |12 |8 2 8
Gate valve g, t 2 -_2‘ 2 2
ltead loss of pipe lel(m) 0.014 {0,012 |0.069 (| 42.704 1. 117
Head loss of elbow | AH2(w) 0.001 |0.001 10.001 {1 0.003 | 0.0
Head loss of gate V { AH3(w) 0.001 |0.001 |0.001 0.002 | 0.002
Tota! head loss ZSH (m) 0.016 |0.014 [0.071 42. 709 1. 130
Actual head A (m) 0.5 2.5 55 112.5 712.7
Result - 0K 0K |  OX 0K 0Kk
AO-Line - 75/ 9PVC(L. D GHmm)
AM-Line < 63/ 9PVC(L D 50mm)
A2-Line -+ 63/ 9PVC(1. D 50mm)
Bl-Line - 63/12PVC(1.D 50nm)
B2-Line -+ 63/ OPYCUL. D 50mm)
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Hydraulic calculation chart. of aqueduct pipeline & transmission pipeline

(3) MSUMPE COMMUNITY -~ Gravity flow

(River) Roughing filler
Intake Weir A line
WA 760:-5, Q(d. nax)= 9, 0ni/d=0. 0063 mi/nin
- Q(h. max)= 0.0011 m/d - ——
— Slow sand filter AHO=0. 50 ' -
¥LA760-0- 1.9né B
GLV753. 0 ( Alkl=2. 5m '
- 1 P s I —1 ' : M=10. 5m
A2=5.5m
_ f¥755:0-—— - Reservoir -
: : - —
0(d. max)<| 72.pm/nin ~—jﬁﬁﬁ—5??52:0-~m~v

Qth, max)5 5.fr/min

' ﬁH4=2 O S
G:LV+750.0 (20.0r) 4' g —I :

BH=128 Om B line [

- 0{d. m2x) =63. Oni/d =0. 0438wd/min M-~
© Ok max) = 0. 079ni/mia ‘ : ]

—— ‘ Bach tap
BHI=112.5m IV EAT 5 : o ' '

4 pcs
e GLVES0——
BH2=12. Tm ' :
Siow sand fitter
(4. 5ng) Reservoir
L SAUE634-8——|

BH4=2. 3m

GLVv632.5 | (T0m) —| X

-
Rach lal

28 pes
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(4) SOMNTONGO COMMUNITY

Flow required--
Daily average
Daily maximum
Hourty maximui

Yield water capacity of borehole

Supply water capacily

Waler to be transm

(Tap ratio = 10 Taps ; 30 taps) Tolal=40 laps

Design Tlow

Qave. = |74.3 ni/day
Omax. = 226.5 wi/day
Qhr-pax. = 17,0 ni/hour
Qmax. = 226.5 m/day
. 2.6 £ /sec.
© . Qhr-max. = 17.0 m/heur
= 283.4 £ /min.

itted to two separale dislribution reservoirs

A line B line folal
Daily average{Qd. ave.). 43.6 ni/day |130.7 ni/day | 174.3 ni/day
Baily maximum(Qd. max,) 56,6 mi/day |[169.9 ni/day |226.5 uf/day
Hourly maximum{Qh-max.) 4.25 ni/hour | 12.75 ni/hour | 17.0 . oi/hour
Transmission pump(Qd. max.) 56.6 nifday |169.9 - ni/day |226.5. wi/day
Supply waler capacily@h-max.} |  4.25 aol/hour | 12.75 mi/hour | 1.0 o/hour
: ' = 0.071 of/min. | = 0.213 ni/min, |= 0.284 ai/uin.

O From the inta

[A-line] llead
&) Head loss
A =

AN ;Head loss in the pipeline
. ;Length of the pipeline ( m )}
¥V ;Flow velocity

Pige dia. D =

Qmax.
Qhr-max.

Well pump spec. Qmax, = 226.5 ni/d+20hr/d =
Pipe dia of A and B line '

A-line
B-line
A-line
B-line

ke well to Lhe distrihution reservoir

loss of lransnission pipeline

of straight pipeline

f1XL/DXV? /28 | -
fl1 = 0.0240. 0005/D0 ;The head loss coefficient

D ;Diameter of pipe {m) ! :

{m/s) = Q/(6OX3. 1474 %D?)

146/ ¢V
Q V= 10as
226.5 w/d = 0. 1573 ni/nin.
17,0 wi/hr= 0.2834 oi/min

11.33ni/h = 0, 189ni/min. -

0. 189 fuin. X 10tap/40tap = 0.0473nd/nin.
0. 1894 /min. X 30tap/40tap = 0. 418ni/nin.

D = 146/°0.0473/1.0 = 31.Tmm S0mm <
0= 80mm <

146/ 0. T418/1.0 = 95. Oun
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Flow velocity(a/s) = A-line = 8-line - = Flow velocity A-line and B-finc
spare punp-of A-line can be used for B-line
150mm  125wm  100mm  §0mm

v = (0. 1418 'nf/min)/'(BOX3. 14/4XD?) = (0. 134) 0. 193) (0. 301) (0. 471)
A) A-line head loss of straight pipe = 3, 200m

AN (150) (d. max. ) = 0.023 x3,200/0.15 X (0.134)%/19.6 = 0.450 n
(125) (4. max.) = 0.024 x3,200/0. 125> (0. 19D%/19.6 = 1. 168 w
(100) (d.max.) = 0.025 X3,.200/0. 1 =(0.209)%/19.6 = 3.698 n
( 80)(d.max.) = 0.026 %3,200/0.08 x(0.468)°/19.6 = {1771 »

B-line head loss of siraighl pipe L =4, 270n _

ARL(I50) (. max.) = 0.023 X4, 270/0.15 x(0.131)*/19.6 = 0.600 m
(125)(d. max.) = 0.024 x4, 270/0. 125X (0. 191)%/19.6 = 1.558 »
(100)(d. max,) = 0.025 x4,270/0.1 x(0.209)?/19.6 = 4.935 n
( 80)(d.max.) =0.026 x4,270/0.08 x(0.468)%/19.6 = 15.707 n

B) Head loss of elbowpipe A-line = B-line

o AH2 = [XY2eXQ 1y (=02 @ty Il pes.

AH2150) (4. wax. ) = 0.2x€0. 1I3D/19.6<41 - = 0.002 w
(129) (d.imax. ) = 0.2x0.193)2/19.6x11 = 0.004 n

(100) (d. max.) = 0.2x(0.301)%/19.6X1l = 0.010 n
( 803 (d. max.) = 0.2x{0.471)%/19.6x11 = 0,025 m
)  lead loss of gale valve A-line = B-line
CAN3 =fXVE/2eXQ ty ¥ty 3 pos
~ AN3A50) (d.max. ) = 0. 145% (0. 134)%/19.6%4 = 0.001 w
(129 (d. wax.) = 0. 150x (0. 193)?/19.6x4 = 0.001 n
(100) (d. max. )= 0. 164 X (0. 301)2/19.6 X4 = 0.003 n
{ 80 (d.max.) = 0. 168X 0. 4T1X%/19.G>x4 = 0.008 n
D} Read loss of check valve -
AR = [xXV/2exQty [ =08~12 ¢ty 1 pe
AH450) (d.max. ) = 1.2X(0.134)%/19.6X1 = 0,001 n
{1254 max.) = 1.2x(0.19D?%/19.6%X1  =0.002 m
(100) (d. max. ) = L.2X(0.301)%/19.6x1 = 0,005 m
(80 (d. max.) = 1.2x(0.47T1D%/19.6X1 = 0.014 m
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Well puip Qd, max.= 0,189 ni/min.  Discharge pipe length 35.0m
Discharge pipe dia. 50mn V = Q/(60X3.14/4XD?) = 1.602 n/sec

MHead loss of straight pipe . ARI = 0.03 X35.0/0.05X(1.602)2/19.6 = 2. 750
8)Head loss of elbow Al = 0.2 X(1.602)°/19.6X4 pes. = 0.105n
C)lead loss of gate valve AN3 = 0.175%().602)2/19.6x1 pe. = 0, 023
DYHead loss of check vavle A = L2 x(1.602)7/19.6X1 pe. = 0. 157
A-line B-1ine W;él'l.p. i
Q ty - Transnission pump A Transnission pump B. Well pump
Pipe dis. | (150mm)| (125wm)| (100mm)| (80mm)| (150am)| (125am) (100sm}| (80am)| (50mm)
[} . m ll]f m . m L m n fa
ABl 3,200 m 0.450] 1.163 3.698 11.717)
AHE 4200 o 0.600 - 1.598] 4.935 15.701 2.750
AH2 11 pc.| 0.002 0.004f ©0.010| 0,025 0.002 o.001] 0.0100 0.025 o.105
AH3 tpe.| 0.001 o0.001] 0.003] o0.008] o0.001] o0.001 0.003 0.008 0.023
AH4 1 pc. Q.00 0.0021 0.005 _.O.UH 0. 00} 0.002 0.0(}5 0.014] 0.157
Total loss (i-i} 0. 454 I.175] 3.716/ 11i.813] O. 604 1.565 - 4.953] 16.754 3.035
Aclual head(a. W) | 98.5 | 98.5 | 98.5 | 8.5 |23n.5 | 8.5 |237.5 [231.5 | 14.5
Total head = HIAH| 98,954 99.675] 102, 216) 110. 318| 238. 104} 239. 065 242;4531 254.254| 17,535
(Result) - Best pipe dia. A-line 100 1m
~ B-line 125 nm
Transmission pump required head A-line I0m
B-line 245 u
Intake Well pump required head 30 n
Discharge pipe diameter intake well pump
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Hydraulic calculation chart.of transmission pipeline

(4) SOMNTONCO COMMUNITY

O V461 3
—V467.5
“1iBl=3 5 Rescivoil
V465, 0 265m |-
%ax 0. 142 ni/min
Contro! house
B-Pipe line
1B2= {Each tap)
Raw tank 30pcs
Pl .
-7 HW — [OV328.3
H3=R. 5 A1=2. B Reservoir
r/F<} VLML ﬂ] ﬁz, ¥ 326. S0nd ~—tK1—
GL —] Y7i23019)// H_532675-230.0=96.0m ]'
- A-bine—
_ ' L—#}i)%—//—ﬂdf .Om {approx) 1=3,200m  A-Pipe
~Pk+/F<}—E B= 100mna Line
' ] Eg | (Bach Tap}
s 0 10pcs
[:] —i-Dynamic well water level
1 LEGENT
- Well
PL : Control panel
Well pump PS : Pressure switch
Aclual head (H.P.A. W) = H3 ¢ e ’ _ M . Flow meter
=2,5 +12.0 = 14.5n | | X |: Gale valve
Transmission pump | /| : Check valve
A-line aclual head (A-A.1) = HAL + HA2 | K ¢ Flexible joint
=2.54196.0=985m Pl : A-i. Transmission P.
B-1ine aclual head (B-A.H) = IIBl + HB2 P2 : B-1. Transnission P.
: = 2.5 $235.0 =237.5n ~—): Ball lap valve
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1,2 Calculation of Supply Waler i’ipc]_inc

(1) NGWAZINI COMMUNITY

®Flow Required - Design Flow

Daily Average
Daity Maximum
Nourly Maximum

Yield Waler Capacity of Borehole

Supply Water Capacily

Qave.
Omax.

Qhr-max.

Qmax.

Qhr-max.

@ From the reserveir lask to Lhe each lap

1) Pipe diameler
2) Pipe head loss

B(150)
B(125)

- pQI00)
b( 80)
D 65)
B( 50)
D( 40
D¢ 32)
D( 25)
B{ 20)

" il h M L1 H N 1) Hoon

3 Tap O ty 60 pe
ger | tap [low

D = HGS OV

A= f1XL/DxXV/2g ,
Loss head in lhe pipe line (m
0.02 t 0.0005/D
Pipe Length
Pipe Dia. '

s.

" i

A=
fi
L;
b

v

" t

: Yelocity

" 1] n 11

152.0
197.6
14.8
197.6
2.29
14.8
241.0

= (60X 3. 14/4%D%)

(60x3. 14/4% DY)

1] i It u u I} ) I 1 HY

1.060
0.736
0.471
0.301
0. 199
0.118
0.015
0.048
0,029
0. 019

ni/day
m/day
m/hour
ni/day
£ /sec.
mi/hout
¢ /nin

(w)
(o)
(m/sec)

247( 2 /nin) + 60 (lap) = 4.12. £ /nin
0.247 of/min-+ a)(mm_=umnn_ﬁﬂmn
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(2) BHEKIKHOST COMMUNITY

@Flow Required --- Design Flow

Daily Average
Daily Maximum
lour ly Haximum

Yield Waler Capacily of Borchole

Supply Water Capacily

Qave. = 83
Qmax. = 108.
Qbr-max, = 8.
Qmax, = 108.
-

Ohr-max. = 8,
= 136.

@From the reservoir tank to the each lap

-] B2 LY LD NN WD T

nt/day
ni/day
ni/hour
ni/day
£ /sec.
mi/hour
£ /min

Loss head in Uhe pipe line  (m)

1) Pipe diameter D = 146/ Q/V
2) Pipe head loss  All= (Ix1/DXV!/2g
R - Al =
A1 = 0,024 0.0005/D
L : Pipe Length
b : Pipe Dia.
V ; Velocily
= (60X3. 14/4xD?)
B(150) = (60x3.14/4XD*) = 1.060
D(125) = = 0.736
pa100) - = 0.47
b( 80) = = 0.301
D 65) = = 0,199 -
DC 5O = = 0.118
pC 40) = = 0. 075
0(32) = = 0.048
D(25) = =0, 029

3) Tap Q' ty 32 pes.
per | tap [low

()
(w)
(m/sep)

136.7C2 /min) = 32 (lap) = 4.272 £ /nin .
0.1367nf/nin  + 32 (lap) = &00427n{/min_
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(3) MSUMPE COMMUNITY

Flow Required-:- Design Flow

Daity Average
Datly Maximum
Hourly Maximunm

Yield Water Capacity of Borehole Qmax.

Supply Water Capacily

Flow Rate = Tap Ratio
A Line Tap @'ty =

Qave. = 55,3 ni/day
Qmax. = 7.9 al/day
- Qhr-max. = 5.4 al/hour

= 7.9 of/day
_ 0.83 2 /sec.
Qhr-max. = 90.0 £ /min

4 pcs. Qh.pax. = 0.080nd/minX 4732 = 001125%8/min

B Line Tap @'ty = 28 pcs. Qh.wax. = 0.090ni/ninx 28/32 = 0.078750f/nin

@ Fron A Line Reservoir Tank
From B Line Reservoir Tank

1) Pipe Diameler

2) Pipe head Loss Al

to the each Tap ( 4 Taps)
to the each Tap (28 Taps)

6y UV
FIXL/OXY?/2¢g
Ol o= Loss head in the pipe lire (m)

{1 it

f1 = 0.02 + 0.0005/D . C
L ; Pipe Lenglh {(m)
b ; Pipe Dia. ()
V ; Velocily - (ofsec)

{(60x3. 14/4%D*)

100 80 65 S0 40 32 | 25

D 125 20
60%3. 14/4xD? 0.736 [ 0.471 |0.301 |0.i99 |0.118 |0.075 [ 0.048 |0.029 {0.019
3) Tap Q' ty 4 pcs. (A Line) + 28 pes, (B Line) =32 pes.

per  Tap Plow

A Line

= 0,090 of/min-+32(Tap) =0.00281.ni/nin

0.090 ni/ninx 4 /32 =0.21125 nol/nin

B Line = 0.080 ni/minx28/32  =0.07875 nf/miﬁ
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(4) SOMNTONGO COMMUNITY

flow Required:- Design Flow

D Tap ¢ty 4

0 pcs.

Daily Average Qave. = 174.3 ni/day
Daily Maxinum Omax. = 226.5 ni/day
Hourly Maximum Qhr-pax. = 17.0 nd/hour
Yield Water Capacity of Borehole Qmax. = 226.5 ni/day
' 2.6 2 /sec.
Supply Water Capacity Qhr-max. = 17.0 al/hour
: = 283.3 - 2/nmin
Separated 2 Water Supply Line (= 2 supply water line)
A Line Tap (10pcs) | B Line Tap (30pcs) § € Line Tap (0pes)
Daily Average(Qave.) 44.3 nl/day 136.0  ni/day C174.3  nl/day
Daily Maximun(Qmax,) - 57.6  nl/day i68.9 ni/day 226.5  ni/day
Hourly Kaximua(Qh-max.) 4.32 ni/hour 12.68 nt/hour 1.0 ni/hour
Yeild water capacity(Qmax) 57.6  nl/day .| 168.9 ni/day -226.5  nl/day
of Transmission Papp  0.66 £ /sec 194 2/sec 2.6 £/sec
Supply Water Capacily(Qh-Jnax.)4.32 aof/hour 12.68  ol/hour 1.0 of/hour
~ | = 0.072 al/nin 0.212 wl/nin 0.28 _ al/uin
@ Frop Lthe Reservoir Tank to the each Tap
1} Pipe Diameter = 146 JQ/V
2) Pipe Loss Al = [IXL/DXY /28 ‘
Al ; Loss head in the pipe . Line (o)
f1=002i0000/0
L ; Pipe Length (m)
D ; Pipe Dia, (m)
V; Velocity : (n/sec)
= Q/(60X%3. 14/4%D?*).
— — _ _
D _ 20 25 I 32 40 50 | 65 80 100 125 150
603. 14/4 xD? 0.019 {0.029 lO. 048 10.075 |0.118 |0.199 {0.300 |0.471 ]0.736 J 1. 66

per 1 Tap Flow = 0.2833ni/pin=40(Tap) =0.00703 nt/win
ine = 0.00708nd/min X 30(Tap) =0.2124 pi/min
ine =0.00708 nf/minX10(Tap) =0.0708 of/nin

AL
B L
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2. Calculation of equipment capac.iw

2.1

Calcylation of dapacity for each tank

SOMNTONGO

Communily name NGWAZINI BEKHINKOS MSUNPE
Intake Ground water | Ground water Surface waler Ground waler
- (el D) (iell) (River) (el 1>
Q(d. ave) 152, Omi/d 83. Ori/d 55.4 1i/d 174.3 wi/d
Q(d. max) - 197.6ni/d 108. 9ni/d 12.0 oi/d 226.5 m/d
Q(h-max) 14.8ri/h 8. 2m/h 5.4 m/h 17,0 ni/h
Raw water lank - - - Q(d.faaxjxlﬁmin
= 2.4ni(5.0n)
L Tng X2.3nl1=5.2 wi/R |
Roughing filter - - Retention time -
Q(d. max) X Thr=21. 0l
12.0n X 1. 9mX1. Onil
Bistribution Tap ratio(4;28) Tap ralio(10:30)
Q(d. max. ) (ni/d) = :
Q(h. max. ) (m/h) 9.0 nmi/d| 63.0 ni/d|56.6 nl/d|169.9 ni/d
¢(h. max, ) (ni/nin 0.675 mi/h {4,725 ni/b|4.25 of/b| 12.T5n/h
0.011 mi/m | 0.079 m/m|0.072 al/n{0.212 ui/n
Stow sand [ilter - - |ema) LV 4n/d _— -
LV=4n/d 9,0/4.0 63.0/4.0
: =2.26 of | =15.75nd
= 1. On¢ = 4.5n¢
2 Sets 2 Seis
Reservoir tank | 197.6 m/d | 108.9 ai/d 9. 0ni/d 63.0 ni/d | 56.6ni/d | 169.9 wi/d
X 1. Sday X1.5day | xL.5day | XL Oday | XLl5day | X1 Gday
= 206.4 m |= 163351 |= |3.5n0 = 63. 0nl = 84.9nf | = 254. 850
Required volume | = 300.0 af = 170.0 of {= 20000 | = 70.0ad {= 90.0 nf|= 265.0 nf
Type RC[ 3Type RCLIFype O Type O Type O Type | RCdType
Dimension (5.7 (4.3x8.85) |[3.8n¢ 6. 409 7.15m ¢ | (5.4X11.5
X11.75) %x2.3 X2 X 20=] X23=[x23=: |X23 X2
X2.3 x2 = 175.0a { 22.6nf - | 73.90d ~ 92.3 ni— | = 274.4nd
= 310.4 of 0.3%0.3) | (0.3%0.3) ]| (0.3%0.3) '
x2.3 = X2.3 = x2/3 ="
: ] 0.2 02l | 024 : '
= 310.4nd | = 175,0 of | = 22.4ed | =73.7nf ) = 92,1 wif = 27440
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2.2 Caiculation of water Trealment Facilily

HSUMPE COMMUNITY

(1 Rbughing filter

Flow (Qd. max) = 72.0 m/d = 3.0ni/tw = 0.050m /unin = 0.83£ /sec
Retention time ; Q(d.wax) XThour = 21.0m
: = (12, 01X 1. 9W¥x 1. 03/€0. 83 £ /s 1/1000 % 3600)

= approx. 7. O '

Bistribution Weir
| | 7
(. WBIR | 3Tim 19mn i [ A-line | 1
EE—— I =T - CRUSHED CRUSHED CRUSHED E"_____;
INLET - STORE STONE XTONE - B-Line | 1. 90
' 400nmpY ———-—1 . QUTLET '
_ T0 SLOW SAND FILTER
OVER FLOW 12-600ms— -

HOR1ZONTAL ROUGHING FILTER FOR 0.83 £ /sec OVER FLOV

Distribulion WEIR
/

—

S

B N2 T

— i

P RS
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(2) Slow sand _filler .

A liue 8 line
Q0d. pax) = 9.0 i/ - 63.0 mi/d
Filter Speed |1V = 4.0 m/d - V= 4.0n/d
5 _ S= 9.0 a/d+4.0n/d} S =630 m/d+4.0ni/d
= 2. 25qf _ = 15. Toni
Dimension = 1.9 n¢ = 4.5 n¢
= {.95%0.05%3. 14 = 2.25%2.25%3. M
= 2,833 of = 15.8 of
Q' iy = 2(1 stand-by) = 2(1 stand-by)
(3) Reservoir tank
A line 7 B line
Q(d. max) = 0.0 ni/d = 63,0 ni/d
Retention time| = Q(d.max) X1.0 Xa = Q(d. max) x1.9.
Safetly Ratio| a= 1.5
= 9,0 m/dx1.0 X1.5 | =630 nf/dX1.0
=13.5 =630 ni
=20.0 m =700 o
Dimension = 3.8 n¢d X2, 0nrh = 6.4 ng X2 Juh
Volume | = 1.9m % 1.9n X3. 14 = (3. 2nx3. 203 11
X2, Ol %2, 3ul)
~{0. 3wx0.Inx2. Inh)
= 22,67 (2001) =139 of-0.21 o
= 73.69%ai
¢ty 1 i
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2.3. Power caleulation of pump

1. Shaft power calculation for well pump and transmission pump

Shaft power required to operale pump is given in the following calculalion

P=Pe/nP = (0.163X v XQxXI)/ 2P (n
P : Pump shaftl power (kw)
Pw : Theorelic power '
vy : Speciflic gravity of the liquid 1.0
§ : Pump discharge rate -~ (nl/nis)
H : Total head of pump ° {m)
nP : Bffeclive 0[ punp (%)

(NGWAZINI CD\NUNITY well pump) .
Q{d. max) = (197.6a0/0) +20hr/d = 9. 88 /ltr = 0. 165 al/min ——> 0. 165nl/nin
=100.0m »P = 60% : :
P = (0.163%1.0x0.165%100.0}/0.60 = 4. 483 ky

(BEKHINKOST COMMUNITY well punp)
Q(d. max) = (108.9nl/d) -+ 20he/d = 9. 445ni/he = 0. 08 md/min  ———> 0. 165ni/rin
H=100.0n 5P = 60X
P = (0. 163> 1.0%0.165x100.0)/0. 60 = 4.483 kw

(SOMNTONGO COMMUNITY well pumwp) : :
Q(d. max) = {(226.5ni/d)+20W/d = 11.33ni/hr = 0. 189 ni/min
=30.0n nP = 50%
P = (0.163X1.0X0.189x30.0)/0.50 = 1.848 kv

Shaft power calculation for transmission pump
Q(d. max) = (226.5m/d)+20hr/d = 11 33n/hr = 0. 189 ni/min
Separated 2 line (Tap Raitio = A-line 10 taps ; B-line 30 Taps)
A-line @ = 0.048ni/min, — 0.05ai/min. 1| = 110.0m #nP = 45%
P = (0. 142X 1. 0X0. 05%110.03/0. 45 = 1.993 K
B-line § = Q. 142mi/min. 1= 24500 #nP = 50%
P o= (0. 163X1.0X0, 142x245,.0)/0.50 = 11. 342 Kw
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2. Molor output calculation

Motor output is delermined by the calculation shown in (2) considering a safely faclor.

R=PxUta)) /nt (2)
R :Motor cutput kw
P :Shaft out of motor kw
a :Shaft factor 815

a1 :Conductivity efficiency Direct conmection = 1

(NGWAZINT COMMUNITY well pump)
P=4483kw i
R=4.483 x(110.15)} /1 = 5155 kw =~ ——> 5.5 kw

(BEKHINKOSI COMMUNITY well pump)
P = 4.483 ky

R = (4.483 X(140.15)) /1 = 5,155 kw  ~———> 5.5 kw

(SOMNTONGO COMMUNITY well pump)
P=1848 kw R ' ' _
=215 ——> 3.Thy

R = {1.848 X (110.15)} /1

(SOMNTONGO COMMUNITY transmission pusip)
A-line P o= ).993 kw
R = {1.993 x(140.19)} /i
B-line P =11.342 kw
R = (11.342x (140,15} /1 =13.043 kw

2,292 ke ———> - 3T hw

£

> 15.0 kw
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3. Water Hammer Analysis for Waler Transmission Pipeline
-~ A. NGWAZINI COMMUNITY
Prom well pump check valve 1o the reservoir

(1) Well pump data

Power of motor 5.5 kw

Cycle 50 hz

Actual head (Ha) 52.2 i

Loss head - 4. 093 "

Total head 1) ~ 56.293 m

Flow Q(d, nax) © 0165 - oi/min (= 197.0nd/d =200 = 0. 1650i/nin)

P =06
rpm N 2,900 rps

punp sel n 1 ‘sel

(2) Transmission pipeline dela o
Pipe length (100 mm) 1790 m {From wel] side check valve to reservoir)

: _ PVC Pipe(110/12) t = 6.3 pm
( 50 mm) 45 m (Discharge pipe of Well Pumg)
Carbon sleel pipe(SGP) t = 3.8 m

(3) Calculation =
o = 0.05 X5.5%2 pole = 0.55 kg- of
Inertia coefficient k == (1,79 10%x56. 3X0. 165)/(60<0. 6x0. 55 X 2000° X 1)
= 0. 182 '
Loss percentage- R = (56.293 - 52.2)/56.203x 100 = 7.27%
Pressure propagation speed a = (1420)/ J 1 ¥ (0.69 X100/6.3)
=411
Inner pipe velocity V = 0. 165/(60x3. 14/4%0. 1%)
S = 0,350 w/sec _
Conduit constant 2p= (411x0.350)/(9.8 x56.3) = 0.26
Surge coefficient S = 0.182x(@x790/411) = 0.7
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Therefore, the followings.are given by the waler hammer effect caleylation of Parmakian

Prom (a) Pressure drop just after the water well. -50%¥%56.3 m = -28.2 m
From (b) Pressure drop at the center of conduil. . -30%%56.3 n = ~10.9 1
Pron {(¢) Pressure rise just after the water well. 1108%56.3 m = + 5.6 n

=1 3%9n

From (¢) Pressure rise al the center of conduil. + T¥%956.3 n

The above calculation is subjecl to oo provision of check valve .
Lowesl pressure just after the well = 52.2 - 28.2 = 24.0 m
‘Highest pressure jusl after the well =52.2 + 5.6 = 57.8 n

" "

In case of the check valve provided, the pressure rises by dropped pressure.
Lowest pressure just after the well = 52.2 - 28.2 = 24.0 0"~
Highest pressure just after the pump = 52.2 + 28.2 = 30.4
Lowest pressure al the center of conduit = 52.2 - 16.9 = 35.3 w
Highest pressure al the center of conduit = 52,2  16.9 = 9.1 m

WATER HAMMER PRESSURE CURVE (NGWAZINI COMMUNITY)

H ()
80. 4w -~ . max
80 &/’//’
0 |- e 69 —
:Tnyd'aulic Line
60 —-
S \\\\R:S
50 e T
0 - - R —_
-35. 3 /
30 | fe= - e
ot tn | = pipe Profile
20 b / _ — i
10 J/,,/”’//, . - ‘
0
0 200 400 600 800 1000 L{w)

1. Can the conduit stand againsl Lhe highest pressure?
- PYC Pine(110/12) of 8kg/ cof approx. is to Le installed.
2 The water hammer vesistanl check valve is lo be inslalled,
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Parmakian
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B, BEKHINKOSE COMMUNITY
From well pump check valve to Lhe reservoir _lanlt

(1) Well 'pump data

- Power of motor 2.9 kw
~ Cycle . 50 hz
Actual head () ’ 315 n
Loss head ' 6.807T m
Total head (Ht) 39452 - R
Flow - Q(max) ' 0.165 ol/min (= 83.8mi/d+20h = 0.091wm/min)
. ] 0.6 (<NGWAZINI Wet] Pump ———=>0. 1650i/nin}
rom N 2. 900 rpn

pump set R L | sel

(2) Transmission pipeline dala :
Pipe lenglh : 1, 140 n : ' R
Pwe diameter Z 80 mn  90/12PVC Pipe = 5.1 m
~(From the well snde check valve to the reserveir tank)

(3) Calculation
Gh*
Inerlia coeflicient k

0. 05 X5.5%2 pale = - 0,55 kg- ol _
(1. 79X 10° X 39. 5 X0, lGS)/(GOXU 60, 55’><‘2900‘><l)
. 0. 127
Loss percenlage R = (39. 452 - 31.5)/30. 452X 100 - 20. 2%
Pressure propagation speed a=qQazn/ 11 (0 69 X 80/.) 1)
- = 413 ; ‘
0. 165/(60% 3. l4/4><{l 08%)
0. 548 w/sec
{(413%0. 548)/(9. 8><39 5) = {58
0.127 X (2x1, 140/413) = 0.7

II Al It

Inner pipe velocily V.

Conduil constant ~2p
Surge coefficient = §

(M i 119 1}
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Therefore, the foliowings. are given by Lhe water hammer effect calculation ol Parmakian.

Prom (a) Pressure drop just after the water well. -60%¥%39.5 = -23. 7 n
Prom {b) Pressure drop at the center of conduil, -40%x39.5 = -15.8 w
From {c¢) Pressure rise just after the water well. 125%%39.5 =19.9m
From () Pressure risc al the center of conduit. ‘ FISY>39.5 = t5 0w
The above calculation is subjecl to no provision of check valve .
Lowest pressure jusl afler the well =315 -23.7= 7.8n
Highest pressure just after thé well = 3.5 + 9.9 = 4l.d &
o case of the check valve provided, the pressure rises by dropped pressure.
Lowesl. pressure just after the well =3L5-23.7= T7.8mn
Highest pressure just after the pump = 315 + 23.7 =952 m
Lowesl pressure at the cenler of conduil = 31.5-15.8 = 15.7 n
llighesl piressure at the center of coaduit =31.5115.8 = 47.3 m
wATER IIAMMER PRESSURE CURVE (DEXIINKOS] COMMUNITY)
H{m) |
70
60 : : - —
-55:-2m___| _ S S ) ¢
50 i__ét::J~"“ A - o
Ndm - | ——llydlaulic Bise
40 E— ’._:_r_____, — ::;><- UV FE PR J—
S I O e |
30 : : S T
: 25.6 /,/,f:::;;;;qu
20 : s -1 Tn—=—= / —=
b=} Pipe Pipfile
10 (HI8p—F—— === — e - : e
L NN | '
0 el ]
0 200 ' 400_ 600 800 _ 1000 1200 1 (i)

1. Since the highest pressure is nol wore than Gkg/ of and 110/12PVC
pipe is to be installed and ordinary check valve can be used.



C. SCMNTONGO COMMUN*TY

(1) B-line (265n? reservoir) transmission pump data-

Power of motor 15.0  kw

Cycle 50 he

Actval head (Ha) 2315 nm

Less head 1.665 m

Total head  (Ht) 239,065 n _ ‘
Flow Q(d. max) 0. 142 of/min P ;50%
rpm N 2,900 rom

purnp set n 2 set (1 set sland-ﬁv)

(2) B-line feeding pipe line daia _

Pipe tolal length 4,270 m (vom booster pump to reservoir)
Diameter of pipe 125 mm  STPE38  sch-80 1 =95 ms
(3) Bach coefficient | |
k ; Cubical elasticity of wafer kg/nn?
E ; Sub-elasticity coefficienl of piping malerial kg/mm?
t ; Thickness of pipe ' ‘ 9,5 mm
g ; Acceleration of gravity o 9.8 w/sec?
K/B; Stee! pipe 0. 01
(4) Calculation
GD? ' = 0.05%15.0x2 poles = 1.5kg-ni .

GD? : Flysheel effect ol votation part kg-nf

Inerlia coefficient Kk _ k

(1.79 x10¢ xmxﬂo)/(eo X P xGD? XN * ><n)

i

Loss percentage  R(%) . R = (Ht-Ha)/HUx 100
(1420)/(V T ¥ W/EXD7U )

0o/ (60%3, 14/4XD * )

Pressure propagation speed a(m/sec) | a

tnner conduil waler velocily V{m/scc | ¥

Conduit constanl 2p 29‘? {a XV_)/(g I .

e e

Surge coeffiéienl S _ S =k x (2L/a)
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- (Calculation fesul't)

Inertia coefficient % (1.79% 10¢ %239, 0 X0. HZ)/(GOXO 50X 1.5 %2, 900 X1])

| - 0,106
Loss percentage R = (239.0 - 237.5)/(239.0) X 100
- 0.63%
Pressure transmission speed a = 1420//1 t 0. 61X]2579 9
: = |, 335_m/sec
Water velocity in pipe V = {0, 142/(G0% 3. 14/4x0. 125’)
= {. 192 n/sec
Conduil constant 2 p = (1,335 .X0,192)/(9.8. x239. 0)
. =011
Surge coefficienl S = 0. 106X (2x4, 270/1. 335)
= 0.678

(D Pressure rise when the valve is quickly closed Abn
= {a V}/g  subject to (T=2l/a -« 2X4270/1335 = 6.4 sec)

a : Transmission speed of pressure wave n/sec
V ; Waler velocily in pipe (Reverse {low velocity just before valve is closed)
= L1 afs

T Closmg time of valve S‘
L ; Conduit lenglh n
= {1, 335><1 1)/9. 8= 1428 n

® _Pressure rise when the valve is slowly. closed  Ahn
1/2 xnp 4/ 0?HYXB _
0 = LY/gTHt subject to (T22L/a+ = 2X4270/1335 = 6.4 sec)
Ht = Height from Lhe valve to \\alex tank = tolal head 243 m
V = Water velecily just before the valve is closed. V=1.3n/s T =5 scc

n = 4,270X0, 192/9, 8X5%230.0 = 0.07

B 1/2%0.07 (0.070 (00T 774 )%239.0 = 16.74 n
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@ Calculation

of pressure rise by the water

Turnaround time of pressure wave  p
Conduit coelficient 2p

hammer calculation in Parmakian.

= 2L/a (sec)

aV/ght = (1335 %0.192)/9.8%239.0 = 0. 11
(Pressure rise ralio in case of the valve
quickly cloesed)

1] i

Inertia effect coefficient of rotating part K

K =

(187.5M0)/(GD? No)  sec™t

Mo = 972X (Po/No) .
Mo ; Torque while rormally ¢
Po 1 Shaft power while norma
6D? ; Flywhile effecl of rota
No ; Rotation - 2,900 ypm

perating kg-m
Iy operaling |lw
ting part kg-n?

Po = 0.163 X (0.142X239.0)/0.50 = 10.99 ke
972 X 10.99/2,900 = 3.68 kg-n

1]

My

L
62
I

2p

fl

K
S

n 1]

Therefor
From (3)
From (b)
From (¢)

From (d)

From (e)
From ()
From (g}

From (h)

4,210m a=13%ns V-
1.5 kg-ni -

(2x4,270)/1. 335 = 6.297 sec
(1,335x0. 192)/(9.8x239.0) =

e, walter hammer efflect in Parmakian is given as follows.

Pressure drop just after the

Pressure drop al the center of conduit. — -30% x239.

Pressure rise jusl after the

Time required until reverse

Time requived unlil the pump
Time required unlil the pump
maxXimum reverse.

Maximum reverse roiation of

Pressure rise al the cealer of conduit, T HIOK X239,

0.192 /s

0. 11

(187.5x3.68)/(1.5% x2,900) = 0.106 sec-1
K(2L/a) = 0.106%(2x4,270)/1, 335 = 0.678

-119.5 m

pump. _ - -50% x239.0 -
0= -7L.T7 n
pump. C 9% X239.0 = #35.9 n
0= 239w
flow starts. ~ 1XL/a = 1 X4270/1335 = 3. 2scc
steps. ~  2XL/a = 2 X4270/1335 = G.4sec

reaches al
' 4x1./a = 4 X4270/1335 = 12. 8sec
Lthe puap. 130% %R = 1.3%x2900 = 3,770 rpm

The above calculation is subject Lo no provision of check valve with the pump.
Lowest pressure just after the pump = 237.5 - 119.5 = 1}18.0 m

Lowest pressure at the center of conduit = 237.5 - 7.7 = 165.8 n

Highest pressure just after the pump = 237.5 4 35.9 = 273. 4 m

Highest pressure at the center if condeit = 237.5 1 23.9 = 261.4 0

6-70



In case of the check valve provided, the pressure rises by dropped pressure if the valve
is quickly closed simuitancous!ly when Lhe back [low starts (shich means back flow never
happens. )

Lowest pressure jusl after the pump 237.5 - 119.5

18.0m

=1
Lowest pressure al the center of conduit 237.5 - 71.7 = 165.8 n

Highest pressure just after the pump 237.5 + 119.5 = 357.0 m

Highest pressure al the center of conduit 237.5 + 7T1.7 =300.2 m

400
350

300

250

200
H(m)
150
100

50

WATER HAMMER PRESSURE CURVE (SOMUNTOGO COMMUNITY B-Line)

1. Can the conduit sland against the maximuw pressure?
In order for stee! pipe lo stand against the max. pressure of about 36. Okg/cnl,
pressure resistanl steel pipe (STPG38-sch80) is Lo be installed by 3,070m from
the pump and PVC pipe{140/12)is to be installed for the rest. '

2. The waler hammer resistant check valve is lo be provided.
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D. SOANTONGO COMMUNITY

(1) A-line Transmission Pump data (#1:Calculation = Case of used spare pump)

Power of motor 15,0 kw (1)
Cycle 50 hz
Actual head (Ha) 98.5 m
Loss head 3.716m
Total head 102,216 m
Flow @ 10,142 ni/min 0P :50%
#1:Spare pump [low
Tpm N 2,900 rpm
pump set n ' 1 set
(2) A-line Transmission pipeline data (From transmission Pumpp to reservoir)
Pipe total length 1,200 m

Diameter of pipe o 100 mm 116/12PYC t =6.3m

(® Calculation

GD? = 0.00 X15.0%2 poles = 1.5kg- m2
Inertia coefficient k k= (1.79 x10°%102.2 x0.142)/(60%0.5 1. ”><29002><l)
_ = 0,045
Loss percentage R R = (102.216-98.5)/102. 216 X100 = 3.64%
a.

Pressure propagation speed (1420)/y 1T (0, 697X100/6.0)

402
Inner conduit water velocity V= 0. 142/(60%3. 14/4X0. 1%)

0.301 m/sec
Conduit constant - 20 = (402%0.301)/(9.8%102.2) = 0. 12
Surge coefficient § = 0.045%(2x3, 200/402)

| S | I 1 S { I} H N = Q

- 0.72
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Therefore. water hanmer effect in Parmakian is given as follows,

From (@) Pressure drop just after the pump. -50% x102.2 = -6l 1 m
From (b) Pressure drop at the center of conduit. -300 >}102.2 = -30.7 m
From (¢) Pressure rise just after the pump. t15% X102.2 = t15.3 m
Prom () Pressure rise at the center of conduil. . 0% X102.2 = +10.2 m
The above calculation is subject to no provision of check valve with the pump,
Lowest pressure just after the pump = 98.5 - 5L1 = 47.4
Highest pressure just after the pump = 98.51 15.3 = 113.8 ot
In case of the check valve brovided. the pressure rises by dropped pressure. -
Lowest pressure just after the pump 98.5-bl.i= 47.4dm
Lowest pressure at the center of conduil 98.5 + 51.1 = 14%.6 m
Highest pressure just after the pump 98.5-30.7= 6.8m
Highest pressure at the cenler of conduit 98.9+30.7=129.2m
WATER IWEMER PRESSURE CURVE (SOMNTOGO CORRANIY A-Line)
H(m - -
-149.6n | '
140 Hyldraulic Lipe -
/ S pam e
120 74 & o
IS 1 S S [—__|  RES
100 I ——— . _
// -
30 = - B e -
_ | L 678 = I MIN
60 -_’___,,_.!—-" _ : 4 I S
A4 | | \/ |
40 - / \ - e
_ - |
20 T C B
Pipe Profile
0
0 500 1000 1500 2000 7500 3000 3500 L
, _
| RN I e

[10/16PVC -3, 200ll

. Can the conduit sland against the maximua pressure?

[n order for steel pipe to stand against the MAX. Pressure of about 15. Okg/aif,
PVC pipe(110/16) is to be insialled.

Ordinary galvanized steel pipe is o be installed in the house

2. The water hanmer resistani check valve is to be provided.
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