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1. &kuit % (Hydraulic Calculation of Pipeline)

1. 1, ZAKEAPREE (Hydraulic Calculation of Transmission Pipeline)

(1) NGYAGINI COMMUNITY

K& ( Flow Required - Design Flow)

Daily Average Qav, = 152.0 wm3/day
Daily Naximum Qmax. = 197.6 m3/day
Hourly Maximum Qhr-max.= 14,8 m=3/hour
Yield Yater Capacity of Borehole Qmax. = 197.6 w3/day

' = 2,29 4 /sec
Suppry Yater Capacity _ Qhr-max.= 14.8 m3/hour

o = 247.0 £ /min

KEHENORKBNDEKE

(From the Intake Well to the Distribution Reservoir)

"Head Loss of Transmission Pipeline
AHead loss of Straight pipeline AR = f1 x L/D x v* /2g-
' OH; Head Loss in the pipeline
f1= 0.02+0. 0005/D ;The Head Loss Coefficient
L ';Length of the pipeline T (e
D ;Diameter of pipe (m)
V ;Flow Velocity =Q/(60x3.14/4xD* ) - - (m/s)
Pipe dia 25| 32 40 50 65 80 100 | 125 150
f1 0. 040 0. 0360 0. 033 0. 030{ 0. 028 0. 026 0..025 0. 024.0. 023

Pipe dia. D=146YQ/V e

¢ v=1.0 n/s

Qave. 152. 0 m3/d =0. 106 n3/min

Qmax, 197. 6 n3/d =0.137 03/nin

Qhr-max.  14.8 w3/hr=0. 247 n3/min

¥ell pump specification

Qmax, 197, 6m3/d -+ 20hr=9. 88w3/hr=0. 165 ®3/min — > 0. 165 e3/min
D=146v0.165/1.0 = 59.3 nm 65 mm < over



Flow Velocity
(D=100mm) (D=80wm) (D=65mm) {(D=50um)
V(d.max.) =0. 165/ (60x3 14/4xD # )=0. 350m/s =0.548n/s =0.82% /s =1. 298m/s

ARI(100) (d. max) = 0.025x790/0. 1 x(0.350)% /19.6= 1.234 n
( 80)(d.max) = 0.026x790/0.08 x(0.548)% /19.6= 3.934 n
( 65)(d.max) = 0.028x790/0.065x(0. 829)% /19.6=11.932 o
(~50) (d. max. )= 0.030x 45/0.05x (1.358)* /19.6= 2.692 n(¥ell Pump)
B} Head Loss of Elbow pipe :
AH2=f x V2 /2g x Q. ty £f=0.2 100om Q, ty=Tpcs &50mm Q. ty 1 pc.

I

AHR2(100) (d, max, )=0. 2x (0. 3500% /19.6 x7 = 0.009 m
( 80)(d. max. )=0. 2x (0.548)% /19.6 x7 = 0.021 m
( 65)(d. max. )=0. 2x (0.829)* /14.6 x71 = 0,049 m
( 50)(d. max, )=0. 2x (1.398)% /19.6 x1 = 0.020 m

) Head Loss of Gate Yalve
AH3=f x V* /2g x Q. ty  100mm Q, ty=Ipc 50mm Q,ty 1 pc

pipe dia, (mm) | 50 65 80 100 | 125 150
f 0.179 0.172 | 0.168 | Q. 164 0.150 | 0. 145
AR3(100) (d. max. )=0. 164 x(0.3500% /19.6 x1 =0.001 m
( 80> (d. max. )=0. 168 x(0. 548)2 /19,6 xI = 0.003
( 65)(d. max. )=0, 172 x(0.829)* /19.6 x1 = (0,006 o
( 50)(d. max. )=0. 175 x(1.398)% /19.6 xl =

0.017 m
D)Head Loss of Check Valve '
AH4=f x ¥% /2¢g x Q, ty f=0.8~1.2 50mm Q, ty= 1 pc

AH4C 50) (h, max. )=1. 2x (1.398)* /19 6 x1 = 0.120 m
Pipe line dia. ’ Q ty 100om |  80mm bomm 50mm
Head Loss of Straight pipeg 790 mAHI 1.234'm 3.934 o 11.932 o 2.692 n
Head Loss of Elbow | 7 pcsARY 0,009 3 0.021 a 0. 049 3 0.020
flead Loss of Gate Valve |1 pc|{AH3 0.001 o 0.003 0.006 o 0.017
Head Loss of Check Valve |1 pc |AH4 L= — — 0.120 m
Total Head Loss AN 1.244 o 3.958 m 11.987 of 2.840 m
Actual Head _ A H| 80.2 ﬂ 90. 2 90. 2
Total Head (AH+H+H50mm) 1.0 ] 94.293 o 97.007 u 105,036 o
#ﬁEE(Result) %K% % (Best Pipe’ Dia. ) . —— 100 an

HER Y P ABEEE (Yell Punp Required Head) —> 100 o
HFE R TEHAER (Discharge pipe Dia, of Well pump)> 50 ma
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Kk B X (Hydraulic Calculation Chart of Transmission Pipeline)

NGWAZINI CONMUNITY

Control House

P
PS

?FLkﬁ I Q@

GL Tl

Hi=2.50  GLVT49.

H2=(74%.

Y7751.8m KV 751. 6
Reservoir
300 w3 H{

I

=49. Tm

Pipe line
(Each Tap)
L=790. Om 60 pcs
D=100 mm

Q(d. max. )=0. 16583 /nin

Yell

_ © H3=38. Omx(approx.)
| Dynanic Tell Yater L el

#7787 (Yell pump)

Actual Head(A H)=Hi+HZ2+H3

=2ﬂ5+49.7+38.0=90.2m

LEGENT

PL ; Control Panel
PS ; Pressure Swith
i ; Flow Meter

t + Gate Yalve

-1 ; CheckValve

ror 5 Flexible Joint
—-() ; Ball tap Valve




(2) BEKHINKOSI COMMUNITY

/A H (Flow Required:-----Design Flow)
Daily Average Qave, = 83.8 n3/day
Daily Maximum Qmax., = 108.9 nd/day
Hourly Maximum Qhr-max.= 8.2 m3/hr
Yield Water Capacity of Borehole Qmax, = 108.9 m3/day
= 1.3 ¢ /sec
Suppry Yater Capacity @Ghr-max.= 8.2 n3/hour
= 136.7 £ /min
KERZL ORKB~DEKE

(From the Intake ¥ell to the Distribution Reservoir )

Head Loss of Transmission Pipeline

A) Head Loss of Straight Pipeline AH=fl x L/D x V* /2g
AH; Head Loss in the Pipeline
£1;0. 02+¢. 0005/D :The Head Loss Coefficient
L. ;Length of the Pipeline {(m)
D ;Diameter of pipe (m)
Y ;Flow Velocity ( =Q/(60x3.14/4x D* ) (m/s)

Pipe Dia,| 25 32 40 50 65 80 | 100 1125 [ 150

f1 0.04Q 0. 036 0. 033 0. 03¢ 0.028 0. 026 0. 025 0.024 0. 023

Pipe Dia. D=146y Q/V
Q . ¥Y=1.0mn/s
~Qave,  83.8 m3/d = 0.058 m3/min
Quax,  108.9 m3/d = 0.076 m3/nin
- Qhr-max, 8.2 m3/hr= (. 1367 m3/min
Yell pump specification(Spare pump = NGWAZINI Well pump)
Qmax. =108. 9m3/d+ 20hr=5. 44583/hr=0. 091n3/win —=> 0. 16503/nin
' D=146 v 0. 165/1.0 = 59.3 um —> 65 mn<

H

Flow VYelocity  --r- n/s _
. _ (100mm) = (80mm) (65am)  (50mm)
- ¥(d.max.) =0.165 /(60x3._14/4xD2 )=0.350 0.548 0.829 1,398



L=1, 140m ¥ell pump discharge pipe Length L=35. On

AH1(100) (d. max, )=0. 025x1, 140/0.1 x(0,350) * /19.6= 1.781 =
( 80) (d. max. )=0. 026x1, 140/0. 08 x(0.548) 2 /19.6= 5.677 m
{ 65)(d. max. )=0. 028x1, 140/0. 065x (0. 829) * /19.6=17.219 mn
{ 50)(d, nax. )=0.030x  35/0.05x (1.398) # /159.6= 2.094 m

B) Head Loss of Elbow Pipe

AH2=f x V2 /28 x Q, ty £=0.2 100mm Tpcs 50mm 1 pc

AH2(100) (d. max. )=0. 2x (0.350)% /19.6 x T = 0.003 m
( 80) (d. max. )=0.2x (0.548)% /19.6 x 1 = 0.02] m
( 65)(d. max. )=0. 2x (0.829)2 /19.6 x 1 =0.049 m
( 50)(d. max. )=0. 2x (1.305)2 /19.6 x 1 =0.020m

C) Head Loss of Gate Valve o - .
AH3=f x V2 /2g x Q. ty 1258m or 100mm or 80mm 1 pc, 50 mm 1 pe
AH3(100) (d. max. )= 0. 164x(0. 35002 /19.6 x 1 0.001 m

( 80> (d. max, )= 0.168x(0. 548)2 /19.6 x 1 = 0.003 m

( 65)(d. max. )= 0.172x(0. 829)? /19.6 x 1 = 0.006 o
( 50)(d. max, )= 0.175%(1. 398)2 /19.6 x 1 =0.017 n
D) Head Loss of Check Valve _ . '
AH4=f x V2 /2g x Q. ty  £=0.8 ~1.2 .50wm | pc .
AH4C 50)(d. max. )= 1.2x(1.398)2 /19.6 x 1~ '=0.120 m
Pipe Dia, . 100mn | . 80mm Gonm 50mm
Head Loss of StraightPipe 1,140 m AN 1781 o 5.677 8 17.219 m 2.054 o
Head Loss of Elbow T peg AHZ 0,009 a 0.021 3: 0. 049 a 0.020 m
Head Loss of Gate Valvd = 1 pc| AHY 0. 001 0.003 o 0.006 m 0.017 m
Head Loss of Check Yalde 1 pc| AH4 ~ e = 0120 e
Total Head Loss AR 1.791 5,701 o 17.274 o 2.251 m
Actual Head A K25 u 52.5 52.5 u
Total Head (AH+H+H50mm) 56.542 o 60.452 o 72.025 .
FEH (Result) - EKE® (Best Pipe Dia,.) —= 80 mm

HFAARY 7HEHE (Vell Punp Required Head)  ——> 100 m
HE R FBKE® (Discharge pipe Dia, of Yell Pusp)>> 50 mm



HKEKER R

( Hydraulic Calculation Chart of Transmission Pipetine )

(2> BEKHINKOSI COMKUNITY

—T— V11, 0a OV 703. 8
1= 2. bm {‘Reservoir
S ol GLr0L5m_| | (17003) HAy
Control House !
H2=( 701.5-672 29. o
Eq Pipe Line
PS _ L=1,140 (Each Tap)
!Nlﬁl (D . : D=80 mm -"3ZDCS
YNT T njg%iiEZZzﬁa/ Q(d. max, )=0, 165m3/min
B3=21.0m  (apprpx.)
¥ Dynamic ¥ell ¥ater Level -

H A H S (Nell Pump)

Actual Head(A. B)=H1+H2+H3

Fell o= 2.5420. 0+421..0=52.5 m
- LEGENT
+ PL ; Control Panel.
PS- :;. Pressure Swith
[} ; Flow Meter
g i Gate Valve -
¢4 Check Yalve

o3

; Flexible Joint
—( ; Ball Tap Valve
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(3) MSUMPE COMMUNITY

A B ( Flow Required --------Design Flow)
Daily Average Qd.ave. = 55.4 m3/day
Daily ¥aximum Qd.max. = 72.0 m3/day
Hourly Maximum Qh. max, = 5.4 r3/hour
Yield Water Capacity of Borehole Qd.wax. = 72.0 m3/day
= [0.832 /sec
Supply Yater Capacity Qh.max. = 5.4 »3/hour
: = §0.0 £ /uin

KBS b & H KRR R LKA O %K E |
(From the Intake Yeir to the Distribution Reservoirs) eer e A-Line (20a3KES)
o= B-Line(70m3RES)

Head Loss of Pipeline
A) Head Loss of Straight Pipe AH=f1 x L/D X ¥* /2g
AH: Head Loss of Pipeline
© f1; 0.0240.0005/D :The Head LossCoefficient
L ; Length of Pipe (m)
D : Diameter of Pipe (m)

V¥ ; Yelocity © (m/s)
=Q/(60x3. 14x/4x D? ) .
Qd. max. =72. 0m3/4 Qd. max, =9, 0m3/d Qd. max. =9. 0rd/d Tap
9 Roughing |—A4>Slow Sand Filterl—A2 Reservoir(20m3) dpcs
Filter- Bl=>8Slow Sand Filter—-B2s| Reservoir{70a3) Bpcs
Qd. max, =63. 0m3/d Qd max, =63. 0e3/d

Flow Rate of A and B Line=Tap Ratio .
A-Line Flow (Qd.max.) = 72.0 m3/d x 4/32 = 9.0 =3/d
B-Line Flow (Qd.max.) = 72.0 m3/d x 28/32 =63.0 m3/d

AQ-Line Pipe Dia. D
D

146V Q/V  Qd. max, = T2. 0n3/d=0. 05=3/min ¥ =0.6a/s
146v° (0. 05)/(0.6) = 42.2 am —> 65 nm

Floi Yelocity
V(d-max, )

0.05/(60x3. 14/D* }=0. 251 w/s
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Pipe Diameter D = 146¢°Q/V )
A0 Line D = 146v (0.05) /(0.6) = 42.2 wm 9PVC 68.4
Al Line D = 146y €0.0063)/€0.6) = 14.9 mma 9PVC 45.6
A2 Line D = 146v (0.0063)/(0.6) = 14.9 sm 9PVC 45.5
B! Line D = 146y (0.0438)/(0.6) = 39.4 mm 12PVC 55.8
B2 Line D = 146y (0.0438)/€0.6) = 39.4 mm 9PYC 45.6
Flow Velocity  V = Q(d.nmax,)/(60x3.14/4 xD? )
AD Line(65mm) V =(0.05) /(60x3.14/4x D? ) =(0.050) /(0.199)=0,
Al Line(50mm) V =(0.0063)/(60x3. 14/4x D? ) =(0.0063)/(0. 118)=0.
A2 Line(50mm) V =(0.0063)/(60x3.14/4x D? ) =(0.0063)/(0.118)=0.
Bl Line(50mm) V =(0.0436)/(60x3.14/4x D ) =(0.0438)/(0.118)=0.
B2 Line(50mm) V =(0.0436)/(60x3. 14/4x D* ) =(0,0438)/(0.118)=0.
Head Loss of Pipeline AHl= f1 x L/D x V2 /2g
A0 Line(65mum) £1=0.028 L=10m
_ AH1=0.028 x 10/0.065 x (0.252)2 /19.6 = 0
A Line(50mm) £1-0.030 L=140m
- AH1=0.030 X140/0.05 x  (0.083)% /19.6 = 0
A2 Line(50mm) £1=0.030 L=800=
_ AHI=0.030 x800/0.05 x  (0.053)% /19.6 = 0
BI Line(50mm) £1=0.030  L=10, 135m
' AH1=0. 030 x10,135/0. 05 x(0. 371)2 /18.6 =42.
B2 Line(50mm) £1=0.030 L=265m
AK1=0.030 x 265/0:05 x (0.371)2 /19.6 = 1.
Head Loss of Elbow = AH2=f x V2 /2g x Q. ty  £=0.2
A0 Line(6bmm) AR2-0.2 x (0.251)% /19.6 x 1 =
Al Line(50am) AH2=0.2 x (0.053)% /19.6 x 2 =
A2 Line(50nm) AH2-0,2 x (0.053)% /19.6 x 8- =
Bl Line(50mm) AH2=0.2 x (0.37T1D2 /19.6 x 2 . =
B2 Line(50nm) AH2=0.2 x 6 =

-5-30

(0.311)2 /19.

x 8

0D

THum
50mmn
50mm
§3nm
S0mm

251
053
053
311
3N

B/s
n/s
n/s
n/s

n/s

04 m

012 m

069 m

704 a -

11T u

0.001 m

0.001

0. 001

0.003
0.011 m



Head Loss of Gate Valve AN3=f x V2 /2 x Q, ty

Ao Line(65mm)  AH3=0.172 x (0.250)% /19.6 x 1 = 0.001 =
Al Line(50mm)  AHN3=0.175 x (0.053)* /19.6 x 2 = 0.001 w
A2 Line(50mm)  AH3=0.175 x (0.053)% /19.6 x 2. = 0.001 m
Bl Line(50mm)  AH3=0.175 x (0.371)2 /19.6 x 2 .= 0.002 m
B2 Line(50mm)  AH3=0.175 x (0.371)% /19.6 x 2 = 0.002 m

NSUNPE COMEBUNITY{(Calculation of Aqueduct Pipeline & Transmission Pipeline)

A Pipeline Lo B Pipeline

pipeline b _ AD Al A2 ‘Bl - B2

Pipe Length = (n) 10m | 1400 | 800m |10,135m | 265n
Flow Q(h. max, ) (n3/min) 0.050 | 0.0063] 0.0063] 0.0438; .0.0438
Pipe Dia. (ID) (m) 0.065 | 0.05 0. 05 0.05 0. 0%
Yelocity (m/s) 0.251) 0.053 | 0.053 0.371 0.371-
Elbow pc 1 12 18 2 8

Gate Valve , pc 1. 2 2 2 2

Head Loss of Pipe | AHl (m) 0.014] 0.012 0.069 | 42.704 1. 117
Head Loss of Elbow | AH2 (m) | 0.001f 0.001 | 0.001 | 0.003 | 0.011
Head Loss of Gate V| AH3 (m) 0.001:] 0.-001._ | 0.001 0. 002 0.002

Total Head Loss ANH O (m) |- 0,016 0.014 0.071 | 42.709 1. 130

Actual Head AH (@| 0.5 . 2.5 5.5  M12.5 127

Result 6K | OK 4 0K 0K 0K
AQ-Lingw-seeeeeees 75/ GPYCCID 65 mm) -
Al-Line-r-eeeeeee 63/ 9PYCCID 50 mm)
A2-Line-eerereeree 63/ 9PVCCID 50 mm)
Bl-Line-:--eeeeerer §3/12PYCCID 50 mm)
B2-Line--+=-e-so-v 83/ 9PVC(ID 50 mm)
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WAKE R FRKE AR

(Hydrauric Calculation Chart of Aqueduct Pipeline & Transmission Pipeline)

MSUNPE COMMUNITY ------Gravity Flow

(River)
Intake Y¥eir

- Roughin

g Filter
A-Line

Q(d. nax) =9, 0n3/d=0—0063n3/nin

YLV T760. ¢
y 760. 0

Q¢h, max)=0, 0011m3/d

—OH=0. 5m

HukHE GLNA5Y; \\\\‘\\\\iéow Sand Filter A1H=2. 5m WH=10. bm
| A8 B/ 157, 5 e
B . : \\\\\\\\A2H25.5m
Q(d, max)=T72. Gu3/min o 5 Reservoir
Q¢h, max)= 5, m3/win GLV 755, 0 ——::i¥ V152, 0
: ' EdAEm AdH 52 Om '
(1:9md) (20m3) |,
, L V7500 Bde
: _ B-Lin ALK i ¥
BH=128. On Q(d, ¥ax)=63. 0n3/d=0; 0438n3/nin ‘L
1 BIH=112.50  Q(h, ngx)=0. 07%m3/min
: Slow Sand Filter Each Tap
dpcs
B2H=12. Tm \\\\\\\\Es'Reservoir
4 Y. /634 8
BEARM 1
B4H= 2. 3m - (4.500) | (T0m3) .
: ' : GLW/ B3 L2
Fach Tap

28pcs



(4)SOUNTONGO COMBUNITY

KE( Flow Required - - Design Flow)

Daily Average Qav. = 174. 3 m3/day
Daily ¥aximum Qmax. = 226. 5 m3/day
Hourly Maximum Qhr-max. = 17.0 m3/hour

Yield Yater Capacity of Borehole Qmax. 226.5 m3/day

= 2.6 £ /sec
“Supply Water Capacity Qhr-max, = 17. 0 w3/hour
= 283.4 £ /min
Ak 2rHicaeXkd s, (Tap Raitio=10 Taps:;30 Taps) Total=40 Taps
. A-Line B-Line Total
Daily Average (Qd. ave.) 43.6 w3/day 130.7 m3/day | 174.3 m3/day

Daily Maximum (Qd, max.)
Hourly Maximum(Qh-max. )
Transmission pump (Qd. max, )
Supply Vater Capacity(Qh-max,

56.6 m3/day
4, 25m3/hour
56.6 m3/day
D 4. 2583/hour
=0, 071m3/nin

169. § m3/day
12. 753 /hour
169. 9 n3/day
12. 75m3/hour
=(. 213e3/min

226. 5 m3/day
17. 0 m3/houn
226.5 m3/day
17. 6 m3/houn
=0. 284n3/zin

KBREER S BRI~ ORKE

{ From the Intake ¥Yell to the Distribution Reservoir)

[A-Line] Head Loss of Transmission Pipeline _
A) Head Loss of Straight pipeline AH=fl x L/D x V* /28
Al;Head Loss in the pipeline £1=0.0240.0005/D ;The Head Loss coefficient
L ;Length of the pipeline( m ) D ;Diameter of pipe (=)

Y ;Flow Yelocity (m/s) =Q/(60 x 3.14/4 x D* )

Pipe Dia. D=146y Q/V
Q ¥=1.0 a/s
Qmax. 226.5 w3/d = 0.1573 m3/nin
Qhr-max. 17.0 m3/hr = 0. 2834 r3/min

Yell pump spec, Quax.=226, 5m3/d+20hr/d=11, 3303/h=0. 189m3/nin

SR 2-Line A-Line 0.189 a3/min x 10tap/40tap = 0. 0473 n3/min
B-Line 0.189 m3/min x 30tap/40tap = 0.1418 w3/min
A-Line D=146y70. 0473/1.0 = 31. 7 om 50 nm <
B-Line D=146v 0. 1418/1.0 = 55.0 mn

80 ne <



Flow Yelocity{(m/s)=A-Line=B-Line --- = Flow equivalent A-Line and B-line
A-Line spare pump used to B-Line spare pump
150mm 1250 100mm 80om
¥=(0. 1418a3/min)/ (60x3. 14/4xD? )=(0. 1341 (0. 193) (0. 301) (0. 471)
A) A-Line Head loss of Straight pipe L=3, 200 m

AH1(150) (d. max, )=0. 023x3, 200/0. 15 x (0.134)2 /18.6 = 0.450 m
(125) (d. max. )=0. 024x3, 200/0. 125x (0.193)? /19.6 = 1. 168 m
(100) (d. max. )=0. 025x3, 200/0.1 x (0.301)% /19.6 = 3.698 m
( 80)(d. nax. )=0, 026x3, 200/0. 08 x (0.471)2 /19.6 =11.77f n
B-Line Head Loss of Straight pipe L=4, 270 n
AH1(150) (d, max. )=0. 023x4, 270/0. 15 x (0.134>% /15.6 = 0.600 =
(125) (d. max, )=0. 024x4, 270/0. 125x (0.193)2 /19.6 = 1.558 n
(100) (d. max. )=0. 025x4, 270/0.1 x (0.301)% /19.6 = 4.935 n
( 80)(d. max, )=0, 026x4, 270/0. 08 x (0.471>2 /19.6 =15.707 n
B) Head loss of Elbow Pipe A-Line=B-Line
AHZ=f x V2 /2% x Q, ty £0.2 Q. ty 1l pes
[5H2(150)(d.max.)= 0.2 x (0. 134)7 /19.6 x 11 =0.002 m
(125)(d.max. )= 0.2 x (0.193% /19.6 x 11 =0.004 m
(1000 (d. max. )= 0.2 x (0.301)2 /19.6 x 11 =0.010 m
( 80)(d.max.)= 0.2 x 0. 471)% /19.6 x 11 = 0.025 m
C) Head Loss of Gate Valve A-Line=B-Line
AH3=f x V2 /2g x Q, ty Q, ty= 3 pcs
AH3(150)(d. max. )= 0. 145 x (0. 134)2 /19.6 x .4 =0.001 m
(125) (d. max. )= 0. 150 x (0. 193)2 /19.6 x 4 = 0.001 w
(100) (d. max. )= 0.164 x (0.301)2 /19.6 x 4 = 0.003
( 80)(d.max, )= 0,168 X (0.471)% /19.6 x 4 = 0.008 m
D) Head Loss of Check Yalve
A4 = £ xV2 /2% xQty 0.8 ~1.2 Qty Ipc
AN4(150) (d. max. )= 1.2 x (0.134)% /19.6 x 1 =0.001 m
(125)(d. max. )= 1.2 x (0.193)% /19.6 x 1 =0.002 m
(100)(d.max. )= 1.2 x (0.301)% /19.6 x 1 =0.005 m
( 80)(d.max.)= 1.2 x (0.471)2 /19.6 x 1 = 0,014 m



Yell pump  Qd, max=0.189s3/min  Discharge pipe Length 35.0m
Discharge pipe Dia. 50am V=Q/(60x3. 14/4xD? )= 1.602n/sec

A Head Loss of Straight pipeAH1=0, 03x35/0.05x(1.602) * /19.6 = 2.750 m
B)Head Loss of Elbow AH2=0.2 x (1.602)* /19.6 x 4 pcs = 0.105 m
C)Head Loss of Gate Valve  AH3=0.175x(1.602)% /19.6 x 1 pc = 0.023 n
D)Head Loss of Check Yalve AH4=1.2 x (1.602)% /19.6 x 1 pc =0.15T m
A-Line B-Line . : Pell p. L
Q. ty Transmission Pump A -{ Transmissiom pump B hell.P.
Pipe Dia. (150ms)|(1252=){(100mm) (80mm)|(150mm)i(1250m){(100m=){(80nm) |(50mm)
= m ) » B w| @ n n
AHL 3,200 m ). 0.450 1.-168 3.698 11.771 ; o
AL 4,270 m 0.600 1.558 4.935 15.707 2.750

AH2 11 pc| 0.009 0.004 0.010 0.02% 0.00Z 0.004 0.010 0.02% 0.105
A3 4 pc| 0.001.0.00% 0.003 0.008 0.00% 0.001 0.003 0.008 0.023
A4 1 pci{ 0.004 0.007 0.00§ 0.014 0.004 0.002 0.005 0.014 0.157

Total Loss (H) | 0.454 1.178 3.71f 11.818 0.604 1.565 4.953 16‘754 3. 035
Actual Head(A.H 98.5 |98.5 |98.0 |98.5 [237.5 P37.5 [237.5 [R37.5 |14.5

Total Head=H+AH 88. 354 99.6?5102;216110.318238,104239.065242,453254.254 17.535

=B (Result) oo - 7k EH 1 (Best Pipe Dia,) . A-Line 100 3m ..
_ ' - B-Line 125 o
EAKE L THLEGHE . ‘ .
(Transmission Pump Required Head) = A-Line 110 m
B-Line 245 =
HAR S THERE : : - .
(Intake ¥ell Pump Required Head) 0w
HEX THKER

(Discharge Pipe Diameter of Intake Well Pump) 50 mm



AR E K B

{ Hydrauric Calculation Chart of Transmission Pipeline)

SOMNTONGO CONMUNITY

—V 467.5 KON 467, 3
HB1= {2, bm [ Reservoir
Vv 465.0 26503 il
B-Line | KUkt
Qdmax. =0. 142m3/@in l
L=4, '
= B-Pipeline
% #1% (Control House) KB2= -230. 0)= 235.0n  (Each Tap)
Raw Tank =~ [ 30pcs

Bﬁﬂ(iﬁ#m |
v Lj
PL

- V328, 3
Hikl=2. bm [Reservoir _
vs‘jﬁ.o 90n3  H¢—

l

A-Pipeline
(Each Tap)10pcs

PS; B A A » F (Pressure Switch)

Py H3= |2/ 5w kit
L] e | ’fm%ﬁﬁﬁm&m%ﬁ
GL P 1], V#2300 4-Ting Qduax=0. 047a3/nin
@) o L=3, 200n
1 ngkkf D= 100mn
PS H4=12, Om(approx,) A.fA (LEGENT)
Dynamic Well ¥ater Level | | PL; & (Control panel)
(]| 365 # > 7 (Fell Pump) | ¥ ; %EBE (Flow meter)
AR Y FEER (Vell Punp Actual | 1y 5 ¥ — b S (Gate Valve)
- ¥Well Head) (W.P. A. H)=H3+H4 s F v v F I (Check Valve)
77 ' =2.5+12.0=14.5 o

AR v S EHE (Transuission Punp)
A-Line Actual Head(A-A, H)=HA1+HA2
=2.5+ 96.0= 88.5 m

ror s Bl & D& (Flexible Joint)
P1;. A $2k%£,7(A-L. Transmission P.)
P2; B %¥4fv7/(B-L. Transmission P.)
—(); Ball Tap Valve

B-Line Actual Head(B-A. B)=HB1+HB?
=2.5+235.0=237.5 n

- 36




1. 2. BKEKHEE

(1). NGWAZINT COMMUNITY#A7K¥&

@7 (Flow Required -------+Design Flow)
Daily Average Qd, ave, = 152.0 m3/d
Daily ¥aximum Qd, max, = 197.6 =3/d
Kourly Maximum Qh, wax, = 14.8 md/hr
Yield Water Capacity of Borehole Qd,max, = 197.6 m3/d
= 2.29¢ /sec
Supply fater Capacity Qh, max, = 14.8 m3/hr
= 247.0 ¢ /min

DR S Bk T TOHAE (From the Reservoir to the each Tap)

1) Pipe Diameter - D= 146y /Y V= 0.6 n/sec LIV
2) Head Loss of pipeline Al= f1 x L/D x Y2 /2g
"~ AH; Head Loss of pipeline (w)
f1; 0.082 + 0.0005/D
1. ; Pipe Length (m)
D ; Pipe Diameter(ID) (m)
Y. Velociti o (w/sec)

= Q/(60 x 3.14/4 x D? )

Pipe Dia, (ID} {150 | 125 | 100 80 65 50 40 32 25 20

60x3. 14/4xD? {1, 0601 0. 736 0. 571} 0. 301 0. 199 0. 113 0. 074 0.048 0.029 0. 019

3) k¥ (Tap Q ty) 60 pcs

4) Per 1 Tap Flow (@)
q =( Q)/(Tap @, ty ) = 0.247 a3/min + 60 pcs = 0.00412 m3/min

5-37
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(2). BEKHINKOST COMMUNITY# /K%

7KKt (Flow Required - «+seevceee Design Flow)

Daily Average Qd,ave, = 83.8 m3/d
Daily Maximum Qd, max, = 108.9 n3/d
Hourly Maximum ' Qh,max, = 8.2 w3/hr
Yield Water Capacity of Borehole Qd, max, = 108.9 m3/d
= 1.3 2 /sec
Supply ¥ater Capacity Qh,max, = 8.2 wd/hr
= 136.7 £ /umin

ORI, b &Kk & TOB/KE (From the Reservoir to the each Taps)

1) Pipe Diameter D - 146 VQ/V V= 0.6 n/secBlF
2) Head Loss of pipeline AR = f1 x L/D x ¥? /2g

AH; Head Loss of pipeline ' {m)"

fi ; 0.02 + (.0005/D

L ; Pipe Length (=)

D ; Pipe Diameter . : - (m}

V o Velocity - (n/sec)

= Q/(60 x 3.14/4 x D? )

Pipe Dia, (1) | 150 125 100 s8d 65 s5d 40 34 28

20

0. 019

(60x3. 14/4x0 |1 060 0736 0. 571] 0.301] 0. 199 0. 118 0. 075 0. 048 0. 029
k¥ (Tap Q, ty) 32 pcs

4)Per 1 Tap Flow(q
q =(@)/(Tap Q, ty)= 0.1367 m3/min + 32 pes = 0.00427 n3/min_
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(3) MSUMPE COMMUNITY#A /K%

AR (Flow Required -----+-Design Flow)

Qd, ave,

Daily Average

Daily Maximum

Hourly Maximum

Yield ¥ater Capacity of Borehole

Supply Water Capacity

Qd, max,

Qh, max, =
Qd, max,

Qh, max,

55.4 n3/d
72.0 n3/d

|

“72.0 m3/d

1l

Distribution of 2-Line(Flow Rate = Tap Ratio

A-Line (Tap- 4 pcs) Qd,max, = 0.09a3/minx 4/32
B-Line (Tap=28 pcs) Qd, max, = 0. 0903/ninx28/32

QR XKML S EKRE TOHRKE

(Fron A-Line Reservoir to the each Tap -

(From B-Line Reservoir to the each Tap ---

1) Pipe Diameter

D = 146 vy Q/V
Al = f1 x L/D x V¢ /28

2} Head Loss of pipeline

i}

4 pes)

<28 pcs)

5.4 m3/hr

0.832 /sec
5.4 w3/hr
90.0 ¢ /min

0.01125m3/nin‘
0.07875m3/min

AX 5 Head Loss of pipeline (m)
f1 = 0.02 + 0.0005/D
; Pipe Length {(m)
D : Pipe Diameter (m)
V ; Velocity (n/sec)
= /(60 x 3.14/4 x D* )
Pipe Dia. (ID) | 150 1285 100 80 65 50 40 32 25 20
(60x3. 14/4xD? 11,060 0. 736 0.571) 0.301) 0.199 0. 118 0. 07% 0. 048 0. 029 0. 019

DNAKE (Tap Q. ty) = ( A-Line) 4 pcs +( B-Line) 28 pcs= 32 pes

4) Per 1 Tap Flow (g)

q = 0.09m3/min + 32 pes =0.0028 m3d/min
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(4) SOMNTORGO COMMUNITY

HKHE

Mk (Flow Required:----------Design Flow)

Daily Average
Daily Maximum

lourly Naximu

Yield Water Capacity of Borehole

Supply Yater

Capacity

Qd, ave, = 174.3 m3/d

0d, max, = 226.5 m3/d

Qh,max, = 17.0 m3/hr

Qd, max, = 226.5 m3/d

' = 2.6 8 /sec

Qh,max, = 17.0 w3/hr
= 283.3 £ /min

Distribution of 2-Line(Flow Rate = Tap Ratio)

A-Line Tap(10pcs)

B-Line Tap(3Dpes)

Total Tap{40pcs)

Daily Average {Qd, ave,)
Daily Maximum (Qd, max,)
Hourty Maximum(Qh, max, )
Yield ¥ater Cap, (Qd. nay
of Transmission Pump

Supply ¥ater Cap, (Qh, na

44. 3 n3/d
57.8 m3/d

4. 32m3/hr

) 57.8 m3/d
0.66 £ /sec
x) 4.3203/hr
= (.07283/nin

130. 0 m3/d
168. 9 m3/d
12. 68m3/hr
168.9 a3/d -
1. 942 /sec
12. 68m3/hr
0. 21203 /min

174.3 n3/d
295.6 3/d
17.0 n3/hr
- 995.6 n3/d .
" 2.64 /sec
17.0 n3/hr
0. 284m3/min

@EK@@B%K&&T@%K%@mM%@R%Hmhtome%me)“

1) Pipe Diameter D = 146 v Q/¥
2) Head Loss of pipeline AN = f1 x L/D x V* /2g
AN ; Head Loss of pipeline : (m)
f1 = 0.02 + 0.0005/D
: Pipe Length “(m)
; Pipe Diameter (m)
; Yelocity _(ﬁ/sec)
= Q/(60 x 3.14/4 xb? ) '
Pipe Dia, (ID) | 150 12§ 100 80 65 50 40} 32 24 2q -
(60x3.14/4xD2 ) {1,060 0. 736 0.571 0. 301 0. 199 0. 118 0. 074 0. 04§ 0. 629 0. 019
k% ( Tap Q ty) (A-Line) 10 pes (B-Line) 30 pcs (Total) 40 pes

Per 1 Tap Flow(
A-Line

B-Line

Q) q
q

q

1

0. 2833m3/min+ 40 pcs
0.00708m3/nin x10 pcs
0. 00708m3/min x30 pecs

i

1l

0. 00708 a3/min
0.0708 a3/min
0.2124 m3/min
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2.

Hezhcftst B (Calculation of Equipment Capacity)

o . %KMOAREIIE(Calculation of Capacity for each Tank)

BEKHINKOST

Community Namel NGWAZINI NSUMPE SOXNTONGO
Intake Grand ¥aternGrand Water] Surface Water Grand VWater
(Yell) (¥ell) (River) (Yell)
Kk EQ(d. ave.) | 152.0 m3/d 83.8 m3/d  55.4 m3/d 174, 3 w3/d
Q(d. max.) | 197.6 m3/d 108. 9 m3/d 72.0 m3/d 226.5 m3/d
Q(h. max.) | 14.8 m3/K 8.2 m3/h 5.4 m3/h 17.0 m3/h
Raw ¥ater Tank Q(d. max, )x15nin
[ 7K 1 - - — =2 43 > 5.0m3
1.Tm ®x2. 3si=(5. 2a3) R
oughing Retention Time C
Filter - - Q(d. max. Yx7hr —
H 2 8 e =21, 0 m3
1.9u¥x12. Oslx1. Onll- o
4y & (Distributlion) Tap Ratio(4:28) Tap Ratio(10;30)
Q(d. max, ) (n3/d) 9.0 m3/d 63.0 m3/d 56.6 nm3/di69.9 =3/d
Q¢h, max. ) (m3/h) - — 0.67503/0 4.725m3/N  4.25 w3/h 12.75 a3/h
QCh, max. ) (m3/min) 0.011m3/sy 0.079m3/m 0.07183/H 0. 213m3/0
Stow Sand Filter Q(d. max)| LV=4. 0¥/d ' o
LV=4n/d - — 5-9, (/4. 0 B=63. 0/4. 0 - -
HE A i =2, 25m2 | =15, Tha2
=1.9a® |- 4.5m @
ith £ 2 b 2ith : - .
Reservoir 197.6m3/d | 108. 9u3/d | 9. 0n3/d | 63. 0n3/d | 56. 6m3/d | 169.9&3/d
Ak b x 1.5day | x 1.5day | x 1.5day | x 1.0day | x 1. 5day x 1.5day
=296. 43 | =163. 35m3 | =13. 5m3 | =63. 0m3 =84. 9m3 =254. 85a3
¢ a3z O =300 03 | =170.083 | =20. 023 | =70.0m3 .| =90.0m3 = | =265.0m3
73 (Type) RC [1Type | RCCIType | OType | OType - | OType RC{]Type
<Pk (Dimensiom)5. T5x11. 7% 4.3x8.851 3.8aQ |6.4n & 7.15m & | 5.4x11.05
x2. 3x2. x2.83x2 | x2.0-(0. 3 x2.3-(0.3 | x2.3-(0. 3x | x2. 3x2
x0. 3x2. 3)| x0. 3x2. 3) | x0. 3x2. 3) :
AR =310. 4m3 | =175.0m03 | =22.4m3 | =73.7Tm3 | =92. im3 =274, 4n3
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2. 2. BARREERE Earﬁ

MSUMPE COMMUNITY

(1) Roughing Filter

It

Flow (Qd,max.)
Retention Time

72.0 m3/day = 3.0 m3/hr = 0.05 m3/min = 0.83 2 /sec
Q(d, max, ) x 7 Hour ‘
3.0 m3/hr x 7 hr= 21.0 nd

(12.0mL x 1.9a¥ x 1.0mH>/(0.83 2 /sec x 1/1000 x 3600)
= approx, 7.0 hr

n

[}

Distribution WEIR

1 : ’ A ] 1
A YEIR - A-Line A
INLET i B-Line | 1,900 mm
QUTLET ,

TO SLO¥ SAND FILTER

e 12,000 sa

OVER FLOW -
HORTZONTAL BOUGHING FILTER FOR 0.83 £ /sec OVER FLOY
| S o Distribution WEIR
— | Fillingup  V T 7
' 37mm || 19mm Som A1 :
CRUSHED| CRUSHED [CRUSHED 1, 200 na

STONE | STONE | [STONE

M@’J

SECTION 1-1




(2) Slow Sand Filter

A-Line B-Line
Flow Q(d, max) 9.0 u3/d 63.0 =3/d
Filter Speed LY=4.0 n/d LY=4.0 m/d _
Filter Area S =9, 0m3/d-+4.0n/d S =63. 0u3/d +4.0m/d
=2.25 n2 =15, T5m2
Dimension S =19 ad S=45n 0
=(1.9)? /4x3.14 =(4.5)2 /4x3.14
=2.83 w2 =15. §9m2
Q ty = 2 (1 stund-by) = 2 (1 stund-by)

(3) Reservoir

A-Line

B-Line

Flow {(d, max,)
Retention Time
Safty Ratio;

Require Yolume

9.0 nd3/d

Q(d, max,)x 1.0d xa"
a=1.3

9.6 m3/d x 1.0d x 1.5
13.5 »3

20.0 a3

n

il

63.0 m3/d
Q(d, max)x 1. 0d

]

63.0 13/d x 1.0d
63.0 m3
70.0 =3 .

I+

3.8 a® x 2.0 sh

Dimension = =6.4m @ x 2.3 uh
Yolume =(3.8)% /4 x3.14 x 2.0 ={(6.4) 2 /4 x3.14x2. 3}
- -(0. 3x0. 3x2. 3)
=73.9 m3- 0. 21a3
= 22.67 m3 =73. 6923
Q ty = 1 = ]




2. 3. RIS EAHE

(. AR TRUZKR Y THB IR
Ry S EECLELHME AR, XATHEobEhS,

P=Pr/ nP=4(0.163x v xQxH) /nP (1)
il P ;R THEN (XW)
Py ;7k#)
v S ERVWEEE 1.0
Q ;BrHizRE (a3/min)
H ;#7281 (m)
n P THR €3
® HFPump

(NGYAZINI COMMUNITY V¥ell Pump)
Q(d, max, )= 197. 683/d -+ 20hr/d =9.88n3/hr=0. 165!3/m1r| ——= {.16523/min
H=100m 7 P= 60X
P =(0.163 x 1.0 x 0.165 x 100 )/0.60 = 4.483 k¥

(BEKHINKOSI COMMUNITY Well Pump)
Q(d max, )= 108.983/d + 20hr/d =5, 445m3/hr 0.091m3/min —=> 0. 16503/rin
=100 m n P=60%
P =(0.163 x 1.0 x 0,165 x 100 )/0.60 = 4.483 K¥

(SOUNTONGO CGIIUNITY T¥ell Pump)
Q(d max, )= 226.583/d + 20hr/d =11. 33m3/hr=0. 189!3/m1n
= 30 m nP =50%
P =(0.163 x 1.0 x 0.189 x 30 )/0.50 = 1.848 K¥

@ SOMNTONGO COMMUNITYZEUK A o Fhi#h et B
Q(d, max, )=226. 5m3/d + 20hr =11. 33m3/hr=0, 189 a3/ein-
Separated 2-Line{Tap Ratio=A-Line 10 Taps;B-Line 30 Taps)
A-Line  Q=0. 0473 m3/min -—= (. 05m3/min H=110.0 m 7 P=45%
P=(0.163 x 1.0 x 0.85 x 110.0)/0. 45 = 1.593 K¥
B-Line Q=0.142 m3/min B=245.0 & 7 P=50%
P =(0.163 x 1.0 x 0.142 x 245.0)/0. 50=11. 342K¥



2).

-5 -MHEHE

Ry 7E-F-0OIhE, TRORXNTEEEERAALTRES N 2,

CR={Px (1 ta d)/nt )
IIT R EEEHAH KW
P Ry 7HEh K¥
a; HeXR 0.15
nt; EEYHE FEE=1.0

(NGWAZINT COMMUNITY Well Pump)
P=4, 483 kv
R ={4.483 x (1+0.15)/1

1l

5. 155 K¥  ——> 5.5 KN

(BEKHINKOSI COKMUNITY Well Pump)
P=4, 483 K¥ : - -
R ={4.483 x (1+0.15)/1 = 5.155 K¥ ° ——= 5.5 KV

(SOMNTONGO COMMUNITY Well Pump)
P=1. 848 KV ' - :
B ={1.848 X (1#0.15)/1 = 2.125 K¥ —— 3.7TK¥

{SOUNTONGO COMMUNITY Transmission Pump)
A-Line P=1.953 K¥ S B ,
R ={1.993 x (140 15)/1 = 2.292 K% ——= -3 7 X¥

B-Line P = 11,342 K¥ '
R ={11.342 x (1+0.15)/1 =13. 043 k¥ ————€>_15.0 KW



3. BREOY -5 - e —itH#
(Yater Hammer Analysis for Water Transmission Pipeline)
A). NGYAZINT COMMUNITY

From Well Pump Check Valve to the Reservoir
(1) B FF— % (Mell Pump Data)

Power of Notor 5.5 KX
Cycle 50 HZ
Actual Head (Ha) 52,2 m
Head Loss 4.093 m

Total Head (Ht) 56. 293
Flow Q(d, max) 0. 165 m3/nin(=197. 0m3/d =+ 20hr=0. 16503 /min)

P 0.6
rpm -2, 800 rpm

Pump set -~ 1 " set

(2) #KEF — 4 (Transmission Pipeline Data)
Pipe Length (100mm) 790 (From Yell side check valve to Reservoir)
PYC Pipe(110/12PYC) t=6. 3um
" ( 50mm) © 45 - 'n (Discharge Pipe of well Pump) -
" Cabon Steel Pipe(SGP) - t=3, 8mm

(3) BHFHE ko kKOEREHR ‘kg/mm2 -
E; EMEOEMIEEE ke/un2
t ; BORE nm
g - BEhHOmEE 9.8 m/ sec?
. | K/E f; E=— i 0. 69
@) FRA _
Gh? = 0.05 xE-~F~HH(kw) ¥ kg-m?2
HEEEH k k=(1, 79x 10° x Ht x Q)/(60x 7 PxGD* xN2 xn)

HEGSE R &) R=(Ht-Ha) /Htx100
FEhis%®Ea (0/s) a=(1420)/y 1+(k/EX D/t)
& P i e ¥ (n/s)] V=Q/(60x3.14/4x D? )
HEBER 2 p [2p= (ax¥)/{gxit)

#— JEH S 8= k x (2L/a)
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=8 (Calculation) .
0.05 x 5.5 x 2 pole = (.55 kg-uwZ

6D2 -

H#RE k =(1.79 x10® x 56. 3x0. 165)/(60x0. 6x0. 552 x 25007 x1)
=0. 182 .

HEEsH R = (56.293-52.2)/(56.293x100 = 7. 27X

FHiEE#EIE  a = (1420)/ v 14(0.69 x 100/6.3) -
= 411

H P ot oK ¥V = 0.165/ (60x3.14/4 x 0.1)7
= (. 350 m/sec

HEHNE™ 2 o= (411 x 0.3505/(9.8 x 56.3)=0.26

#— UHEH 8§ =0.182 x (2 x 790/411 =0.7

ft » T, Parmakian OABEAFRENI b ROELZAS,

&k —-v(@) ReY HFELHEHGOIENET -50% x 56.3 m = -28.2 m
M "&b BHRORTOEIET -30% x 56.3 m = -16.9 m
(c) M&b HFxBEHBEOHRNLER +10% x 56.3 m = + 5.6 =
@ Mib FHhRTcOEHER +TX¥x56.3m=+3.0=

FEOHBRF v v FRVULBEROAPERT 2B/AOLDTT,
HACEEOREEND =52.20 - 28.2 0 =240 m
HPArHEOBRSEN = 5220+ 56w =-57.8m

F oy FRHHHLEE EABTRLZGEAR LR 5,
HETHBROBRKESN =522 0 - 2820 =240m

HECHBEOEREN =522+ 282 0= 80.4 m
EWBRTORMEKES =52.20 - 169w =353 0
HERORTOBRBEN = 5220+ 16,90 =63.1m
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¥ATER HAMMER PRESSURE CURVE (NGWAZINT COMMUNITY)

: K. max
V7 :
80 —1-8o—4n pd
70 \Q\Q o0 1

J. 1!

‘| -Hydraulic Ling

60

£ RES

50

H(n) . | 5.3

30 —
“Om /< 4. MIN
20 : :

/_' ™\ Pipe Profile
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HERT 5,

(D F ¥ ;_##l}t KEPIERF » YV FHEMAHT Do



B ) . BEKHINKOSI COMMUNITY
From Yell Pump Check Yalve to the Reservoir,

3R F 77— % (¥ell Pump Data)

Power of motor 5.5  K¥
Cycle 50 HZ
Actual Head (Ka) 31.h m
Head Loss 6. 807
Total Head (Ht) 35. 452 L
Flow Q{max) . 165 m3/nin(83. 8m3/d + 20hr=0. §91m3/min)
: ~nP 6.6 (=NGYAZINI¥ell Pump = 0. 165m3/nin)
rpm - 2,900 Ipm
Pump set 1 set
(D%AKEF — % (Transmission Pipeline Data)
Pipe Length 1,140 n :
Pipe Diameter 80 om  90/12PYC Pipe t=h. lzo
(3)st¥ (Calculation)
GD? = 0.05 x 5.% x.2pole = 0,55 kg-m?
8 R k=(1.79 x10° x 39.5 x 0.165)/(60x0. 6x0. 552 x 29002 x1)
. =0.127 '

BATAE  R=(39. 452-31. 5)/39. 452x100=20. 2%
[E Mz a=(1420)/v" 1+(0. 69x80/5. 1)

. =413
=4k R ¥=0. 165/(60x3. 14/4x0, 082 )
' = {). 548 m/sec
HERER 2 0=(413 x0,548)/(9. 8x39.5) -
= (). 58
+—-U&E 5=0127 x 2 x 1,140/413)
R = 0.7

§ - T. Permakian DKRIERF BN LD KOBER S0
(@) MED HFECEEROEARET 60X x 39.5 = -23.7
by Hib EBPRTOENDET -40%¥ x 35.5 = -15.8



(¢) M&kb JHFxiikcoFHLF +25%¥ x 38.6 =+ 9.9 =
@) H&bh HFHIHRTOFEHLR +158x33.5=+50mn

LROHERF v v FABBLRENOKPBRT LBEDEDTT,
HPCEHEORMBESN =31.5-23.7 = 7.8 n
HFcEEORSLES) =315 +9.9 =41.4

F oo ¥ RNHEEG - ENBTHRTENR LR 5,

HETHEBEORERESN =316 -23.7 = 7.8 n
HFoEBEORGESN =315 #23.7 =552
R CORKESN = 31.5 -15.8 =15.7nm
W TORSEN = 31.5 115.8 =41.3 ®
YATER HAMMER PRESSURE CURVE (BEKHINKOSI COIRUNITY)
70
60
56,20 I Y}
50 e
47, 3n | Hydraurid Line
H@) | bt | ] RES
30 _ B e T
20 | 15 7 //< _
: =  Pipe Profile
T
10 L g gt TS
L H. ¥IN
0
0 200 400 600 804 1000 1200 Ldm)
RETER

(1) BAJESE. 6. 0kg/cn2. U."F@t&.’)f&ﬂ:tM—JDE(QO/lzPVC)%{@FﬂTZyo
() F4+ v XREAKEHEHOF ¢ ;%#%{imfréo



C). SOMNTONGO COMMUNITY(B-Line)

{1)B-Line(265m3 Reservoir) Transmission Pump Data

Power of motor 15.0 X¥
Cycle 50 HZ
Actual Head (Ha) 2837.5
Head Loss 1.565 m
Total Head (Ht) 239. 065 m
Flow Q(d. max) 0.142 m3/win 7 P;50%
rpa 2,900 rpm
Pump set 2 set(l set Stand-by)

(2) B-Line Transmission Pipeline Data

Pipe total Length 4,270 # (Frow Transmissin Pump to Reservoir)
Diameter of Pipe 125 nm STPG38 sch-80 1=9.5 mm
Q) &8EK
k ; KOKKAEHR kg/mm?
B BMHOERUEREK kg/mn2
t ; BEOHE 9.5 mm
g ; EHmEE : 9.8 n/sec?
k/E4E; WFE ' 0.01
) FER : :
6 GDZ = 0,05x15.0 x 2 & = 1.5 = kg-m2
_ (6D2 = R¥EERAD 7 T4 KA —ILER)
AR E k k =(1.79 x10° x Ht Qo /(60x 7 PxGD? xN? xn)
HEEHNR R %) B =(Ht-Ha)/Htx100
E=EEE a (n/sec)| a =(1420)/( ¥ 14k/E x D/t )
BEWH R Y (m/sec)] Vo =Qo /(60x3.14/4x D, )
EWEM 2 o 2 p=(a x V)/(g x Ht)
B+ - UK S S =k x (2L/a)

5-66



GHEF R

HEERE ko =(1.79 x 10" x239.0 x 0.142)/(60 x 0.50x1.5% x 2800*
=(. 106

HEGHHE R =(239.0-237. 5)/(239. 0x100
=0. 63%

HNizEEE a  =1420/ v 140. 01x125/9.5
=1. 335 m/sec

PN Y =0.142/(60x3. 14/4 x 0. 125% )
=0.192 m/sec

HHE B 2p =(1.335 x 0,.192)/(9. 8 x 239.0)
=0. 11

+— JFRK S =0.106 x (2 x 4,270/1, 335
=0. 678

OHIVZBHALEBAEOTFHDO LR Aha
Ah =(a V) /g BL, (T 2L/a - —2)(4270/1335 5 4sec)
a HOWBOEELE o /sec
V BEARE( ST 5 HEMOSREE) = 1, 1 m/s
T ;FOMBUSHE s :
L, BEogE o
Ah =(1,335 x 1.1)/9.8 =145.8 «m

OHVPBHLEZBAOCEHNO LR Ahn
=1/2 xn(an+yn?*+4) xHt

n = LV/gTHt HUL(T 2 2L/a == 2 x 4270/1335=6. 4sec) -

Tl RSSKMETORE -2 243
VR E AMAONE V=1.30/s  T<5 sec

n=4,270 x 0.192 / 9.8 x 5 x 239.0 = 0.07

= 1/2 x 0.07 (0.07 +/ (0.01% + 4 ) x 939.0 = 16.74 &

x1)



@ Parmakian® KB{EARIERIC X TN EFOFH

HEN¥o—FElE = 2L/a (sec)

BEHREX 2p=aV/gt=(1335 x 0.192)/9.8 x 239.0 = 0. 11

( B OB&GOTFH LRI
MR OB REB &k
k=(187. 540 /€ 6D No ) sec™?
o N, = BUEMERO LY kg-m
Po = #5E B O B8 /) kw

GD? = MEPAO 754+ 4 —LHE kg-n2
No = [Hl#c¥g 2, 900rpm
Po,= 0.163x(0. 142x239. 00 /0. 50 =10. 89 X¥
¥, = 972 x 10.95/2, 900 = 3.68 kg-n
L=4270n a=133%wn/s V=20.192 a/s
62 =1.5 kg-n2
g =(2 x 4,270)/1, 335=6. 3sec
2p =(1,335x0.192)/(9.8 x 239.0) = 0.11

k -(187.5 x 3.68)/( 1.5% x 2,900) = 0.106 sec™*
S =k(2L/2) = 0.106 x (2x4, 270)/1, 335=0. 678

- C, Parmakian OKEMFAHERIDROMER S,

K-V Mib HYTHEOENRF -50% x 239.0=-119.5 m
(b) Mkb BHRHRTCOFENMT -30% x 239.0=- T1.7 m
(o) M&kbh RySEHBEOEHER +15% x 239.0-+ 35.9 =
(@ M&b HHPRTOENER 108 x 239.0=+ 23.9
(&) M&b HWBAE COBE 1xL/a=1x4270/1335= 3.2 sec

) W&b KoFEILE CORE 2xL/a=2x4270/1335= 6.4 sec
(&) &b RrTRXUEKE TCORRY 4xL/a=4x4270/1335= 12.8 sec
M) &b Ry FERKBEREYK 130%xN=1. 3x 2900 = 3,770 rpm

LEoHHE, Ry TEHRE S ERANE(RFI OB IR B EG0bDTT,
R Sk O RKE /1-237. 5-119.5=118. Om, ¥ R D HAKHE 7=237. 5-71. 7=165. 8n
RS EHEBORGE =237 5+ 35.9=237. bn, FEEP RO KA =237, 5+23. 9=261, 4n



F oy F RSB RO UREECABRHTIE(E-T, FHEBEIS
' W, ) BFTEASEGHENELRT 5,

£ FTEHEOREES = 2375 - 119.5 = 118.0 n
£y SEEOREES = 2375 + 118.5 = 357.0 u
HRALTORIEE S - 237.5 - 717 = 165.8 n
ERPRTORBES = 2375 + 117 - 308.2 »
YATER HAMMER PRESSURE CURVE(SOMNTONGO COMMUNITY B-Line)
400
LAY,
350 H-3570n
300 __‘_\‘ ann /
i 4
) Hydraulic Lfﬁe~mJéi
950 -1 . T BE
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200 i:::jiiz
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150 E— Sl S
8T TR NN
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D). SOMNTONGO COMMUNITY (A-Line)

(1) A-Line(90m3 Reservoir)Transeission Pump Data(*! Case of used spare puap)

Power of motor

Cycle

Actual Head (Ha)

Head Loss

Total Head (Ht)

Flow (Qmax)
nP

rpm

Pump set

(2) A-Line Transmission Pipeline Data

Pipe Length
Pipe Diameter

15.8  K¥ (3D
50 HZ
98.5 n
3.716
102.216 m
0.142 m3/min (x1)Spare Pump Flow
0.5

2. 900 rpm
1 = set
1,200 n
100 mm 110/12PVC t=6. 3 um

= 0.05 x15.0 x 2pole = 1.5 kg-m2
k =(1.79x 10° x 102. 2x0. 142} /(60x0. 5x1. 52 x 28002 x1)

(102. 216-98. 5)/102. 216x100=3. 64X

(3)Calculation
GD2
R TEY
= 0. 045
BEEaSE R =
I3l 378 a
= 402
(=42} 35 V=
' = (. 301 n/sec
BRERN 20=
¥ — VR 5 =

0.72

=(1420) /v 14(0. 69x100/6. 3)

0.142/(60x3. 14/4x0. 1% )

(402 x 0.301)/(9.8 x 102.2) = 0.12
0.045 x (2 x 3,200/4062)

Pt - T, Parmakian © KBEHHAENMIOKOWEEMS,

(@R LD
MR &b
CE&D
(DR

Ry THEOEABT
BRRRTOENRT
Ry S HEOEN LR
BERORTCOENLR

-00X x 102.2 = - 51.1 m
-30% x 102.2 = - 30.7 ®m
+15% x 102.2 = + 15.3 m
+10% x 102.2 =+ 10.2 e

-70



FEOHEE., Fy v FRARLKRBEHOKNHRT 2BEO O T,
HELHBEOBEEN = 98.5 - 51.1 = 47.4 m
HPTHEOREES =98.5+ 153 =113.8

FvvFRRELBE EHBTFAEGEIN LT S,

HEATHROBRER D =985 -51.1 =474 ®
HEALEHEORSHE S = 98.5 + 51.1 =149.6 o
EHWPRCOBIETH =98.5-30.7=67.8n
FRHPRCOBEITH = 98.5 +30.7=120.2 m
YATER HAMMER PRESSURE CURVE( SOMNTONGO COMMUNITY A-Line)
dﬂéi -
140 wratulie-tine
\\“ff“*~xngign |_H, NAX.
120 % &
S S N RES
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" ,/jf
|| 87784 =
60— ] !
-4 dm
m PN
20 \\
: Pipge Profile
0 : ! . — SR
0 500 1000 1508 2000 2500 3000 3500 L(m)
I e I {
KR

(1) EHE, BESFEACE®Aohadh, _ .
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(2) F¥UdR. KEVILEHOF » v+ H2ERAT S,
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BEIEY 2 b

1.
1-1 Geographical Map (1:250,000)
1-2 Geological Map (1:250,000)
1-3 Hydrogeological Map (1:250,000)
1-4 Hydrogeological Map (Sheet 1-31}{1:50,000)
1-5 Topographical Map {Sheet 1-31) (1:50,000)
1~6 Borehole Location Map (1:250,000)
1-7 Reticulation Map {1:250,000)

2. —HREBE :
2-1 Development Plan (1994/95-1996/97)
2-2 Metorological Data (3EF§E:)
2-3 Report oﬁ the 1986 Swaziland Population Census {V¥ol.3},4)
2-4 Report on the Swaziland Population Projections {1986-2016)
2-5 National Income and Expenditure Survey 1985 {(ii8)

2-6 Report on the 1991 Demographic and. Housing Survey (Vol.l)}

3. it 75 4 Kk 5

3-1 A National Plan for Action (1994/95-1997/98)

3-2 Water Act (1967)

3-3 Guidelines for Drinking Hater.ﬂuality in Swaziland (1984)

3-4 Guidelines and Procedures for Approval of Rural Water Supplies (1986)

3-5 RWSB Satndard Design

3-6 Breakdown of Recurrent Budget and Expenditure of RWSB (1991/92-1993/94)

3-7 Inventory of RWSB Water Supply Facility (1975-1991)

3-8 Review on Progress towards “Sustainable Manitenance System for Rural
Water Supplies in Swaziland™ (1993)

3-9 Report from the Participatory Evaluation of the Government of
Swaziland/UNDP. Rural Water Supply and Sanitnaion {(1994)

- 3-10 Rural Water Supply (EU/Lomelll) Third Working Paper (1987)

3-11 Rural Water Supply (EU/Lomelll) Final Report (1987)

3-12 Hural Water Supply (EU/Lomelll) Report on Third Community Training
Seminérf(lggl) 7 ' '



3-13 Financing Agreement between the European Economic Community and the
Kingdome of Swaziland (1988) |

3-14 Tender Documents for Rural Water Supply Scheme I (FU/1990)  (i&#:)

3-15 Groundwater Resources of Swaziland (CIDA & Geology/1992} '

1-16 Groundwater Resources Unit Annual Report {1993) |

3-17 Development. South Africa b the European Union (1994)

3-18 H.0 Drilling R D

3-19 Swaziland Groundwater 81 0

3-20 GEOTECHELIE |

9-21 Afridev Handpump Specification

FREESEH
4-1 MHygiene and Environmental Education and Implementation Praject
(UNICEF/1994) '

4-2 Government of the Kingdom of Swaziland and UNICE% Programme of
Cooperation 1996-2000 (Draft)

4-3 How to Build a Pit Latrine

4-4 Qutpatient Annual-Statistiéal Repdrt 1992

4-5 Outpatient Monthly Summary 1994

4-6 Inpatient Information 1993
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