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Where:
Pf Future Population.
= present Population.
n = Design period in years.
r = Growth rate.
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1 2 3 4 5 6 7 8 9 10 11 12 13
Loop Pipe Pipe Dia  Length Sign Q1 (cfs) h, h/Q n(h,/Q) AQ AQ Q2 Q2
No No (in) (ft) (-OR+) ABS (ft) ABS ABS Loop Pipe ABS
1 1 10 3000 -1 1.00 -6.88 6.88 12.72 -0.0002  -1.0002 1.00
2 16 6000 1 2.00 5.02 251 4.65 -0.0002  1.9998 2.00
3 6 3000 1 0.20 4.22 21.08 39.00 0.1151  0.3151 0.32
4 6 6000 -1 0.10 -2.34 23.39 4327 -01732  -0.2732 0.27
sum = 0.02 99.64 -0.0002
2 4 6 6000 1 0.10 2.34 23.39 4327 01732  0.2732 0.27
6 8 2000 1 0.10 0.19 1.92 3.55 01730  0.2730 0.27
7 8 6500 -1 0.40 -8.11 20.28 37.51 0.1730  -0.2270 0.23
5 8 2500 -1 0.90 -13.98 15.54 28.74 0.1730  -0.7270 0.73
sum= -19.56 113.08 0.1730
3 3 6 3000 -1 0.20 -4.22 21.08 39.00 -0.1151 -0.3151 0.32
8 12 6000 1 1.80 16.79 9.33 17.25 -0.1154  1.6846 1.68
9 8 2000 -1 0.20 -0.69 3.46 6.40 -0.1154 -0.3154 0.32
10 8 6500 -1 0.20 -2.25 11.25 20.81 -0.1154 -0.3154 0.32
sum = 9.63 83.47 -0.1154
Trial 2
1 2 3 4 5 6 7 8 9 10 11 12 13
Loop Pipe Pipe Dia  Length Sign Q2 (cfs) h, h/Q) n(h,/Q) AQ AQ Q3 (0x]
No No (in) (ft) (-OR+) ABS (ft) ABS ABS Loop Pipe ABS
1 1 10 3000 -1 1.00 -6.88 6.88 12.73 0.0402  -0.9600 0.96
2 16 6000 1 2.00 5.02 251 4.65 0.0402  2.0400 2.04
3 6 3000 1 0.32 9.78 31.03 57.40 0.0248  0.3399 0.34
4 6 6000 -1 0.27 -15.02 54.97 101.69 0.0656  -0.2076 0.21
sum= -7.10 176.46 0.0402
2 4 6 6000 1 0.27 15.02 54.97 101.69 -0.0656  0.2076 021
6 8 2000 1 0.27 123 451 8.34 -0.0254  0.2476 0.25
7 8 6500 -1 0.23 -2.84 12.53 23.18 -0.0254  -0.2524 0.25
5 8 2500 -1 0.73 942 12.96 23.97 -0.0254 -0.7524 0.75
sum= 3.99 157.19 -0.0254
3 3 6 3000 -1 0.32 -9.78 31.03 57.40 -0.0248  -0.3399 0.34
8 12 6000 1 1.68 14.85 8.82 16.31 0.0154  1.7001 1.70
9 8 2000 -1 0.32 -1.61 5.10 9.43 0.0154  -0.2999 0.30
10 8 6500 -1 0.32 -5.22 16.57 30.65 0.0154  -0.2999 0.30
sum = -1.76 113.79 0.0154
Trial 3
1 2 3 4 5 6 7 8 9 10 11 12 13
Loop Pipe Pipe Dia  Length Sign Q3 (cfs) h, (h,/Q) n(h,/Q) AQ AQ 4 Q4
No No (in) (ft) (-OR+) ABS (ft) ABS ABS Loop Pipe ABS
1 1 10 3000 -1 0.96 -6.38 6.64 12.29 -0.0066  -0.9666 097
2 16 6000 1 2.04 5.21 2.55 473 -0.0066  2.0334 2.03
3 6 3000 1 034 11.25 33.09 61.21 -0.0270  0.3129 0.31
4 6 6000 -1 021 -9.04 43.53 80.53 -0.0314  -0.2390 0.24
sum = 1.04 158.76 -0.0066
2 4 6 6000 1 021 9.04 4353 80.53 0.0314  0.2390 0.24
6 8 2000 1 0.25 1.03 4.15 7.68 0.0248  0.2725 0.27
7 8 6500 -1 0.25 -3.46 1371 25.36 0.0248  -0.2275 0.23
5 8 2500 -1 0.75 -10.04 13.34 24.68 0.0248  -0.7275 0.73
sum = -343 138.25 0.0248
3 3 6 3000 -1 0.34 -11.25 33.09 61.21 0.0270  -0.3129 0.31
8 12 6000 1 1.70 15.10 8.88 16.44 0.0204 1.7205 1.72
9 8 2000 -1 0.30 -1.46 4.88 9.04 0.0204 -0.2795 0.28
10 8 6500 -1 0.30 -4.76 15.87 29.37 0.0204 -0.2795 0.28
sum = -2.37 116.05 0.0204




Trial 4

1 2 3 4 5 6 7 8 9 10 11 12 13
Loop Pipe  PipeDia Length Sign Q4 (cfs) h (h/Q) n(h,/Q) Yi'e] 4Q Q5 Q5
No No (in) (ft) (-OR+) ABS (ft) ABS ABS Loop Pipe ABS
1 1 10 3000 -1 0.97 -6.46 6.68 12.36 0.0203  -0.9462 0.95
2 16 6000 1 2.03 518 255 471 0.0203 2.0538 2.05
3 6 3000 1 0.31 9.65 30.84 57.06 0.0233 0.3362 0.34
4 6 6000 -1 0.24 -11.73 49.06 90.76 0.0249 -0.2142 0.21
sum= -3.35 164.90 0.0203
2 4 6 6000 1 0.24 11.73 49.06 90.76 -0.0249 0.2142 0.21
6 8 2000 1 0.27 1.23 450 8.33 -0.0045 0.2679 0.27
7 8 6500 -1 0.23 -2.86 12.55 23.22 -0.0045 -0.2321 0.23
5 8 2500 -1 0.73 -9.43 12.97 23.99 -0.0045 -0.7321 0.73
sum = 0.66 146.30 -0.0045
3 3 6 3000 -1 0.31 -9.65 30.84 57.06 -0.0233  -0.3362 0.34
8 12 6000 1 1.72 15.44 8.98 16.60 -0.0030 1.7175 1.72
9 8 2000 1 028  -129 460 851 00030 -02825 028
10 8 6500 1 028  -418 1495 2766 00030 -02825 028
sum= 033 109.83  -0.0030
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(6 oy AUty Yl o JalS (y pual) 80l Y slaa 28 Jsan

Formula Resistance coefficient (A) | Flow Exponent (B)
Hazen-Williams 4.727C 182478 1.852
Darcy-Weisbach 0.0252f(¢,d,q)d™>L 2

Chezy-Manning 4.66n°d >33 2

C =Hazen-Williams roughness coefficient

¢ = Darcy-Weisbach roughness coefficient (ft)

f = Darcy-Weishach friction factor (dependent on (g,d,q))
n = Manning roughness coefficient

d = pipe diameter
L = pipe length (ft)
Q = Flow rate (cfs)

3aaal) a4 88 Jalaa 19 Jsaa

Material Ha;en-WiIIiams C Darcy-W%i shach ¢ Marmi ngn
(unitless) (feet x 10™) (unitless)

Cast Iron 130-140 0.85 0.012-0.015
gg:;ﬁt:ﬁ: od 120-140 1.0-10 0.012-0.017
Galvanized Iron 120 05 0.015-0.017
Plastic 140-150 0.005 0.011-0.015
Steel 140-150 0.15 0.015-0.017
Vitrified Clay 110 0.013-0.015
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COla sl (g o) il Clind (g 83l B Jalra 110 J s

Globe valve, fully open 10.0
Angle valve, fully open 50
Swing check valve, fully open | 2.5
Gate valve, fully open 0.2
Short-radius elbow 0.9
Medium-radius elbow 0.8
Long-radius elbow 0.6
45 degree elbow 04
Closed return bend 2.2
Standard tee - flow through 06
run '
Standard tee - flow through 18
branch :
Square entrance 0.5
Exit 1.0
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Network Table - Links at 1:00 Hrs

Link ID
Pipel
Pipe2
Pipe3
Pipe4
Pipe5
Pipe6
Pipe7
Pipe8
Pipe9
Pipel10

Length
ft
3000
6000
3000
6000
2500
2000
6500
6000
2000
6500

Diameter

Network Table - Nodes at 1:00 Hrs

Node ID
Node2
Node3
Node4
Node5
Node6
Node7
Node8
Res.1

Elevation
ft
0
0
0
0
0
0
0

25

Demand
CFS

o O N O

Roughness

100
100
100
100
100
100
100
100
100
100

Head
ft
19.69
4.13
19.02
9
5.27
10.08
7.64
25

Flow
CFS
0.93
2.07
0.33
0.22
0.71
0.29
0.21
1.74
0.26
0.26

Velocity
fps
1.71
1.48
1.7
1.13
2.04
0.83
0.6
2.21
0.76
0.76

Unit Headloss
ft/Kft
1.99
0.88
3.57
1.67
3.58
0.68
0.38
2.59
0.57
0.57

.Epanet paaiul 168 Qb da il 141 J<&
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Network Table - Nodes

Node ID
Junc 1
Junc 2
Junc 3
Junc 4
Junc 5
Junc 6
Junc 7
Junc 8
Junc 9
Junc 10
Resvr 14
Tank 15

Network Table- Links

Length
Pipe 1
Pipe 2
Pipe 3
Pipe 4
Pipe5
Pipe 6
Pipe 7
Pipe 8
Pipe 9
Pipe 10
Pipe 11
Pipe 12
Pipe 13
Pump 14

Elevation Base Demand

ft GPM

805 0

800 150

775 150

760 165

790 115

800 145

807 160

810 155

825 120

815 110

900 #N/A

960 #N/A
Diameter Roughness  Bulk Coeff.  Link ID ft in
11000 18 120 -1
4000 16 120 -1
3000 14 120 -1
300 18 120 -1
6000 10 120 -1
7000 10 120 -1
5500 12 120 -1
5000 10 120 -1
7700 8 120 -1
6000 8 120 -1
5700 8 120 -1
7100 8 120 -1
7200 6 120 -1
#N/A #N/A #N/A #N/A

:(Input Data)Ja~y) <lily



Tanks

ID Elevation Initial level Minimum level Maximum level Diameter Initia quality

15 960 125 100 155 52 05

Reservoir

ID Total head  Initia quality

14 900 1

Pumps

ID Start node End node pump curve Initial status

14 14 1 14 open

Curves

Head Fow ID

14 1600 275

Control

Simple control

LINK 14 OPEN IF NODE 15 BELOW 115

LINK 14 CLOSED IF NODE 15 ABOVE 140

Patterns
1 2 3 4 5 6 7 8 9 10 |11 |12
1 12 |14 |16 |14 |12 |1 08 (06 [04 |06 |08

Hydraulic options

Flow units GPM
Headloss formula H-W
Specific gravity 1
Relative viscosity 1
Maximum trials 40
Accuracy 0.001
If unbalanced Continue
Default pattern 1
Demand multiplier 1.0
Emitter exponent 0.5
Status report Yes




)
ol

Times option

Total duration

Hydraulic time step 1.00
Quality time step 0:05
Pattern time step 2
Pattern start time 0:00
Reporting time step 6
Report start time 0:00
Clock start time 12 am
Statistics None

Quality Option

Parameter Chlorine
Mass unit mg/L
Relative diffusity 1

Trace node

Quality tolerance 0.01

Reaction Option

Bulk Reaction Order

Wall Reaction Order Zero
Global Bulk Coeff. -1
Globa Wall Coeff. 0
Limiting Concentration 0
Wall Coeff. Correlation 0
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Flowy
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Network Table - Nodes at 18:00 Hrs

Demand  Head Pressure  Chlorine
GPM ft ps mg/L
0.00 111409 13393 100
6000 109691 12865 074
6000 108987 13643 072
6600 108044 13885 071
4600 108023 1576 025
5800 108823 12489 025
6400 108077 11862 025
6200 108023 11709 053
4300 108500 11266  0.67
400 108313 11618 0.2
-2064.25 900.00 0.00 1.00
1556.25 1080.16 52.07 0.25

Network Table - Links at 18:00 Hrs

Chlorine  Flow

fps fKft  mglL
0.95 206425 260
0.73 161568  2.58
0.72 155568  3.24
0.70 155625  1.96
0.28 55.63 0.23
0.67 38856 159
0.25 12219 035
0.25 9.63 0.04
0.27 -189.08 121
0.27 5237 033
0.38 14149 090
0.66 9349 060
0.29 4949 056
1.00 2064.25 0.00

156
176
315
093
0.03
124
0.06
0.00
097
0.09
057
0.26
033
-214.09

Velocity  Unit Head loss

GPM

Initial Quality
mglL

120
120
120
120
120
120
120
120
120
120
120
120
120

#NIA

Elevation

Node D
Junc 1
Junc 2
Junc 3
Junc4
Junch
Junc6
Junc7
Junc8
Junc9
Junc 10

ft

805

800
775
760
790
800
807
810
825
815

Resvr14 900
Tank15 960

Length Diameter

LinkID  ft
Pipel
Pipe2
Pipe3
Piped
Pipe5
Pipe6
Pipe7
Pipe8
Pipe9

Pipe 10

Pipe 11

Pipe 12

Pipe 13
Pump 14

#NIA

Base Demand

GPM
0
150
150
165
115
145
160
155
120
110
#N/A
#NIA

in
11000
4000
3000
300
6000
7000
5500
5000
7700
6000
5700
7100
7200

Roughness

18
16
14
18
10
10
12
10
8
8

8
8
6

#NIA
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PWSD/TP/001 5m X 4m Pump house with well inside

PWSD/TP/002 5m X 4m Pump house, well in-or outside
PWSD/TP/003 5m X 10m Pump house with well inside
X

PWSD/TP/004 5m 10m Pump house, well in-or outside

PWSD/TP/005  Ground Tank 25m?3
PWSD/TP/005A -do- 40m?
PWSD/TP/006 -do- 50 m?
PWSD/TP/007 -do- 75m?
PWSD/TP/008 -do- 100m?3
PWSD/TP/009 -do- 150 m?3
PWSD/TP/010 -do- 250 m?3
PWSD/TP/011 -do- 500 m 3
PWSD/TP/012  Semi Elevated Tank, 3 m High 25m?
PWSD/TP/013 -do- 40m?
PWSD/TP/014 -do- 50 m?
PWSD/TP/015 -do- 60 m?
PWSD/TP/016 - do - 75m?
PWSD/TP/017 -do- 100m?3
PWSD/TP/018  Elevated Tank, 9 m High 25m?
PWSD/TP/019 -do- 40m?3
PWSD/TP/020 -do- 50 m?®
PWSD/TP/021 -do- 60 m*®
PWSD/TP/022 -do- 100m?3
PWSD/TP/023  Elevated Tank, 12 m High 25m?




PWSD/TP/024
PWSD/TP/025
PWSD/TP/026
PWSD/TP/027

PWSD/TP/028
PWSD/TP/029
PWSD/TP/030
PWSD/TP/031

PWSD/TP/032
PWSD/TP/033
PWSD/TP/034

PWSD/TP/035
PWSD/TP/036
PWSD/TP/037

PWSD/TP/038
PWSD/TP/044

-do-
-do-
-do-
-do-

Elevated Tank, 15 m High
-do-
-do-
-do-

Break Pressure Tank
Pipe Supports
Valve Chambers

Public Fountain
- do -
- do -

Elevated Tank, 15 m High
Slow sand Filter

100 m?

25m?
40m?
50m?
60 m?

6 Taps
4 Taps
2 Taps

100 m?3
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11- Small Community Water Supplies (Technology of Small Water Supply Systems
in Developing Countries. (WHO Collaborating centre — The Hague, The
Netherlands, July 1987).

12-Manual for Rural Water Supply (Edited and compiled by Helvetas, Swiss
Association for Technical Assistance, Zurich, Switzerland and Y aounde, Cameroon,
Publication No. 8, St. Gall 1980).

13-Guidelines manual on Water Supply and Sanitation Programmes (issues by Water
and Environmental Health at London and Loughborough, 1998).




14-Rainwater catchments systems for domestic supply design, construction, and
implementation ( John Gould and Erik Nissen-Peterson, Intermediate
Technology Publication 1999).

15- www.geocities.com/rainforest/canopy/4805.

16- www.ci.austin.tx.us/watercon/rainwater.html.

17- Engineering Hydrology, principles and practices (Victor Micuel Ponce) .
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21- www.epa.gov/ORD/NRM RL/WSWRD/epanet.html

22- Warren viessman, Jr. and Mark J. Hammer (1999) “Water supply and Pollution
Control”, Addison Wesley Longman, Inc. California.

23- N. Trifunovic (1993) “Water Transport and distribution”, lecture notes, IHE, The
Netherlands.

24- R.E. Featherstone and C. Nalluri (1995) “Civil Engineering Hydraulic”,
Blackwell Science Ltd. Oxford, UK.

25 - ESCWA (2001) Case study of Yemen. Current Water Policies and Practices in
selected Economic and Social Commission for Western Asia (ESCWA) Member
Countries. United Nation, New Y ork.

26 - Al-Hamdi M. (2000) Competition for Scarce Groundwater in the Sana'a Plain,
Yemen. A study on the incentive systems for urban and agricultural water use,
PhD thesis. IHE and TU-Déelft, the Netherlands.

27 - Boydell, Robert A.(2000)Y emen:"Small systems in Yemen and in the Middle
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http://www.irc.nl/manage/index.html

28 - World Bank compilation (2000).

29 - World Bank (1997) Yemen: Towards a Water Strategy, An agenda for Action.

Report No. 15718-YEM, The World Bank.
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Translated into English by: Michael Burschik. Weltforum Verlag, Germany.
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