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Introduction

» The water supply industry is vitally important not only to maintain
the health of the community, but for the sustainability of industry,
business and agriculture. Without adequate water supplies our present

society would never have evolved, and our lives today would be
unrecognizable

» Generally, the distribution system of a small community water supply

IS designed to cater for the domestic and other household water
requirements



Objectives

» Design the looped network for WSS in the residential area located in
Al-Khobar city



Background of The Project
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Background

» Water distribution systems are designed to adequately satisfy the
water requirements for a combination of the following demands:

 Domestic
 Residential
 Firefighting

» The system should be capable of meeting the demands at all times and
at satisfactory pressure



Background

N = Ny(e)kt. - Pn=P+n.c
When When:
e =2.71828 P = future population
N = Future population P = current population
N, = present population N= number of years

K = rate of growth C= rate of change of population with respect
t = number of years to time




Background
p Loop network:

l .T l Advantages:
OGO «  Reduce the dead ends
O O—TO—WW *  There are valves on the
lateral pipes to control the
l l network
— T GCOTGC— « Itis easy to extend the
network
o The
] . water can reach every
l - - | point in two directions
- ib.){_ o Disadvantages:
(™) :Main pipe  Relatively high initial cost
_ « Alarge number of valves is
@ : Sub Main needed
. : Cut of valves
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Background

. : Cut of valves

Branch network:

Advantages:

« Simple in design and
construction.

 Low cost

Disadvantages:

« Dead ends tend to reduce the
pressure and pollute water

« There are not enough valves to
control the network

« Difficulties in extension of the
network
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Backgound

 Darcy-Weisbach Equation

1. headloss:

h;(pipe) = KQ™
n=2

K=t s

h; = Head loss

K = The constant depending on the length
Q = Flow discharge

f = Fraction

L = Length of pipe

D = Diameter of pipe
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Background

2. Fraction:
e
1 . (5 N 2.51 )
_— 0g(——
Vf *37 " Re T
VD
Re =

vV

Re= Reynolds number
v= viscosity of water
V= velocity
e=0.001524
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Methodology

» Project Description 50 250
465 o’ 465 m’
» Select area e P
> The project has the following main features ™™ [ L= 465
465 m’ 465 m?
] ] 465 m® 465 o
* Located In Al khobar City — —

iLe Garden

« Land areais 10152.48 m?

4-'\. 1.".1-\.- Imﬂl. H{I"IJ.'IE

Moxque

Figure 5: The Design of Project Site
o
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Methodology

465 m’ 465 o’
Number of homes = 5592/465 = 12 homes — —
#3%m | |45y 465 o
463 m’ 465 m’
Average number of persons per home =10 ‘ %
465 m 465 m
465 m’ 465
Design of population 75 o
e Immam House
N = NO ekt = 120 * 2.71828%-0205+30 = 222
k Figure 5: The Design of Project Site
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Design

» Assumptions

« Minor calculation did not included in this project

Design life cycle was considered 30 years in this design project

Maximum 2 bar pressure considered for pipe flow
[Source : City of Al khobar]

Diameter of main pipe = 300mm
and Sub-main =110 mm

Roughness size of pipe, e = 0.001524
[Source : City of Al khobar]



Design

» Assumptions

 Rate of change of population with respect to time constant, [C] = 2.05
[Source : City of Al khobar]

* Number of Person = 10 Persons per home

« \Water demand for other fire, emergency, loss [5% ] was considered to
be 7000 L/d [Source : City of Al khobar]

« Consumption per capita per day [LPCD] = 220
[Source : City of Al khobar]

« Safety factor S.F = 1.5 [Source: City of Al khobar]
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Design Limitations

1) Population

2) Elevation of the pipe

3) VWolume of soil generated for Excavation
4) Pipe gradient

5) Quality of water

6) Design did not include reservoir

7) Sampling station

8) Soil conditions

9) Location and other site specific factors
10) Pressure of the pipe

11) Operating and Maintenance cost

12) Energy conservation



1)
2)
3)
4)
5)
6)
/)
8)
9)

Constrains

Physical and Technical Constraints

Economic and Financial Constraints

Institutional Constraints

Structural Constraints

Climate constraint

The availabilities or accessibility of water sources
Safety

Land availabilities for project implementation

Environmental Constraint



Steps Required for the Looped Network Design

\/

% Steps for design:

Step-1) Data collection

We collected our all necessary information from municipal of Al
Khobar, website and Saudi building code. Also the books which were
related to water supply system, and some published articles

Step-2) Population calculation
This formulas we used to design the population (after 30 years) were as
follows:
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» Step-3) Design calculation

1. Discharge calculation

* Assumed discharge Q, and direction for each pipe.
* Applied continuity equation at each node,
Total inflow = Total Outflow

2. Calculate equivalent resistance K for each pipe
- 3 L
— b S %k
gm? D>
1 i —— e/D 2.51 Re = Reynolds number
To flnd f \/? ZLOg ( 3.7 T Re\/?) v =Vi3cn-::sity of water
V = velocity
V D e=0.001524
Re =

1%



3. Calculate head loss for each pipe

8 L

hf:K Qan k = f %k

*
gm? D>

4. Correction factor

A= correction of pipe
Q.= assumption of flow

N= 2



Design Materials

Tablel : Pipe Materials

Types

Pipe Main (DI) Ductile Iron

Sub main (HDPE) High Density Polyethylene
Valves Check and Gate Valve

Fire Hydrant Fire Hydrant FHUL

Bend pipe 90 Degree Bend Pipe, T pipe

2258




Design of the Water Supply System

Total water demand calculation

«  Based on population:

e N=Nyek
When,
e e=2.71828
* N = Future population
* N, = present population
« K =rate of growth
e t=number of years

Total population = N = N, e*t = 120 * 2.718280-0205+30 = 222
So Q based on population = 222x220 = 48840 L/d

{ 23.



Design of the Water Supply System

Total water demand calculation

Water demand for other fire, emergency and losses = 7000 L/d

Total demand= 48840 + 20000 x 1.5 =103260 L/d
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This design showing total nodes, three loops, total Q which calculated based on
population and loss, emergency, firefighting, also showing the assuming (Q,)

(B} 10000 T 1000 w (EX) 1000
ey
A 103260 ™ Z_fitﬁwn 1 OWOROR0r T
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Figure 6: The looped distribution network for WSS

The node (A) is bounded to the north by market of household utensils and at 34227
Road, to the west by King Fahd and Granada Roads, to the south and west by Saudi
airlines

[ ] 25.



Table (2) : The length and diameter for all pipes

L(m) 40 7696 5925 76.96

110 110 110 110 110 110 110 110 110 110
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LOOP 1 Table 3: Design calculation from Ist Trial
Pipe | Length [ Dia | Q K H{m) | HQ Correction | e'd A W R, |f
(m) | (m3/sec) (1/'m=) (m3/Sec) (m*=) m/sec
AB | 40 0.11 | 000059 Q737683 | 03477 | 381.89 -0.00029 00140 | 00094 | 0062 | 6920 | 0.04
BE | 30 0.11 | 000014 044150 0.0201 | 138.17 -7.3000 0.0140 | 00004 | 0015 | 1692 | 0.06
EF |40 0.11 | 000036 1040173 [ 0.1394 [ 380.79 -0.00018 0.0140 | 00004 | 0038 | 4230 | 0.05
FA |30 0.11 | 000059 730326.2 | 02607 | 430.42 -0.0008> 0.0140 | 00094 | 0062 | 6920 | 0.04
0768 15371
LOOP 2 Table 4: Design calculation from 1%t Trial
Pipe | Length | Dhva | Q K H{m) | H'Q Correction | «'d A W R. r
(m) | (mZ/sec) (1/m=) (m=/Sec) (m=) m/sec
BC 41 011 | 000033 1081300 0.1218 | 362.93 -0 00016 00140 | 00094 | 0035 [ 3BT | 003
Ty 30 011 | 4.62063 1386118 00029 | 64172 -2. 3148 00140 | 00094 | O00d | 336 00
DE 30 011 | 0L00033 JO0021 8 | 00906 | 26724 -0 0016 CoO140 | 00094 | 0035 | 3921 | 002
EB 30 .11 | o000 14 Q44150 00201 | 138017 -7.30903 L0140 | 0009t | 001y | 1692 | 0040
0235 B32. 67 IR
00007
o °
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Table 5: Design calculation from 15t Trial

LOOP 3
Pipe | Length [ Iha | Q K H(m) | HQ Correction | e/d A V R, |T
(m) | (m®3/sec) (1'm?) | (m®8ec) (m?) | m'sec
CH |[76.96 |0.11|000011 |2582058 (00346 | 29895 |-5.78704 (00140 00094 |0.012 | 1340 [0.06
HI |[3925 (011000010 |2051657 (0022221371 |-5.20833 (00140 | 00094 |0.010 | 1206 | 0.06
ID [ 76.96 (0.11|000015 |2391836 (00363 | 36708 |-7.67361 (0014000094 |0.016 | 1777 (006
DC | 30 0.11 [ 4.62963 | 1386118 | 0.0029 | 64.172 | -2.31481 | 0.0140 | 0.0004 | 0.004 | 336 | 0.09
0.116 | 0.116
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WaterCAD

« WaterCAD is one of the water network system analysis
programs with the ability to draw, design and the high

possibility of reviewing the results and producing the report
for all elements of the network
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Average

FlexTable: Pipe Table

Current Time: 0.000 hours

Label Length {Scaled) Start Node Stop Mode Diameter Material Hazen-Williams Flow Velocity
(m) (mm)] C (L) (m/s)
40.00 | E F 110.0 | BVC 130.0 0.067561 0.01
4100 (D E 110.0 | PVC 13000 0.11082 0.01
59.26 | B E 110.0 | BVC 130.0 0.02971 10.00
59.27 |F A 110.0 | PVC 13000 -0.00530 0.00
59.27 | C ] 110.0 | BVC 130.0 0.11730 0.01
59.25 | H I 110.0 | BVC 130.0 -0.40245 0.04
7696 (I ] 110.0 | PVC 13000 0.56079 0.06
76,597 | C H 110.0 | BVC 130.0 -0.40245 0.04
40,00 | A B 110.0 | BVC 130.0 -0.07822 0.01
41.05 (B C 110.0 | PVC 13000 -0,18085 0.02
46.73 | R-1 I 110.0 | BVC 130.0 0.96324 0.10

3is




FlexTable: Junction Table

Current Time: 0.000 hours
ID Label Elewvation Zone Drermand Demand Hydraulic Grades Pressure Umit Demand Unit Demand
{m) Collection {Lfs) {m) {bars} Collection Collection
< Count=
56 0.00 | <Mome= <Collection: 0 0.07292 29.99 2.53 | “Collection: 1 1
itenmns= ibems -
=1 0.00 | =Mone= <Callection: 0 0.07292 29.99 2.93 | <Collection: 1 1
items= items s
58 0.00 | ~Mone= <Callection: 1 0.10431 29,99 2.93 | <Collection: 1 1
e itenns
52 | D 0.00 | ~Mone= <Collection: 1 0.56727 29.99 2.93 | <Collection: 2 2
items= tems
49 0.00 | <Mone= <Callection: 0 0.07292 29.99 2.93 | <Collection: 1 1
itenmns= ibems -
50 0.00 | =Mone= <Callection: 0 0.07292 29,99 2.93 | <Collection: 1 1
itens= (=T ples
&0 0.00 | ~Mone= =<Caollection: 0 0.00000 79,99 2.94 | <Collection: 0 ]
itens= benns s
61 0.00 | <Mone= <Callection: 0 0.00000 29.99 2.94 | =Collection: 0 o
items= items
FlexTabhle: Izsolation Valve Table
Current Time: 0,000 hours
I Lakd 15 Operabier Coarneter Elessaticn Referenced Pipe Flaw Hydraulic Grade Preggure Welacity
[Walwe) 4]} (L) (m] ([ bars ) {mJ/s)
{rmim;)
70 | Is0-1 True 152.4 000 | EF DLOeMS1 X8.99 2.93 0.00
71| Is0-2 True 152.4 000 | BE 0LoFaTi X8.99 2.93 0.00
72 | IS0-3 True 152.4 000 | DI 0L SEOTE X8.99 2.93 0.03
73| IS0+ True 152.4 000 | CD 011730 X8.99 2.93 0.01
74| IS0-5 True 152.4 00l | CH 040245 X8.99 2.93 0.0z
75| IS0-6 T 152.4 Ond | D 0.11730 28,59 2.95 0.01
75| 1s0-7 T 152.4 000 | HI 0. 40245 24,59 2.04 .02
77| 1s0-8 T 152.4 ond | BC 0. 18085 24,59 2.93 0.01
78 | IS0-5 T 152.4 000 | BE 0024971 24,59 2.93 0.00
74| IS0-10 T 152.4 000 | AF 0.00530 24,59 2.93 0.00
&0 | IS0-11 T 152.4 000 | AF 0.00530 24,59 2.93 0.00
@
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Firefighting

FlexTable: Pipe Table

Current Time: 0.000 hours

Label Length (Scaled)  Start Node Stop Mode Diameater Material Hazen-Williams Flow Velocity
(m) (mm} c (Us) (m/s)
40,00 | E F 110.0 | BT 130.0 1.%6115 0.21
41.00 | D E 110.0 | PVC 130.0 501034 0.53
0926 (B E 110.0 | PAVC 130.0 -2.93581 0.31
5927 [ F A 110.0 | BT 130.0 1.85178 0.1%
027 | C B 110.0 | PVC 130.0 -6.56397 0.65
5925 (H I 110.0 | PAVC 130.0 -20.57964 221
76.% | I o 110.0 | BT 130.0 12.38522 1.30
7857 (C H 110.0 | BT 130.0 11.02036 Lie
40,00 | A B 110.0 | PVC 130.0 1.74240) 0.18
4105 (B C 110.0 | PAVC 130.0 457284 042
46,73 R-1 I 110.0 | BT 130.0 3335486 3.51




FlexTahle: Junction Tahble

Current Time: 0.0 howurs

Elevation o Chesraand Chesraand Hydraulic Grade Pressure Linit Dernars Linit Deernars
[} Colbertion {Lra) () (bars) Cioliescticn et
= Count>
sCplertian: 0 =Collertion: 1
565 | A U000 | <home: Herss 0. 10957 2323 227 | porves i
<Celesction: 0 < Collection: 1
54| B OO0 | < Mo — 0. 1057 2321 277 | . 1
<Ciplerifon: 1 <Collection: 1
56| C CL00 | < Mo e 0.1 1646 2109 2.26 | porres 1
Cplertion: 1 <Collection: 2
52| U000 | = Poms= — L B0 21.42 2: |, - 2
=Celection: O wCollection: 1
4a|E OO0 | < Mo e 0. 1057 2128 2.28 | g 1
sCplertion: 0 =Collertion: 1
0| F CLO0 | < Mo — 0. 10eE7 2126 2.8 | - 1
<Cplesrtion: O <Collertion: 1
&0 H U000 | = Poms= Hernss 3200000 2199 215 | g i
< Cinlerifcn: O <Cpllection: 0
611 CLO0 | < Mo — L D000 24.79 243 | o - i
FlexTable: Iseolation Valve Tahkle
Current Timse: 00000 hours
Lk Is Opeara b Coarneter Bl ation R Pipe Flawy e aulic Grads Precyre Wealodty
[Walke] (enj iLs) {m) [bars] {mys)
{Fnim;
| =0-1 Trsa 152.4 o0 | EF 1.96115 2328 2.28 0.11
71| I=0-2 Trsa 152.4 L0y | BE 293581 Z3.28 2.28 0.15
72| I=0-3 Trsa 152.4 L0l | D 12.3p522 23.45 2.310 0.68
73| =04 T 152.4 CL0y | OO E.56337 23.40 2.7 0.35
74| I50-5 T 152.4 Loy | OH 1102036 23.05 226 0.60
75| I=0-6 Trsa 152.4 QL0 | OO E.56397 2311 2.26 0.35
76| I50-7 Trsa 152.4 CL0dy | HI 2097954 212 2.16 1.15
7| I=0-8 Trsa 152.4 OOy | BC 45784 231 2.7 0.25
78| =00 Trsa 152.4 CL0dy | BE 293981 3.2 2.7 0.15
4| I=0-10 T 152.4 CL00 | AF 185178 2325 2.28 0.10
Bl | I's0-11 Trsa 152.4 CL00 | AF 185178 23.73 2.27 0.10
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Peak

FlexTable: Pipe Table
Current Time: 0.000 hours

Lbed Length (Scaled)  Start Node Stop Node Diaameter Materid  HarerWillans Flow ek
{m) (M} C (LS5} {mys)
48| 4000 | E F 110.0 | PVC 130.0 0. 15099 0.0z
51| ED 4100 | D E 110.0 | PVC 130.0 0.24469 0.03
53 | BE 5906 | B E 110.0 | PVC 130.0 0.07036 001
55 | AF 5227 | F A 110.0 | PVC 130.0 -0.01308 0.00
57| o 5037 |C D 110.0 | PVC 130.0 0.27266 0.03
59 | HI 53.25 | H I 110.0 | PVC 130.0 081891 0.09
62 | oI 696 | 1 D 110.0 | PVC 130.0 1.14818 0.12
£3 | cH 87| C H 110.0 | PVC 130.0 -0.81891 0.09
66 | AB 4000 | A B 110.0 | PVC 130.0 0.17714 0.0z
&7 | BC 4105 | B C 110.0 | PVC 130.0 041156 0.04
63| T1 .73 | R-1 I 110.0 | VT 130.0 196729 0.21




FlexTable: Junction Table

Current Time:

0.000 hours

(] Label Elevation Zone Demand Demand Hydraulic Grade Pressure Unit Demand Unit Demand
{m) Collection (Lfs) {im) {bars} Collection Collection
< Count=
56 | A 0.00 | =Mone= =Callection: 0 0.16406 29,95 2 g3 | =Cellection: 1 1
items= items =
54 | B 0.00 | <Mome= <Collection: 0 0.16406 29.96 3.q3 | <Collection: 1 1
items= items =
58 | C 0.00 | <Mome= <Collection: 1 0.13469 29.96 2,93 | <Collection: 1 1
items= items =
52 | D 0.00 | <Mome= <Callection: 1 1.17635 2996 3,93 | <Collection: 2 2
items= items =
49 | E 0.00 | <Mome= <Callection: 0 0.16406 29,95 2,93 | <Collection: 1 1
items= itermns s
50 | F 0.00 | <Mome= <Callection: 0 0.16406 29,95 2,93 | <Collection: 1 1
items= items =
&0 | H 0.00 | <Mome= <Callection: 0 0.00000 29,97 2,93 | <Collection: 1 1
items= items =
61 |1 0.00 | <Mome= <Callection: 0 0.00000 29,97 2,93 | =Collection: 0 o
items= itermns s
FlexTable: Isolation Valve Table
Current Time: 0.000 hours
I Label Is Operable? Diameter Elevakion Referenced Pipe Flionw Hydraulic Grade: Pressure Velocity
(Valve) (i) (Lis) )] (bars) (imys)
{mm)
70 | 150-1 True 152.4 0.00 | EF 0.15099 29.95 2.93 0.01
71 | 150-2 True 152.4 0.00 | BE 0.07036 29.96 2.93 0.00
72 | 150-3 Trus 152.4 0.00 | DI 1.14838 29.95 2.93 0.06
73 | 150-4 Trus 152.4 0.00 | co 0.27266 29.95 2.93 0.01
74 | 150-5 Trus 152.4 0.00 | cH 0.81891 29.95 2.93 0.04
75 | 1s0-6 True 152.4 0.00 | co 0L.27266 29.95 2.93 0.01
76 | 150-7 True 152.4 0.00 | HI 0.81891 29.97 2.93 0.04
77 | 150-8 True 152.4 0.00 | BC 0.41156 29.95 2.93 0.02
78 | 150-9 True 152.4 0.00 | BE 0.07036 29.96 2.93 0.00
79 | 1s0-10 Trus 152.4 0.00 | AF 0.01308 29.95 2.93 0.00
20 | 1s0-11 Trus 152.4 0.00 | AF 0.01308 29,95 2.93 0.00
@
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Partial Cost Estimation

Type of material Cost form factory | Cost after enforcement

Pipe (DI) 300mm 270 R.S for 1 meter 500 R.S for 1 meter
Pipe (HDPE) 110mm 46 R.S for 1 meter 150 R.S for 1 meter

e alolP R ol plpleleilolg i From 40 to 60mm It will cost as one piece from start point to last point from
600 — 800 R.S.

Firefighting 150 mm 4300 R.S

o

Labour cost for 15-30 R.S per meter

Installation

37



Cost Estimation

» Total cost for pipes:

Total pipes meters = 461.2
Costforlm=46 R.S

S0 461.2 * 500 = 231000 R.S for all pipes

 Total cost for firefighting:

Total firefighting = 2

Cost for one firefighting = 4300 R.S
So 2 * 4300 = 8600 R.S

 Total cost for valve =1820* 7 =12740 R.S

« The total cost estimation for project is 231000 + 8600 + 12740 = 252340
R.S

» Approximate Unit Cost = 252340/ 461.2 = 547.14 R.S per meter of the
length



Conclusions

 Looped network system was considered for the distribution
system to the considered area located in AL Khobar city

* The design was based on the common equation which is the
energy equation
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