Water Transmission Lines

e Transmission lines are long pipes with no
withdrawals

= Gravity main

s Pumping main
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Gravity main
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Pumping main

T_______________________T
\ H

h,=H+Z, —Z,+ Head loss

4 ,,’ AA I T Water Supply & Urban Drainage
X o By Zerihun Alemayehu
)



RN
Layout of distribution systems

* Pipe networks :

= Primary or arterial mains

- from the pumping stations and from storage facilities
to the various districts of the city.

- valved at intervals of not < 1.5 km

= Secondary lines or Sub-mains
- run from one primary main to another
- located at spacings of 2-4 blocks

= Small distribution mains or branches

- Supply water to every consumer and to the fire
hydrants
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Layout of distribution systems

e layout of distribution pipes generally follows the
road pattern

« four types of pipe network layouts —
s dead end system or branch system,
= gridiron system,

s rIng system, and
= radial system.
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Layout of distribution systems

 Dead end system

= solved easily MAIN PIPEM)—_ |} ERANCHIE:"_B /SUB-MAIN (S)
= Lesser number of shut-off i _; g

valves | s <_é L ___ BRANCH (B)
= Shorter pipe lengths and the -

easy to lay pipes

= cheap and simple and
expanded easily

= dead ends —>prevent circulati
of water

= Problematic if a pipe Is
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Layout of distribution systems

e Gridiron systems

: - : M&IN PIPE (E)
= Discharge, friction loss and pipe

. -— —in —
size is less ¥ \

= Not problematic if a pipe Is s 4l 11—
damaged ¥ i‘*‘guu-mme;

vaLwE

> No dead ends ~allows ), - . /
circulation of water / T T4

= Good fgr flre fighting 14 . it

= more pipelines and shut-off b T4
valves Laterals " 4

= high cost of construction -, * — S B s

- design is difficult and expensive
CDAAIT s o

Fig.: Grid-lroy Sys®km

0,
X,
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Layout of distribution systems

* Ring systems: Main Pipe
= closed ring, circular or rectangular
= suitable for well-planned towns

and cities

= Generally at high demand areas

= Not problematic if a pipe is Sub Thains ¥
damaged M

= No dead ends —>allows circulation
of water v

= Good for fire fighting

= more pipelines and shut-off valves ¥
= high cost of construction

4_
= design is difficult and expensive Fig. : Ring System v




Layout of distribution systems

 Radial systems

= For city or a town having a
system of radial roads MAIN PIPE\b
emerging from different centers

o distribution reservoirs at these A lr/' p

centers \
DISTRIBUTION

> From mains - pumped into  ResErRvORS S ~
the DRs placed at different SUB-MAIN
centers and then to the service N,
areas. N

= ensures high pressure and

efficient water distribution |¢
Fig. : Radial System

>BRANCHES
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Design of distribution systems

e Design flow: Max (Peak hour demand or maximum day
demand + Fire demand)

e Minimum main sizes: generally:150mm (6 in); high value
districts: 200mm (8 in); major streets: 305mm (12 in);
domestic flows only: 200mm (4 in); small communities: 50-75
mm

e Velocity: typical values — minimum = 0.6 - 1 m/s; maximum =
2.5 m/s
e Pressure: typical minimum value is 140 kPa (14 m) and

maximum not to exceed 410 kPa (42 m). But mainly depends
on pressure ratings of the pipes and appurtenances used and




Pressure zones

|
AT W WA PTIUL wl.

Modified
Pressure Zone \
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Pipe Network Geometry

=1 i = 3
)';L=2 jf__'q' @
1 L 2 1 L 2
Al D Al

3

(b) Three pipes network

(a) Single pipe network

I, = no. of pipes

j_ = no. of nodes i =i +k -1
k,_ = no. of loops L= L L
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Pipe Network Geometry

4

flL=8

i =4
ji=9 ©) @ '

kK =0 A 5 !
N0 i@, & v |

Ny S

(c¢) Branched pipe network

I, = no. of pipes
J_ = no. of nodes . =1 +k -1
k., = no. of loops L= L

(d) Single looped network
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Pipe Network Geometry

13

ﬁg@s@i (1) Pipe no

@ @ - @ @ ® Nodeno
| Mm@ @ Ol &5 [ Loop no.
¢

® 6 /\. Source
(12) ° 7 ® (9) 14

¢ 11— 10 ’?fli

° ko2

(e) Branched & looped network
I, = no. of pipes
J_ = no. of nodes . =1 +k -1
K, = no. of loops L= L
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Hydraulic analysis

e Includes determination of the following:

Discharges

Head loss

Pressure head
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By Zerihun Alemayehu




l
D X ‘
1‘ Pipe %

SR (S
4] _I_ 11 _I_ — L7 _I_ IE | | IL: hL — h‘f +hm

28\




Friction | osses

Manning’s commonly used for open channel
V = R2/351/2
n flow.
Chezy’s V = CVRS Widely used in sanitary sewer
(Kutter’s) design and analysis

Hazen- V = 0.85CR%635%>%  Commonly used in the design and
Williams analysis of pressure pipe systems

Darcy- — Can be used for pressured pipe
Weisbach V= 8—gRS systems and open channel flows.
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Minor Losses

 Minor losses are due to bends, elbows, valves,
enlargers, reducers...

il
L
== = m =g
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Hydraulic Analysis of DS

e Hydraulic analysis methods
= Hardy cross method
s Computer programs

 The Hazen-William equation is widely used to
determine the head loss in a pipe.

| h 0.54 Q 1.85 I
Q=O.278CD263(T‘°j nleo.?(gj [Dm
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Simple DS Design procedures

» Assign the required demand at each node
e Estimate the discharge flowing through the pipes

e Assume possible pipe diameters
e Calculate the head loss through the pipes
e Find the residual pressure at the end of the pipe.

e Compare this terminal pressure with the desired minimum
and maximum pressures.

« If the required condition is not satisfied, then repeat steps
through (vi) until the required conditions are met.
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Design procedures...

Complex pipe Networks
e Hardy Cross Method can be used

« Assign the required demand at each node

 Assume the best distribution of flow that satisfies
continuity by careful examination of the network.

= The flow entering a node must be equal to the flow
leaving the same node

4 /’ AA I T Water Supply & Urban Drainage
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Design procedures...

e Calculate the head loss, h;, in each pipe.

s The algebraic sum of the heads around a closed loop must
be zero.

= For a loop, take head loss in the clockwise flows as
positive and in the anti-clockwise flows as negative

e Calculate the correction factor for each loop by

2[R, > hy
n-1 hf
Z m|Q°| an— Use n =1.85

AQ =
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Example

Determine velocity and residual o 16 D] Q= 075 mYmin
Pressure at the demand centers. s
& | &
El. 1250 0D
\V4 > El. 1207 ohl b g
El 11
R 150 m A 200 m 250 m - >
_ 3 .
200 mm 200 mm o7, 75 mm Q = 0.25 m’/min
&
£ | &
LN LN
D~ D~
El. 1192 B8|Q - 1 m¥/min
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Solution: Velocity Calculation

Velocity is calculated as V = —7 D| Q=075 m*min
4 A Q =0.75 m’/min
El. 1250 100 mm
A4 Q = 1 m’/min v =1.6 m/s
150 mm v =14 m/s /5 mm Q = 0.25 m’/min
v =19 m/s v = 0.9 m/s
Q=1 m>/min
v
100 mm
v = 2.1 m/s
B Q=1 m>/min

3] AA I Water Supply & Urban Drainage
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Solution: Head loss calculation

Head loss is calculated as

D
Q 1.85
h'l = 10.68 1.866 <—> A Q=075 m>/min
EL 1250 D | C 100 mm, 50 m
\V4 Q: 1 m3/min 1’11 = 2.36 m
150 mm, 150 m h = 5.43 m C 75 mm, 250 m
h; =6.04 m h =6.27 m
Q =1 m’/min
1 100 mm, 75 m
h, =6.03 m
B
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Solution: Residual pressure

calculation

Residual pressure is calculated as

h

T

eSZEIV.l—ElVZ'hl

El. 1167
h

I

D

. =69.17 m

h =236 m
EL 125()\111237\\

\V4
h _ =36.96 m
R h, = 6.04 m A h, = 6.27 m -
h =543 m C
El 1177 El. 1185
h  , =1250 — 1207 — 6.04 b - 6153 m h = 4726 m

res, A - 3696 m hl = 603 m

h 5 =1250 — 1192 — 6.04 — 6.03
= 45.93 m
B | EL 1192 or

h =4593m p - 1207 +36.96 — 6.03 — 1192

By Zerihun Alemayehu
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res, B

= 4593 m
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Reading assignment

 From your Hydraulics Il course

O

Pipe network analysis

O

Hardy-cross method

O

Newton Raphson method

(|

Linear Theory method

= EPANET
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Example
F'i_pe.: Diameter, mm Length, m
1000
Determine the discharge ?ﬁ
in each of the pipes o=
using Hard-Cross b

Method




|
First Trial

Loop Pipe D, mm L, m Q, L/s S, ?n«"m h,, m L!Q Q + AQ

[(firsttry)  AB 300 1000 35 0.0015 1.5 0.043 29
BD 300 3000 10 0.000 15 0.45 0.045 4
AD 400 3500 —25 -0.0002 -(0.7 0.028 —31

1.25 0.116

imreseas i AOBE e o

LAQ=~Tes <016~ °Ls

Loop Pipe D mm L, m Q L/s S mfm h,, m hLKQ Q + AQ

II (first try) BC 200 2500 25 0. 0005 13.75 0 55 12
CD 200 600 5 0.0003 0.18 0.036 -8
BD 300 3000 —4 neglect neglect neglect -17
13.9 13.9 0.5686

A= ~Toromse 2L

Y A A I Water Supply & Urban Drainage
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Second Trial

Loop Pipe D, mm L,m Q, L/s S, m/m h,, m h, /Q Q + AQ
I (second try) AB 300 1000 29 0.001 1.00 0.034 24
BD 300 3000 17 0.0004 1.20 0.071 12
AD 400 3500 -31 —0.0003 —-1.05 0.034 —36
1.15 0.139
_ 1.15 _
LA = —Tes o139 = ° 1/
Loop Pipe D, mm L, m Q, L/s S, m/m h,, m h, /Q Q4+ AQ
IT (second try) BC 200 2500 12 0.0015 3.75 0.313 8
CD 200 600 -8 —0.000 75 —0.45 0.056 -12
BD 300 3000 —12 —0.0002 —0.60 0.050 -16
2.7 0.419
L AQ, = ——21 —— ~ —4Lss
TTR T 1.85 X 0419

R i; AAI Water Supply & Urban Drainage
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Third Trial

Loop Pipe D, mm L, m Q, L/s S, m/m h,, m h, /Q Q+ AQ
I (third try)  AB 300 1000 24 0.0007 0.7 0.029 23
BD 300 3000 16 0.000 34 1.02 0.064 15
AD 400 3500 -36 —0.0004 -14 0.039 —-37
0.32 0.132 :
0.32
LAQs = 185 %0132 RS
Loop " Pipe D,mm - Lm Q, L/s S, m/m h,, m h,/Q Q + AQ
II (third try)  BC 200 2500 8 0.0007 1.75 0.219
CD 200 600 ~12 ~0.0015 -0.9 0.075
BD 300 3000 -15 ~0.0003 -0.9 0.06
005 -0.05 0.354
II: = ' =~ (), ligibl
A = e x 0351 ~ 007 (negligible)

Water Supply & Urban Drainage
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Final Solution

Pipe AB
Q1 =35LIs
Q2 = 29 L/s
Q3 =24 LIs
Qs = 23 L/s
20 L/s
A V Out
60 LIS/J
In
Pipe CD
5 Lls
Q2 = -8LJ/s
Q3= -12L/s

2
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Water Dis rlbutlon Modeling
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WDS Simulation

e Simulation: the process of imitating the

behavior of one system through the functions of
another.

e refers to the process of using a mathematical

representation of the real system, called a
model.
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WDS Simulation

e Steady-State: a snapshot in time and are used
to determine the operating behavior of a system
under static conditions.

 Extended Period Simulation (EPS): used
to evaluate system performance over time
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Application of WDMs

e Long-range master planning, both new
development and rehabilitation

* Fire protection studies

e Water quality investigations
* Energy management

e System design

 Dally operational uses including operator
training, emergency response, and

 troubleshooting
?%; AA I T Water Supply & Urban Drainage
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Model Representation

Nodes




I EEEEEE—————————q
Network Elements

Element Type Primary Modeling Purpose

Reservoir  Node Provides water to the system

Tank Node Stores excess water within the system and releases that water
at times of high usage

Junction Node Removes (demand) or adds (inflow) water from/to
the system
Pipe Link Conveys water from one node to another
Pump Node Raises the hydraulic grade to overcome elevation differences
or link and friction losses
Control Node Controls flow or pressure in the system based on specified
Valve or link criteria
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EPANet steps

* Project setu

P

E"l.l"iew Project Report  Win

o View >

> Project >Tresa] fepor Window rep

Dimensions...

Backdrop

Pan

Zoom In
Zoom Out
Full Extent

sSummary...
Defaults...
Calibration Data...

Analysis Options...
Run Analysis

Water Supply & Urban Drainage
By Zerihun Alemayehu

& EPANET2 & S

File Edit View Project

Report Window Help

r

—Lower Left Upper Right
F-coordinate; Q.00 F-coordinate; |1I:|DI:|EI_EIEI
r-coordinate: Q.00 Y-coordinate: |1I:|DI:|EI_EIEI
—Map Uit
" Feet  Degress = Mone
r '
Defaults [ Defautts e

.

ID Labelz Properties I Hydraulicsl

Optian

Flaw Uitz

Headlozs Formula H A

Specific Gravity 1

Fielative Yiscozity

b awimurm Trials

Accuracy 0.00
[f Unbalanced

Continue
1
Demand Multiplier 1.0

Default Pattern

Property | Default Value |
& Mode Elewvation 0
L Tank Diameter B0

Tank Height 20
Fipe Length 1000

puto Length R |
Fipe Diameter 12
Fipe Foughness 100

[T Save az defaults for all new projects

k. Cancel

[T Save as defaults for all new projects

ak. Cancel
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EPANnet steps ...

e Model building

= First construct nodes (Reservoirs, tanks,
junctions)

= Then connect links (pumps, pipes, valves)
Add reservoir Add lable

Add junction \ |
NG:EHGMT

Add tank AddPIPe  Add pump

Add valve

R /, AA I T Water Supply & Urban Drainage
N ¥ By Zerihun Alemayehu
J5, W



R
EPANet steps

 |nput data
= Double click element using selection tool

ik N @ ) H|

Selection tool

= Modify data in the property box

Water Supply & Urban Drainage
By Zerihun Alemayehu

Pipe 1 @ Tank 4 Reservoir 3 @
Property Yalue Praperty alue Froperty W alue

“Fipe 1D 1 1+ “Tank |D 4 i+ “Rezervair 1D 53 -
xs a NDdE -\.1 ......................... |_| K-I:I:":lrdlnate ‘5?2222 """" |_| X-EDDrdlnatE ?19841 ........ |:|
“End Node 2 -Coordinate 5825.40 -Coordinate 5206.35
Dezcriptian Description Description

Tag Tag Tag

“Length 1000 “Elevatian 0 “Total Head 0

“Diarneter 12 “Initial Level 10 Head Pattern

A oughness 100 “Minirnuirn Lesvel 0 Iriitial Quiality

| mmm T mFE [al Hhl —viimm s | s alel C o v Fle smliber S
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EPAnet steps ...

* Run the model

Run tool £2 ) 2} B

* View result

“g‘?{iiﬁ

View graphs
View table
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