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Sewerage Systems




- Sewerage Systems

introduction
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Physical Composition of Solids

30% Suspended 70% Dissolved
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20% inorganic 80% organic| [60% inorganic 40% organic
(Fixed) | (Volatile) - (Fixed) (Volatile)
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Chemical Composition of Solids

40 : 70 % Organic 60 : 30 % Inorganic

- Carbohydrates 50%
- Proteins 40%
- Fats 10%
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- Sources of Sewage Flow

1 - Domestic Use
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2 - Industrial Waste
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3 - Commercial &governmental Use
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4 - Infiltration Water
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6 - Grinded garbage or Solid Waste  «l_ailly JsYIL__ s,




Degrees of Sewer Lines
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Main Components of Sewerage System

1 - Piping
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2 - Manholes GBelladll
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Manholes

Ground Level

L—’W

Cover depth

Invert Level

Sewer Line
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3 -Pump Stations
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Sewerage System

/\‘Force Main
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Waste Water - Pump Station
Treatment Plant P.S.
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- Types of Sewerage Systems

1 - With respect to source

a - Combined System :
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Inspection Chamber Inspection Chamber
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a Separate System :
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- Types of Sewerage Systems

2 - With respect to Land Topography

a - Radial System :
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b -~ Perpendicular System :
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C - Zoning System :
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d -Interceptor System :
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- Types of Materials of Sewers :

Vertified Clay pipes (VC) _JL—34ll ;1 5
Poly Venyle Chloride pipes (PVC)

Glass Reinforced Pipes (GRP)

Asbestos Cement Pipes (ACP)

Concrete Pipes

Brick-Shaped Ducts

Concrete Box Culverts (Rectangular shape)
Cast Iron (for force mains)

Ductile Cast Iron (for force mains)

O Steel Iron (for force mains)

pO
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i Anlwe 1l e 4 Vertified Clay pipes (VC) JL3dl 5w sa—
tdada o AW oy aall sl ad 458l e i g [nfiltration s——m3 AL

Cayall alaast ) 5 <Y » Concrete Al Al ol e
LS jo Ly oaall oy wallolae 0¥ Taus Logilea o ay Sl sl
‘BJHLA‘G_ELJ__'}._}ELJ‘U_SAAMLJA‘&__JJ.. :L}A:}S
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- Locations of Manholes :

1 - At the start of the sewer

O

2 - At the intersections of sewers

3 - At change of direction of sewers

—a_

Ground Level
Fiow Direction

4 - At change of Slope of sewers

S - At change of diameter of sewers

Ground Level
— D Lk

Y
Flow Direction
—_—
D
—
S \éfg

6 - At specified distances along straight reaches of sewer upon its
diameter as following :

@ mm |200/300/400/450/500{550/600{700|800{900{>1000
Spacing_ m| 301351404550 |60,6570 75|80 100
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Ground Level
Yy %% 44 Yy

Cover

Crown Level
5y swlall 84 Lagy _lof (s i
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depth

Invert Level
BJHLAM alﬁ k_!Hu.A

ucd__s."ﬁ\ (S COVGI’—-%UAJW GL—“‘LJ-Q—“‘\ DJHLAMHJ‘L_M_

TrafﬂC Load __jl_\ DJHLAM J..!l Kt ‘5'3 a4 nsu‘ 4\ L)
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P.S. a—i) dbsa Joe oy

Minimum Cover=1.20:1.50 m
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- Design of Sewers :

a - Design flow calculation

Sewage Flow

olall @i Y VA me iy i e el pall AL S AW pnaie (3w LS
QAvg (I/C/d) Lﬁ_AJS‘M cﬂ)_@'; “‘}” L “"934“ (rlc A x| g‘( O “5\5 4 . g.]'.' n

' {pomeste )

the average sewage flow (SF, ) is defined as the rate of wasting
the total sewage per capita per day and it is related to the average
water consumption of water per capita per day (qug) as following :

OS5 p—all (338 Gyl Jae o Sewage flow (S, ) -
b ol all (/) 2 pm o o oLl T ) Jne e B
JA a8l el e ddl) 13a 3 Reduction Factor ga——éaS Jalas

sl A<y %

Reduction Factor = 0.7 : 0.9

SE\Vg =(0.8:0.9) X Qg liter/capita/day

= SFng X Population| liter/day

Avg (Sewage) A
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- Dry weather flow (D.W.F .) OR Summer Flow

DUae ) ole A8l iz} (yea y A aliaal) S W) e gl Ca il g

i - Maximum Dry Weather Flow dily i —ad —8

L_Q..j__.saj\ JJ.@_.L:: (s ‘.\L_.QJL AA.;“ BACLJ_A_!“_

QMax. = KMax.X QAVQ (Sewage)
Kuax = Peak factor
14 : -
1+ in case of Pop < 1000 capita
4 +P
_ 5 . .
Kyl _73_01_67 in case of Pop > 1000 capita

——1.20 : 1.60 directly

i - Minimum Dry Weather Flow il o —ai
PG| I I ) N 1) W | - WO | RV LI P

Q in. = KMin. X Q

Mi Avg (Sewage)

Ky, = Minimum factor

1/6
KMin.= A 02P

———0.50: 0.70 directly
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Pop in thousands «alL_ (&l sae (e s il o5,

l.e. : Pop = 43,000 capita
43 — Lgie sl

3 - Small Industries

1 hectare = 10000 m?

Q, , = (40 : 80) m*®/ hectare / day

4 - Commertial & Governments Use :

Q.= (40 : 1500) m®/ hectare / day

5 - Infiltration Water :
ol o oy Mol el A0S 2 QS 5l ol Jaaa
Ledals ) a—all oy uall 3 5 wlayd damall A il 830 4o gad) A 186l
G B sl (883 g gl F o Bl 5l il gl G S gl A e
A gall sl all (gt Ji sl 3 ) gisladl 3 g

Q,, =aXdXHh”

a = Infiltration factor=5: 10

d = Diameter of sewer pipeline 35—l ;1

h = depth of sewer pipeline below groundwater table
s s el g A all sl all mha i 53 sulall (o ALl

In general, the rate of infiltration water can be estimated
as following :

Q= (24 : 95) m®/ km / day sl (e (A sb e o 1€ J <
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Q = (24 : 95) Xlength of pipe in Km (m?®/ day)

Total Inf.

5 - Storm water : JUaeYl ol (o yua

Y A dabaall (e Uael) slpe A Cils o3y

Q.,=C.1.A

rain__

C = Seepage to sewer factor = 0.5 : 0.95
I = rain density (mm/hr)  laey) A&
A = area served by the sewer line

if the rain density (I) is unknown, it can be estimated as
following :

I (mm/hr) =750/ (T. + 10) for 10 <T: < 20 min.
I (mm/hr)=1000/ (Tt +10) for20<T: <120 min.
Where ,

V. =0.75 m/s e sl de

1. = time of concentration

Dtaa¥ obse Js—a gl o 3N a3l (gl Adalall 3 S e

T, = time of entrance = 2 . 3 minutes
Cayall b Y Slael) sloe J 3 e

= Length of sewer pipeline
17




a - Design of Sewage Network

M‘LJJ_;A.‘\BL:\A&JMJ S BJHLJ\L,‘_..\AJ QL@JJLAJ\LJJ_mﬂ\j

From design,weget @,Q,S,V

lel e aall oy all jn ol s dSe S aia

el bl & aall Gy all ol se o Laladd o) o Tl caleadll JIS 51 -
e ldadll g 5 la

oA (A all k_'QJ\ all Br “"J“" e..pc__;aﬂ Y Alag J.@_J:‘ —
Manning Formulae
Cole-Brook White Formulae

Manning Formulae ;, <15 32¥1 _.a Cole-Brook White Formulae ;i
Laat o) 5 <Y1

Manning Formula :

2/3 0.5

v=-1xR"xs

Where ,
V = flow velocity (m/s)

Wetted perimeter

n = Manning coefficient ( given )

Area of wetted section
Wetted perimeter

R = hydraulic radius =A/P =

S = slope of sewer pipe
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Roughness Coefficient L= .« n = Manning coefficient - -
0.010 edi—tndm gl i gy wlall Jala Nl WA 38 o a ddayg

5 5slall Lgie & giaadl salall e T3 0.035

uJ—hdj‘ ol 1o u\}( el ‘.\j J\\ \'\:)(\ D “"J‘“u\ all uJ_..aj\ H\}A:;A__uﬁ_

A8 Cpidl () eV Gy wid) (e Under Gravity <o—si lala

IS 3e g lon XS O oS Y < Under Gravity 3y —ulall o) Lo —
Partially Full L3 os glaa ;s S3L ¢Sl
T EON| VS EQ RS JEWIOS | N EEVN B S |« EOA) ) IS NP TINS I

2\_4..).11':\_“;‘5&) FU” d_A\S]LAa;.)_‘AA'SJHw\ u)ﬁu\u\_
LAJLEngl_ueSJHLA\ (_l;\.)b\_yoj‘&cu‘g_%uw‘ D.SAHJ

d = depth of water
@ = Pipe diameter

In thiscasewe get &, , Q- . My, » S

A meal A NAY Lasda g Max. Flow il 85 e uldll o6 S5 o

Max. Flow ) xie ¢ a3 3 1Y)

dua = Max. depth of water
@ = Pipe diameter

d max

Partially Full Pipe | In this case we get dy,, , Qo » Mpax.» S
i—)‘ﬁ bs glaa By snla
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‘\___._1.9..\9;.5\ ‘\__“_:.“ Uha&len FlOW _3\ A_XBFSbJH\.AM u9._$.|‘9\
Min. Flow ) aie ¢y a3 5 )

d,;, = Min. depth of water
@ = Pipe diameter

Par’ually Full Pipe | In this case we get dy,, , Q. » 4 » S
L_AJJA e glan 3 suula

Cull 355ula o “j) s as—3i Manning dale. -

QMU}J:!( “ bJ}_wLA(‘u.A__.LaJu‘Ls_jHJ_Luj

;Q)__aﬂ\j _)_L.SJ\G_A Full L@.\\S) bJH\.AJ\ (;_..IA__».A.JL;J\\_&.\J\_\.\}B
Partially Full i_aa-l 4 WAl 3 S0 lgia i 3 Al ag

in design we will get the following :

° QMax.’ QFuII . . . '
Design Using Manning's Charts
® @ ’ dMax.

e \V\ =06:120m/sor1.5m/s

Max
e S = Slope of Pipe in m/km or %o

J_Jag L_i\_u:; le-,'L o) (_;i A QMaX' ;ﬁ "*A‘Y\ 23 s L_iL_u.\; UA .3_:‘)! —_
Qra Fullness Ratio 5 )y uldl

Self cleaning velocity
(T 11|J3L:.\\ ‘J\J K 3.06 L}:;(L__L“Y ic )_.ua.“

Non Scouring velocity
e Q\\\L\\\\y \15_3(5_;@USM}‘12UCJ__}JJY4.C~)_M-L“
ufchaJHM‘)_LBHﬁLALJQJcJHLA‘
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Chart #01

S %o N _
(m/km) \) O

QFuII (I/s)

e da—waia W o= FUlPipe 120 e 3wy Chart i 13
Brur » Qe+ Ve » S » Chart

O——iiall il o el ldie (pje——siay Chart e Jala 481 53y -

Chartgd n dS iy n Nd o e n ainy Chart 112
n=0.015 — s=aliChart Il Juae oS Ll

sk (o) Ales s=ilLog Scale — 1L a5« Chart ) 13
annisg L@'*“‘ d_ALgﬂ\ d,é_.u:ﬁ :\-A.-}gi——-waﬁ
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Chart #02 For Circular Section

Rfa
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oY Sy AV ol B e iy wi sl Jaas Chart s
Full 2 adls 84 will g5 oL 6all 00 S

d Q VvV R
@ Q Full \Y Fuli R Full

Full

eyl el B splbay e (ol (cdamae 05 Sl 8
Aads Chart#02 5 Chart #01 o Jdsaad oty il laadll 3y -1

-”»

Al A B dm gl S
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- Wet Weather Flow
AV IS s A i) St W) el il Gay sl
SHaa¥ sle Lgal) Blzaa coaa o) Lgelsily

- Dry Weather Flow
AV ISl A i) St WY el il Gy il
JUaa¥) slpa (g Ciaa g o) Lgel 5y
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il te ase ol pllaes 1 VA imed_adl Luae Chart U 40 _
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nchart _  Vrequired _ Q required
n required V chart Q chart

& 5 SNV, PS W -0 SHVON ([N IS, 'R ' [ U S v B
Full
\ - 2% d v i LS a |5 » d
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D R s : ) ! 2] H—H
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M adn Sewev

Maln_\\BJHLA\E_JoL_}A.“ O gl A d) @ ol all JPJL_U_M

Medn  Sower

Main 0 5 s ulall 3 ol sall g i (e e d slsall Jsa0 (o guia

2 oAl Baol el g oa y agad G sy V(R wll il
j\ U.A)J_S\ L@...gﬂu)_..aj\ 01_\“.4 (2 ginia u\ L_:'_I._..!;BranCh 1 EJHLA\

Ma|n U SJHLA.“ ‘rﬁ al_g.cj\ C_.JJ_U.\.LA g a3 sz\ Lty

Main Sewer

ry

1 a5 1L

g e

Branch Vs ) s—ulall 3 (s Al 5 ol sall 0y 3 iy
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Main s, sl Invert o Glee J81 say) o Al all 8 g Ll
O gl L5 Giaa e ol el Jaad 3 W Branch s, wldll Invert
Branch _li:,s ol Main 35,5 ol

Mair Stided

d2

H min. = d2 - d1

Where: .
d1 = depth of,water in branch pipe
d2 = depth ofwater in main pipe

SeieYe

d2

H min. =d2 + x - d1

Where: .

d1 = depth ofiwater in branch pipe
d2 = depth of water in main pipe

x = difference between water levels 2

Sewa¥e




Main s s« e 1sa » Branch s

e Hmin. (1)=d2+x-d1
e Hmin. (2)=d2-d3

Take the Bigger to be safe on all pipes

| Factors affecting the design of sewerage systems :

sewers run partially full

Velocity of flow=0.6: 1.2 0r 1.5 m/s

Minimum slope = 1
.

Design equation ( Manning's eq. )
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