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Water supply Engineering Introduction

Sanitary Engineering:

Olagy o2l ol Dllag 318y peas Ly e Ll desd) 931 a0l dmmall A
el Gy oLl K IS gledlly s u,»a | i i
Sanitary Engineering consists of:
1- Water supply Engineering
JL‘}°LLC°4J\:° Joy ol °\"'°CJ"’\-’*’L5'\S Viwad) o o33 5a,
&J)‘SJ uﬁJ Jesls “i‘uj

2- Wastewater Engineering

e sy Lo 5 gl ol o o 25 bl 31 53,

3- Environmental Engineering

oo alsally s 2455 28 b ) Ay &g sl b 5,

Water supply

Water supply works consists of:
1- Collection works
Wl dlaz 1 o gy bayaas (e ol e o) S 82
2- Treatment works
g3 g o gl oLl pdaty 42 &)y 2l JleW 5 30

3- Distribution works

r.)o;wmﬁ w\.w Lj’*aj ULK« aU.\ JMaj,J M)w\ J\{cY\ L’{bj (\]qJ



Water supply Engineering

Introduction

Studies required for water supply project:
1- Resources of water
2- Population
3- Water consumption
4- Design period
5- Location

6- Area properties (planning of area, topography)

Sources of water:
1- Rain/storm water
2- Surface water (fresh or salt)
Like Rivers — seas — oceans — lakes

3- Ground water (fresh or salt)

Like ~ Wells — Brackish water Dol gt Ado> olis

Design period:

Factors affecting Design period:

1- Virtual age for different components in W.T.P
2- Cost (construction ,operation and maintance)
3- Population growth

4- Water consumption

5- Water resources

6- Labor skills Jl 5l

Aew 60 130 e dsall oladall
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Water supply Engineering Introduction

Initial year:

(35,200 ) dis) Jasdll sl b sy oLt sl a s 1 Al
Design/target/planning year:
Aall lin o 3 Jond 5 200 oy G Al 5l ) e

Population studies:

el o pally sl gyl o (580 pplaall Lodasad) Sl (15 sl e Y G SLulll 21
535 sh i) Lol Tl Sl e ol g G 3 35l QU1 S e o Gyl g L
i (3 6855 Rnlas) Slaeas 8 o seluy b Aliadl Slelao B jms S ot Ll 2 Ealail) 3
Factors affecting population increase:

1- Standard living of people
2- Culture of community
3- Commercial and industrial activities
4- Transportation facilities
5- Immigration
6- War and diseases
Methods of population prediction:
1- Graphical methods:
1- Extension methods 2- Comparison method
2- Analytical method
3-Arithmetic method 4- Geometric method

5-Density method (master plan method)
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Water supply Engineering Introduction

1- Graphical extension method
D e BV 52! e Dlgedly (@l s e o8 s oy B3la Y o) 4 B ol 8
o Jamsd Gougl s o b s i Jo L) e o clls i @ Bl L) Slelas My i
N Sagl dw 3 Bl (8 e

Population

A
A

Design period

—> Years

Initial year =~ Target year

2- Graphical comparison method:
Al &ae e S5 (Casluall -Leli W) - Galasy! — K1) ailal S Oelide e 297y A
il ey gl oo saad 36K slas) I (1) e Sl ol o4 (20sY 8’““ Ol saa gl Ly
o (1) ol bslen () o) g f L £ 5 038 Ol 200 amy L sue & me 3V L) () dnally
gl v 3 éjﬁ\ & sae o Juasd Gugll Al

A
Population

Design period
|

» Years

Initial year ~Target year
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Water supply Engineering Introduction

3- Arithmetical method

d
—E = coms. e Jame &I 5L Jans ) s Gl ol 3

dt
Pfuture = Cintial T kaav X (tf - to)
k, arthimetical increse rate
P,=pP
Z t, —t
Tl

= — of k. (in case of table given)

tr to future and intial years

Important note:
1—1If givenin problem — arthimetic increaserate = r %

then P rypre = Pintial (1 + ot — t0)> =P, x (1+7.n)
2 — If given in problem - arthimetic increase rate X capita/year

then Pryyre = Pintiat +X.(tf—t,) = Po+X.1m

4- Geometric method (Exponential method)

7 @ Pop. QW 8 e e b ol SIS Bl Jane o) o i) odm (3
Ln(Pfuture) = In( Pintia1 ) + kgav X (tf - to)

k, Geometric increse rate
Z Ln Pz - Ln P1
t, — t; . :
= in case of table given
noof kg ( f g )

tr to future and intial years
Important note:
If given in problem — Geometric increaserate = r %

r . J—
then put kgav =155 Or usedirectequ. Pfuture = Pintial (1 + 100)
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Water supply Engineering Introduction

5- Master plan method (density method)
b ¢ el (3 ey Ll 3 ol gblis s J) Al 2 ol s e G ) o 25
K3l ) Kl ol (8 s u%(zfl S S 1 Sy) B ol Jo A Tiaie K3
il (3 gl B sae B pme S sl S (3 KL sy dibate Ko Lis Kuaglas -
3 el Sl s 5l S Gl ) 3 5 ) SVtnay 58y 8l Ve s M5 s -

agll s
Example 1
For a city A given the following table of population:
year 1950 1960 1970 1980 1990 2000 2010
Pop. 157,000 202,000 243,000 307,000 392,000 483,000 535,000
It’s required to get population at the year 2040 using
1- Arithmetical Method 2- Geometric method
Solution-
year pop P,-P, |t k, LnP Ln P,- | t,t, K,
Ln P,
1950 157,000 11.964
1960 202,000 | 45,000 |10 4500 12.216 |0.252 10 0.0252
1970 243,000 | 41,000 |10 4100 12.401 |0.185 10 0.0185
1980 307,000 | 64,000 |10 6400 12.634 |0.233 10 0.0233
1990 392,000 | 85,000 |10 8500 12.879 |0.245 10 0.0245
2000 483,000 | 91,000 |10 9100 13.088 |0.209 10 0.0209
2010 535,000 | 52,000 |10 5200 13.19 0.102 10 0.0102
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Water supply Engineering Introduction

1- By Arithmetical Method:
YK, 4500 + 4100 + 6400 + 8500 + 9100 + 5200
Koy = no of K, N 6
= 6300 capita/year
so Pr=F, +Kq,,% (tf - to)
= 535,000 + 6300 x(2040 —2010) = 724,000 capita

2- By Geometric Method:

Ky, = 2% _ 0204
no of K,
SO InPr=Ink + K, ,x (tf — to)
In Pr = Ln 535000 + .0204 (30) = 13.802
S0 P, = e'3892 = 986,600 capita
Example 2

For a city of pop. =10,000 capita (in 2012) and Geometric increase rate
=1.2 % find the pop. In (2040)

-Solution-

InPr=1LnP, + Ky, x (tr —t,)
Ln Py = Ln 10,000 + —= x (2040 — 2012) = 9.546 — P; = 13,994 ¢

or using this equation (approximate value)
r
Pr=Prx(1+ 100 " =10,000x (1 +.012)*® = 13,965 ¢
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Water supply Engineering Introduction

Water consumption

Classification of water consumption:
1- Domestic 30 : 60 %
2- Industrial 5:30 %
3- Commercial  10:25 %

4- Public 10:30 %

Factors affecting We:

1- Climate (Wc increases in hot climate)

2- Standard of living (Wc increases with higher standard of living)
3- Size of community (Wc increases in bigger communities)

4- Sewage facility (Wc increases with better sewage facilities)
5- Water quality (Wc increases with better water quality)

6- Water pressures (Wc increases with higher pressures )

7- Metering systems and water cost (Wc decreases with higher water cost)

Fluctuation in water consumption:
MY bas 3y s ey Y 03y e it aSdy gl o) 3 ALl e o ol alll Nzl s Y
Syl Lol o S oLl Yl aasi gt s U bl Jalsall e gy 300 Sy Jasl) soelye

po | daud] A s o8 sae e Lo il r\;\ sde o guiio |y sSSul A L 757 &) ol Y
). water consumption in year

Average water consumption = pop. x 365

in liter [capita/day or l/c/d
g e Jradl (3 Blon s LY Oy Sl o 3 4681 oo s S5 Y-
aeadl G pasiad g SYoal) s serlys A Baessl) A e oL 0
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Water supply Engineering Introduction

total yearly WC
* av —
pop x 365
¥ Qqp =WCq, xpop.= ......... mg/d
*  Qmin = Qqv x 0.7 at min. flow

*  Qmax. monthly = 1.2 : 1.6 Qg = 1.4 Qg (at hottest month)
used in design of plants units
*  Qmax. daity = 1.6 : 1.9 0Q,, = 1.80Q,, (at hottest day in hottest month)
used in Ground storage tanks design
*  Qmax. hourty = 2.5 Qg (at peak hour in hottest day )
used in design of networks and High storage tanks
Future water consumption:

1 — In case of known future and initial pop

0.125
% increase in WC = ((Ff) — 1) x 100
(0]
% increase in WC

We. = Wce, x (1
f o x (1+ 100

2 — Incase of given WC increase as a ratio of Pop.increase

P — P
_ S "o

Awc =ratio x Ayop,

AWC
WCs =WC 1+ —

3 —Incaseof given WC increaseas X [l/c/d/year

: WC =WC, + X.n

Page 10



Water supply Engineering Introduction

Fire demand:
8 1 o 235 382 Ogllas Sy 500 SLE (). e S Al 3 )Ll &S
OBl bolas pamiy SUIA poss bogas peaidll 3 (ool Jole
S8 sae e o dgllall oLl pC éﬂf Joher dorgs -
60 m?/2 hr per 10,000 capita Al Jsb fm,a.J\ ua\JJ S Qﬁj

Example 2

For a city of future pop. = 200,000 capita and present pop. = 120,000 and
WC av =220 1/c/d predict/forecast/estimate/find future WC
1- by previous data only
2- if Awe =10% x Apop
-Solution-

0.125

1— %increasein WC = ((—f>
F,

200,000y %1%°
= (m) —1 X100=66%

% increase in WC
100

— 1>x 100

WC; = WC, x (1 + ) =220 x (1 +.066) = 235 l/c/d

_ P—P, 100 200,000 — 120,000
pop. P, B 120,000

AWC = 01 X Apop.z 6667 0/0

x 100 = 66.67 %

A
WC; = WC, x (1 + F‘”S) =220 x (1 +.06667) = 2351/c/d
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Water supply Engineering Introduction

Example 3

A community has an expected future population 100,000 capita after 25
years and present population 40,000 capita .present max monthly
consumption 5,000 m3/day . An existing W.T.P has max capacity of 15,000
m3/d . assume arithmetic rate of population increase determine in what
year the plant need to be extended.

CAalitinn

100,000 — 40,000

Arithmetic increase rate = ot = 2400 capita /year

Get present average water consumption

Qmax = 1.4 x Wy, x POPpresent
1 5,000 x 1000

WCav=ax 20,000 =893 [/c/d

Get max served pop. by the plant

Omax = 1.4 x Wy, x PODPruture

89.3
1000

POPryture = 120,000  capita

15,000 =14 x X POPfuture

By future and present population and increasing rate we can get no of years

PODPfuture = POPpresent +7r.n

120,000 = 40,000 + 2400 x n
n = 33.33 years

Page 1 2



Water supply Engineering

Introduction

Water Quality

Purpose of studying water quality:

1- Determine the degree of poﬂution

2- Determine required steps for W.T.P

3- Design of treatment units

4- Check the effluent of W.T.P with environmental

Types of impurities in water:

1- Suspended solids

sand - salt - clay Jae ¢ (107 :107) o Lo lajdad € Sy U3 5 add) sll) 2, -
sy Cawil) Hlo e S Lo ua&aJ\ & turbidity BJKC« EREAIY S ek} 0dm D42 -

2- Colloidal matters

) 3 Lo el iy ¢ (100107 ) o Lo laad 75150 8. o L o) Sligpd oda

3- Dissolved solids:

45la)

oda o plased) (3 Blae s LY Lo o) gty ol (3 A3 dypiaal) Slilly ALY o 5l (2,

Characteristics of water:

1- Physical characteristics :

o gdly oyl S Sy DS 51l

Parameter Range for drinking water
Temperature 15 : 20°
Turbidity <1 NTU
Color Colorless
Odor No odor

Page 1 3



Water supply Engineering Introduction

2- Chemical characteristics:
1- PH range from 6.5 : 9.5
2- Dissolved solids should be less than allowable values for different salts like iron
, manganese ,calcium and sulphate.
3- Bacterial characteristics:
Jze pathogens o lly oLy Jas 1 il Sl e sl s V)t
Bacteria — versus — protozoa — microorganisms
Escherichia coli or E-coli
0ol Sogls 3y o oW1 (3 035y Jou 5,5 W 15 o Jsbol 558 am 6l e LS 95T o
E-coli test _put jlasb Y o) sl (3 S sy E15) &8 jal 5158 oy
4- Radioactivity characteristics:
dai) ode Aasl g QL@W Ll ole) Cand 03 3)Lo dslas) Bl Je oLl s W g
Alpha — Beta — Uranium
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Water supply Engineering Collection Works

Collection works:
Gyl b 2l ddlal) At s, Resource jaual) e ol tod psd e e kg2
Water Collection works:

1- Intake structures,
2- Intake conduit (pipe),
3- Sump,
4- Pump.
Factors affecting choice of intake location:
1- Upstream city to avoid pollution
2- On straight part of the channel
3- At restricted area (area with low activities that pollute the shore)
4- Allow extension in the future
Types of intakes:
1- Pipe intake,
2- Shore intake,
3- Submerged intake,

4- Tower intake.
Factors affecting choice of intake type:

1- Stream dimension (width — water depth),

2- Navigation in the stream,

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works
3- Pollution on water surface and at the shore,

4- Fluctuation w45 in water level (WL),
5- Change of water quality with depth,
6- Type of water Resource (river — lake — canal),

7- Currents and waves in the stream.

Pipe intake:
Jo# truss Jo el ia ok pnal) o5 2l sl e pdye plisich gl in o) e 4 -
Ll g sasliey# o
Bt Lo oo ol poaod 3l il e o -
(YW sl 3 Py -
(Wide streams) daslgl &SI 51 3 -1
clall e ol el o s s 5 Loss 2
o ol gl S lais 3
1S e 5t Y Lasss -4
Fal) ez e lm o) e oo Lae 5
Fo 2001100 (- 555ll) Jobo S -
Shore intake:
oll o ol o 55 () St e syl o) 520 Bl Je sl o 5l iyl lin -
551 gty g 550 Sl o T
s Qs s sl (Bladl lps o S Ll ale Ll oL Y Pipe intake oo J8) g5 Lia 3 olll 535 -

Page 3
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Water supply Engineering Collection Works

AW SV 3 gl U paseas
Ll oM gyl (3 -1
'o'):.{c;»\éjdd\ uﬁg Lacs -2
Sghe e edoladl B dalisen) Lan -3
dslual) Sllasmd) Clio -4
Submerged (Deep) Intake:
Sl s 2 83 o ol C‘,’J piiiiad Dighse B jpuls -
(Y ol L3 TM -
Beally dapall L5V gl (3 -1
Siglo CE.J\ uji s -2
Sl 3l 3 Ve b ) K Lo -3
Alad) e Ao i 4
Tower intake:
e o Lo 81 o oLl Jgy rac Bl aalin Jo Dot sie & S 21 & e s Bl
Sump 3)Ll ol o ) intake 5 5uls Latey dgllal) 352
YL o S Py -
38U 43l Slodacd) (3 pasey -1
Clrdae ol gams S Loss pasig 2
el o ol s o Lo Py 3

Oy sgadly Slyedl (8 Py -4
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Water supply Engineering Collection Works

Design of Intake pipe (Intake Conduit)

Function :
Transimitting raw water from source to sump
Design Data:
x+ Design flow (m3/sec):
Qq = Qmax.monthly =14 x Qqy = 1.4 x Pop.x WCy, m3/sec
Qmin = 0.7 x Qqy m3/sec
* Velocity (m/sec) :
v = 0.6  selfcleaning velocity ( to prevent settlling)

v < 1.5 toprvent pipes scouring
v < 2.5 atemergency case or at maintance

* Diameters (mm):

Number of pipes = 2
¢ 200,300,350,400,450,500................ mm

Pipes alwayes designed for future and checked for present
ol ui‘ e o)t 3l U“i’”) 5oy 5,0 Jo das LY M\L}ov«aﬁ\f\s Jelll jlse -
A Gl o check L & ¢ (Geposll dasd) las dlose o ST e
G pals Lug el 24 1o B3l Joxs CoBTI36 doniadll Jaall lels 0 0 3l s pule 3 Gl -

Design steps:

Get Qm.monthly & Qmin
* Assume v =1:15 m/sec

*

2

2 @

*szxA - A _Qm_.m= vv m‘ =n.

req req v

AN

*

Choose suitable n, @
Check velocities:

1—v4 = % (0.6:1.5) m/sec
z
2 — Vpin = T?EL;"Z > 0.6 m/sec
4

if not, close pipe and recheck

*

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

- (n—1).g.cp2 -

Lf not, increase one pipe = Ny, =N+ 1

3 — Vmax.max (emergency case)

Example 1

Design the intake pipes for water treatment plant serves 200,000 c
and av WC = 200 l/c/d

Solution

200
Qay = Pop.x WC = 200,000 x e ——0="¢0

Qmax.monthly = 1.4 % Qg = 0.648 m?>/sec

Qmin = 0.7 x Qz, = 0.324 m3/sec

Assume v =14 m/sec

Qm. 0.648
Areq = sz = 7 = 0.463 mz =nNn.

n=2 - ¢ =550 mm
n=3 -5¢@=450 mm vV
n=4 - ¢ =400 mm
try 3¢ =450 mm (area of one pipe = .159 m?)

= 0.463 m3/sec

2

NE

-

Check
1= Vger = e = 1.36 <15 o.k
2 = Ui = 7 = .68 >6 ok
3~ Vmavmax. = 5oaes = 204 <25 0.k

Page 9
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Water supply Engineering Collection Works

Design of Raw water Sump (suction well)

Function :

saving water for pumps and distribute water uniformly on pumps

Design Data:
+ Design flow (m3/sec):
Qa = Qmax.monthly =14 x Qgy
Qmin = 0.7 X Qg
*+ Design volume (m3)
Qmax.monthly X 2 min
Voump = max.of
Qmin X 5 min
* Sump dimension:
L =ngora x (1:3) m
Niotqr  total number of pumps (working + standby)
b=(1:3)m (assumed)

V.
d= ;l_ngp (m) = Amin

dmnin min.water depth in the sump
LWL /
— /S ——— | ILWL-h;
/,-‘ - )

/
B.L / d min

dmin = (VLWL —hs) — VBL+0.5 m
hs  friction in conduit pipe ( see pump design)

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

Design of low lift Pump (L.L.P)

Function :
Transimitting water from Sump to 1 st unit in treatment plant
Head on pumps :

Hiotar = Hstatic + denamic

Hgtatic -
ouuwjd‘;\alw&bd‘;bo»jdj ouuwuu\.ndjajjﬂa&u\/\wdf

Sl ol )y Sl
Hitotic = V 1st treatment unit — V (W.L) in sump
1— If V1sttreatment unit not given then

V 1st treatment unit = V Ground level + 5 m
2— V(W.L)insump = LWL (in stream) — hfriction in conduit pipe

denamic :
3 ol ol dondt sgual) Lablall o 5l g2,
Sump 3,LJ\ > ).\441\ oo ol Jas S intake pipe Jsll 5, gule -1
S o Bl &) Alas 5oy Jb BV Al e oLl Jas 5l Raising pipe slll g8 )5le -2
(i et B 550 Uy i 50 A 3 U ol 2 L L

denamic — hfriction + hSecondary + hvelocity

4.f.1lv?
* hfriction = (m)

29.¢
Where:
f:  friction coef ficient and taken (0.008 : 0.01)
[:  conduit legnth and taken
30: 70 m inshore intake
100 : 200 m inpipe intake

L RUSCIRPWINNG

Qmm

v: actual velocity in pipes = 7

(m/sec)
k3
@ conduit diameter inm

Page 1 1

* hSecondary = 10:20% of hfriction
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Water supply Engineering Collection Works

eolal) Jsls Sllually (el 55} s Larall (3 &9l 1611 2

2

v
* hvelocity = 5
denamic = hfriction + hSecondary + hvelocity
4.f.1.v? v?
denamic = Zf— + (01 . OZ)hf + —
g-¢ 29

S0  Hiptqr = Hgegric + denamic

2
Hiotqr = (V 1st treat.unit — WL in Sump) + ((0.1: 0.2)hs + ;’_g)

= ((VGL+5)— (LWL —hf))+ ((0.1:0.2)h, + %)

2
VGL+5— LWL +(1.1:1.2)hf+5—g

NOTE
If given data on raising main (pipe from pump to 1st treat. unit)
then get

f conduit &  hg conduit

and L
f raising pipe Sraising pipe

and so

Heotar = VGL+5—LWL +Q1:12)(hp 0 4hy o )

UCZ + vr.mz

29

Page 1 2
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Water supply Engineering Collection Works

Power of pumps :

HP = Y. Qmm - Htotal (hp)

75 .M1 -N2
Where :
HP total horse power of the pumps
Y water density (1000 kg/m3)
Qmm total max. flow of the pumps (m3/sec)
Hipra total Head on the pumps (static + dynamic)
M1 pump ef ficiency (70 :80 %)
N, motor efficiency (80 :90 %)

if not mentioned mnqx1m, =0.6

Important notes:
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Water supply Engineering Collection Works

Example 2

Design the sump and the pump of AWTP of flow = 2000 m3/hr
if WLinSump = +11.50m , 1st treatment unit = +20.00 m

neglect secondary losse

Solution

Design of pump
Hiotar = Hstatic + denamic
Hgiqiic = Vist treatment unit — V (W.L)in sump
Hgigtic = 20—11.5=85m
note Haynamic = by + hsec + hy
hs no need to get it as we have WL in the sump
heec) hy, = zero
So Hiotar & Hstatic = 8.5m

m3 2000 3
Qmm = 2000 T e0x60 0.56 m>/sec = 560 [/sec

Choose 2 pumps of Q = 280 [/sec and 2 satndby
: . H 1000 x .56 x 8.5

14 Qm.m total _ — 106 hp
75 .11 .1y 75 x 0.6

Design of sump:

HP =

. 2000 3
Qmaxmonthiy X 2 min = sz = 66.67 m

Voump = max.of

Oomin x 5min = 222220 5 =83.33 m3 vv’

1.4 x 60
L= Ngopq x (1:3) m
= 4x2=8m
b=A:3)m=2m
83.33

_Vsump_ _
A= Taxz —22m Zdmn
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Water supply Engineering Collection Works

Example 3

It's required to design intake conduit of water collection works for
a city of Pop.= 160,000 c and Max WC = 180 lcd .If the annual
increase of pop.equals 2 % and design peroid = 40 years .

Assume WC is constant during the project age

Solution

1 — At future
P = P,(1+7)" = 160,000 x (1 +.02)** = 353,286 ¢

0.18
Qf = PfXWC = 353,286.96 m = 0.736 m3/SeC

Assume v =15 m/sec
Qmm 0.736 [
Avog = — = =04 2 =n.—.¢?
red v 1.5 049 m”=n 3¢

n=2 - @=552mm
n=3 - @ =456 mm
n=4 - @=400 mm vV
try 4 ¢ =400 mm (area of one pipe = .126 m?)

Check
1= Vgee = ——— = 1.46 <15 o.k
2 = Vi = o2 = 073 >6 ok
3 = Vmaxmar. = 5ee = 194 <25 0.k

2 — At present
_ _ 018 3
Qp = P, x WC =160,000 x ————= 0.33m"/sec
try 2 @ =400 mm (areaof one pipe =.126 m?)

Check
1= g = 57— =131 <15 o.k
2 = Vypin = 2 = 0.654 >6 ok

0.33
3 = Umaxmax. = Toge = 2619 > 2.5

increase one pipe so total no of pipes = 3

=23 _ 131 > 25

. vmax.max. - 2 x.126

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

Example 4

* Given P, = 150,000 capita in large city
r=2% phase 1 after 20 years phase? after 40 years
* Required to design intake only

* Chnlritinn <L

1 — After 40 years
P,y = Py(1 4 1)™ = 150000(1 + .02)*° = 331200 capita
3% 113 gwam o3k s 1) las Jaal) o) §30 4 @) LY
331200-150000 | |

— — 120
AWC = 1x o000 - 12 %

WCyo = WC (1+55) = 225 1/c/d

1.4 x 331,200 x .225

Qu="— " =1207 m3/sec

Assume v =15 m/sec (always choose maxvalue in future)
1.207 5 T o,

Areq =?= 804 m =TL.Z.§0

choose 4 of @ =550mm (A of one pipe = .238 m?)
check

1 — Vgee = 7= 1.26 <15 o.k
2 = Uy = = = 64 >6 ok
1.207
3 — VUmax.max. = m =1.69 <25 0.k
note

1= Qmin =.7Qa = 5(1.4)Qgy = .5 Qmm
2 —if Vmaxmax > 2.5 increase total no of pipes
2 — After 20 years
P, = Po(1 + 7)™ = 150000(1 +.02)2° = 222,900 capita
222,900 — 150000

AWC = .1 = 48609
x 150,000 o
AWC
WC,o = WC, (1 + W) — 210 I/c/d
1.4 x 222,900 x .21
Qa = 24x60x60 .76 m?/sec

Page 17
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Water supply Engineering

Collection Works

Use 3 pipes of @ =550mm (A of one pipe = .238 m?) (close one)

check
1— g == =1.06 <15 o.k
76 x .5
2 — vmm=3x.238=.53 < .6
close one pipe during min. flow
76 x .5
Vmin = > %238 .79 < .6 o.k
76
3 — VUmaxmax. = % 298 = 1.59 <25 0.k
3 — At present
_ 14x150,000x.2 3
Q4 = areorco 486 m°/sec
Use 2 pipesof @ =550mm (A of one pipe = .238 m?) (close two pipes)
check
1— g = 7o = 1.02 <15 o.k
486x .5
2 — Ummzm:.Sl < .6
close one pipe during min. flow
486 x .5
UVmin = m = 1.02 > 6 o0.k
486
3 — Umaxmax. = e 2.04 <25 0.k

Summary of results:

year present After 20 years After 40 years
Pipes used 2@ =550mm 3¢ =550mm 4 @ =550 mm
+2 ¢ = 550 mm closed | +1¢ = 550 mm closed

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

Example 5

for a current pop year 2010 of 100,000 and an anual rate of increase
of 2% .The average water consumption rate of 200 lcd costant over
the dif ferent phases of the projct
1 — Desgin the intake pipes to serve the need of project serving
phase 1 at 2015 and phase 2 at 2040
2 — for the above case design low lift pump , sump,
select appropriate pumping units

(~ ekt
:JCJ JL107]

Note project start at 2015 not 2010

1 — At 2040

P,o = 100,000(1 + 7)™ = 100,000(1 + .02)2°40-2010 = 181 136 capita
1.4 x 181,136 x .2

Qu="— - =0587 m3 /sec
Assume v = 1.5 m/sec

0.587 5 T,
Areq =?= 391 m =Tl.Z.(p

choose 4 of @ =400mm (A of one pipe = .126 m?)
check

.587

1 —vgee = 5, = 1.164 <15 0.k

2 — Vpin = .:?:.1)62.65 = 0.58 < .6 close one pipe
_O87X5 766 > 06 ok
~3x126 R

= 2% _ 155 <25 ok

3—v
max.max. 3x.126

2 — At 2015 ( project start)
Pyo1s = Py(1 4+ r)™ = 100,000(1 +.02)° = 110,410 capita

1.4x110.410 x .2
Qg = =.36 m3/sec
24 x 60 x 60

Use 3 pipesof ¢ =400mm (A of one pipe = .096 m?) (close one)
check

Page 19
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Water supply Engineering Collection Works

1— Vg = 7= 0.952 <15 o.k
2— VUpmin = % = 0.47 < .6 close one pipe
—'36x'5—0714 > .6 k
“2x.126 R
.36
3 — Vmarxmax. = o 10e = 142 <25 0.k
2 — for pumps

Jo o 1) Lo £s 20: 10 o 1 o2 138Y) eal) &Y Jianod!l o Dl ponas 2 ¥ -1
Sy oglal) 0ozl sid gt Oleuas Phase 2 saadl 3o U JYs o 2y ol
sl iy Sump S G 2l s S o) oz
(o 12 :10) 3500 (3 sllal) dKS\ Lelall »p & intake o s s &) 5.» Y s -2
1 — At present (2015)
Q = .36 m3/sec.

take two pumps of Q = 180 [/sec + 2 stand by
Assume Hyppqp = 10m

Total Hp = YQH _ 1000x36x10 _ g4 hp
757 75 X .6
2 — At 2040
Q = 0.59 m3/sec.
take two pumps of Q = 300 [/sec + 2 stand by
Assume Hyypqr = 10m
Total Hp = YQH _ 1000X6x10 _ 4, hp

75n 75 x .6
3 — for Sumps (wet well or main feeder)

Jadl o o SV ol 5l a1
Bl s 3Ll S My lallall e sl i bl L) sy -2

1 — At 2040
Q = .59 m3/sec.
ng=mny +nsp =2+2 =4 pumps

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

Qmaxmonthiy X 2min = .59 x 2 x 60 = 70.8 m?
volume = max.of

Qmin, X5 min= 2 x5x60 =885 m® ¥V
Assume distance between pumps =2.0m —->1=4x2=8 m
Assume =2 m
88.5
d= — =553 m > dpn
2 — At 2015

Q = .36 m3/sec.
ng=ny, +nsp =2+2=4 pumps
Qmaxmonthiy X 2min = .36 x 2 x 60 = 43.2 m?
volume = max.of

Qmin. X5 min=%x5x60 =54 m3 vv
54
=8 ,b=2 —>d=2—x8=3_375 > dpin

Summary of results:

year 2015 2040
Pipes used 3¢ =400 mm 4 ¢ = 400 mm
+1 @ =350 mm closed

Pumps 2 working + 2 standby 2 working + 2 standby
Qone = 180 [/sec Qone = 300 [/sec
Hpiora = 80 hp Hpeorq = 134 hp

Sumps l=8m b=2m l=8m b=2m

d =553m d=338m

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Collection Works

Example 6

for AWTP of 3 intakes of ¢ = 500 mm find max. served pop.
if max.WC = 2501/c/d

Solution
1 —max.(Q
Qm.m
1= Vact = n.gxpz
1.5 5slady agd jﬂJ Vact - Qmm J i j\f\ sl
QL= Vgee X n.%.goz =15x3x % x 0.52 = 0.88 m3/sec
Qm.m
2 — Vmaxmax = m = 2.5 (emergency case)
Q2 = Vmaxmax. X (n— 1)-%-902

=25x2x % x 0.52 = 0.98 m3/sec
e G el oS LY o Y1 A Sely A e 3T e ol 082 A ) s gy Lens
Lol o Vgep ddadl o udl 3 6l o 0.98 W) G padl bus) sl gag YU
Qmax = Q1 = 0.88 m3/sec
1 —max. pop
Qmax = Popx WC

0.88 = Pop x 20

1000 x 24 x 60 x 60

— Pop = 304,128 capita

This document prepared by Eng / Abd el rahman fathy , Menoufia University , January 2014
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Water supply Engineering Plain Sedimentation

Water treatment

Water treatment includes 3 stages:
1- Sedimentation (plain sed. & chemical sed.)

2-  Filtration (Slow sand filter & Rapid .S.F)

3- Disinfection.

Water treatment plants:

\{mau\Wwau\cy e

1- Old water treatment plants(slow sand filters W.T.P)

always contain plain sedimentation tank followed by slow sand filter

then disinfection

sﬁaoﬁﬂrﬁd&a\bﬁ\g&zdm&@\m»@-

2- Modern treatment plants(Rapid sand filter W.T.P)

Consist of coagulation and sedimentation followed by Rapid sand filter

then disinfection.
ol s ollad st S g0
Gowbio BT (3358 Ol s o -
Lw«i—hl\g«ﬁ\x wbu\ow J; @ﬂ\[e oL &mjwm}j@u\cﬁi\u@ 6.»5)\ G4
53 o (S ALl 4l § o L 5505 5lpe sy 21 754!
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Water supply Engineering Plain Sedimentation

Sedimentation:

Physical treatment process allows for particles having specific gravity
higher than water to settle under its own weight.

Factors affecting sedimentation:
1- Water properties :
- Sed. Decreases with Water viscosity increase
- Sed. Decreases with Water density increase
- Water temperature sed. Increases in higher temperature
2- Suspended solids concentration, size and shape.

3- Detention time:

615 1] ablize amn i) Jns e Simo 358 aa Sy o) (3 ol Lais 015 53l il 5518 sy
SRR AN PSR WHEYCHJNe:

4- Velocity of flow
& 630 o i) Sl (3 9 de ) aud W el i sl Jame S,
5- Shape of tank
Al all DB e Canll (35187 38T & ol bl

Ideal sedimentation tank:

The conditions of an ideal sedimentation tank:
1. The flow is laminar flow.
2. There are no dead zones.

3. The horizontal velocity is constant.

Page 3



Water supply Engineering Plain Sedimentation

4.Good arrangement of inlet and outlet weirs.

Types of sedimentation:
1-Plain sedimentation - inS.S.FW.T.P
2§ Sl ¢l plasel o g ) Casfl (o9 pasin 4y
2-Chemical sedimentation — in R.S.F.W.T.P
o) Aol 331 A3 sl s 4y

Design of plain sedimentation tank

e Used for:

Remove 60.85 % of suspended solids and colloidal matters

e Shapes:

Rectangular shape in plan or circular section

e Design Data:

1- Qaesign = Qa = Qmax.montnly
= 14xPxw,
= P x max.w,
= P x summer consumption
2- Detention time = Retention time = 2:4 hrs

So capacity of fank =Q  x T

Capacity = volume-nxbx 1l xd forrec.

2
-nx m %d for circular

Page 4



Water supply Engineering Plain Sedimentation

b,l ,d tank dimension inm
@ diameter of circular tank inm
n no of tanks
3- Surface load Rate = over flow rate = 20 : 40 m3 /m? /d
Q Q Q

S.L.R = =

surface area n.b.l (rect.) ni ‘P_zd (circular)
4

4- Hydraulic load on outlet weir = weir loading rate = over load

H.L= 9 =300 m3/m//d
n.l,

5-Horizontal velocity < 0.3 m/min

Q
Vh - -
CroSSs area
crossarea =n.b.d inrec.tank
@ .
crossarea =n.mw —.d in circular tank

2

h>Y

O 3 IS e ol i ad oS0 S Gl b Chasio wie gl Sa b M ol -
Aot et e ei el Ll B0y i ol plia) -

Recommended dimensions for tanks:

d=3:6m b=(2:4)d <125m
[=(3:5b <50m
p <40m
n = 2 tanks
bottom slope =1-2% inrec
= 2:4% in circular

Page 5



Water supply Engineering

Plain Sedimentation

Rectanqgular sedimentation tank:
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Water supply Engineering Plain Sedimentation
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Water supply Engineering Plain Sedimentation

Circular sedimentation tank (clarifiers)




bridge

/|/|/|/| outlet weir

] o -
outlet pipe

scrapers /
&L//{/ <) & \\\\\\\\
inlet pipe sludge hopper
sludge pipe

Sec. Elevation

[1 D]

welr

—

sludge hopper

water outlet

—

Sludge outlet

— S — g
// /

water inlet

Sec. plan

section at circular sedimentation tank(clarifier)




Water supply Engineering Plain Sedimentation

Desien EXAMPLE

It’s required to design a plain sedimentation tank to serve an
hourly discharge of 3000 m?3

Design a rectangular and circular tanks

-- Solution--
Assume T = 3 hours
So capacity =T x Q4 = 3 x 3000 = 9000 m3
Assume S.L.R= 30m3/m? /d (20:40)
and S.LR=2% o S.A=222 = 2400 m?
g2y 0 g

1) for Rectanqular tank:

Assume b=2:4)d = 10m

[=(3:5)b = 40m

SSA=nb.l=2400 ->nx10x40 = 2400 - n = 6tanks
Check:

Q 3000 (7:—:’> X 24 hr
1- S LLR=—= =30 m3 /m? /d
S.A 6x10 x40
2-V, = < — _3000/60 _ 0.22 m/min < 0.3 m/min
Cross area 6x10x3.75
) _ g _ i _ 3000 x 24 _ 3 /
3HL==2 — —=1200 m® /m/ /d > (300)

d\lioﬁjjﬂdjbd\chéjo\:l\jﬁ k;iYa\:l\Cj}J\.mJjLO\L,yg_
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Water supply Engineering Plain Sedimentation

sk 711 oo Shladl Jobo sy W1 b & NS 7, 0 3 Shlas Jead Tk -
ol

assume H.L 300 = m? /m/ /d

0 3000 x 24 R
nl 6 x lw h
Iw=40m L, < Ly N
Try one vent T
[=209+1)=20 < 40 m unsafe
Try two vents v e
1=409+1)=40 m (o.k) =
Check lout EH :?I
lowe = 5+14+.5+1+.5=35 L.=2(a+b) T
- l 40
7 7 Im,
So use 6 tanks of dimensions 10 x 40 ms ) 1< L7
Water depth is 3.75 ms ——
HEYSE
And weir with shape shown L,=4(a+b) Ji 3 E? B\
RE e
£
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Water supply Engineering Plain Sedimentation

2) For clarifier (circular sedimentation tank)

S.A= 2400 m? capacity = 9000 m®> —->d =375 m

Assume @ =30m

2
n.n.%=2400 - n=34 - n=3tanks

3.2 =24 =
ML= 00 - ¢=32m

Check
1-S.L.R=-2=200%2% _ 998 m3 /m? /d (20 :40)
S.A4 anx%
2.V, = —2 = 3009/ _ (088 m/min
CTross area 3xmx - X 3.75
< 0.3 m/min
3-HL=2=_9 3002 _ 938 m3 /m//d (150 : 300)
Ly n.m.Q 3xmx 32

So use 3 circular sedimentation tanks with ¢ = 32m

Water depth = 3.75 m

Page 1 2



Water supply Engineering Plain Sedimentation

Sludge

ALz | Sl t\a 3 suspended solids &dall g} s bone =
S e o Lald zo ity oda A3 k. 90(5 : 2) I WS 055
sludge cleaning awwd Lo \iay (5,515 50 sball Al slol) 3345 <

o B yple & b ey ) pet A e e e o o Ol -
o She 4513 ol

ol b 211105 g Lo 7yl ol ) B8lS”

Design of sludge hopper:

Sludge = Water + [2to5 % Solids]

Assume SS inlet the sedimentation tank = X mg/l (if not given)

RR  is the Removal Ratio in the sedimentation process =
60 - 85 %

Amount of SS in sludge per day = Y
m3
0d (%) x X (g/m¥)
S 10%(g/D

Assume concentration of SS in Sludge = C% = 2- 5%

x RR (ton)

Assume Specific Gravity of Sludge = y = 1.05- 2.1

So Amount of Sludge per day (t/d) = Z (t/d) = Yétc)/A)d)
Vol Slud d 3/d) = V (m3/d) ——d O
olume of Sludge per day (m3/d) = V (m3/ )yxl(t/m3)

Page 1 3



Water supply Engineering Plain Sedimentation

0d () ¥ () 8

10° (%).m.y.n.m

(geadl o) n Ol saegm Loy el Dl 200 o Gllall 2 Ly
sl oyl sludge hopper 2 o s

~ volume of sludge in one tank =

Volume of sludge hopper:

For rectangular tank:

I, +1,
Volume =( > xh)xb

For circular tank:

Volume = A,, x h

by =t
%x(g012+g022)
2
1 =2:3m 0, =1:2 m
h=1:2m
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Water supply Engineering Plain Sedimentation

Design of sludge pipe:

Sludge pipe used to drain sludge out of sedimentation tank
Withdrawal time = 5.15 min velocity = 1.1.5 m/sec

POmin = 150 mm
EXAMPLE 2

Design the plain rectangular sedimentation tanks for a water purification plant of
an hourly output 5000 m3. Then get the amount of sludge if the SS in raw water is

80 ppm and sludge specific gravity is 1.1.
- Solution —

Design of plain sedimentation tanks:

Assume that wp is 24 hr/day Qd = 5000 m3/hr

Assume RT = 4 hrs (from 2—4 hrs)

Minimum Total Volume = 4 x 5000 = 20,000m3 =n.b.l.d
Assume SLR = 30 m3/m2/d = 1.25m3/m2/hr

T.5.4 =22 — 4000m? = n.b.1
1.25

_ Volume _ 20,000 —50m
T.S.A 4000
Assume B =2d = 10m
Assume L = 5B =50m n = 8 tanks

Actual S.A.= 50x 10 = 500 m?
Actual TSA = 8 * 500 = 4,000 m?
Actual Volume = 50x10x5 = 2500 m3

Page 15



Water supply Engineering Plain Sedimentation

Actual Total Volume = 8 x 2500 = 20,000 m3

Check:

I-  Actual RT = 20,000 /5000 = 4 hr (ok)

2-  Actual SLR = (5000 / 4000) x 24 = 30 m3/m2/d (ok)
3- = (222 x60) = 0.21m/min (ok)

4 H.L.= (5000/80) x 24 = 1500 m3/m/d (unsafe)

Complete as in first example

Sludge Amount
S.§ = 80mg/l
Assume R.R. = 80%
t

Amount of SS in sludge per day =Y (E)
= 120,000 m3 80 2 106 0.8
= 120,000 (—)x (80 (-3 /106 (g/1)) x 0.
= 7.68 ton/day

Assume concentration of SSin Sludge = C% = 3%

Amount of Sludge (Water + SS) per day (t/d) = Z (t/d)
= 7.68(t/d) /0.03 = 256¢t/d

Specific Gravity of Sludge = SG = 1.1

256 (g

Volume of Sludge per day (m3/d) = V (m3/d) = (

(‘f-v

11x1(
= 232.73 (m3/d)

)

Page 1 6
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Water supply Engineering Chemical Sedimentation

Coagulation:

33k G oLl 3352 5l) 4 4l e Jelis g oLl (45,11 5\L1) coagulants &3S )y dls) dte
-@w\ﬂf&wﬂ\?,&&%Qﬁ;om@wi@\Q%\qi?&?y&?M\é

Purpose of coagulation:

1- Reduce of Detention time
2- Increase filtration rate
3- Increase sedimentation efficiency (90:96%)

4- Improve water quality

Coagulants types:

1- Aluminum sulphate PO
AL,(S0,),.18H,0
L 3 dee B 50y ey leas ) Lluseal 3151 38T 2,
2- Based on iron
- Ferric sulphate

- Ferric chloride

- Ferrous sulphate

fe,.(so,); + ca.(oH), = fe(oH)3; | (floccs) + ca.so, + H,0

Factors affecting coagulation:

1- Water PH
2- Coagulant dose

3- Coagulant type

Page 2



Water supply Engineering Chemical Sedimentation

4- Temperature

5- Mixing type

Coagulation process:

Coagulation process consists of these stages:
1- Adding coagulants (feeding)
2- mixing
3
4

flocculation

|

sedimentation

1)-Feeding:

Adding coagulants to water by dry or wet feeding

Dry feeding:
e Oge Lo B lall sda STy oLl e 5 gt 5 41 3151 BLs| &
A aie 3 Sl dgno -1
Stale ks 2
Al dsbo Jl )5 331 26 3
Wet feeding:

alum solution tank PRI W1y &, L 55L1 e solution Jg2 & & ad,
o @;S\ RESEN

M3 gl k) 5,18 -1

e 3 ool d g -2

Page 3



Water supply Engineering Chemical Sedimentation

ey |

I BN A a gt A A .
bk Lo Ly 0

C ome endrated Ahwn Sohaficn Tank

Wet Feeding of Alum

Dry Feeding of Alum

Determination of optimum Dose (jar test)

5o oy oLl 4y Aoz (3 L) Jam p i coagulants dose byl e &N do A\ 3y o
iSe de o ol 3ad o Y e

Jar test:
1- Use 6 vessels of volume 1 liter and put different doses in them(20:70 mg/1)
2- Flash mix the water for 30 sec. (100:300) r.p.m
3- Gentle mixing for 10 min (20:30)r.p.m
4- Sedimentation for 30 min
5- Get removal efficiency for each vessel (depth of sed. Solids)

6- Draw relationship between dose and efficiency
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Water supply Engineering Chemical Sedimentation

7- Get the optimum dose that give max efficiency (min turbidity)

w bgsye Uil 3gee

Lyl S,
] I r T = I I - 1 =
A | L L A |
(% Cr Qo o (™ U
(l (l (\ fl (\
—  — [ — _ _ [ —
T /[ gl g
: ;
t
[ Ry LY Sy |/ bas B T

Jar Test Apparatus
825 5all 91sall de s wand) jlan

Design of Alum solution tank:
Q.S

Volume of one tank =

C.y.n.10°
where
Q plant treatment hourly flow ( m? /day)
S alum dose (20 : 70) ppm or gm/m?
C alum solution concentration (5:10 % )
)4 solution specific gravity (1.02 :1.07 )
N no of tanks = no of work turns(shifts) = working period/time of turn

For tank dimension:

d=12 m

nZZ

section square shape
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Water supply Engineering Chemical Sedimentation

2)-Mixing

oLl s rM\; coagulant solution L\l Jol 25 BEIERN O P PR VP XVi|
Types of mixing methods:

1- Injection of coagulants to suction pipes of L.L.P .
2- Hydraulic mixing
PRI r\)&'&.w\g o) hydraulic weirs &5 358 Caud O\ )l r\m\? A,
L) s r\Luh Gy M oll) Lls fe Juss venturi-system o oud Caazl)
: &l @;5\ e &
IS Do 352y o) iy ailoy datd kS

. -

hydraulic jump

T
e e

Flow —I—-— dy e e
1

iﬂrup in channel botlom {h

o

ALl

Section view

Coagulant diffuser

e ¥
f_

Plamn wview

3- Mechanical mixing :
3 & 150:200 SVl G 50 ady Sl 7 18 HlEY (Sl LY pusins 42,
e Pl e s S Lal pusaay; Bl
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Water supply Engineering

Chemical Sedimentation

&

. —

@ 1- From Low Lift Pump.
2- Coagulate addition.

3- Flash Mixing Vloume.
4- Outlet Werr.

5- To Sedimentation Tanks.

T T I PEN IRV
(JS2 13 g8 ol g I¥)

wds) Lada.

eyl Golenl e oy gilly o) il Gbom
Fltash Mixing

Design of Flash mixing tank:

D.T =5:60sec

d =
n =

2:4m
1
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Water supply Engineering Chemical Sedimentation

May be squared or circular

Check Velocity gradient:

G
P

P
uv
where

velocity gradient = velocity / distance (sec™) 300 : 500 sec™

motor power in watt
water viscosity (N.sec/m?)
Depend on temperature and taken (1.014 x 107 )

flash mixing tank volume (m?)
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Water supply Engineering Chemical Sedimentation

3)- Flocculation or gentle mixing

o o Bl Sy L) S Sy sl B SIS oy SLS ekl 2 1Y
G 1Sy Leygs s dlaye LI (3 4301 5L - ol Oiles Cue flocculation tank g
P Jes il

Function of flocculation tank:

1- Allow reactions to take place.

2- Give floccs enough time to grow in size.

Types of flocculation tanks:

1- Hydraulic type
b &g L) alslly ol s o Joms A1 5 sl 52l L (21} Janiad o

A

2- Mechanical mixing:

sl 2y 0 s e sy S 3 58 YUy Josiod Sl o 3 2
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Water supply Engineering Chemical Sedimentation

Hydraulic flocculation tanks

©— outlet

inlet——4 7 I >

s

e

o
Sy

(AEN N F (N E AN P N ER AN P AN EE A

\ \
— |

Sec. Elev. in floc. tank water moves vertically

. i .
IHICt3 T e e T e T T

Ty

LN LN EY RN N AN N AN Y AN N AN

y outlet

Sec. plan. in floc. tank water moves horizontally

Mechanical flocculation tanks

inlet c——- £I %-wdm iﬁ ©— outlet

I

Sec. Flev. in mechanical floc. tank

Design of flocculation tank:

D.T =20:30 min

d = 24m B = (2:3)d
L =358
n = 2

note: no check required in flocculation tank just required to get its dimension
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Water supply Engineering

Chemical Sedimentation

EXAMPLE
Given:
Qaesign = 60,000 m’/d
alum dose = 40 ppm

Required design of:
1- Alum solution tank and rate of dosing
2- The flash mixing tank

3- Rec. flocculation tanks

-Solution-
1)- For alum solution tank
Vol tank = —2°
olume of one tank = C.y.n.10°

0 = 60,000 m3/d
S =40 ppm or gm/m3
Assume C=10% —-»c= 0.1

Assume Yy =1t/m3

Assume  mno of tanks = 3

60000 x 40 3

So volume of one tank = =8m
0.1x1x3x10°

Assume d=2 m

A=g=§=4m2 x2=4 -5x=2m

So use n=3 x=2 m
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Water supply Engineering Chemical Sedimentation

Rate of dosing:

_V_24(m3)x1000_167 lit foi
T 24(r)x60 it/min

2)-for flash mixing tank:

— £0.000 m® 60,000
Q =60, d  24x60

Assume T= 50 sec

V=0.T=41.67x0.5=20.84 m3

Assume circular tank

= 41.67 m3/min

V=ns o?d
=n.g ¢

Take n=1, d=¢ ->d=¢=3m

3)-for flocculation tank:

Assume T= 20 min

V=0.T=4167x20=2833.33m3=n.b.l.d
Assume [ = 3b d=3m n=2 —->b=68m,l=204m

So__use 2 tanks of | = 20.4,b = 6.8 and depth of water = 3m
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Devlopment of flocculation tanks

At first single Rec. flocculation followed by Rec. sed. tank was used

Chemical feeding

O Sed. tank
flocc. tank

I

Flash mixing tank

After that one Rec. tank was used at two stages
Chemical feeding
O

flocc. part | | Sed. part S

Flash mixing tank

Then one circular tank used and called clariflocculator

Chemical feeding ' . Flocculation
Sedimentation

Flash mixing tank

clari-floculator



Water supply Engineering Chemical Sedimentation

Clarri-flocculator

flocculation and sedimentation Cuawilly gl 2l 4d & ely o
Dot or sl e S
inner tank s\l o4 -1
335 30: 20 54l oL\ ap 53 &> flocculation ide V\EY REENY
outer tank & & ol -2
Jol 2:2.5 5al oLl 4@ 25y el &b LY pusin,

N4 Overflow Weir

Recycle/Waste
RAS/WAS (Underflow)

MLSS from
Aeration Basin

% 96 1 Joas ool 3 Rl i sy Ll S 5 ol Ui
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Chemical Sedimentation
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water inlet

Rotating bridge

outlet weir pedals
W.L in sed. zone *—L* — .

—— — - / — 7 —
I~
d ) i % water outlet
1

Scrapey

Y \J Z
water inlet ¢ T \ J J ,‘ sludge pipe

sludge hopper

¢i

3, |
Sec. Elevation

o
—

bridge support

outlet weir

NS 5 Sedimentation zone

Motors

Nt water outlet

D<I ]

(<]

floccuation zone

sludge pipe

Sec. Plan

Cross section of clarii-fllocculator tank




Water supply Engineering

Chemical Sedimentation

Design data:

For outer part:

T, =2:3 hr (floc.+sed.)
d,=3:5m
Yo, <35m

For inner part:

1 1
T,=(5:5)hr
d; = d, — (0.5: 1)m
n; =n,

check

LSLR==-__¢
SA  n(Po®-¢i?)

> HL=2=—2" <300m3/m//d
lw n.m.Q,
3-Vp = R — < 0.3m/min

X.A B Tl.T[.(pi.do

$i 1.1
4—‘.00_(3.2)

= 25:40 m3/m?/d

Note:

If mention retention time in sed. Tank = 2.5 hr

retention time in flocc. Tank =0.5 hr

T; = 0.5 hr T, =25+ 5=3hr
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EXAMPLE

Design Clarifloculator tanks in water treatment plant of daily
out put 48000 m3 and working hours 16 hrs per day.

-Solution-

48000
Q = T 3000 m3/hr

Design of outer chamber:

T, =3+.5=235hr
C, = Q.T, = 3000 x 3.5 = 10500 m3

Assume d, =3 m

S.A= Z—O = 10200 = 3500 m? = n.%gaoz
Assume @, =35m - n=3.6

take n=4 - ¢,=334m

Design of inner chamber:

Ti =.5hr

C; = Q.T, = 3000 x 0.5 = 1500 m3
d;=d,—(.5:1) =3—-.75=225m

S.A= Z— = 22 = 666.67m? = n.% ¢’
Check
3000(m—3>x 24
-S.L.R=-L= hr = 25.4m3/m?/d

SA  n(334%-14.62)
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Water supply Engineering Chemical Sedimentation

3000 x 24
rHL=2=—2_=3909%2 _ 479 5:m3/m//d
lw n.mw.Q, 4x1x33.4
_Q Q . 3000/60 _ m_
¥ Vh=%a7 nm(pi+1).d, 4xmx (14.6)x3 85 min =
0.3 m/min

4 2= 146 _ 0.44 (1:1) 0.k
©, 334 32

Loy

J\@.\gﬁifg.g\ﬁbl\@wJj\éhléjgsw\g;\cbaxd\bﬁ
ilw 16 sl Slels sue Jo dendl m3/d e Yoy m3/hr
e\l 24 TJ:S\'&S.L.R & HLW &V, oYaal) 8l 2 s

Page 18



Water supply Engineering Chemical Sedimentation

EXAMPLE 2

For an existing water treatment plant with 4 clariflocculator with
dimension find max population can be served

P, = 32m p; =14 m

d, =35 m di=3m

if w.= 300 I[/c/d andw.p =20 hr
-Solution-

S iy o3 ) ) e e Oogllasy (Llab 555l Sllad) BLUL e ) i
o S el e 0 LG Gl Ol o Ul L ol o2 e M G et Y
52Dy ST p S rgems Bpa Bl oy & SLR HLW &V, 500 Je
ol

For outer part:

c=0.T
from __ capacity
T = 2(sed.) + .33(flocc.) = 2.33 hr (to get max Q)

C 4x% x32%x3.5 ,
° = — = = 4- 2
Q4 T >33 83 m>/hr
from  S.L.R
S.L.R :S%: 25:40 taken 40 to get max. flow
40 T
s~ Q, = 52 X 4xZ x(32% — 14?) = 43354 m3/hr

(w.p) 20 s 24 Je &l del g 0 SLRJ Jis# £ @ LY

from H.LW
Q

n.l,

H.LW = = 300
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Water supply Engineering Chemical Sedimentation

300 x 4 xmx32
Q3 = o7 =5026.5 m3/hr
from ___hz velocity
Q .
h, = YA 0.3 m/min

Qs =(03x60)x((4xmx (14))x3.5 =11875 m3/hr

X.Ais priemeter of cylinder at the face of internal tank
multiplied by water depth in outer tank

For inner part:

c=0Q.T
from __ capacity
T =0.33 hr min flocc. time to get max Q
c 4 x% x14%x3 ;
" =—= = 5597.7 h
=7 0.33 m/hr

so max. hourly flow = min.value = 43354 m3/hr
max.daily flow = 4335.4 x 20 = 86708 m?3/d

Qdaily

so max.served pop = —
Cc

3
86708 (~1)

300
1000

= 289,000 capita
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Water supply Engineering Filtration

Filtration:

) sk o colloidal matters &) aloll, impurities Cslgadl e oLl 425 L3 & i

A \glly Colsadl 4 gy Cuo S ) e granular soil dslaw 33l 10 Dlab Jo ol
Calgadl s e s oL 2y (55!

Water

Purpose of filtration:

1- Remove of remaining suspended solids(remained from sedimentation)
2- Remove of most of bacteria (90%)

3- Remove algae =kl

4- Remove iron & manganese saults

5- Remove color, taste and odor of water .

Theory (mechanism) of filtration:

Filteration can be done by one of these methods:

1- Mechanical straining (straining action) jres
S\l (2 o SN o) 0l Slal b £ s 3 Ll 3 A Sl s Los

el 3 ol Slad oy o Lot el Sl sl e
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Water supply Engineering Filtration

2- Sedimentation action:
I A Al slall dins s (218727 ) (3 8225 LAl Jos
3- Adsorption(Adhesmn actlon).
colloidal matters &lall sl\ e Jo Joss o)) Sl o o 4Dl 2o R
4- Electrical action:
G e iy e Kldest ) Sl VY donih CSlpally o) Sl o O3 S0t
¥ wasy Yl gy o A e a el o Sonsll Jils s

5- Biological action:
SIS i‘ Aol Ch.u A bacteria and microorganisms 4.\ Sy L SN o
oL} 3 mu{ & gae Ol pas el S (3 A3\)) C‘ﬂwﬁ/\j algae bl Lo

Factors affecting filtration:

1- Depth of filter media

2- Ratio of filtration

3- Depth of water over filter media
4- Characteristics of filtered water
5- Characteristics of filter media

6- Filters cleaning method

Types of filters:
P s St ol el By Ll 33 65 e o oMl 508 Sl s
1- Gravity filters like Slow sand filter(S.S.F) and Rapid sand filter (R.S.F)

2- Pressurized filters
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Water supply Engineering

Filtration

Slow Sand Filter

Jo ¢ fine sand #UV Jo )l o ol Jo oLl ) f\:wou wrwi’fw\jﬁ -
. under drainage system s olll Cond s 1) Gravel Ly 1
A8 oy e Q1 2t Y o) o 3, 43 ujgmgé$m¢@b%g
Bpae (3 A3 Alall sl A csgTal

Jol sl Gl oo i 3 Jaliesy Jo ) o Jo oS il 3 42 s 3ol 4 s

28 oS lodally b SN e 6556 dads o 5)le (2, dirty skin or schmutze deck PP
S G AU A, Ll Sl e iy 20 Jxas 4,

Advantageous of slow sand filter:

Alally Jaadly laiv) 3 L 811

A3 3 e 1 b Y 2
2 LSl G Al 583
U\:« \V.}?jwm&u o\zl. -

F ol e gy paad oLl o 5,8 S 855 5

Disadvantageous of slow sand filter:

58 Dol ) s 1
ke 7l Jase -2
(580 o) o) 3 Sl Soagt 16 -3

il sl 15 ol e 88 S ) i 4
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Water supply Engineering Filtration

Slow sand filter construction:
S.S.F consists of:

1- 1.2 : 1.5 m water depth at top,
2- 0.9 : 1.5 m layer of fine sand with effective size (D, = 0.25:0.35 mm ) and
uniformity coefficient (C, = 1.75 ),
3- 0.3 : 0.6 m of well graded Gravel,

4- Under drainage System.
L 72 Lesy main pipe 815 jmle 3 25y ol pud ) jlil) 0 Byt o 5l 5o

Slow sand filter operation:
L) Cue dirty skin dodandl &l dﬁy@“ﬂ\(z 1) sl UL o‘ﬁwfoju et dlae) a1
L) e 5ol & Y preparing period s5all &lls JHs ) dax-D - ol da (3 dens Ml &l

.waste water 4w ua.\od\ 14

4,3\.\& ub} M‘_}CM waa\.l )A\Jj\j\dj dji.,\x—z
ou\abywéa)jg‘»z_r)w Wﬂjcyﬁ%éo\:jﬁ LSAMJ\SA{);«U. @

\iu telescopic tube 455\ 3lae head loss Laxdll (3 )«.fua\a.é-\ oot (ol 550) 553 s o -3

;\gjf—djdgmg;;ubjﬁjw &LQAQW\U%W\M\M&N\MA
4 7o) 33V A;\O;M\mw

L)) jS) > preparing o gy adll i sl Jo ) 5 WBlol 4363 J«M V\b A -5
A plases Q(G.L}U\ej -
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Water supply Engineering Filtration

Purpose of float valve:
Al 5.l s boase g su2 Pl o Logaie a5 ¥ St Al dls Ll 6L S 3 Sl ploall lin posn
S ) g o AN S Ay ploall 3las Lo oLl 38 3 —
Purpose of Telescopic pipe:
J&1> orifice dodll Jousy condl 8yl (3 oll) guds S i“JL\ 539> Jay ol (3 5,61 sy L
ol (55150 29m G i é)‘u Sk AL 5 oL T o c’fé Y Bt o ol
P de bals g Jlly Jlaad]
fw..ﬂ der - oLl th 345 Jame -1
5ysell) 3 ol ol KB e Lol ol Jo Blb 2
Theory of filtration in S.S.F:

1- Mechanical straining,

2- Biological action at surface layer.

Design Data:

Rate of filtration (R.0.F) = 5:8 m3/m?/d

no of tanks = 2working T Ncieaning (€Ven number)
Area of one filter = 1000: 2000 m?

[ =(1:1.25)b and [,b <50m

operation 2:5 months

cleaning (removing dirty skin) 1:15 days
preparing(forming dirty skin) 1:2 weeks
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Water supply Engineering Filtration

EXAMPLE

Design the SSF for a WTP working 16 hr/d, if the design flow is
32,000 m3/d

-Solution-
At first convert discharge from daily to hourly by dividing by no of working period
hours
32,000
Q4 = = 2000 m3/hr
16
Assume R.O.F=6 m3/m?/d
m3
¢ 4 QaCg) 2000x24 8000 1m2
SO AT R0 F T 6 m
Jaall el s 367 ol 24 s oyl ds b ROF ¥l 3 s w) Lo
o
Assume area of one filter = 2000 m?
8000 _
SO M =oo0s = filters
2000
Assume b =40m - l=4—0= 50 m
[ 50
and —=-—=1.25 (1:1.25) o.k

b 40
use 2 filters for cleaning

So use 4 filters of dimension 50 x 40 ms and 2 for cleaning
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Water supply Engineering Filtration

Rapid sand filter
120 3l S S SSF o 0 Sl a8 et e ¥ 2llsy o) 1 3 Yo 389 45
Ll sl o) 23, dgllal) oLud) (3 3y 4o QW 2 5/%/%, 200
coagulation + floce. +sedimentation Sllen 3o o) Y @l (5l Zpadl Slladl 3 2 L) Ui s
SSF 3|8 L dodacdl Gl cdy ol ks W63 £ 0 U (3 il Bss
SSF  pasaadl o ST Slut i) posiany 2.5 0 18l 38 oy Jo )l 38 Ja #7241 s 3
3l s ol Sz ol Sl e et ) o a8 w8 sl 4l

1- Straining action 2- Sedimentation

3- Adhesion 4-Electrical action
4- Biological action

Rapid sand filter construction:
R.S.F consists of:

1- 1.8 : 2.5 m water depth at top,

2- 0.6 : 0.75 m layer of fine sand with effective size (D, = 0.35:0.6 mm ) and
uniformity coefficient (C, = 1.6:1.8 ),

3- 0.3 : 0.6 m of well graded Gravel,

4- Under drainage system

5- Valves
Influent valve P oLL) Js pleo
Effluent valve i Ll ol S ploo
Waste valve (Jonidl olio) dadzs ) oL 7o ploo
Wash valve Joedl oles Jg3 oo
Air valve Joendl sl pagul clogl) -5 ploo

6- Wash gutter(trough) to collect wash water and waste it
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Water supply Engineering Filtration

WASH TROUGHS

FILTER STAND —
2430"

-~

GRADED GRAVEL
10" 12"

e

FILTER TANK

PERFORATED LATERALS

CAST-IRON MANIFOLD WITH NG FILTER FLOOR

STRAINERS IN TOP
R..F el Ak ” » S

\#ﬁ

-

backwash process f o S
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Water supply Engineering Filtration

Sl e eledl 3 )b & o Jad e Lgaall ol Jg55 ploo 7 3y Jeall Al slael & 4
Ll Jo)
G3) aiNe b ) S8 g 883 5115 3. Waste slo po influent ol Jpoos ploo 2 2
Ladl Jle 3 sels el o

5 ial) Ao o -2

3 iall oL C} C> Effluent oo = Waste r\pa ke &
\@mua\;u,ouwym&muumé} NEFUR

Lablall 2hasp 57 Jane S () onol S maaty Dl i 22 L ol Ll 556
et & C\éﬂd ol x & head loss >l

i) 4 10 -3

el anogd agm o Gl Jot o Lol (B

s ¥ St ol gl iy G 38551 2500 75 A plo g ol Js ploo 3 &
100 Jol dab o o wclis)

Lol 3 alsls Jod 0653502 54l bjaall elydl oo et

S oY i e ol )l Al 423510 : 8 sl bosaall LI el s o) ploo 3l
Al ol Jus 2

S 433151554l bgize Waste oo 5l - oLl Jo>3 ploo s Laaall () Ploo 3l
il Jleo) G selad G dsmdacd) Gl o S
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Water supply Engineering Filtration

Advantageous of R.S.F:

e3/%/% 200120 ) Jua Em SSF o 1K e ity Jane -1
Bl Ololawe Y| At -2
@

sl ey olS ks -3

Disadvantageous of R.S.F:
LS Dlas gy ade sl &yl 13 S lad) cpy DL ) Ea 4B ALS e 392y o 1Y -1
o) 30 DL 2 8 o
&5 Blo Jlely el LslsSe ) 7l -2
oo palsadl 3 STow ol sludge o 3,8 LS 2 3
ains Jleb pdl o 1Y WL LS 8 e sl 3 dgmo 4 sl -4

Which type of filters is better in water quality?

e w & clad 5’51\ oY e, RS.F @.A\ C&JL\ o Jiad) e a@u.\ o) s;ﬁ S.S.F chadl #
a,uwm J@ 63 Lrua,,@s »}.ﬂuuuészuuﬂjﬂa
el 213,801 o) DSy ey o) st ‘\e;M
When we know that filter must be cleaned?
s OV el el Cans 131 ) Muﬁ-
3342 4g® o head loss Laell) RN
4 ool W) e Lesge 2, OL;\;,:J\) 131 -2
REEPWIERRE SRS IRGTPREIIC
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Water supply Engineering Filtration

Automatic rate controller:
o S ol Tor e 3 o<l ells, Effluent pipe oLl) 7o Byl o paseas plo
A = L(g\.of\ oty ol 5K S Klew o) Jaal) G 5 Dgdo sy VLM oL S e
#4105
Wash gutters (troughs)
sl oLl g5 e o 5500 1131, backwash 208 ol 1y iy il oo g o155
N & 738 ) Sy i Tl o
Filter bed clogging:
Juby #0 Sl Lhall sl sy o) 4835 don 511 3 822l DA (3 Sl g o
Rapid sand filter backwash:
Sy o A it Bl il e i) 2 o o 555 s ) o B o
Slla) jan 3y Jle ol ) dniae o ogaiall ollly bognall slpdl plusicly &5y donty 5.
ws30:ZOW\M.L&w¢;&oQ\rM
Design data:
Rate of filtration (R.0.F) = 120:200 m3/m?/d

Area of one filter = 40:60m?
. = 1:1.25

No of washing filters:

According to no of filtration tanks (n)

n <5 - Nywashing = 1
5<n <30 - Nwashing = 2
n = 30 - Nwashing = 4
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Water supply Engineering Filtration

Quantity of wash water:

Rate of washing (R.0O.W) = 5:6 R.O.F

time of washing (applying compressed water only) = 8: 10 min

Quantity of required water for washing in a day

= no of washing times x R.0.W(5:6 R.0.F) x time of washing(8: 10min)
x Area of one filter xno of filters m3/day

Example

Design the R.S.F for a W.T.P working 16 hr/d, if the design flow is
32000 m3/d

-Solution-
3
Qd = 320002 == = 2000 m*/h
120
Assume ROF = 120 m3/m?/d =5 5m3/m?/h
_ — 2
= = 400 m
Assume L = 8m, B =~ = 625
1.25

S.A.= 8x625 =50 m?

Nworking = 400/50 = 8 filters (ok)

Neotal =8 + 2 = 10 filters

Assume that ROW = 5ROF = 5x5=25 m3/m?/h

d

= no of washing times x R.0.W x time of washing
x Area of one filter x no of total filters
=1x25@m3/m?/h)/60 x 10 min x 50 x 10 = 2083 m?3/d

m3
Amount of wash water <—>
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Water supply Engineering

Filtration

Comparison between Rapid and Slow sand filter:

R.S.F S.S.F
Used in R.S.EW.T.P S.S.EW.T.P
Rate of filtration(m?/m?/d 120:200 5:8
Area of one filter (m] 40 : 60 1000 : 2000
/b 1:1.25 1:1.25
/, b 5—8m 40 : 50
n, + (1 for wash)ifn < 5
n, n,+(2forwash)if5<n<3 NMwtNg =2
6- n, + (4 for wash) ifn = 30
operation 12 : 24 hr 2:5 months
Washing/cleaning 25:35 min 1:15 days
preparing 5:15 min 1:2 weeks

Type of media used

Coarse sand (0.35 : 0.5 mm)

Fine sand (0.25 :0.35 m

Filtration mechanisn

Straining action — sedimentation
Adsorption — Electrical action

Biological action

-Sedimentation
—Biological action on

Dirty skin

Effective part

All sand layer depth

Dirty skin + (5:8) cm g

sand layer

Page 1 6



Water supply Engineering Filtration

Example
A W.T.P of daily input = 50,000 m” and working period 15 hr / day
It’s required to design:

1-S.S.F

2- R.S.F and find the amount of Washing water for two filters

-Solution-
50000

Q = T 3333.33 m3/hr
1)- As S.S.F
Assume R.0.F =5 m3/m?/d
Iy Q@  333333x24 16000 m?2

“TROF 5 -

_ 16,000 ,

Assume area of one filter = 2000m? -—->n = 5000 8 filters > 2
assumeb =40m —-1=50m use 2 filters for cleaning

So use 8 slow sand filters of l.b = 50 x 40 m and 2 for cleaning

2)- As R.S.F

Assume R.O.F =150 m3/m?/d
Q 3333.33 x 24
= = 533.33 m?

R.O.F 150
~ 533.33

Assume area of one filter =50m? ->n = 20

S.A=

- n =10 filters
area of one filter = 53.33

assumel=8m —-b=665m

5<n<30 - Nygening = 2 so n; =10+ 2(washing) = 12 filters

Amount of wash water for 2 filters = no of washing times x area of filters
x R.0.W x time of washing

10min
= 1(one every day)x (2x8x6.65)x(5x150)x (

_ 3
24x60) >55 m”/day
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Water supply Engineering Filtration

Example

An existing W.T.P with 10 R.S.F working and 2 for washing area of every filter = 8 x
6 m* with max R.O.F = 150 m3/m?/d check if this W.T.P can serve future pop. Of
400,000 capita and max. W.C=250 1/c/d. If unsafe, find additional units of same
dimension.

-Solution-

Qurist = 10 x(8 x 6)x150 = 72,000 m3/d
3

0 _ 100,000~
1000 ’ d

so there is shortage in Q — we need additional units
AQ = 100,000 — 72,000 = 28,000 m3/d
28,000
Area = 55
186.7

= = 4
"= 86

Nworking = 10+4 =14 <30 - nyup = 2
Neotar = 14+ 2 =16
Nadditional = 16 — 12 = 4 filters

Qreq = 400,000 x

= 186.7 m*
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Water supply Engineering Filtration

Pressure filters
Gravity filters oud U ki 434 166 ¢ olll 2§ s RS.F & S.SF pYall e plidd) @:J\ S
53bo Ly b gy Ay jﬂa,.u\ 5,le s» 5 pressure filters - Al e 5 75 e
93@5 Wﬁ\)uﬁ-au\ﬂﬁ»u&wwo@j&)\&yj
(ﬁ/2(/3( 480 : 170 L;\ &J\ RV L3 ojx.\ﬂ\ Jdae J.a)
2 Jlo i o 501 i o
£313ally &) Selual) jany IS Folll Sl LU 425 3 ey 3l Jo gl Vim pasns

pressurized air

\ compressed air

// wash water during washing

Inlet raw water_~ 3

Filter media (sand)

supporting media (Gravel) // % ;
:_:.__g:\:-;:_;,;;;-.-.,-./

wash water inlet %O—M—’ {E =< Filtered water outlet

wash water outlet

Cross section in pressurized Filter
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Water supply Engineering Filtration

Disinfection:

- pathogens & borne disease o), {uwd) a3l SSKJ1, bacteria L 7K e o) pglas &0
Y r\mw idlo oL s St DK ol i olge Do) 3 b

ke 5,Lal) ey 5,lal) ad) Sl K7 e ol & f\w\ il 3 4§ sterilization ,“""’M ide ot
Ll ol wse b ol ol il A8 s ¥ st (S o 81 ) ks & pdadl 3

rd

Purpose of disinfection:

1- Kill harmful bacteria

2- Prevent expected future pollution during water transition.
Types of disinfectants:

1- Chemical
- Chlorine (cl,)
- Chloramine (NH,.CL,)
- Ozone (O,)
2-Physical:
- Heating/boiling
- Ultra-voilet

Factors affecting disinfection (chlorination)

1- Contact time (effect increases with bigger contact time)
2- Dose (effect increases with higher dose)

3- Temperature (effect increases in higher degrees)

4- PH value (effect decreases with higher PH values)

5- Kind and concentration of microorganisms in water

6- Turbidity of water (suspended solids may protect bacteria from disinfectant effect)

Page 2



Water supply Engineering Filtration

1- Chlorination

s\ powder 830 o) 5l B o o0 o K ot o) s A 3801 5kl ol i e -

o5l 205585 psgal) ) K e ade (5 N SN

sl a3 A pgmny ol oy 00 5T S5y el (5 1Lty Yiwml JSY1 B Jall o s -

Advantageous Of Chlorination:

1- Effective in killing bacteria
2- Low cost
3- Easy to store and use

4- Residual in networks (to protect against any future pollution)

Disadvantageous of Chlorination:
1- High doses make problems in taste and odor
2- High doses may lead to corrosion of pipes
3- May react with organic matters and result in cancer compounds.
Applying chlorination points:
Chlore can be added at different stages in treatment phase:

1- Pre chlorination:

after L.L.P and before coagulation process 5 2le idll) Jlo| Lo ;oK) &lo)| &
3 Aol 52 oy S o LS Ja s (3 ALy LST, 5010 mg/l 5,8 %o ) s -
el 25!

2- Post chlorination (simple chlorination)

ol Y1 8 0l (2,051 1.5 mg/l e b 56, 571, ALl s s 5801

3- Double chlorination

1

1

4- Super chlorination:
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Water supply Engineering

Filtration

2l il Ao 3 elldy 23 mg/l ol e o) Dlo g Sy Akl sny K0 Gl

5- De chlorination:

6- Re chlorination:

SO, Gl o) ST 4 pasasy ol Sl U3 o800 U e ol & 43,

JoF Sds gl el )80 e Riite DS sy o ST ISl oL 2 U8 Bals] TS sl

Breakpoint chlorination:

free residuals 5> Slayy> dad Jo ol sy oany 5K s 3 e sle -
breakpoint chlorination curve fw\: L JPPELTI ngé\ e s & -

Residual chlorine, mg/L

A

]
a‘ﬁg‘
S
&
SN
. .\'\\-"
x
o
Breakpoint Free
chlorine residual
Combined chlorine predominant
residuals in predominance /

. _— k.
L Lo

| | | | | | | | |
3 4 3 6 7 8 9 10 11

Chlorine dosage, mg/L
: &‘"‘L\ BV 3
sl (3 A3 cpolally Ll DS p Jelin o801 d8Lo) Ly (3 -1
chloramine \Sjia L é stq-jl\ L.j,oY\ - Jeley Gus Sl om -2

Ligel ,\Wgéﬂ 73, alg, 2Se (3 e Sal) SIS s Dalall ) K0V de o 2L, -3

free residuals i > Dlgyj> 2 o Ry oji breakpoint e i 4\ sl -
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Water supply Engineering Filtration

2- Chloramination
el 585505 (3 saclull K01 L5 Lisa) Gl & Lol o3 3
Advantageous of chloramination:

1- Decrease cl, dose
2- Cheaper than cl,
3- No problems in taste or odor
4- Don’t affect pipes
Disadvantageous:

1- Need longer contact time

2- Can’t stored for along time
3-Ozone
J8 de Joss 35 5,3, 0, 1 ey oo 4l | s s 525 O3 pronefy) Sl S35 0 300
aJle 3.8 Gy dadll LK)
Advantageous:

1- Short contact time
2- No chemicals residuals

3- No taste, odor problems
Disadvantageous:

1- Very expensive

2 Need high technology

3- No residual for networks (it disappear within minutes)
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Water supply Engineering Filtration

4- Ultra violet
i) 559 303 50y Bdal 3 L1 el o o Ll iy led Fndinl) 59 des¥) pase
b &le 3Ly Bl & A skl s G

Advantageous:

1- Very short contact time(1:2 sec)

2- Very effective in killing bacteria

3- No chemical used
Disadvantageous:

1- Need complicated and very expensive technique

2- Need trained workers

3- No residual in networks

5- Heating
S 435 20:30 sul oL Je f Lo S 3 Wl oty 30 lo o pased oL} gy &3 b

A G gl LSl by S et e e
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Water supply Engineering Storage Works

Water distribution works:

1- Storage and distribution reservoirs
2- Pumping stations and boosters
3- Pipe network

4- Valves and fittings

Storage and distribution reservoirs:

POy s Sy oll) g e s e gl (B sl !
1- Ground Reservoir (clear water tank)
HLP bl e Loy oLl ddlas Sllamg sy W L0 Sbls des#t o 3l 50,
2- Elevated tanks
055 e 1S Lo ol o ez S, sl e bl gt o 3 2

Ground Reservoir (tank)

Purpose of ground reservoirs (clear water tanks):
1- Storage for disinfection (usually 0.5 : 1 hrs)
2- Storage for emergency (usually 4 : 10 hrs)
3- Storage for difference between max daily and max monthly consumption

4- Storage for fire demand (80% of fire demand)

Page 2
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Water supply Engineering Storage Works

Design Data:
Tank capacity:

C1 = Q. (M*/hr) x (0.5 : 1)hr (m?)
C; = Qum. (m*/hr) x (4 : 10)hr (m°)
or

C; = (0.25 : 0.4) X Qpy.n. (M3/d)

C3 = (Qma. (M*/d) = Qmm. (m°/d)) x 1day (m?)

fire demand — 60 m3/2hr per 10,000 capita
60x2=120m3> per 10,000 capita
so quantity of req.water = 1};22:)'0 x 120 m3
pop.
c, =0.8 120 3
: * 10,000 m

volume of ground tank = max.of (C,,C,,C3) + C,

Recommended dimension:

*

Reqgtangular or squared section

l=(1.2:15)b

[l <50m  recommended divided by 5 for structural consideration
d=3:5m

Area < 2000 m?

n=2

*

*

*

*

*

Page 4



Water supply Engineering Storage Works

Example 1

It's required to design the ground storage of a WTP serves 300,000
capita with average summer water consumption of 420 |/c/d.

Assume that the wp = 24 hr/d
max.monthly WC = 420 [/c/d
420"
Qmm = WC x pop.= 1000 * 300,000 = 126,000 m3/d

Qm.daily = % x 126,000 = 162,000 m3/d
fromdisinfection:

Ci = Qmmx(05:1) =
from emergency case:

C; = Qumx (4:10) = x 6 =31500 m3
from dif f.between max. daily and max. monthly case:

C3 = Qmaaity — Qmm = 162,000 — 126,000 = 36,000 m?>
from fire demand
pop. __ 300,000

— — 3
Qfire = 1oaes x 120 = 2000 x 120 = 3600 m

Cy = 0.8x Qfipe =2880 m 3
so the volume of tanks = max.of (C; + C, + C3) + C,
= 36,000 + 2880 = 38,880 m?

let d=5m S5 05.A=323880_ 9976 m2

126,000
24

x1=5250 m?3

126,000

use 4tanksof bx1=50x40 (S.A=8000m?)
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Water supply Engineering Storage Works

Example 2

For a city of population 200,000 capita and average WC=200 |/c/d its

required to design ground tanks if WP =20 hrs

Quo _200000xﬂ’0_40000 m3/d

Qmm = 1.4 x 40,000 = 56,000 m?3/d
Qma = 1.8x 40,000 = 72,000 m3/d

from disinfection:
= Qmm X (05:1) =
from emergency case:
C, = Qummx(4:10) = x8=22400 m3
fromdiff. between max. dally and max. monthly case:
C3 = Qmdaity — @mm = 72,000 — 56,000 = 16,000 m3

from fire demand

200,000
Qfire = 13(2)12)0 x 120 = 10,000 x 120 = 2400 m’

Cs = 0.8x Qfipe = 1920 m3
so the volume of tanks = max.of (C; + C, + C3) + C,
= 22,400 + 1920 = 24320 m?

let d=4m — S.A4=2%22_6080 m?

56,000

x1=2800 m?

56,000

use 3 tanksof bx1=50x40 (S.A=8000m?)

note area obtianed is o. k as emergency case (critical) is satisfied
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Water supply Engineering Storage Works

Flevated tanlkc
Purpose of using Elevated tanks:
For quantity (discharge):
1- Cover fluctuation in water consumption through a day,
2- Cover difference between max hourly consumption and max daily production,
3- Cover 20 % of fire demand.
For pressure:
1- Fix head on H.L.P so they work at max efficiency,
2- Enhance water pressure in network,

3- Protect network against water hammer.

Water hammer:
L 5:l2 Sllall st g 5l B sl Sl L s sl Js gloll g 5l (2 G 3l 5l
el olawe Ll bl paiiiad Ml penlgl) oY (5355 05 Lo Ao e s oL o4 8 ) 0%
5yl Al 3 ol o3 e sl ) el
Positions of Elevated tanks in network:
Elevated tanks may be situated at:
1- Just after H.L.P
o ol Gl S, HILP asall Jo Lelall cosy ol G ol b st 3 3501 s 2Ly
. water hammer
2- At mid of the city
S 3 5,0l gy Sl 3ol Laso oyt
3- At the end of the city

é\l.\éju\'éjm\&yu«éY&ji&.ﬂ\éwM@ﬂhwg°@\wwM

Lo 5 Ol Bl D &Ll DB e dneed plasea) 5 ol i)
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Sluice Valve

Non Return Valve

Pressure reduction Valve
Air Vent
Over Flow

Wash Pipe h

Expantion Jiont/;

|

\\ Sluice Valve

)

Cover

Z

\

Over flow and wash out

VA

\ (steel pipe)

\

[T\

(9.25)

N\
VA

Feeding Pipe

I

Main Feeding
150 mm

=

DACPRE 5 Ra KN N SO |

cross section at Elevated tank




Water supply Engineering Storage Works

Elevated tank work idea:
P YA, sl ol AT o s 4l o QW1 ol 356 a8
s> ploe s (39)4) gl e Ml By0) i) Jamo o It Jtms s Sy G0 8,01 3 -1
AN o Sl e psin ol AT el
B ygele il o adl kg ol sy 3 ol b A e AW s iy 15,0l 81 (3 -2
oLl To~
3l sl 3 )b gt Al (3 asloseY 1 5,06 e saslll oLl iy el ooy 3 5,5 3
5tk Gl pdye Q1B s B o) sl ) (55 58 S IS L) S
202 Ogude 1o ol 55l pie plodl float valve £l ol vy -4
Design data:

Tank capacity:

1- From cumulative curve (total mass curve) e ppeiy

a+b((l/c/d)
1000

a,b max.vertical distance below and above pumping line

c;1 =175x

x pop.+0.2 fire demand

2- From difference between max hourly and max daﬂy discharge for 1 hr

Cy = (Qmax.daily - Qmax.monthly) (mB/hT) x1hr
+ 0.2 fire demand

Tank dimension:

d=6:10 m
Y, < 35m @; = 2:3m (for pipes)
n =2

volume of tanks = n.%(<p02 —@;%).d
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1-pumps working for 24 hr at constant rate

bmax
=] Cumulative curve
e
—
jo
§ Pumping curve
%)
g amax
O
-
2
]
z
PM Hour
12 2 4 o6 8 10 12 2 4 o6 8 10 12
AM AM

2-pumps

working less than 24 hr at constant rate

I
I
- | |
Re] IPumpin curve I
-—
Q. I I
§ empitting | | empitting
Z | |
g | |
o | Cumulative curye
5 -
= | filling |
= I
, PM | Hour
12 2 4 6 8 10 12 2 4 6 8 10 12
AM pump working period AM

3-pumps

Different cases of cumulative curves (diff. WP of pumps)

working at different fwo rates

[
I ) bmax
| Pumping curve |
=
% : Cumulative curve
§ empitting | | empitting
2 | |
3 | I
o a . .
5| Gmax | filling |
s I I
= |
I PM I Hour
12 2 4 6 8 10 12 2 4 6 8 10 12
AM pate 1 Rate 2 Rate | AM




Water supply Engineering

Storage Works

Example 3

For a city of population 200,000 capita and av WC =240 1/c/d find the required

elevated tanks if the daily WC as follows:

T(2hr)

12-2 AM

2-4

4-6

6-8

8-10

10-12

12-2

2-4

4-6

6-8

8-10

10-12

WC

3

7

10

20

30

40

40

30

30

15

10

5

If 1-W.P=24hr

Getting cumulative values for water consumption

2-W.P= 16 hrs (4 AM:8 P.M)

T(2hr) | 12-2 AM [2-4 |46 [6-8 |[8-10 |10-12|12-2 |2-4 |4-6 |6-8 |8-10|10-12
WC 3 7 10 20 30 40 40 30 30 15 10 5
Accum 3 10 20 40 70 110 150 180 210 | 225 | 235 240

1- For WP = 24 hrs
from chart Amae = 41 byax = 22.5
C, =1.75 ath +0.2 bop. 120
1= 22 % 7000 Y PP T 4% 10,000 ¢
= 1.75 M+ 225 200,000 + 0.2 200,000 120
Y000 Y “% 70,000 *

tank design

Assume

Assume @, =35m

d=8m - S.A

T
p;=2m - n—.(p,%— @;?) =2838.125

so use 3 tanks of

= 22225+ 480 = 22705 m?

22705

~n=3 - ¢,=348 =35m

(@, =35m

4

= 2838.125 m?

@;,=2m andd =8m)
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Water supply Engineering Storage Works

2- For WP = 16 hrs

from chart Amax = 21 bpax = 17.5
a+b pop.
C; =175 x 1000 xpop +0.2x 10,000 x 120
21+ 17.5 200,000
= 1.75 XW X 200,000 +0.2x m x 120

= 13475 + 480 = 13955 m?3

tank design

13955
Assume d=6m — S.A = — = 2325.8 m?

s
Assume @, =35m @;=2m - n.. (0,2 — ;%) = 2325.8
~n=3 - ¢,=315m

souse 3tanksof ¢, =315m , @;=2m and d=6m

Page 1 2
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Shebin-El kom Engineering Faculty

Civil Engineering Department

Notes on

Sanitary & Environmental Engineering

Part 1

Water supply
Distribution works

6-Distribution works



Water supply Engineering Distribution Works

Water distribution works:

1- Storage and distribution reservoirs

2- Pumping stations and boosters

3- Pipe network v
4- Valves and fittings v

Purpose of distribution networks:

1- Distribute potable water for consumption all over the served city n required

quantities, pressures and quality,

2- Save water for firefighting at high rates.
Basic requirements for distribution network system:

1- Using pipes with durable materials,
2- Using more than one feeder to ensure flow continuity,

3- Absence of dead zones (points at the end of the pipe line at which water stops
and chlore dose finish so bacteria and microorganisms grow. This lead to

pollution in the network and reduction in water quality),
4- Control water flow by valves and meters,
5- Protection of water from pollution,

6- Capacity to meet max demand at any time.
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Water supply Engineering Distribution Works

Planning of water distribution systems:
1- Tree system (Dead ends system)
Advantages:
1- Cheaper system
2- Easy calculation of pressure and discharge at any point
3- Less no of valves
Disadvantages:
1- Present of dead ends
2- If main pipe broken the network will stop.
2- Loop system (Ring/circle system)
Advantages:
1- Easy determination of discharge and pressure

2- There are two direction of flow so if one pipe broken the network won’t stop

totally
Disadvantages:
1- Dead ends still found even less than Tree system
2- Cost higher than Tree system
3- If minor pipe broken a small part of city will be affected

3- Grid iron system

Lolasd) sae te A 2l plladl lin ey ol 8y 5ule S0 0580 St Lo o sz gl plls
lelall e STaxe J Chéj ™



Distribution pipes

H.L.P

IT —

Tree system (Dead end system)

SIS
=|[I1E

Main circle

H.L.P Distribution pipes %
\

Ring (Circle system)

Main feeders

Distribution pipes %

<+
I~

H.L.P

Grid iron system




Water supply Engineering Distribution Works

Advantages:

1- No dead ends.

2- No stop in network during repair.
Disadvantages:

1- Most expensive than other systems

2- Need large number of valves

3- Need complicated analysis to determine discharge and pressure.

Types of pipes used in water networks:

1- Cast iron pipes

2- Ductile iron pipes

3- Steel pipes

4- Reinforced concrete pipes

5- Pre-stressed concrete pipes

6- Poly ethylene (P.E)

7- Un-plasticized polyvenyle chloride (UPVC)

M 2y ad ] algo e Yot paly 3l o ASEAI plsl) slasaal 5o QU ol
Aol Zogas — aally (ploWy 2oLl bogaall dle Lolio— o) jand) - S5 g — ) &

L) Lo ng
Clly LS G e ) b — A ) Lol oot Y — it 2esYl s
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Water supply Engineering Distribution Works

Types Of Valves used in networks:

1- Sluice valve Jres r\:,a

Gleall Dbyl G Logas o) ol v 3 ol pisay -
Butterfly valve 4zl 4\ ol.0-2 Gate valve &y r\(p 1 eyl -
A&Aauu@gu\.&uml tde| e 5&\ -
At ) bslad | 361 o sy ¥ Sblue o2
2- Non-Return valve: ol pae ploo
ol W ot Yy e sy o1 5 ol ol ool
WOl G oA spsmley QW aall Sladldd )l bas e pog -
3- Air Valve:
Ll Lasd Gl @ sl 3 9okl slod) o aloedl pasiay -
Kzl 3 Lgmds JeW L 3 on -
4- Wash valve
A N
Sl § e S ) 5 gy
5- Float valve
N  RUTORNURRURTR PR S SE oM NU LI EEW
Pl o Sl ol )l ISy 52 9y Jl sl sl 55 5ule e PG
6- Pressure release valve:
sl Laaall 3dbl ) ACsdl (3 Loall i Py

IS a3 35y e ) Lol OB Sl (3 pas
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Water supply Engineering Distribution Works

7- Fire hydrant valve:

djb.;-\ 4\“9- LB ou\ u}:..»j rw\ r\:,aj\ -

Types of fittings: eslgll Dlasds
1- Elbows L) 3 olllold) o pasend pl5Y!
2- Tee connections Bl 3 gl Ol (3 pase s
3- Reducer/Taper byswll) Jlad (3 a5 350y ae Py AWAY

4- Flexible joint puloll Slald) s se) jond) lpany pslsl) g ol pisuend
Water pipes hydraulicsz
under pressure pipes o oud W (QW 413y Slal) o) dans cF sl (3 oll) 1 -
&, 2 sl & &b 1) bl 6 e bla ) -

T .
Q=Av , A=—.¢
4
v =206 m/sec smaller velocities lead to bigger diameters of pipes

v <15 m/sec nonscouring velocity

@ pipe diameter inmm (100 — 150 — 200 — 250 — 300 ... ... e vee on)
&mmg@msw@m&sjuM\muw@.\m@w.\éyw@owdgﬂm -
A & B pndlie
h == HA - HB m
. . h(m)
Hydraulic gradient = slope of H.G.L = s = m (1: 3 %o0)

Methods of calculating head losses:
1- By Darcy law
4. f.1.v?
T 299
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2- By Hazan-William Formula:

AW ol o (25 el 2lall L llaly Ldsed poly 3l o pasad 8 Aolae (25
v = 0.355 ¢.D0%63 5054

C hazan — William coif ficient (100:150)
D pipe diameter in m
S hydraulic gradient = % (1: 3 %o0)
i) Dolas 3 el

“Q =Av= % x D? x0.355 xc x D%03 x §0->*
Q = 0.279 x ¢ x D*%3 x §%>*

Q discharge in water pipes and equals:
= Qmax.daily + inre in main supply pipe lines
= max. Of (Qmax.daily + inre) or (Qmax.hourly) in main feeders
= Qrire in minor pipes

Q,C,D, S Jalg il arlgs il ol 3l Lo
(ALdl 3 Lo 1131100 Lo o) Jolll o) Aogaiy 5 y5uilll 80be 99 Jo 30220 € J 8 g -
Hazen-William charts & o fwa.l\ et (3 5 ale gl ui‘ Oloows do g Doy -

4
Y

—_ &

E <
o L 6@((\

o @/O S

i . <
- x R

£ Y0, AP

4

L &@0 O
D

Q

(o

O
(%)

v

Discharge (l/sec)
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Water supply Engineering Distribution Works

Very important notes:

1 — Law can be used for any value of ¢ and the used units are
Q in (m3/sec)
D in m
_ h(m)
S um
2 — chart can be used for C = 100 only and the used units are

Q in (l/sec)

D in mm
e cm _ h(cm) _ h(m) 4
S_loom_ im) _l(m)xlO

100

3 — If not mention in the problem always take C = 100
and so you can use either law (prefered if you have enough time) or chart

Methods of distribution networks design and analysis:

1- Equivalent pipe method

geolgll e 3902 300 Dgm g Al S ay Jall on rJM
2- Method of sections

3- Method of circle

4- Hardy Cross Method

Al el (3 WaterCad Jzo ld) Co\j Lde 0% & b
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Water supply Engineering Distribution Works

Equivalent pipe method

Ll Q 3l i Y 358 5 5ls sl ) Qs e tme e e Sl 2 o Jall o 3
L Jsklly D il 3 &k -3, H
1- Pipes in series

3 Bl g5 o le Laall 3 S0 aslly Q el i W oS A o dlane plse gt

sl
: gl : @2 : @3 |
Ll Lz L3
OQeqg = 01 = Q2 = (3 heq = hy + hy + h3

Solution steps:

1- Assume Q =500r 100 [/sec (if not given)

2- From chart (or law)
((pl, Q) - S1, l(known) - hq
((pz, Q) - S5, l(known) - h,
((p3, Q) - S3, l(known) - hs

3- By equivalent method:

Q constant heq = hy + hy + hs
4- Assume Peq. = recommended (¢, or 0T ¢3) , Q -

Seq 'heq - leq
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Example

Find the equivalent pipe for the shown pipes:

& =400 B =350 @D, =300
; =1000 . =650 . =500
1 — Assume Q =100 [/sec

2 — From chart:
Q =100 , ¢, = 400 — S, =26x10"%, 1,=1000 —>h,=26m
Q =100 ,¢, = 350 — S, =50x10"% , 1,=650 —h,=325m
Q =100 ,¢p5 = 300 - S;=100x10"%, [;,=500 —>hys=5m
“ heg =2.6+325+6=10.85m
3 — Assume Poy = 350, =100 - S,;=50x10"* , hg =10.85
.7 _ heq _ 1085 _
Sleg = e 2370 m
So use an equ.pipe of ¢.q =350mm and [, =2370 m

If we tried Q =50 [/sec

From chart:

Q=50,p, =400 > S, =7.1x 107% I, =1000 > h =.74m
Q=50,0,=350 > S,=14x10"* , 1, =650 S>hy,=.91m
Q=50,0;=300 > S;=29x10"* , I3 =500 > hy = 1.45m

“heg=.74+.975+15=31m
3 — Assume Py = 350 ,0=50 - Seq =15x107* , he, =3.215

. _ heq _ 31 _
“log= L= =2214 m

So use an eqv.pipe of ¢, =350mm and [, = 2214 m

Note Small diff. between two numbers from using chart
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Water supply Engineering

Distribution Works

2- Pipes in Parallel:

ST 8 ypmle o Bl § Wz LS h Lanall 3 8 i W oS () o el gt

Li R @1

Q, ”
LE -Qz

Ty

Qmm] =

L3-¢3

Solution steps:

1- Assume h=10:20 m (if not given)

2- From chart (or law)

h)ll - S1:€01 - Q1
h)lz — SZ)QDZ - QZ
h)l3 — S3)§03 - Q3

3- By equivalent method:
heq constant Qeg = Q1+ Q2+ Q3

4 Assume @,y = Recommended (¢, or ¢, 0r @3) , Qg

Seq 1heq = leg

—_
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Example 2

Find the equivalent pipe for the following network pipes:
L=2000m . =400 mm

Q,
Q A L.=1600m . $=300mm |p _
ota o Qz
L.=2300m . & =500 mm
Q.
If Hy=50m , Hp=25m
Solution

1 — Get the flow in each branch (using chart or law)

Pipe h = l _ h —4 2 Q
H, — H, §=7x10
1 25 2000 125 400 235
2 25 1600 156 300 125
3 25 2300 108 500 390
o Qg = 2354125+ 390 = 750 [/sec , heg = 25m

2 — find the equivalent pipe

Assume @,, =400mm , Q,, = 750 l/sec —» S,, =1080x10~* =.108
Peq q q

FSeq=7 O leg=—==231m

.108

The equivalent pipe is pipe of D = 400 mm and | = 231 mwith Q = 750 [/sec
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Important notes:

1- For pipes in series with the same Diameter the eq. pipe has length equals the sum

of pipes length and diameter equais the pipes diameter
2- Pressure units

1bar =1kg/cm? = 10m

3- Pressure at any point = head of elevated tank = Pump head = head of

booster(pump at mid network)

4- Total Head at any point =Ground level + Head of water at this point

Exampie 3

For a pipe connecting two points (A & B) with length = 2000 m and D=300 mm

(C=140)  Find the discharge in it if you know that

VG.L, =10 m VG.Lg= 20 m
H, = 55 bar H g = 20m

Total head at A = (5.5 bar x 10) + 10 = 65 m
Total head at B =204+ 20=40m
& Ahyg =65—40=25m
note C # 100 so we must use law
Q = 0.279 x ¢ x D*%3 x §0>*
=E=£=125X10_4 D=.3m
[ 2000 ’ '

S 0 =0.279x 140 x (.3)2'63 x (125 x 10_4)'54 = (0.154

m3 /sec
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Example 4

For the shown network find the diameter of pipe DE if Q= 200 l/sec and
H, =50 m and Hg=20 m

A L =1000 m B L =800 m C
@ =400 mm @ =300 mm
L =600 m L =600 m
_ @ =250 mm
@ =300 mm L =800 m
D g = 2?7 E
Solution
1 — find Ahgg
pipe AB
Q=200 I/sec ,p=300 - S=93x10"*=——
W hig =93 m - Hy =50—-93=40.7m
s Ahgy = 40.7 — 20 = 20.7m
2 — Get eq. pipe for branch BCE and Q in it
Assume Q =100 [/sec
Pipe BC
Q=100,9=300 - S=105x10"* =% — hgec=8.33m
Pipe CE

Q=100,0=250 - $=255x10"*=2% - h;;=153m
o heg = 833 4+ 15.3 = 23.63 m
Assume  @q, =300 ,Q =300 — S5 =105x10"*=

o log = 2250 m

23.63

eq
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So the BCE eq.pipe with ¢, =300 , [, =2250 m
3 — Get flow in pipe BCE
heq =20.7m, l,q =2250m - S, = % =92x107* , g = 300
~ Qpcg = 93.5 [/sec

- Qppg = 200 —93.5 = 106.5 [/sec
4 — Get head on pipe BD

Q=105 , ¢ =300 - S=115x10‘4=% 5> h=69m

5 — Get req.diameter

hpe = 20.7 —6.9 = 13.8 m

§==2=1725 x107* ,Q =105 — g = 275 =300 mm

Example 5

If flow in the shown network increased from 200 to 250 1/sec find the diameter of

new additional pipe between AC with length =1200 m. If head is constant at A , E

L =1100 m D
@ =350 mm
L =700 m
~ New pipe @ =350 mm
L=800m ~~_ L =800 m E
@ =400 mm C @ =500 mm
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1 — Get eq. pipe for branch ABC (AB,BC are in series)
Assume Q =100 [/sec
Pipe AB

Q=100,0=300 - $=105x10"*=2¢ - h,;=63m
Pipe BC

Q =100, =400 - S=26x10"*=2% - hp =208 m
o heg = 63+2.08 =838 m

Assume Peq — 300 ,0 =300 -S= 105 x10~% = 81'38
eq
leq =800 m

So the ABC eq.pipe with ., =300 , [,, =800 m

2 — Get eq. pipe for branch ADC(AD, DC are in parallel)
The two pipes are in series with the same ¢ so
leg =11 +1, =1100 + 700 = 1800 m
Peq = 350 mm

3 — Get eq.pipe for AC (pipes ABC ,ADC are in parallel)
Assume h=10m

Pipe ADC

§S=—-=555x10"%,9 =350 — Q; =107 I/sec
Pipe ABC

S=-L=1266x10"*,9 =300 - Q=105 I/sec

“Qeq =107 + 105 =212 [/sec
Assume  @oq =300,Qpq =212 — S =420x107% = —
eq
leqg = 238m
So the AC eq.pipe with @, =300 , [, =238 m
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The existing system can be shown as follows:

- C -
A  L=238m I L =800 m E

@ =300 mm @ =500 mm

4 — Get the head dif ference between AE
Pipe AC

Q=200,p=300 - S=376x10_4=% - hyg =895m
Pipe CE

Q=200,p=500 - $=32x10"*=22¢ - h,;=256m

HA — HE = AhAC + AhCE =8.95 + 2.56 =11.51 const
5 — Get new pipe diameter if Q = 250 [/sec

Get head loss on CE
Q=250,p =500 - S=48x10""* =% - hyg =3.84m
Get head loss between A, C
Get flow in old pipe
§=22=322x107%, 9 =300 - Qpq =185 I/sec
Get diameter of new pipe
Qnew = 250 —185 =65 [/sec

7.67

— or -4 — ~
5—1200—643610 , Q=300 - ¢ =300mm
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Method of sections
This method is used to:

1- Estimating pipes diameters for new network (usually main pipes),

2- Check the capacity of existing network.
Conditions to choose section:
Ol o) o ) 58 Lo o pllaal) sl 4 -1
el Slellad ess Gy 3 g lladl) ) S -2
)l ey Sl 7l g Ll Ball ol gl Ly Y -3
saz Slellas sue ) t\.b xSl dess (3 Sl 5,03 Je check Je oy, JUIETESC sl 4o, e
# 7
|
flow direction | | /

=
DO

\

=
—
A B

Served area by sec. A-A

Served area by sec. B-B

) Loy
212 8 220 W o8 plladll sl delldl (o g llaill dopudt oLl -
LS QWL Aoyl 2ld) sl 5ad) sn oY flow direction sll) ol sl e L ST -
ygllal oL
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How to check the section:

1 — Get Design flow in the section
1 — get served pop.by the section (the pop. behind the sec.)
P, = pop. density x  served area
=pop. x ratioof pop.in served area
2 = Quesign = max.of (Qm.a + Q) or (Qmn)

Qav = pop. x Wlq,
Qma = 1.8 Qup Qmn = 2.5 Qg
Qfire = given value or calculated according to pop.

Qfire = % x120 l/c/d

(High value area ) dslual) &ilad) 31 i 3 &b o Lo Qpire b Gpad 48 Jasl J -
Sl 30 e S 5 Lanotmyy (ALl (3 52l i)
O e e By Sog L Aol Bilate Ala o S 41V 3 -

Example:

If inre = 200 [/ sec , pop served by sec.A—A = 60%
Qfire for this section = 0.6 x 200 = 120 [/sec
Qdesign = max. Of (Qm.d + Qf)OT (Qm.h)

2 — Get actual flow in the section
1 — Assume diameters for cut pipes (if not given)
2 — Assume hydraulic gradient for pipes = 2 %o (1:3 %o0)
3 — for every pipe getthe flowinit
(¢,S) - Qactual = vv
4 — Actual flow = Y.Qpipe
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3 — check

Cdesign” Qactual . 4 < +10% network is safe
Qdesign

> 10% check by equivalent.pipe
Equivalent pipe check
1 — get equivalent pipe for cut pipes
Qactual » S =2 %0 - Peq = Vv
2 — get hydraulic gradient
(Qactuar QDeq) > S=VvV
If Se¢q = 1:3 %o network is safe
If not change in network
increase/decrease in (diameters or in pipes number)

If Seq > 3%o0 then Qdesign > Qactual
—  increase diameter of existing pipes
- add new pipes to cover the dif ference
in existing network

AQ = Qdesign — Qactual
S =2%o0 - fromchart choose adequate pipes

If Seq <1%o then Qdesign < Qactual
— decrease diameter of pipes (if we plan)
— not economic design (for existing network)
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Distribution Works

Example

For the city shown check for section A-A and B-B if :

Served pop.bysecA—A 70 % of total pop.
Served pop.bysecB — B 20 % of total pop.

Total pop.= 100,000 capita
fire taken from this table :

WC =2001/c/d

pop. 10,000 25,000 50,000 100,000 > 200,000
Qfire 20 25 30 40 50
A B
350 300 200
Industrial area
1359 250 200
flow direction T
" 500 400 300
300 250 200
A B
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Solution

SecA— A

1 — Design flow
P, = 0.7 x100,000 = 70,000 capita

200
Qav = 70,000 x 323000 = 162 l/sec

Qma =18xQ,, =292 l/sec
Qmn = 2.5x Q4 = 405 [/sec
Qfire =40 [/sec. from table

Qdesign = max.of (Qm.d + inre) or (Qm.n)
= max.of (292 + 40) or (405) = 405 [/sec.

2 — Actual flow
Assume S =2 %o

pipes 1 ¢ 300 + 29350 + 1¢ 500
Discharge 40 + 2x60 + 160 =320 [/sec
* Qactuar = 320 [/sec
3 — Check
%‘:tm =21 % >10% do equivalent pipe check
4 — Check equivalent pipe
Qactuar = 320 l/sec , S=2%0 - @eq = 655 mm

Qaesign = 4051/sec ,@pqy =655 mm - S, =31 %o > 3%o0
5 — needed changes in network
Qdesign > Qactual or §> 3 %o
~ we need to add pipes
A Q = Quesign — Qactuar = 405 —320 =85 [/sec , S=2%o0
from chart (or law)
Preq = 400 mm Q =87 l/sec

~ we should use an additional pipe of ¢ = 400 mm

Page 2 3



Water supply Engineering Distribution Works

SecB— B

1 — Design flow
P, = 0.2 x 100,000 = 20,000 capita

200
Qav = 20,000 x 323000 = 146.3 [/sec

Qma =18xQ,, =83 l/sec
Qmn = 2.5x Qg = 115 [/sec
Qfire = 25 1/sec. from table

Qdesign = max.of (Qm.d + inre) or (Qm.n)
= max.of (83 +25) or (115) = 115 [/sec.

2 — Actual flow
Assume S =2 %o

pipes 3¢ 200 + 1¢ 30
Discharge 3x 14 + 41 =83 l/sec
“ Qactuar = 83 [/sec
3 — Check
%‘:m‘l =28% >10% do equivalent pipe check
4 — Check equivalent pipe
Quactuar = 83 l/sec , S =2%0 - Peq = 400 mm

Qdesign = 115.7 l/sec ,@.,q =400 mm - §,,=33 %o > 3%o0
5 — needed changes in network

Qdesign > Qactual or S>3%o0
~ we need to add pipes
A Q = Qgesign — Qactual = 115.7 — 83 = 32.7 l/sec , S =2%o0
from chart (or law)
Preq = 300 mm Q =40 [/sec

~ we should use an additional pipe of ¢ = 300 mm
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WasteWater Engineering Introduction

Wastewater Engineering:

S AL Sl s 245, (ol diebuall A1) S dls e 2K 2 Al siidl 91 oo
dolpe 3 Joid o Sy WWhasa ol sole] ol Lo alsall J5 &l e 5lo e ol ot o5
1- Wastewater collection (Sewers + Pumping + Raising pipe )
2- Treatment of sewage (Primary , Secondary ,Tertiary treatment)
3- Disposal or Reuse of treated W.W.
SOUI‘CGS Of sewage:
1- Domestic (home) waste
2- Industrial waste

3- Rainfall (storm water)

4- Infiltration

Sewage composition:

Slably LS alsbly L ASKH Jte) & giaall i)y &y guaall DU SU o Laid % 0.1 o (ge 3 pall olis (558 ¥
\‘V’Qua'\"”s = oué).{ojjja}woMﬁmu“JCj ouédu

Wastewater= 99.9 % water + 0.1 % other constituents

Reasons of construction sewerage system:

Gl e e 3 21y Sl ot e Gl )l o B -
Ll 3l olin ol ot Sglal (o A5 oLy et ol Gl -2
Sl Sl L -3
Sl e 3 kel s0y0s slse e gt Loy O all ol e DLWl Lo guas UL clezill &4
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Types of sewerage systems:
1- Combined system Sl TM\
ey au@(gu\— Sl J@\abyﬂﬂ}ﬁmtér\l’a; -
lae ) bl K Ol 45K 500, 80 o) S 35 \L:.oY\oLAuji bos pladl U pusey -
MC‘-’%M&J{ | na QWb o glpall oS
Jdis d1 535) S pall oo 3 8355l dsaal Sl f{;t«w‘&&d&w Laswloles o pllasdh bn e -
(oloall (spuaalt S
2- Separate system il ol
ai¥ oo oz (5,51 8y 3l sloo poamd gl o 380 pasanad plladl 2 3 -
@rJ — boazs ol Ly saleeay) oS5 o 528 LK Jlaoy) SYame 555 Los Pl Py -
< pall ru Qﬁ}ﬁ
(gl 3la) 5875 83l 3} donsi) ST 556 o aall oLl Ablal) &G IS el ladl Bk ) an -

Planning (patterns) of sewerage systems:
ny 20 831 o sl o e 03 s Ko e STy
1- Radial system:
quKwu\puji@S)r.ﬂb)bJodsjﬁou o)wuajﬁujibmrw 3B o
(ol 5) Jsll) aely ol & = o) o St
il sl 3l Slall a5y (o)W Al Joll e ) il o5
2- Horizontal system (interceptor systern):
Bbeéwdeﬁl\o\%\u@éjwjltof dolg o€l (3 ojwu@ dji\,u&r\hi I oy
Raising pipe 3, sl 8 o &bal koLl s 318 ol s Lo 5T (5
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3- Flat system (Zoning system)
Bns 800 gt Dlinae dos# pasnd 1 digiee 408 W)y 302 21y Jgeo Ls demgs ¥ (o)W o8 Al e 3
$15 dl ladad ac 55
Components of sewerage system:

1- Sewer pipe lines (lateral = Sewers — Collector = Tunnel = Trunk — Main Trunk)
2- Manholes and inspection chambers,

3- Sewage pumping stations,

4- Sewage raising force main,

5- Waste Water treatment plants.
Manholes: ClaSay! e — &M\
Cleaning —aluzl; inspection asull SUE o) 2Y Ol bolas Jobo o pasend G 6 eyt
(L) oK G 8275kl Olalally d\,.:ﬂ\ oo Y rM) Maintance &l.all,
Positions of manholes:
1- At sewers intersections
2- At change of sewers direction or diameter or slope or material
3- At max. allowed distance (defined for pipes diameters)
3 SOl $Ld¥ty el e o sy 31 L) 3 S e 8T Ol B 55T -
O SNy 85 o ST bgniall Loglie oy K6 Cm 5480 3leW) (3 Loguas (sl Lzl JECav1 ells
e o dae K8 o sy
spoy bod ool by o2 5,8d e 35 Blall Jlo o 2881 sl oS o) o -
P e Jl)
ekl sl e CaaSH Jew o (op1s act Ciugd Jan) B0 Jols 005580 pulll o -
Jar 5> by drop manhole oy Gl (e 55 pasias (i o o (5 sl 29y 25 -
(325l JSav1 3 \8) paisel) ol 15 3 5ullly W gl 03 55l A
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WasteWater Engineering Introduction

Sewers Design

Sewers Materials:
1- Vitrified clay (V.C)
Sl gy 3 gy 3ls o pass b L Sl SI e il Zoglio o ol i)
2- Poly Vinyle Chloride (P.V.C)
3- Cast , Ductile steel
4- Fiber glass
5- Concrete (plain — Reinforced — Pre stressed — Pre cast)
Sewer Discharges:

1- Domestic flow
sewage flow = 80:90% of WC
ASEARWERAT :\Lsw@;’Lﬂ;uwUKUN_;ayagxgm\@ﬂmds\d@\ap@{d\b\)o
e oLl eslye 3 iy 5 g)l5d) Joad o) (Sl G posan old) (e e Y 3y 3l
“ Quy =(0.8:09)x pop. x WC

Peak flow factor: 59yl dels oo
18 + 5
P = max.of —\/E or —
4+ \/5 pg
where p = 1000 (population in thousands)

Qmax = Prx Qav
Ol b ygule b o Joad (3 O el Va uay
Min. flow factor: 3 s J5) Jolas
Pin = 0.2xp'/°

where p = (population in thousands)

1000
Qmin = Pmin ¥ Qav o0

Umin % J3 Je Check J¢& 3 il U psid
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Dry and weather flow:
dj\aj\ &_‘u L3 \.Mj?-j rJ& j\ J\.E.A% DL:A d9z9 M UM\ ol rM
Dry weather flow —  sewage flow only

Qmax. DWF = Pf X Qqu + Qinf (if found)

Qmin. pw.F = Pmin X Qav
Wet weather flow —  sewage flow + rain flow

Qmax. ww.r = Pf X Qav + Qrain *+ Qinf (if found)
Qmin. ww.r = Pmin X Qay (critical case)

Velocity in sewers:

velocity > .6 self cleaning velocity and to prevent settling of
solids that may lead to sewer clogging
< 1.5 to prevent sewer erosion

Gradient of sewers:

(oS 58 58k oy bl olS L) daddl o Jgeo -1
Sy L) Sl ) -2
dod S Gl 5yl s 3

Smin > , @ is sewer diameter in mm

SR
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Sewer Hydraulics:

oLl K3 5 0 ool Lo 5das Ll oLl 0 % 99.9 e 2l olis S5 -
POl palss e J‘y oy -
d\.,al\— Syl bayslas e oLl C& 6\5 5Ll (24 Collection sewers CMJ\
c ol pd @J i» 35 Sewage pumping 2 .al) oles S bz J1( ey o\.:.o -

V'V Gravity sewers 1Jslisdl — N1 3 bl o 1) b L5y 100

raising gy Ml 2oz ) Aoz e sl i pasd ) elill a G g -2
(i jalye Je) Gl Jars o oLl e 48, pipe

Partially full or open channel o by jalsdl ¢ L) (sl ezl ylgo ol SEY -
2 Ol e, flow

do el JoC sl Dbl Y& ) disno QUL 25d) jlas Je Dl 3t -1
D:S\ e

ey selal) Jo STl gt Jugedl 2

onally golgold 5,8 Blso 4 I Anaerobic reactions &3l S¥elid ol -3
Al

O pall plge o 3 Manning equation Ca\.o Aalas phdid -

v= RS 12
n

sewage velocity (m/sec)
manning coef ficient (.01 :.017 )

wetted area __ Awetted

hydraulic radius and equals , =
wetted priemeter Pwetted

h(m)
[(m)

LY ™ S <

hydraulic gradient of sewer (
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WasteWater Engineering Introduction

ASSOUGHER CES Y o) > oL s iod| i | Chart & ¢ f\a,a.J\ 3 Alall ol r\.\&e;.wy

4
£ AN <
8 \\\ \ \\\ 2
= %/O \\\ \ \\\ 96\?}
o C/f \\ \\ \\ \Qe
o] 2 AN \ N Q X
= ) N X S O
£ /\9@ AN AN A\
P ¢ \\ \\ \\\
©v \\\ \ \\\
gi N AN AN
o > \\ \\\
[¥s) \\\ . .
N \ \\\
Discharge (l/sec)
FPSSNERENE PPREEOMURUARPA|
. . m —
Discharge litre/sec & slope — X 1073 = v %o
velocity m/sec & pipes daimeter in inch (inch = 25 mm)

s e B8V s o d L ol 3 o) (o) Partially full jealyl) o)) (2 dCs b selgs -
Ll s il olat by D syl
Vfull 9 qull dﬁi d\ full &\w{ tw\j dﬁi &U\ Lﬁ"“l\ L3 abyjl\ f‘d\ &U,\S -

A gose J Ll s e plailly 3l 1 ke 8o all e D padly Dl I 8 ool
o Al Dl 5 3le SEA/D e gd 3 A e S K0yl S¥olas plasely

1%
Sl T Ll Ll Dl (3 30l Sl pised b 0 == & “act
; Vfull Qrull
Wiyj- 5 ) goal)

1% Q d
& Jbdss a de g T ¢ b af Kae &l LY

9 N ey Siali®)
Vrull Qrull D o= S N
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WasteWater Engineering

Introduction
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WasteWater Engineering Introduction

Summary:
. d
If given Q and v at D= v
use hydraulic sections chart to get Qo Qeyy =7
Q rul fu
use hydraulic sections chart to get % - Ve = vV

use manning equation chart toget S=v %o & ¢ = v inch

Example 1

A circular sewer carries flow of 200 [/sec when running 3/4 full
with slope .002. find diameter of sewer and velocity of flow

Solution

1 — Getting full flow

d
—=.75 fromchartl -
D Qruu Vrun

“Qpy = = =2174  /sec

2 — Getting diameter and full velocity
Qrun = 217.4 & S=2%0
fromchart?2 ¢@= 24in & Ve = 0.85 m/sec

3 — Actual velocity
~ = 115 - v = .85x1.15 = 978 m/sec <15

Vrull

Page 13



WasteWater Engineering Introduction

Example 2

A sewer carry flow = 600 1/sec % full at max W.W.F and 150 I/sec at min D.W.F .
Determine the diameter and minimum slope. Then get velocity and depth of sewage

flow at max W.W.F and min D.W.F

Solution

1 — Getting full flow and full velocity

d v
—=.75 fromchartl - Cmax =092 & ——= 1.15

D Qrun Vrul
600
S Qpy = o = 652 [/sec
i 150 d .
Cmin =.23 fromchartl ==.33 & = 75
Qfunt 652 Vrull
Assume v, = .6 m/sec = Uy = .8 m/sec

2 — Getting diameter and min. slope
Qfu = 652 [/sec & Vg =.8 m/sec

fromchart2 @ = 39 in(975mm) & Smin = 1.1 %0 > 9—;5 = 1.02 %0
Ve = -85 m/sec
3 — Getting velocity at max.and min. flow

‘:}mﬂ = 115 - v, = 115x.85=.98 m/sec
full

Ymin = 75 - vmin = 75 X 85 = .64 > .6 O-k-

Vrull
4 — Getting flow depth at max. and min. flow

d
at max. flow D= 75 - d=.75x975 = 731.25 mm
d
D

at min. flow =.33 -d=.33x975 = 321.75 mm

Page 14



WasteWater Engineering Introduction

Example 3

Design a sewer to serve community of pop. = 60,000 capita and W.C = 200 l/c/d
If ground slope is 0.3 % and check velocity at max. and min flow

Solution

1 — Getting peak flow and min. flow

Assume sewage flow = 0.8 WC =.8x 200 =160 [/c/d
60,000 x 160

Uav = Jaxe0x60 L1 l/sec
18+yp  18% 000, 5 5
Pr = max.of = =219 or 4 =—77=253 vV
4+p 44 [60000 - 601/6
1000
“ Qmax = PrxQ,,=111x2.53 = 2803 [/sec
Poin = 02xpY% =0.2x60Y° =396
Qmin = Pmin X Qg =.396x 111 =44 [/sec
2 — Getting full flow
v
Assume — = .67 fromchartl - max =08 & —= 1.14
D Full Vrull
% =08 - Qpuy =— =350 I/sec

3 — Getting diameter and full velocity
qull = 350 [/sec & S=3%=3%0
fromchart2 @ = 26 in & vp; =11 m/sec& qu”act =400 [/sec

4 — Check max.and min. velocites

280.3
Cmax _ =7 -  fromchartl - == 111
Qfull 400 Vfull

Voaw = 111x1.1=1.22 <15 o.k.

Imin — 2+ — 11 5 from chart 1 - Imin_— 5g
Qfunt 400 Vrull

Vmin = .06 x 1.1 =.616 >.6 o.k.
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WasteWater Engineering Introduction

Example 4

A main sewage collector (48 in) in diameter has a slope of .0009 carries max flow =800 /sec
A branch sewer of diameter 24 in and slope of 0.2 % with min Velocity:O.S m/sec. find
min height between invert level of the collector and the branch so that sewage entre from

branch to collector without any backing at the branch
Solution
Op gl ) ogllas L ai de Sy Aty o) pddlie ) 5uls g3 4l ALl 355
B ol a8 o e sle oo thu)Y\ b de a3y sull) sty olall o o) Das Yal &g o) sll)
yyale JS°G o) 5 0l 5a gllall ol 5, 5ll

/ 7

| [
| v dbr‘cmi::h \/
collector

/

N

1 — for collector
=48 in & §=.0009=.9%0 - chart2 - Qpyy = 12001[/sec

. Qmax — 800 — 67 N Cha'rt 1 - g = 58 e dCOll = 58 X 4‘8 == 2784‘ ln
Qfuii 1200 D

2 — for branch
p=24in & S=2%=2 %0 - chart2 > vpy,; =085 m/sec

Umin __ 0_5 . g _ B B '
B % T 0.85 .59 — chartl - 5= 24 = dprgnen = -24x24 =5.761in
Required height

hreq = dCOll — dbranch = 27.84 —5.76 = 22.08 in
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WasteWater Engineering Primary Treatment

WasteWater Characteristics:
oo Jo Ll 5,575 ot 122 Ll W1 %6 0.1 s ¥ Gl ol (3 335kl 31l LS o e £ e
Microorganisms and bacteria %> 15K, Suspended &dlas 5| Dissolved i3l 4 55¢ 3l i
Organic (20 %)
Suspended (30 %)
Nonorganic (10%)
Solids(100%)
Organic (30 %)
Dissolved (70%)
Nonorganic (40%)

Types of treatment:

B iy Lte palid) i 5l Ll i Sy glal) ol 335 (55 Aol 95 il
1- Primary Treatment (Physical Treatment):
Sl oo 3 335l 8yl Z5lsly Bl s o ol sl B o 501 Vi 3
Bt &las 5 pasual 131 4 ‘3@{‘*4*51 ol o 3 bl S pasendy bl 350 Jae
2- Biological Treatment (Secondary Treatment):
oo sy AW AL sy o) (3 Al &gl 51 wwgp@w\a@w&um}m
\1”’*“)’ 2 lgo deniio Bypuaall 33l po Jeliss G Ktladll SN 3 ko
ey do Jos Bl il ol ol b3S Dol e Gyl ol “ﬁoﬂukoﬁﬂ
SN SNl e 42U 51l
3- Tertiary Treatment:
OV o 3 5T 5y Wlaseal B3le] (K5 dompoy oLl s e Junnad 08 1 d3loY) 5 ) oo
b ) LS 56 8 i (sl e



WasteWater Engineering Primary Treatment

58 pasig By Lo S Jaws Sl 5l oL} Sl e e oy e D0 e 915 0l (3 psi
W 3 53525k LSO Wy e sl | K01 ol 06 GBS, ) Jle) (3 dasdl

4- Advanced Treatment:
o el LSl e ol e (3 ol plasiad Cogllas 713 Wl e ol Vi pasy
S 2Ll L

Primary Treatment

Purpose of primary treatment:
1- Remove large and big floating materials
2- Remove of 50 % of suspended solids and 30% of Organic load (BOD)
3- Remove of sand , Gravel , Silt.......
4- Remove of Oil and Grease p sl
Primary Treatment Components:

1- Deceleration Chamber:

e e iy 3l lye o 23l oLl g o Joms el Ao 3 D2 ) 50 Bl 6
e B 5l e sl L2 Y s
2- Approach Channel:
431531 S¥leledl il sloall oLl 5 Jo Jon IS Aelno o oy Blall J) &) B8 ope ol Jis
3- Screen
2al) oy Al A8 Joud 5o ctd 5l 500 o b 5SSl el Blaall pasirs
ey Qwufﬁﬁww@ JOREIPR e
4 Skimming / Floating Tank |
3 oy S Jorad oL 3 aerlys 03 Gl pgmatll 5 o)) ﬂrwuof%w@i
wagry i 0 Ay il ol —CL“L -Flal) o 5 OLK (’jﬁ“ o Sy S S
Ll ST 3 e e g LY bl lles 3

rd

(&
o
T
o



WasteWater Engineering Primary Treatment

5- Comminutors alal) Chd\ o\
oo oke sledl Blall e & Y (3 aogm sl ddall acsy ddall Zallall slll ol pasay
Lo LU g &z Ul (52 8 pog Sl
6- Grit Removal Chamber:
Shaall Gl y LI AL SLLe L LI 51 Lol e od) 558 Sl A1 26300 o psicd
Lo ol s oy ks (3 ST s 011 i e 5589,
7- Pre aeration Tanks
3l Y OVelis Gpao oyl Ayl gl bslas o S6 bonse Ollasl 3 Wl &yl 2l pasnd
Al OVeled) o sy slod) o STAS &1 e Joss o Sll3y o pal) Sllask oL 15 ol
8- Primary Sedimentation Tanks:
S e gy (2 E W i pasead ol Ablas o) (3 Reasenad] sy g Db dept
o) 3 fonserd) G Ll SLR & HLW & HZ velocity o5l Laid by 2 o8, oW 3
T 511 I8l Lessad ) 61531 IS,
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WasteWater Engineering Primary Treatment

Deceleration tank

Purpose:

Decreasing sewage velocity to prevent ﬂoating materials to pass the screen

Design Data:

* Qg =15Q,, =15xpopxS.F.

* D.T =1:3 min

* Capacity = Q;xD.T =b.l.d
[l=3b , d=1:15m

Approach channel

Purpose:
Transmitting sewage with suitable velocities to the screen and allow to aerate the
sewage to prevent anaerobic reactions

Design Data:
*Qq = 1504
* velovity = 0.6 : 1.5 m/sec
«A=22=bpd
* b = 2d (best hydraulic section)



WasteWater Engineering Primary Treatment

Screens

ey &) ALl SLLE aod 3y (30— ot J20) k) 8 1) b Bl s -
(@) Dlas ey il Dllaz 3 Juxd) Olallally Ol
O ety AN 52 o Jans (a5l Sl &y 15) dpspdd Ll e de g o 3l Blall -
Jlby Slaill oo 3 sy Coarse Screen and Fine Screen (reg () Dlovill ¢ludl o
s Sl 1l LS
S OLEL Gl Condd 31 oS o b po)bs lael plog ser e OB Caladd Ll -
o ol go ol o L o o sl L5y (3ol Joomd o e )b ) LS
idball s s :l\owa‘o?ﬂ\m
3l ke oo L el & WL 0 s o el sl s e el s
S -1
Y15 bl Lwh*’ 3 ubj oF 3ol 3 WJ -
Bl ) o aadl Lzl SLYI 53, 3 8hasn

Design Data:

= 1.5Qqy
number of screens = 2

bars used circular of ¢ =1.5:3cm
rec.of (1:2cm)x (2:6cm)
* spacing between bars 25:50 cm  fine screen
25:7.5 cm  coarse screen
Sloping angle on hz (6) = 45 : 60
depth of water = depth in approaching channel = d

*

*

*

*

*

*

Npars = Nspacings T 1

* b= Npars X @ + Nspacings X SPACING



WasteWater Engineering Primary Treatment

[l=d/sinf

Check:
__ Qq(m3/sec)

* velocity just befor the screen = v; = " g = 0.6 m/sec.
Screens-“-

* velocity through the screen = v,
m3/sec
= Qa(im’/sec) , < 1.5m/sec
Ngcreens- (nspacings- Spacmg). d
2 _ 2

head losses = Ah = 1.4 x

<01m

| 1o Grit Removal Chamber
: %

|

i

Plan of screen

Example 1

It's required to design Deceleration tank and screen for W.W.T.P
of hourly flow = 5000 m3

Deceleration tank:
Let D.T = 2 min



WasteWater Engineering Primary Treatment

C=QxD.T=%xz=166.67 m3

Let d=10m - A=166.67m?
but [ =3b
so 3b% = 166.67
d=75m and b =225m

Approach channel

Let v =12 m/sec

_ Q@ _ 5000/60x60 _ 1.16 m2
v 1.2

=b.d = (2d).d =2d*? =1.16 best hydraulic section
d=08 m and b=1.6m

Screen:
Let @ =15cm , Spacing =5cm , 6 =45

d =.8m (depth in approach channel)

= =113 m
siné
Assume net area = 2 area of channel = 2 x .8 x1.6 = 2.56 m?

~ LS. ng =256 - 1.13x.05xns, =2.56 - ng, =46 space
Assume using 2 screens — g, = 23 spacing
Npars = N, + 1 =24 spacing

b= Ny, x¢@ +ng xspacing =24x15+23x5=151cm

Check
Q 5000/60x60
- n = neebd  2x151x08 0.57 < .6 m/sec
decrease b to increase velocity
take 20 spacingof S=5cm - 21 barsof ¢ =1.5cm
b=21x15+20x5=131.5cm
vy = Q. 5000/60%60 _ s 66 > .6 m/sec
Ngc.b.d 2x1.315x0.8
. Q _ 5000/60x60
2 V2= Nse.(Nsp.S).d ~ 2x(20x.05)x0.8 0.89 < 1.5 m/sec
2_ .. 2
3 Ah=142""2 =02m<.1m o.k

29



WasteWater Engineering Primary Treatment

Girt Removal chamber

Purpose:

Remove sand, gravel and any other material with specific gravity bigger than

organic matters
) S Lo e sl 3 335 2l Bpindl sl 55 ol sl ol S0 40 Vi Ly
Lis ¢ 0.2 o ST ks 1 o) ey eand
ol b e Jpadly Ol Ml e (o) 3(82 035 :0.25) &l de i s o) st 240l 14
Qg Jaud) o jae jlas o 3)le say Proportional flow weir sws 75 e g 355 p2sH
tum 53l pa2s

Emergency weir

/| Different discharges(levels)

Proportional flow weir

Page 10



WasteWater Engineering Primary Treatment

Design data:

* Qg = 1.5 Qgy
* number of tanks = 2 (for cleaning and emergency cases)

* D.T=1min -» C=Q4z xD.T
* S.L.R =1200: 1500 m3/m?/d

*S.L.R=§—f1 - S A=nlb=vVv

s d=-"S=vv
S.A

to obtain constant velocity vy, = D—ZT =0.25:035 =203 -»>1l= vV

* Assume n - getb

Example

Design Grit removal chamber for a W.W.T.P with hourly flow
equals 3000 m3/hr

Solution
let D.T= 1min
C=QxD.T="x1=50m3
Assume S.L.R = 1500 m3/m?/d
S.LR=2% 51500 =222 5 5.4 =48m?
nd=—=2=105m
SA 48
Assume vh, = .3 m/sec

l
vhzzﬁ ﬁl:vhz(

S.A=n.b.l =48 m?

Assume n=2
n.b.l=2xbx18=48 - b=135m

ﬂ) xD.T(sec) = 03 x (1x60) = 18 m

sec

Page 1 1
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WasteWater Engineering Primary Treatment

Primary Sedimentation tank

Purpose:

1- Remove 50 % of suspended solids

2- Remove 30 % of organic load (BOD)

2 &S 2kl ol B ) st el pasis sy o 0o ke Gl 5l W) sl 2 -

Al o 2l sl Al G ) Gy ol s lla 3 pasl) ol o5 w

pasi ) (a1 Bl Jleb g ¥ (5) ol Wlae 3 asle Ao LW ol o by 8 -

) calaz u.u\..:ﬁl\ RV ‘_}pj Biological Treatment 45k idlas dady G ALl Jle! S L};\ dpjf

Gyl Al sgmy Al 3 Sy A,V ALLL S Al (3 age oo 3ol
Design Data:

*D. T = 15:25 hr if followed by secondary treatment
= 2 :4 hr if not followed by any treatment

*Qq = 1.5 Qav

*n > 2

*S.L.R=_-=25:40 m3/m?/d

CHLW = 2 = 200 m®/m/ /d

L. 0

* Vp, = % < 0.3 m/min
Dimentions:

* | =(3:5)b , 1 <50m in rec. tanks

b =(2:3)d , d=2:4m
* @ <35 in circular tanks
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brldge Skum scraper

outlet weir

outlet pipe

Sec. Elevation

welr

skum outlet

Skum collection box

sludge hopper
Sludge outlet D,
//
//
//
\
water inlet
Sec. plan

skum outlet —— JJ e
scrapers
\”\
(I X
inlet pipe sludge hopper
sludge plpe

water outlet

Section at circular primary sedimentation tank
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WasteWater Engineering Biological Treatment

Why biological treatment ¢

o ol 3 Lo i) ot Ul eyl s o e 55 o (s A3 B CULE e oL
sy &l olge 1 gl Skl o A s 3 b plaseah 3 2y Sl olee
Types of biological actions:
1- Aerobic action (Oxidation):
2o Jeles 5 oW1 (3 Sl oY o Ol s (3 835l 3 Uﬁ&wu\kuw@ in 3
«»twww oy o) 3 21 Ay 51
@@Jﬁu\i\\wﬁ%ﬁmwyw%u ol 5‘%{@))& Jeled) Mo‘@"ﬁy
ade Ll o) (Al ta’cﬂ\) Sl oy
organic matter + 0, (aerobic bacteria)

— stable matter | +C0, + H,0 + new cells

2- Anaerobic action
3) Al 2l po Jelizs 131,20 p@\wmﬁﬁmwwaﬁyum&w Lo Goas
AN OB Jany dpiae 16 3lye domie (S OLE
o8l ja 4t g 1) L)y &l e Ub by i £y 7o Jeled lin ol

organic matter(aerobic bacteria)
— stable matter { +CH, T +H,S T +NH; T +H,0 + new cells

BOD & COD
2o Jeliall (3 S Sl G S5 A5 s i lF 8 0 ol 3 23 ppiadl) SRS A
f&w@{md“ﬂﬁ%%&*ﬂ Ll 3 oSV 555 B b e sy Bl Sl
45 ooaly lkl Ells 5875 sl 1USG oL gLJ&J dygiaal) 51kl S eSS ol da by 8N
gl Sl 585 iy amed S5y Ald) 5!



WasteWater Engineering Biological Treatment

Biological Oxygen Demand(BOD):

el 315l gty 3 pall olee (3 339 k] iguaall 315k 58T (3 805 LS LSk ) e S AS
BOD; (s W bl 5 8l 520 23 20 8] > > (3 8 jne
Chemical Oxygen Demand(COD):
sy 5 ens Slgo S yiadl ST Jogod bl Slimia, Jio 338 o plasisly i) oS 25
coele sal A;,ju i y3 70 3, i b yl] (yoeaddl dis
sl S Js Y 30 syl s 2L 510 Y €OD > BOD iis -
Lo 38 s Jo Sl (3 aclin Y sy ol olie (3 dppinall S %ff@ﬁﬂéﬁﬁ&COD :
S pall olis (3 &ypaall slgall S BOD pusy s L] anie o G glocd) Al
Types of Biological treatment:

1- Treatment methods:

W gkl ol Jesdy Al ol (2 AV el e o dirglad) Ll e 5

1- Trickling filters bl sl
2- Activated sludge tanks Ao zdl) sl 2
3- Extended aeration tanks dslal) &) o s|

s gkl sl t\jJ\ ey A3 s
2- Sedimentation:

1- Final Sedimentation tanks Sl il ols!

2- Oxidation or Stabilization ponds 5SS O\ st



WasteWater Engineering Biological Treatment

Trickling Filters

ey AT, s ooy Blad) S o) Ll My oslall o ) Al Bl B o Lals ) st
Attached Growth System o L]
: ezl ojia
Qsﬁm Howz Lol o o oo Sl plassl L) 1) o S o gl i sl 5,58 a6
&5 Gyl Ly a3) Sl LA e s Ll b 8555 lad CL“J“LL ey
LMl Llall oda P e

Biological Action on filter media:
@ymgkdﬁw\@,\swm) Lodla e e (3 3 Lol o o oLl 3y Loe
A3l5n Ml & sy dadall e o) o5l ey 43150 OMelid) 4 Loz el o o ol
Cadas WL, dedyl dald ;&f;&wmautw ble Z3lpa Vel pe ety
e S ) 1 Ly s g
.w&usq@,w%mawg\@évaw}\w@\s;\“\b\x

Sewage drops
[ Partially oxidized  Compleled oxidized Isolated layer
Y N N Q, .
WEAWAW. : Oo Aerobic action _ ( I.-’f %\ Anaerobic action . e
() ~ -\ N4 —
A 0, -

Types of Trickling Filters:
1- Low rate type called Standard Rate Trickling Filter (S.R.T.F)
2- High rate type called High Rate Trickling Filter (H.R.T.F)



WasteWater Engineering Biological Treatment

1- Standard Rate Trickling Filter (S.R.T.F)
Consists of :
1- Dosing chamber:
W&J.‘aado-du\d\a/\wjd uﬁoucﬁ-krwﬁfﬂaufdwrw@f
(.L:Me Jaag Slala )l o)yl 38 Lels Soud
BB 5 e ap ¥dakaie DV e ), 4 wﬁyaufw | Lo -
2- S.R.T.F
e shyed) ZHL) Sl 48 5 ) ol Ll o

3- Final Sedimentation Tank

Lo oAl (S5 o S ALY e A2W1 UL e 8 8 sl L) i)
Note:

3 L iz o 2o BODRgyy  goed ddlall dlad 3sls (25 &y piadll slsdll e 5875 o (5558 2l oloo
"\S\ J“{Jd\ Aeind bl BODprimary tretment éU\ Jf,ijj\ jS.’.j ( % 30 g_;\j>) ‘\:’\-\»J\/\ 4\;-\41.\ J\;«\
BODginar &3 3 Cfuﬁ ) ddlao s 4.3\,.1:{5\ ad-ladl)

BODRaw - BODprimary tretment - BODfinal

BODyrimary tretment = (100 —30) % BODgqy, = 0.7 BODgg,, (if not given)

Combined ef ficency
Efficency through biological treatment

BOD.,,,; — BOD¢;
E = primary tretment final x 100

BODprimary tretment

Over all efficency

Efficency through all treatment
. BODgaw — BODfinal

BODgq

x 100

(J‘ﬁ )&j J“wf"“ LY
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Rotating arms

Dosing tank
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WasteWater Engineering Biological Treatment

Design Data:
for S.R.T.F:

. . 100
* Combined ef ficiency = CE = TT00085 JEE T
L allowable organic load = 70: 200 gm BOD /m3 media/day

* Total Organic Load =T.0.L = Qq x BODprimary tr. gm/day

T.0.L T
*+ volume of media tank = — (m?) = n.Z.<p2. d
* Hydraulic Load = .S?_jl = (1:3) m3/m?/d

n>2 & @ <35m & d=2:3m
Examplel

for AW.W.T.P of daily flow 20,000 m3 with raw BOD = 500 ppm
and final BOD = 50 ppm Design S.R.T.F units

.Qn]nh'nn

Assume primary treatment ef ficiency = 30 %
BODprimary tretment — (100 - 30) % BODpgg4y = 0.7 BODpgy,

= .7x500 = 350 ppm

CE — BODprimary tretment BODfinal x 100 = M x 100 = 85.71 9%,
BODprimary tretment 350
100

CE =85.71 - L =140 gm BOD /m3 media/day

© 140.0085+2.75L

T.0.L = Qg x BODprimary tr. = 20,000 x 350 = 7x10° gm/day
. T.OL _7x10° 3
volume of media tank = T e 50,000 m

Assume d=3 m - S.A=16667 m?

s
Assume @ =35m - n.Z.g02=16,667 - n=18

Check
Q4 20,000

S.A 18.7. 352

Hydraulic Load = = 1.15< 3 safe



WasteWater Engineering Biological Treatment

High Rate Trickling Filter

HRTf@rdg}j%vMﬁ
Ao LI ELe o don oLl e s ot s3] 52 ey cadl 2 A1 gt 5 30
Recirculation o dleal) odn oud &30yt AL LY -0 dZLV oL - lgkals
F(HRTEF Oly) oLl o g plisaal 53kl Ol -
Sgo 4y pls o po dygaall sl Lot 555 Flao slo Ll S £ U1 Lo syl S i 1
S 555 piae
m@mm&»u@ VS sl 3 ool -2
Sl o fl) lis 3 ool oll) (2 B ol (3 S wJMJQQVB
oo i QWb SRTE & Juall Olas 10 W et l) Jams dasliay #4158 500 5 4
Zigllall do Ly oleivt Ll
al 53lall oLl Mot (4 Lozl oLl o S0 oY g}\ gy ¥ O pa 30l > 3 -5
SRTF ,Sa ol ad u»@ﬁ&wMY-6
: Recirculation Cge -
Sl S o s Qb ool 52 2 ) s 1
Recirculation Ratio (R):
o b b ol o LU &S 1 o) oLl lald Sl sl s e alall L) 45 g 2wl
(W gl s g) &gaall 2lgl) 58 e Jo M3, 4.5:0.75

R=&=O.75:4.5
d
Recirculation factor (F) :
~ 1+4+R
~ (1+0.1R)2



(dLMMILIH) dLMM  Ja4(1d Buipgaray 240y ybiH ur wouboip aul| mo|4

SyJom psodsiq m luawibau] |poibojoig : Juawipad] Auowiud
: Jesodstp 93pn[s :

Tesodsip 3149
|

_
At

SYJOM U01432[|0)

Jesodsiq——e—

U3I0S Jue} uorjeaa[o09(J

JWIT} JOBUOD UOTJOJUISI(]
JOUIBYD) [RAOWISY JLID)

[Puueyod yoeoaddy

UOHORFUISI
U0 B[NOIIOY

Sd o)

<

uoneys dung

-
L

SIOMIS



WasteWater Engineering Biological Treatment

Design Data:
for H.R.T.F:

* Combined ef ficiency = CE = 109

1+0.0085 /2.75%

L allowable organic load = 400: 2000 gm BOD /m3 media/day
* Total Organic Load
T.0.L= Qgux BODprimary tr.t QrX BODfinal

Qa X BODprimary tr. + (RxQp) x BODfinai

x+ Hydraulic Load = SQ_il = (10:30) m3/m?/d
. T.0.L e
* volume of media tank = — (m?) = n.Z.<p2. d

n=2 & ¢ <35m & d=09:15m

Comparison between S.R.T.F and H.R.T.F

Character SR.T.F H.R.T.F
Hydraulic load (m’/m®/d) 1:3 10 : 30
Organic Load (gm/m’ media/d) 70 : 200 400 : 2000
Depth (m) 2:3 09:1.5
Recirculation none R=0.75: 4.5
Power requirements none 2:10 HP / 1000 m?
Operation simple Need some skill
Dosing 4 571l Sl > Intermittent CLM continuous
Flies &\ 2| many few

Page 10



WasteWater Engineering Biological Treatment

for final sedimentation tank:
Loz 3 ) pliy A3l AL (3 Sl sl lis Jie ey ol 2 Gl sl ol
ol ddlas
Design Data:
Q = Qq if after S.R.T.F
Q=0Q4+0Qr=0Qs+R.Q; =(1+R)Qq4 if after H.R.T.F
* D.T=15:25hr
*  S.L.R =30:40 m3/m?/d
x  H.LW <200 m3/m//d
* v, <03 m/min
* n=2 & <35m & d=2:4m

Example 2

for AW.W.T.P of daily flow 30,000 m3 with raw BOD = 300 ppm
and over all ef ficiency = 85 % with organic load = 1000 gm/m3/d
Design H.R.T.F units

Solution

Assume primary treatment ef ficiency = 30 %
BODprimary tretment — (100 - 30) % BODRaW = 0.7 BODRaW

=.7x 300 = 210 ppm

BODRaW - BODfinal

0 [l Cl = 100

ver all ef ficiency BODnr X

300 — BODy;
85 = B S 100 - BODjipg = 45 gm/m3/d
CE = BODprimary tretment — BODfinal x 100 = 210 — 45 x 100 = 78.57 %
BODprimary tretment 210
100 L
CE = =7857 —» —==3744,L=1000->F = 2.67

L F
1+ 0.0085 [2.75 T

Page 1 1



WasteWater Engineering Biological Treatment

o 1+R
~ (1+0.1R)?
.0267 R> —0.466R+1.67=0 — R =05.04

=267 > .0267R?>+ (2.67x02—1R+267—-1=0

T.0.L =0Qq -BODprimary tr. T R.Qq -BODfinal
= 30,000 x 210 + 5.04 x 30,000 x 45 = 13.104 x 10° gm/day

T.0.L _ 13.104x10°
L 1000
Assume d=15 m - S.A=8736 m?

= 13,104 m3

volume of media tank =

T
Assume @ =35m - n.Z.<p2=16,667 - n=10

n=10 - ¢ =334m
Check

Q¢+ Qr (1+5.04)x30,000

S.A 10.%.33.42

Hydraulic Load = = 20.7 < 30 safe

Page 12



WasteWater Engineering Biological Treatment

Example

forAW.W.T.Pof 4 H.R.T.F each of diam.= 40 m and 1.5 m in depth
find max. capacity of the plant if :
BOD,,, = 300 ppm BODfinq = 60 ppm
Primary Treatment ef ficiency = 30 %
max.organic load on filter = 120 ppm
max. hydarulic load = 30 m3/m?/d

.Qn]nh'nn

1 — Getting Q from organic load
BODp; = 0.7 BOD,,, = 0.7 x 300 = 210 ppm
BOD;,, = BOD,,
Qq X BODpy + Q- x BODf = (Qq + Q) x max. L
Qg x 210 4+ Q, x 50 = (Q4 + Q,) x 120
90 @, = 60 Q, —>R=Z—Z=1.5
1+R 1+1.5

F= (1+0.1R)?2 - (1+.15)2 = 1.89

BOD,imar — BOD, 210 - 60
p y tretment final x 100 =

BODprimary tretment 210

CE =

x100 =71.43%

100 L
CE = =7143 - P 805.2,F =189 - L =1521.8
1+ 0.0085 /2.75 %
, T.0.L
volume of media tank = —7

T
T.0OL=VxL=4x 2 x 40% x 1.5 x 1521.8 = 11474101 gm/d

T.0.L = Qd -BODprimary tr. + R. Qd 'BODfiTLal = Qd x 210+ 1.5x Qd x60
11474101 = Q4 x 300 - Q, = 38247 m3/d
2 — Getting Q from hydraulic load

Hydraulic Load = 2489 = U150 _ 34, . = 603018 m3/d

SA 4x%x402

. max. capacity is min.of the two flows = Q, = 38247 m3/d

Page 13



WasteWater Engineering Biological Treatment

Activated sludge process
s &g PST Gla¥) il (25> da Aeration tank s &5 (o5 pidiies i ol oda (3 -
5 ians Slok Jgoesy &y gl 315l 50 SYN SUE 48 5 Eor (el 101 6) Dol sasd ol 40
LS blad donh Ly lgas 513,
by 2y Elsd) cawy e 4p i Final Sedimentation Tank (l: oy (o5 &5l (25 b -
Gl ) 915 3 Gl A pess by 8 s (P ageS
: Activated Sludge o & -
S e &l Sl sl s B g I o o il Jo il Lo e o S5 18
5 U0 e Nl 3Ly 5 Al U lono Ly Bypidl e 15 olall Jis &t Al
Types of Aeration tanks:
1- Compressed air tanks
e Lo o 1l b B 3 gl eyt by e K s il ey e e
o ab ) air diffusers o gl oda oud . i)y 5085 SULE e Sl oa ol s 5 S,
sd)
2- Mechanical Aeration
n L s ol W ammazy ol 3 Ol Jasd ASGHGe 3k pased 2l W1 e sl Vi 3
sy St Sk sy &gl slill o (sl §ad1md LS o33 oS 51
Important definitions:
1- Attached growth system
o L e Loy edans Jo 8 s 3ok puaall Sl o) KN LS 58 4 G o) A lal) Al
Trickling filters Zlaljl) s Ll Jao oglall S
2- Suspended growth system

o Sl sloe Lade S 8mn 3k Gyl S5 g a1 LS 58 4 sl ) AL i o

Activated sludge system 2o L) ds-\) 87}\3
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WasteWater Engineering Biological Treatment

3- Mixed liquor

waste water and active sludge oo b Lld| Jo 3l C\Lz.m
4- Mixed liquor suspended solid (MLSS):

hyao sy g M| 3 AW ALall sl o pm é.b.,m
5- Mixed liquor volatile suspended solids (MLVSS)

sludge (3 82575l S 250 sy slll 3 TS o m e
6- Food to microorganisms ratio
food ¢l3all (25 old) (3 A3 Lpzadl 3151 e Lo el (3 ol (gt pllad) 1)ns3 587 Je) e Jpanel
Aesdy &l 0Jn o3y microorganism  Zasl LIl ) L KN 2y Sl Vs e (sdanes bo o
b SN i)
food s (3 535251 &y guadll 3141 4.8 LS BOD isly -
) (3 53925kl L SN (ula§ MLVSS i MLSS Jsly -
MLVSS = 0.8 MLSS
f food
m_ microorganism

Design Data:
for Aeration tank :

D.T.=6:10 hr

Qtotal = Qa +Qr & 0 =0.2:0.50Q,
volume = Qtprq; X D.T.

=0.2:04 kg BOD /kg MLSS /d

3
Q LS X BODgfter primary sedimentation =
Organic load = d< d> ftvozpume(nyls)d etrled)
< 400:900 gmBOD/m3/d

3

m gm
Qad <7>x BODgfter primary sedimentation(ﬁ)

i
m volume(m3) x (MLSS )(fn_n;)

= 2:4 kgBOD/kg MLSS /d
MLSS = 1500 : 3000 ppm

Page 16



WasteWater Engineering Biological Treatment

Dimensions:

volume =n.b.l.d
n=>2 & d=3:6m & b=510m & [ < 50m

Quantity of diffused air:

Quir = 3:10 m3 air /m3 sewage
Qqir = (3:10) Qg4
Activated sludge efficiency:

BODprimary tretment — BODfinal

A.S efficiency = x 100 = 85:95%

BODprimary tretment

Example

for AW.W.T.P of daily flow 30,000 m3 with raw BOD = 300 ppm
and return sludge = 25% of sewage flow Design Aeration tanks
if organic load dosent exceed 540 gm/m3/d

.Qn]ann

Qtotar = 1.25 Q4, = 1.25 x 30,000 = 37,500 m3/d
Assume D.T.=8 hr

V= Qtotal X DT -

Check Organic load
OL _ QdXBODp_t
v

Assume P.S.T efficiency = 35%
~ BOD,, = (1—-0.35) x 300 = 195 ppm

30,000 x 195 _ 3
0.L = 2500 =468 gm/m°/d < 540

12500 =n.b.l.d
Assume d=5m, b=8m n=10 - [ =31.25m

37,5008 _ 12,500 m?

Page 17



WasteWater Engineering Biological Treatment

Types of Activated Sludge Systems:
1- Conventional
Solude S0 Ladd) &y & S Dyl (o5 Jooe s sl - L) Jleal 4 A Szl Pl
55 Slols 1 kst 4l
2- Tappered Aeration:
6l 55y o Jostd L8 oS W1 &S ity 2 ot i oS 0 5,8 LS e pllad i 3
ol LS L, 581
3- Step feed aeration
Jsb e xS Nl (8 pllash Sk Wby goge e 6T (5 dupedl (o sl ol plladl Vi 3
oll dglall o) 45 i e el e o
4- Completely mixed aeration
A G e day lall u.ﬁ‘-‘fvjua);- ?»u\p&jw@@mwf
5- Extended Aeration
$Sgp el 63 1y bo 71 SLl camsill 2 (3 ESDN 50 Ll il 24 1 18 5s Lol 5l e
YY) i) o e Sl B lall oda 3
6- Contact Stabilization
Lyt 2y F 98y (o anik f Yl sl (o s Bas s o Joris Bl ol
S el o5t i £ ;»\
Qs o2 5 ey 211 3 L &kl e )
7- High rate aeration
sy Y g a3l S Al s ISy 1 51 el 3 sl (o B sl oy e B lall ol
Pl 3b oo 5l i Gl oda 39 10 o

Page 18



Solved Examples on W.W. part

Example 1 (Design of sewer)

Determine diamater , slope ,velocity at min.and max. flow of sewer

of max. flow =750 [/sec and min.flow = 250 1/sec

Cahiitinon

-, Ymax _ 0.8 = Qpyy = 940 /sec

Assume  at max. flow D= .67

Qrun
Qmin — 250 — 27 5 Ymin _ 85
Qrunt 940 Vfull
Assume vy, = 0.6 m/sec - vg,; =.7m/sec

Using chart:
@ =50in, S=.5%0

. = - = ! = —4 — -3 — go
Smin = 7o = o= = 8x 1074 = 8x 1073 = 8%0 > .5

Use the chart again For S =0.8%o0 and ¢ =50in
qull = 1200 l/ secC y Ve = 9 m/SBC

Check velocities :

Qmax — 750 — 625 - M = 11 - ’Umax = 1 m/S < 15

Qfun 1200 Vfull

i 250 Umi
Cmin =2 > =72 5 v, =.64m/s > .6 0.k
Qfun 1200 Vfull

So use pipe of diameter 50 in and slope 0.8 %0

Pagel



Example 2 (max. pop for existing sewer)

for a main sewer of diameter 36 in and slope .08 % running 7 full

at max. flow Determine max. served pop.if the av.water
consumption = 200 [/c/d

Salinitian

p=36in & §=08%0 - Qpyy = 460 [/sec

d 3
at max. flow —=- - Umax = 0.92 - Quax = 423.2 [/sec

D 4 Qrun

Qmax = S.F x pop. x PF
0.8 x 200
Qmax = ( = )(

24 x 60 x 60

“ ) x (p x 1000)(c) x —— = 423.2

c.sec pl/6

Pmax = 98,166 capita

Example 3

Page2



Design a sewer to serve pop.of 3000 cand WC = 2001/c/d
running% full at min. flow Assume suitable max.and min. factors

Sahiition

Quv = 9x3000x = 6.25 [/sec

24 x 60 x 60
Let Qmax:Qav:Qmin=2:1:.5
Qmax =2x6.25=12.5 l/sec
Qmin = -5x 6.25 = 3.125 [/sec

Getting vy & Qpuy

1 Vi
=- - /% =.8 ,assume Vy,,; =.6 — Vruu = 75

at min. flow
3 Vrull

=2 5 dmin_ 33 . =3125 > Qrun = 13.6
3 Qfull

Using chart
L ll) 5SS
$9 bu’@?‘al}b (RV:S ﬂj Jed Ju-"j\uuaa\m dzg Y @) o chart @f\d\a Joss beae
@23\ K e uﬁ e Sl 4 gend Aol i s NIChart
W ﬂhﬂ&ﬁymug\&abg\m)%\&@g
J\ (S 5w \1(.3\:) Oy Vil oJ\U % A.K-M &\ Sy Yj rj\a.n &v‘dj\ OA’M 4&3 J}) quu J& Ll O\ Juy
(JeVb de ot dolae 1) L5) 86Cas (5l v gy ¥ JUby & sl 5ol
Sfp 1 we dopdl basy dog 5 ladll bas 06y 13.6 e LY 2 L,

From chart

Page3



o=5in, S=20 %o , Ve = .95

1 1
p(mm) "~ 5x25

Smin -

=8x10"3<20 o.k

Check velocities :

Umax _ 225 _ gp o Imax _ 15 43 =11m/s <15
Qfun  13.6 Vfull

M — 72 = Ui =..684 m/s > .6 0.k
Vfull

Example 4 (max. capacity from diff. parts in plants)

Page4



for AW.W.T.P of the following units

%

%

3 Grit Removal Chambers of [=18m,b=1m,d = 0.85m
6 Aerationtanksof [=50m , b=12m , d=5m

Find max. served capacity for the plant With the following data:

%

%

*

*

*

BOD,,, = 300 ppm BODfinq = 30 ppm
Primary sed.tank = 30 %

organic load = 450 gm BOD/m3/d

Qr =0.204

D.T;r-=60sec , SLR;rc = 1200 m3/m?/d

CAaliivinn

1 — For Girt Removal chamber

C 3x18x1x.85

1- C=QqxD.T » Q =—="7"2=6609% m?/d

T

60 Xx 24

2 — SLR :S% > Q,=1200x (3x18x 1) = 64,800 m3/d

2 — For Aeration tank

C _6x50x12x5 3

1 —_ C = Qtotal X DT - Qtotal — D.T - 6 hrs - 3000%

Qrorar = 3000 x 24 = 72,000 m3/d
Qtotar = Qa + Qr = 1.2Q4 > Q3 = 60,000 m?/d

2 — fromorganic load

BODp+ =.7 BOD ,,, = 210 ppm

0L = Qd.B;)DpT N Q4 _ 450x(6xzigx12x5) _ 38,571 m3/d

So the max. capacity is the min.of the values and = 38,571 m3/d

Example 5 (Design of H.R.T.F and A.Sludge)

Page5



foraW.W.T.P of daily flow = 60,000 m3 and raw BOD = 500 ppm
and S.S = 600 ppm  Design the following:
1 — Activated sludge units with final sed. tanks

2 — H.R.T.F units without final sed.tank

CAliiviAnn

Assume primary treatment eff.= 30 %
BODpy = 0.7 BOD,g,, = .7 x 500 = 350 ppm

for Activated sludge units
1 — Aeration tank
Sludge recir.ratio = 20 : 50 % — taken 25 %
Qrotar = 04 + 0, = 1.25 Q4 = 1.25 x 60,000 = 75,000 m3/d
Assume D.T = 8 hrs

75,000
V=0xD.T = x 8 = 25,000 m3
24

.BODpr + Q... BOD

OL = Ca il Sr Studge BODgjyqge = zero
04.BODpy 60,000 x 350

So OL= - = 840 3/d
0 % 25.000 gm/m*/

V =n.b.l.d = 25,000

Assume b=10m ,d=6m ,n=10 » [ =42m
2 — Final sed. tank

Q= Qtotal = 75,000 m3/d

Assume D.T = 1.5 hrs

75,000

1.5=4 . 3
22 x 1.5 687.5 m

V=QxD.T =

Let SLR =30 m3/m?/d

Page6



75,000

SLR = — SA = = 2500 m?
dZSZR=42658C)765=1'89 ~d=2m
SA = 2875 _ 9344 n= g2
=35 ->n=243 taken=3 so @=316m
Check
1-— SLR=S%=%=31.9 < 45
2—HLW =2 =_799 _9518 > 200

XA 3xmx316

use another wier at distance .5 m from the outer priemter
Apew weir = d — (.5+.5) =30.6
ly =3x(mx31.6+mx30.6) =586.22

~ HLW = 226"‘2’2 =128 <200 o.k
75,000
3_p, =L =—22280_ - (17 m/min < .3

XA 3.X'TL'XTX2

for H.R.T.F

Page7



Combined ef ficiency = 75:85 % — taken 80 %

BODyprimary tretment—BOD final
CE = —2rmary final , 100 = 80 %
BODprimary tretment

350~BODfing
0.8 = 350f LS BODfinqr = 70 ppm

R=(75:45) taken?2

1+R
F= (1+0.1R)2 2.083

100
CE = =80 -

L
L F
1+ 0.0085 [2.75 7

T.0.L =0Qq -BODprimary tr. T R.Qq -BODfinal

=314.6 — L = 655.24 g/m3

= 60,000 x 350 + 2 x 60,000 x 70 = 29.4 x 10° gm/day

T.O.L _ 294x10°

volume of media tank = = = 44,870 m3
L 655.24

Assume d=15 m - S.A=29912m?

s
Assume @ =35m - n.Z.g02=8736—> n =31

n=31 - ¢=35m
Check
Qa+Qr (1+2)x60,000

S.A T a2
31.4.35

Hydraulic Load = 6 <30 safe

Al 2\t e ol drgly dblas b e 1Y i3y 8.8 48 puserad J sl L gLl JBI 3
aoadl 3 gl gl @ WK, Lis BOD
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Example 6

for acity of pop = 60,0000 capita and home waste of BOD

=100 g/c/d and industrial flow of 750 m3/d with BOD =
520 kg Design the req.aeration tanks

Solution
Assume WC = 250 l/c/d

S.F =.8x60,000x.25= 12,000 m3

100 x 60,000
12,000

BODpome raw = = 500 ppm

Qs =1.5Q,, =1.5(12,000 + 750) = 19,125 m3/d
Assume Q, = 0.25 Qg4

Q, = 1.25Q, = 23906.3 m3/d

Assume D.T =8 hrs

V=D.TxQ,=23906.3 x5 =7969 m3

Check organic load
total organic load = home BOD + ind BOD
=Q,xBODpr+Q,,; x ind BODpr
Qg = 1.5x 12,000 = 18000 m3/d BODpr = .7 x 500 = 350 ppm
Qing X ind BODpr =.7 of total BOD = .7x1.5x 520 = 546 kg
total organic load = 18,000 x 350 + 546 x 103 = 6.846 x 10° g/d

. 6
0L = total organic load _ 6.846 x 10 3g/d — 859 g/m3/d <900 ok
|4 7969 m

V=nb.ld
b=8m , d=5m , n=5 - [=40m
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Menoufia University Civil Engineering Department.
Shebin El kom Faculty of Engineering Sanitary and Environmental Engineering

2" mid-term model answer

Question 1:

a)

Elevated Tank

7N
| |
N/
Chemical feeding ) ) Flocculation  Disinfection
| 1 & Sedimentation f 1) distribution network
I| " | K ___.,;"ﬁ ESF Ground tark I
E surmp LLF Flash mixing fﬂl'%{ i -,-"' ‘\ l:l I:l | | | | | smp HLP
| f hﬂﬂl.cc pipes f/’?\\? [ l/j"\., "'ul‘._|:||:| : E L
e Y/ BT
( g | \;—_—_—_..-/ C10]

|
|
| | |
| | | clari-floculator
|
|
|
I

Collection works Treatment works Distribution works

Flow line in Rapid Sand Filter (R.S.F.) water treatment plant
Modern Treatmnet plants

Chemical feeding : Adding coagulantss to water

*

Flash mix. tank .  Rapid mixing of coagulants and water

#

Clariiflocculator:  allow for flocculation and sedimenation

Rapid sand filter: Remove Remaining S.S, 90 % of bacteria , algae and iron

*

*

b) Different types of distribution systems:
1- Tree system (Dead ends system)
Advantages:
1- Cheaper system
2- Easy calculation of pressure and discharge at any point
3- Less no of valves

Disadvantages:



Menoufia University Civil Engineering Department.
Shebin El kom Faculty of Engineering Sanitary and Environmental Engineering

1- Present of dead ends
2- If main pipe broken the network will stop.
2- Loop system (Ring/circle system)
Advantages:
1- Easy determination of discharge and pressure

2- There are two direction of flow so if one pipe broken the network won’t stop

totally
Disadvantages:
1- Dead ends still found even less than Tree system
2- Cost higher than Tree system
3- If minor pipe broken a small part of city will be affected

3- Grid iron system

Lol saz e ) 2l plladl lia ey ol 8y 5ule S0 0080 ot Lo o sl gl plls
lelall e SSTaxe U z\zéj
Advantages:
1- No dead ends.
2- No stop in network during repair.
Disadvantages:
1- Most expensive than other systems
2- Need large number of valves

3- Need complicated analysis to determine discharge and pressure.



Distribution pipes

H.L.P

IT —

Tree system (Dead end system)

SIS
=|[I1E

Main circle

H.L.P Distribution pipes %
\

Ring (Circle system)

Main feeders

Distribution pipes %

<+
I~

H.L.P

Grid iron system
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C) 1 — Getting eq.pipe for BCD (in series)

1 — Assume Q =100 [/sec
2 — From chart:
Q=100 ,¢5, =250 > S, =253x10"%* , [, =800 —h, =2025m
Q =100 ,0p =200 > S, =750x10"% , 1, =500 - h,=3752m
“ heq =20.25+37.52 =57.77m
3 — Assume Py = 200 ,Q=100 - S, =750x10""* ,h,,=57.77m

.1 he _ 5777  _

N leq - Seq o 750 x 104 =770 m
OR Qg = 250 mm leqg = 2283 m
OR  @pq =300 mm leg = 5554 m

2 — Getting eq.pipe for BD (in parallel)

1— Assume h=10m

Pipe BCD Peq = 250 mm & [, =2283m
10

§=-_—-=438x 107%,9 =250 - Q,=2388 I/sec
Pipe BD Peqg = 200 mm & [, =1000m
S=—==100x10"*,¢ =200 — Q,=33.7 I/sec
“Qeq =388+33.7=725 I/sec
Assume  @oq = 200,Qpq =72.5 — S =414x10"* =
eq
leg = 241.6 m
OR  @gq =250 mm leg = 7143 m
3 — Getting head loss at every pipe
Q = 100
Pap = 400 - Sl = 25.7x 10_4 ) ll = 1000 - h'AB =257 m
Ppp = 250 - SZ = 253 x 10_4 ) ll = 714.3 — h'BD = 18.08 m
Opr =300 > S, =104x107"% , 1, =1500 - hpz = 1562 m

4 — Getting Head on elevated tank at A
Head of elevated tank = Head at A = Hg + hyg + hgp + hpp = 61.3m
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Question 2:

a)

Positions of manholes:

1- At sewers intersections
2- At change of sewers direction or diameter or slope or material

3- At max. allowed distance (defined for pipes diameters)

Functions of manholes

1- Cleaning of sewers.

2- Inspection maintance operations

b)

1 — Getting full flow and full velocity

d V.
—=.75 fromchartl - Umax _ gy g Ymar_ 5

D Qrun Vrul
680
“ Qe = = = 740 [/sec
; 220 d ;
Cmin _ 228 _ 3 fromchartl ==.38 & -mn— g§
Qfun 740 D Vfull
Assume v, = .6 m/sec = Vg =.7m[sec

2 — Getting diameter and min. slope
Qrun = 740 [/sec &  vpyy =.7 m/sec

fromchart2 @= 1100mm &  S=.5%0 <——=109 %0
try @= 1000mm &  S= .8 %0 <——=1%0
try o= 900mm & S=16 %0>-—=111%0 »v
“ Vpu = 1.25 m/sec

3 — Getting velocity at max.and min. f low
max — 115 - v, = 1.15x 1.25 = 1.44 m/sec

Vrull
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Vmin =-85x1.25=1.06 >.6 o.k.

Imin — 85

Vrull
4 — Getting flow depth at max.and min. flow
d

=.75 -d=.75x900 = 675 mm

at max. flow

D
d
5=.38 - d=.38x900 = 324 mm

at min. flow
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Question 3:

a)

- We can control the velocity in G.R.C by using one of the two methods :

1- Parabolic section of the channel

2- Using rectangular section with proportional flow weir

Emergency weir
/

Different discharges(levels)

Proportional flow weir

- We do this to assure to settle girts of d > 0.2 mm only like sand and gravel

and this is as the difference in disposal method between this sludge and
sludge contained from primary sed. Tank and to save the mechanical

equipments fI'OI'I'l damage
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b)

let D.T = 1min
C=QxD.T=22x1=41.6 m®
24 x 60

S.L.R =1000 m3/m?/d

SLR=% -5 1000="22 5 SA=60m?
ad==—=22=7n
SA 6
Assume vp, =.3 m/sec

Vpy == —>l—vhz( )xD T(sec) = 0.3 x (1x 60) = 18 m

S.A=n.b.l = 60 m?
Assume n=2
n.b.l=2xbx18=60 - b=167 m

Cross section in G.R.C

Proportional flow weir

Sand coll Screw motor scraper motor |
Sand collector ! . |
nd collector |~ Ry _ |
o x"“&“ : e scraper outlet tlow I

! ‘}{;i-%_f;urc“ ! 2 oty |

|

e, T k
I T,

Elevation view

Sludge hopper L =18:20 m

F\/ - i ﬁ

Plan view
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b)

primary treatment ef ficiency = 40 %
BODprimary tretment — (100 _ 40) % BODRaw = 0.6 BODRaW

= .6x 300 = 180 ppm

BOD,,,; — BODy;
Combined Ef ficiency = primary fretment fimal 100

BODprimary tretment

_ 18060 00 = 6667 %
~ " 180 BRSR
1+R
© (1+0.1R)2 1.89
100 L
CE = =66.67 - - =12582 > L=23774

1+ 0.0085 /2.75 %

T.0.L = Qq -BODprimary tr. T R.Qq -BODfinal
= 70,000 x 180+ 1.5 x 70,000 x 60 = 18.9 x 106 gm/day

T.O.L _ 189x10°

volume of media tank = = = 7950 m3
L 2377.4

Assume d=.9 m - S.A=28833.33 m?

T
Assume @ =35m - n.Z.g02=8833.33—> n=10
n=10 - @ =33.6m

Check
+ 1+ 1.5)x 70,000
Hydraulic Load = Ca + Qr = ( n) = 19.5< 20 safe
5.4 10 x 7 x 33.6

10



Rotating arms

Dosing tank
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Rotating arms
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/ Rotation directiion

Trickling filter Details
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Final Exam Model Answer

Question 1:

a) Discuss factors of selection of the design period for a water supply system.

Factors affecting design period of water supply project are:
1- The virtual age of structures , equipment
2- Population increase rate
3- water consumption
4- existing balance for the project
5- water resources

6- maintance works for the units

b) Design and draw the collection water supply works for a city of
population 150,000 capita, and average water consumption 180 LCD. The
source of water is a navigable Canal of H.W.L=(10.00m), LW.L=(8.50
m), Bed level = (6.00 m), Ground level =(12.00 m), Road level = (14.00
m), Road width 40.00m, W Treat level =(35.00 m) and Side slopes 1:1
& 3:2

Type of intake Shore intake as canal is navigable

. . 180 _ 3
Quy = pop.x WC = 150,000 x T00rzare0res = 0.3125 m?/sec

Qmaxmonthly = 1.4 Qq, = 1.4 x 3125 = 4375 m?/sec
Quuin =7 Qup = .7 x.3125 = .22 m3/sec

1 — pipe conduit

Assume v =1.2 m/sec

4375

Areq = —5 = -365 m? = n.%.q)z

choose 2 of @ =500 mm (A of onepipe = .196 m?)
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check
1=y = 2= 1116 <15 o.k
2 — Upin = ij% = 0.57 < .6 close one pipe
Vmin = —oem = 1.12 > 6 ok

4375
3 — Vmax.max. =
) ) 1x.196

= 2.232 < 2.5 0.k

2 — for pumps
Q = .365 m3/sec.
take two pumps of Q = 185 [/sec + 2 stand by
* Hiotar = Hstatic + denamic
Hgigtic = V Ist unit in WTP — VLWL =35—-85=265m
denamic = hf + hgee + Ry

_ 4.flw?
T 299
let f=.008 & [=70m (for shore intake)
4 x.008 x 70 x 1.142
2x9.81x.35
hsec =0.1:0.2h =.06m
v? 1.14%2

hy = 29  2x981 07m

Haymamic = 43 + 06 +.07 = 0.56 m

Htotar = Hstatic + Haynamic = 26.5+ .56 =27.06m

y.Q.H _ 1000x.365x27.06

Total Hp = 7o —, = 220 hp

3 — for Sump
Q = .365 m3/sec.
ng=mny, +nsp, =2+2=4 pumps
Qmax.montniy X 2min = .365x 2 x 60 = 43.8 m?
volume = max.of
Qmin. x5 min = 0.22 x 5x 60 = 66 m3 vV
Assume distance betweenpumps =15 m —->1=4x15=6 m
Assume b=15 m
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66
6x2

sd=—=55m >

dmin = (VLWL —hs) —VBL+05=85-43-60+.5=257<d 0.k

Drawing of shore intake

HW.L
Lwr /@ )
SSSNL. o
sl sl B
\ o o [
< 7 7
o @
a ) l—
=]

o ol am W de y3) sebolidl e anls

51 Lot

1- High Water Level.
2- Low Water Level.
3- Screen.

4- Inlet gate.

5- Intake Pipe.

6- Outlet gate.

7- Raw Water Sump.
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Question 2

a) Compare between rectangular and circular sedimentation tanks.

Comparison thWCCIl Rec. and circular tanks:

Tank Rectangular Circular
Flow direction Horizontal flow Radial flow
Detention time 2 :4 hrs 2 : 4 hrs

Dimension L<40m,b<125m,d=3:6m

§0<35m,d:3:5m

advantages Need less area as there are combined High efficiency in sed.

walls between tanks

Disadvantages Has problems in water outlet weir Need larger area

b) Design and draw the required circular clarifiers for a water treatment plant
of production 800 liter/sec.

Q =8001/sec =0.8 m3/sec =.8x60x60=2880 m3/hr

= 69120 m3/d
Assume T = 3 hours
capacity =T x Qg = 3 x 2880 = 8640 m3
Assume S.L.R= 30m3/m?/d (20:40)
and S.L.R = SQ—Z > S.A= 212 _ 9304 m?
__ capacity _ 8640
d= A = 2301 3.75 ms
Assume @ =35m
352

n.mw=—= 2304 > n=24 - n=3tanks
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2
3.m%-=2304 - ¢=313m

Check
i _ Q@ _ _ 69120 _ 3 2
1-S.L.R T5aT L. et 299 m® /m* /d
2.V, = —2 = 28X __ 0086 < .3 m/min
CroSss area 3xT1 xTx 3.75
3-HL=2=-% = 9120 _ 934 m3/m//d (150 : 300)
Ly n.m.Q 3xmx31.3

So use 3 circular sedimentation tanks with @ = 31.3 m  Water depth = 3.75 m

Tank drawing

bridge
W outlet weir

o Vﬂ.
N /~ ,
outlet pipe

SCrapcrs

=

i :
inlet pipe
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Question 3

a) State using sketches the cleaning steps of Slow sand and Rapid sand
filters

- In slow sand filter

Float valve
7 W.L. _
I Sluice valve
N _ IR | b =——Influent
5 h
I1Z.15m water H v

Telescopic pipe

dirty skin (3.5) cm

Va

Effluent «—— —

/
/ Yo . .
under drainge system / Y Main drainge pipe
waste pipe —=
L b L |
= -1~ ~1

Cross section in Slow Sand Filter

After working period, the dirty skin is removed and replaced by equivalent depth of sand.

This continuous for 1 : 15 days according to type of process(manual or automatic)

- In Rapid sand filter

—y Wash channels

V; ' WL [froughs) |
Influent
V, influent valve > _h‘:-cbé‘-‘:-ﬁ-‘:
Vo effluent valve 18,256 m
V. waste valve P waler Vi backwash waste
3 : =

V, Air valve
V., washwater valve

lPr::e;Surizcd air
V_ backwash waste valve

Vi
Ve

RC Va e -
Effluent <—j | o B o | - p | <= Wash water
R.C . Rate coniroller fo manage oulpul rale Wﬁﬂel v, \ _
/ utider drainge system Main pipe
During operation, During washing: During preparing:

1-Open V, and V, 1- Close V, 1- Close V,and open ¥,
Z- Keep V, for (Z:5) min 2- Close V; and open V, for (5:15 min)
3- Close V,and open V, for (2.5 min 53— Close Vand open V,

4- Close V,and open V,  for(8.10 min)

Cross section in Rapid Sand Filter
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b) Discuss methods of disinfection and factors affecting it in water supply

Methods of disinfection:
1- Chlorination: adding chlore with suitable dose to water.
2- Chloramination : using ammonia with chlore to reduce the costs .
3- Ozination : using ozone (O;) in disinfection give good results but more expensive.
4- Ultraviolet : using waves in killing bacteria.

Factors affecting disinfection:

1- Contact time. (effect increases with bigger contact time)
2- Dose. (effect increases with higher dose)

3- Temperature. (effect increases in higher degrees)

4- PH value. (effect decreases with higher PH values)

5- Kind and concentration of microorganisms in water.

c) Design and draw the ground reservoirs for a city of population 150,000
capita and an average daily water consumption of 250 liter per capita

Qmm = 1.4 x WC x pop.= 1.4 x 0.25 x 150,000 = 52,500 m3/d
Qm.daity = 1.8 x.25x 150,000 = 67,500 m3/d

from disinfection:

Ci = Qumx(0.5:1) =222 x1=21875 m?
from emergency case:
C;= Qumx(4:10) =222 x6=13125 m?

from dif f.between max. daily and max. monthly case:
(3 = Qm.daily — Qmm = 67,500 — 52,500 = 15,000 m3 vv
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from fire demand

Qfire = B x120 = 2208 £ 120 = 1800 m?

Cs = 0.8x Qfire = 1440 m3
so the volume of tanks = max.of(C; + C, + C3) + C,
= 15,000 + 1440 = 16,440 m3

let d=5m — S.A=2220_3988 p2

use 4 tanksof bx1=40x20.6 (S.A=3296m?)

Section at Ground tank

-
o (107,08 |
—

Filtered waber—p

.-::E::-:---- e — e To HLF

Filtered water _ T HLF

Section Plan in Ground water Tank
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Question 4:

a) State using sketches the different types of distribution system. Discuss
the advantages and disadvantages of each type

Different types of distribution systems:
1- Tree system (Dead ends system)

Advantages:
1- Cheaper system
2- Easy calculation of pressure and discharge at any point
3- Less no of valves

Disadvantages:
1- Present of dead ends

2- If main pipe broken the network will stop.

Distribution pipes

Main pipe

H.L.P

=|II1E

=IIE

Tree system (Dead end system)

2- Loop system (Ring/ circle system)
Advantages:

1- Easy determination of discharge and pressure

\o)
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2- There are two direction of flow so if one Pipe broken the network won’t stop

totally
Disadvantages:
1- Dead ends still found even less than Tree system
2- Cost higher than Tree system

3- If minor pipe broken a small part of city will be affected

Main circle

W

il 1]

P |

H.LP Distribution pipes

Ring (Circle system)

3- Grid iron system

Lol s e I 7l plladl i ey el 3 p5mle IS0 0550t laam o orhize geso plls
llall e ST s U C\:éj
Advantages:
1- No dead ends.
2- No stop in network during repair.
Disadvantages:
1- Most expensive than other systems

2- Need large number Of Valves

10
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3- Need complicated analysis to determine discharge and pressure.

Main feeders
|l|l.
\ /
\ /
I'. ..'

Distribution pipes

H.LP

b) Determine the head of booster pump at (B) in the shown system to
increase the flow (q) from 100 I/s to 180 I/s with maintaining the same head
at point (A) and point (E).

@
=

‘w 008€

1 — Getting eq.pipe for BCD (in series)

wwose

They have the same ¢ —
Peqg =300 mm , [, =1600m

D

|

wuwose
‘w 000T=

2 — Getting eq.pipe for BD (in parallel)

1— Assume h=10m

Pipe BCD Peqg =300 mm & [,; =1600m

S=—2=625x10"%,0 = 300 —

1600
Q=76 I/sec
Pipe BD Peqg = 250 mm & [, =1500m

S=—==667x10"%,9 =250 > Q,=49 I/sec

“Qeq =76+49 =125 I/sec
Assume  @qq =200 ,Q,, =125 -  §=11345x10"* =

O

D

wwoot

10

eq
leg =88 m

11
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OR Qg = 250 mm leg =262 m
3 — Getting head loss at every pipe at Q = 100
Q =100
Oag =350 > S, =49x107* , 1,3 =3800 - hy; =1868 m
Ppp = 250 - SZ =253x107* ) lBD = 262 - hBD =6.63m
@pr =400 - S3; =26x 104 , lpg = 2700 — hpy =693 m

A hAE - hAB + hBD + hDE - 3224m
4 — Getting head loss at every pipe at Q = 180

0 = 180
Oap =350 = S, =146x10* , Iz =3800 = hus =555 m
@pp =250 - S, =752x10"*% , lgp =262 - hgp = 19.7 m
0ps =400 - S, =76 x10™* ,  lpp =2700 - hpp =20.6 m

A hAE = hAB + hBD + hDE =9575m
4 — Getting Head on the booster at B

Head loss between A ,E = constant
A hAE1oo =A hAE180 - —32.24=-95754+Hy - Hz = 6351 m

12
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Question 5:

a) Explain sources of sewage and the factors affecting the quality from
each source.

Sources of sewage:

1- Domestic (home) waste and affected by:
- Standard of living - component of sewage
- using oil tanks at hotels and restaurants

2- Industrial waste and affected by

- Type of industry - Using skimming tanks at factories

- Concentration of chemicals and their types
3- Rainfall (storm water) and affected by

- Quantity of rain - Method of collection
4- Infiltration  and affected by

- Type of soil -Type of used pipes

b) Design the sewer to carry peak flow 420 lit/sec when running 2/3 full.

Determine the velocity, and the depth of the flow at the minimum flow of 80
lit/sec.

1 — Getting full flow and full velocity

d v
- =67 fromchart1 - Omax _ 08 & —== 1.3

full Vrull
420
“ Q= = = 525 I/sec
; 80 d ;
Cmin — 3% _ 15 fromchartl ==.27 & 2n— 65
Qfuni 525 D Vfull
Assume v, = .6 m/sec = Uy =923 m/sec

2 — Getting diameter and min. slope

13
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Qrunn = 525 /sec &  vpyy =.823 m/sec
fromchart2 @ = 800mm & S=14 %0 > 8—(1)0 =1.25%0 vv
“ Ve = 1.05 m/sec
3 — Check velocity at max. and min. flow
Zmax — 113 - v, = 1.13x1.05=1.19 < 1.5 m/sec

Vfull

Zmin — 65 oy =.65x1.05=.68 >.6 o.k.

Vfull

So use pipe of ¢ = 800 mm

14
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Question 6:

a) Draw the flow line in Activated Sewage Treatment Plant with mention
the function of each unit.

- Diniyacion
Aot chapnel Final Sed, tank  "FS T

zrit Removal Cheamber s

Pamp station ¥, Dooscnation tuk FLLnary S Tank / __\\ Disieder fion conlact tims
[ —F Aeration tank I | — ——Disposa
— | N
i P r :
1 Py Jr :
I : L i Return sludge N
— DI —
: Sludge dispos;:ﬂ Wy :
Collection works Primary Treatment Activated Sludeg process ¢ Disposal works

Flow line diagram in Activated sludge W.W.TP

Function of cach unit,
« Deceleration tank . Decrease flow velocily befor channel

s Approach Channel transfer flow with constant velocity to Screen

« Screen . prevent floating and big matters from passing to following units

« Grit Removal C.. Settle particles of d = .2 mm like sand and grave]

« Primary sed. Tank . Settle 50 % of 88 and 30 % of BOD

+ Aeration tank: allowing bacteria from sludge to act with Organic load and convert it to stable matters
« Final sed. Tank . Settle treated organic maiters by bacteria in HRTF

« Recirculation process . fo increase bacleria in suspension of sludge and sewage

b) Design and draw the aeration tanks required for an activated sludge
sewage treatment plant of capacity 90 000 m3/day, raw sewage BOD =
500 mg/l, removed BOD in primary tank 35 %, Hydraulic retention time
in tank = 10 hrs, and Organic load on tank 600 kg BOD / 1000 m3 /day.

P.S.T efficiency = 35 %
BOD,, = (1 —-0.35)x 500 = 325 ppm
Assume recirculation ratio 30 %
Qrorqr = 1.3 Q4, = 1.3 x 90,000 = 117,000 m3/d
D.T.=10 hr

15
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117,000 x10
Check Organic load
Qg x BOD,,
0.L = Pt
|74
90,000 x 325
0.L = =600 gm/m3/d
48750

48750 =n.b.l.d
Assume d=5m, b=10 m, n=20 - [ =488 m

Cross section at the aeration tank:

Lompressea Alr 5|

W™ N\ L N

d
Diffusers — =L Cross Sec.
Aeration Tank (used diffuser air)
!
Influent — :
= = = S & | = = 8
|
|
S, = = =, & S & 8
Effluent

16
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