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*Ch1 : Introduction ( 4«3
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* Waste water : ( Leladin) o5 | dadle olw)
» Complete water cycle : (LSl oLl 3 3)
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1- Water use ( sluall alasiul) |

2- Wastewater treatment ( 4elall oluall dallas) |
3- Water source ( obw yiax) .

4- Water supply ( obeadl 25 3)

Wastewatpr treatment
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* Ch2 : Water quality and treatment ( Aslladl 5 cLall 3353)

* The characteristics (< <) of wastewater flow(4sslall sLuall 3835) are affected
(L3) by :
1-Amount (&S) . 2- Quality (3252) of domestic water (idas ol )

* Why we study (*!_») and understand (~¢3) the calculations( Glbua)
related(sl%) to water quality parameters (slall 2252 Jal 52) ?

Ans : For better understanding(Jxif ~¢%) of the wastewater characteristics .
( Aedlall oleall il paa)
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* Turbidity in water ( sl i3 Sall)

* Results ( zi5) from the erosion (4:.23) of colloidal materials ( 4 sl 3l 5all) Jike
1-Clay( cub) .
| 2-Silt (sab) .

3-Metal oxides (sl 2usi) in the soil (32.5) .

* The turbidity is used (p23%5) as indirect measure ( 3 2 (ki) of the suspended
solids content ( 4alll Sy 38l (5 sia) | T

* Water turbidity is usually measured ( o) using ( alaainly) meters
expressed ( L= 1 x2s ) in NTU (Nephelometric Turbidity Units) .

* Such meters are based measuring the light scattered ( s yall <)
from turbid water sample (e_Se sladie)

e 3 3a g 2 ¥ il of Lo o B 81 (IS LS

I LUTOIJ. WLeT Sdinpie. Turbid water sample

s Light beam from source
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* Water color (sl () ))
* Formed (JS&%) when water comes in contact with ( < Jusil)
1- Organic materials (4 s=e ol s) like :
A-Wood  B- Humic acids (¢l ssell (aes) |
2- In-organic materials (41 5ac xe 3 54) like : A- Iron oxides (wall ausi)
B- Industrial wastes ( 4elia i)

* Pure water(fball ¢Wll) is colorless ( o5 ae), however water from natural sources
may have a color depending (2<ix:) on the contaminants nature (sl Jaad) |

* Color produced ( ) from :

1-Suspended solids : Apparent color ( _aUs (5)

2- Dissolved solids : True color (s ¢i3)

* Color in water is measured (w+\%) and expressed ( J:=3) in True Color Units (TCU) .

* Odor (4=31 1)

* Pure water (bl ¢Ldl) is odorless ( 4ai 1 ane) |

* Odor in water may appear (Ue) due (<) to water contact with (sl Jlail)
1- Natural substances (42 3 54) like grass, bio-reactions (algae)

(k)

2- Contact with human waste (Gl cligl) |

3- Due to pollution from human activities like industry .

* Odor in water expressed in units ( 32> ) of Threshold Odor Number (TON) .




* Physical ( Wb’ ¢iSas) water quality parameters :
1- Suspended solids content (SS) ( 4allll o sall) |

2- Turbidity (3Us%e) .

3- Water color ( sWl ¢dl) .

4- Odor (4=31,l1)

* Chemical water quality parameters:

1- Dissolved solids content (DS) (313l ol sall )
2- Alkalinity (Laell) |

3- Hardness (sbeall jue f qulill) |

4- Fluoride content (x_slall s gisa ) |

5- Metals content (dsaeal af sall)

6- Organics (4 saall 3l 5all)

* Biological water quality parameters: Pathogens ( U=l ¥l Gluus) | M{gg&

Lo1ah borsial ek spitis did

Q. List (2=) three of water quality parameters ?
Ans : 1- Physical 2- Chemical 3- Biological

Q. List three of Chemical water quality parameters ?
Ans: 1-Fluoride content 2- Metals content  3- Organics

Q. What pathogens includes ((»=a)?

Ans: 1-Viruses ( Clus d) |

2- Bacteria ( LSy |

3- Protozoa ( saals dla iy i) |

4- Helminths (parasitic worms) ( aaall 5 S cdlik)
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. Drinking water standards (EPA) for selected parameters

L;mﬂ‘}!\ aall P etaJY\ 24 o Y ?‘
Q. Why the Chloride is higher than Fluoride ?
Ans : Chloride is used for Disinfection and
the Fluoride is toxic .

Contaminant Max Jevel
Total Coliforms (#/100ml.) 5
Turbidity (NTL)) 1~5
Color (Linits) 15
Odar (TON) 3

pH 6585
Total dissolved solids (mgsE) 500
Inorganic chemicals (mg/L)

Chiloride 250
Fluoride 0.7-24
Lead .05
Cadmium 0.0
Silver 0.05
Zine 5
Copper 1
Organic chemicals {ug/1)

Trihalomethanes 100
Benzene OS5
Carbon tetrachotride .05

7
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 Suspended solids content (SS) :

* Water total solids = Suspended solids (SS) + Dissolved solids (DS).

The suspended solids can be either (W) :
1- Organic (gs=c) .
2- In-organic ( gsyac ne) |

* Example of Organic solids :
1- Plant fibers (<tlall <L) |
2- Algal cells (<l |
3- Bacteria (L_:Xy) .

* Example of Inorganic solids :
1- Polymers ( e S 1) |
2- Other industrial materlals (elina i sa) |
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How we can remove (413}) ? By Sedimentation («xs_il) .
If we cant we use coagulation-flocculation-sedimentation process ( 4le)
followed (&%) by Filtration (5_24) through sand filters if needed .

* The concentration (xS _5) of the suspended solids in PL—g .

* The temperature ( 3!l 4a ) at which the solids are dried (<) is 104°C.

* Dissolved solids = filterable solids ( i ol 3l 54) |

Gw&ﬁ%
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Q:A250ml (@’J‘ #>>) water sample is filtered through a filter paper (G_s! _ili).

Thedry (L—M‘-\S\) mass of the filter paper is 54.352 g. After filtration, the filter media and

its filtrate were dried for 24 hours at 104°C and the dry mass of the filter paper and its
non-filterable solids is 54.389 g .

What is the suspended solids concentration (J:S_5) in g?

Solution :

° 4..\.“;o_)\_)acf‘:_d_,l;d\;uumfu(uahjd)ﬂsﬂua_)yeuuda}hc‘}‘(ue}\umd}l;.n\_uﬂ
m\al\uhdﬂ\}s‘);unbau_,ﬂ:dbm_)y(u

Waer flow
Suspended-| Filter paper+S8S

solid Filler paper
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Bumbert=a) Mean {detAiisadd &

The mass ( 4iS) of suspended solids = 54.389 —54.352 =0.037 g

Suspended solids weight (mg)

Suspended Solids concentration = Sample volume(paa) (L)

S Sl ks beriitn i

 clda gl Jygali Uile
g tomg (*1000)
ml toL (/1000)
o | Glas gl Jygas 3 el L;Lmqs‘s‘;,s\,iuuts.u,xge\sﬂsuaﬂgg

Suspended Solids concentration = &27;%9 =148 %
1000
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Q. : A 500 ml water sample is filtered through a filter paper. The dry
mass of the filter paper is 54.352 mg. After filtration, the filter media
and its filtrate were dried for 24 hours at 104°C and the dry mass of the
filter paper and total solids is 1.389 g .

If you know mass of DS = 0.66g -

What is the suspended solids concentration in % ?
Solution : |

soo ml .

54352mg L e @mgtg%
1389 ¢ ] . = | i )Msu”,_gsasuy\_,&tsumﬁswj . AN

Filter paper + DS +SS = 1.389"g '

54.352 -
o0 8 1 0.66g+SS=1.389¢g

SS =0.675g *1000 =675 mg

Suspended solids weight (mg)
Sample volume(p>=) (L)

Suspended Solids concentration =

675 mg . mg

= “So0 _ — 1350 —
-l L
1000

CM!ifgejb
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Q. : Avolume of water sample is filtered through a filter paper.

The dry mass of the filter paper is 54.352 mg. After filtration, the
filter media and its filtrate were dried for 24 hours at 104°C and the dry
mass of the filter paper and its non-filterable solids is 54.389 mg, and

the suspended solids concentration is 300 -n%.

Find the volume in L?

Solution :

Number { a,11) , I guadl (B AiNa g a8l lea)

TR bt sttt i

Mass of SS = 54.389 — 54.352 = 0.037 mg

_ Suspended solids weight (mg)
~ Sample volume (z>=) (L)

0.037m
300 = 2
volume

Volume=1.23 *10~%L

CMIltg;jeé




Q. : A water sample is inspected ( '« &3) by a panel of 10 persons . All persons
have agreed ( | 2l) that sample # 3 is the first where odor just detected .

Is this sample acceptable in terms of odor quality?

| @gﬁiu&&

K S i Sy o ot

Solution :
200

== ki :
TON 2D A : Volume of odorous (ml)

o 2 ,i@u\ﬂﬁjaz;mg@;d,iu‘\ ;oA 23AU o Alalf aaa
M‘J@uigdm@&‘ﬂ;“ ' .
c gl gt lile SN A G aad) aaal

200
TON = RIS 0.67

o Algla diall 53 3 sa 4 ((ana Q5S89) dshaadl 8 3o gall W80 o a8 ) ) s
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Q. : A water sample is inspected by a panel of 10 persons.

3 persons have said that sample # 3 is the sample where odor just
detected and 7 persons have said that sample # 4 is odor just
detected .

Is this sample acceptable in terms of odor quality ?

Sample#t
Vi i

Solution :

200
TON = 2D
o Ll LB LS (alad] 7 i e Lilaadle o3 ) Al 220 Ui
200 - 05
0.4%1000
4l g8 dinl)

o Auall b5 3 cpe s o301y
v i
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Physical parameters

{ Al 3l S Jraali)

Unit (32> 511)

Treatment { 4allaa)

R T

r Coagulation-

Results from (& i)

~ organic or inorganic
. . materials
~flocculation-sedimentation

followed by sand filtration

Turbidity e NTU P 2 = Sédi_'m'gn'tatbn 2o equibn of colloidal
e S B materials
 Water Color ; TCU , EAdsorption using activated  contact with organic
“carbon filters ‘ materials '
‘Odor s | TON : Adsorpfion using activated  contact with natural
e S carbon filters substances

Q. Why we use activated carbon filters in home ?

Ans : Because for Adsorption color, taste and odor .

Q . What the difference from Surface water and Ground water ?

Ans:

Surface water : Contact with Air , soil and rock .
Ground water : Contact with soil and rock .

f-,-j“' ”;f ::}
@mkttgee
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* Chemical parameters : ( 4ilweSI i jpadll)

* The Equivalence of an element (_saiall 58<5) : |s the number of Hydrogen
atoms that the element can hold in combination .

i ZUL.:\Qﬁga&hé}\;hé@\t@_;ﬁ;ﬁgm%JJg@\abi.m:

* The Molecular Mass (& adl A€l)) : The sum of its components atomic
masses .

. d‘}d‘g&b&uu)ﬁwﬂj%)ﬂ‘m‘Jd)AﬂLM‘meaﬂ)ﬂ\dﬂ‘&w

* Equivalent (1sall 8Sall) @ Its grams molecular mass divided (p3)
by its equivalence .

_ Molecular mass
~  Equivalence

* For concentration calculations (Sl wliles) in water quality (bl k),

it is more convenient ( ¢3) to express (=) the concentration (JS)_3) of
different materials ( 4iliss 3l 5«) in one standard unit ( 4uld 3as ) |

* That unit is the mg/L as CaCO3 .

1"
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Q.: Find Equivalence , Molecular mass and Equivalent for
(Na)**, (0H)™'?

If you know : 0=16-L H=1-Z
mol mol
* Solution :
» (Na)“ -
Equivalence =1 Molecularmass=40 g Equivalent = 5"1—02%
* (OH)™ =
Equivalence = 1 ( &alaall dasll Laaf ALl 3 )LD igd o)
Molecular mass =1*16 +1*1=17g  Equivalent = 1_17 eiq'

(;5“,3: :‘3‘?’.«‘
{laiites

SyjsnX buenihd gl Sncitin A

 The concentration of A, [A] in mg/L as CaCO3 =

_ _ Almg/1 »50 Ualaal) o34 Jaia
Equivalentor a

Q. : Water has 55mg/L of Ca*? Find :
1- Equivalent for CO,
2- Express the [Cat?] in mg/L as CaCO; ?

o ”
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* Solution :
Molecular mass

1- Equivalent = Equivalence
o SAEHI _ o, 9
2 eq

&= Equivalent ofca+2

= 20 137.5=138 = as CaC03

2
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* Dissolved solids

* Exist( 325> 5«) in water due (<) to the solvent action of the water on natural
materials ( 4aukb ) like the soil .
* Such solids can be organic or inorganic .

* Excessive amounts (ih i <LS) of the dissolved solids in drinking water may cause
1- Undesirable taste (42 s y e azk) | 2- Produce color ( o z\) .

3- Make the water hard (oS5 Jasy) | 4- Change the pH .

* Such excessive amounts may be toxic (s) to humans .

* The total solids (TS) = Total suspended solids( TSS) + Total dissolved solids (TDS)
The total solids content :

1- The suspended solids (non-filterable solids) retained (.£5) on the filter . -~
2- The dissolved solids (filterable solids) pass . “‘Mﬁtt&e




* Water sample is filtered through a filter paper (3,5 i),

in given volume (k2s aas) and the dry mass of the filter paper is known
(S Gl il g,

* After filtration, the filter media and its filtrate were dried (<ix3) for 24
hours at 104°C. The collected filterable solids (dissolved solids) are dried

at 104°C for 24 hours and weighted (0)5). Igniting (3.~) the collected
filterable solids at 600°C .

* The inorganic dissolved solids remain (s) .
While the organic solids evaporate (_3-3) as volatile materials (3_sUaie 3 5a)

* The dissolved solids can be removed (41)))) from water using advanc -~ T
filtration (reverse osmosis) (LSall 4, ) saus¥) Lpalall) Wllttes

Evaporation dish + inorganic
dissolved solid

Water flow

Evaporation-at
!MJ E !or vﬁﬂrsv
G ’

Evapomﬁon dish + dissolved
- solid

Evaporation dish + dissolved
solid + water




- Bl Jualilly < sladll 038 -y a9 4y jaill 038 Jad J At ) <l ghadly

1-Water sample is filtered through a filter paper .
2- The filter media and its filtrate were dried for 24 hours at 104°C .
3- Igniting the collected filterable solids at 600°C .

i e:rngm
(s

Qi bl pld g it

How we can measure () 22?

1- Total suspended solids mass =
(mass of filter + mass of SS) — mass of filter

2- Total dissolved solids mass =
(mass of dish + mass of DS)- mass of dish

3- Inorganic dissolved solids mass =
(mass of dish + mass of inorganic solids ) — mass of dish

4- Organic dissolved solids mass = TDS —inorganic solids
Gﬂlftt{w
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Q. 100 mL water sample analyzed for total solids content . The
evaporation dish has 327.465 g net mass . After evaporation, the dish
and its contents weigh 327.517 g and later placed in muffle
furnace(c_?) at 600°C . After cooling the dish and contents weighing
327.498 g .

What is the total dissolved solids (TDS) content and the i morgamc

dissolved solids in mg/L?
Mean (Jig=dl (B 4AilNag a8 11 Jag)

Number ( 95)5‘)

|

00mL ET
327 517 g o . ; “j . o : uhl! Ji}a}\ O dd&Lath ;Lcjﬂ e |
374985 i dsd el o JU e A G5,

The mass of the TDS =327.517 —327.465= 0.052 g ¥1000 =52 mg -

TDS solids weight (mg)  s52mg e 0
sample volume(p>2) (L) ~ o0.1L

The mass of the inorganic dissolved solids = 327.498 — 327.465 = 0.033 g* 1000 =33 mg

Inorganic dissolved solids weight (mg)
sample volume(aaa) (L)

The TDS concentration =

Inorganic dissolved solids concentration =

_33mg
T 0.1L

= mng
=330 .

Organic dissolved solids concentration = TDS —inorganic solids = 520 -330 =190 %

(»ejﬂfg’u
1 ~Mlittee




Q. AO0.5Lwatersample is filtered through a filter paper. The dry mass of
the filter paper is 54.352 mg . After filtration, the filter media and its filtrate
were dried for 24 hours at 104°C and the dry mass of the filter paper and its
non-filterable solids is 54.389 mg and The evaporation dish has 327.465 g net
mass. After evaporation, the dish and its contents weigh 327.517 g and later

placed in muffle furnace at 600°C . After cooling the dish and contents
weighing 327.498 g .

Find :
1-The mass and concentration suspended solids in %?
2 - The mass and concentration of the TDS in %?

3 - The mass and concentration of the inorganic dissolved solids in EL‘Q?

4 - The mass and concentration of the organic dissolved solids in =Z?

Solution:

1- The mass ( 45) of suspended solids = 54.389 — 54.352 = 0 037 mg

Suspended Solids concentration = 2usPended solids weight (mg)
Sample volume(a3a) (L)

_ 0.037 _ mg
=5 -0074 L

2- The mass of the TDS =327.517 — 327.465 = 0.052 g *1000 =52 mg

TDS solids weight (mg)  s2mg

The TDS concentration = =
sample volume(a2a) (L) 0.5L

=104 22
L

Feail
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3- The mass of the inorganic dissolved solids
=327.498-327.465=0.033g * 1000 =33 mg

Inorganic dissolved solids weight (mg)

Inorganic dissolved solids concentration = sample volume(z3) (L)

"~ _33mg
~ 05L

=66 24
=66 L

4- Organic dissolved solids concentration = TDS — inorganic solids = 104 — 66 = 38 _rrz_g

ik

* Water pH
* The absolute (3lks) pure water (undesirable taste (4 @se e e pab) )
has pH of 7.5 . | |

* The desirable (<& ») drinking water has pH that ranges () between
(6.5 — 8.5) because sources includes dissolved solids that alter(_s2) the pH
within this range humans feel no differences in water taste (sl azk) |

* Water with pH > 8.5 has bitter taste (4 azk) .

* Water with pH < 6.5 has acidic taste (e azk) |
G
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* Fluoride (x',s4)

* Fluoride originates (1,3l Joal) from few types of ( axis &) ;
1- Sedimentary rocks (4w )sia) .
2- Igneous rocks (&b siaa) .

* Where we can find the Fluoride ?
1-Surface water ( &k olw) : Rarely found ( 2sasll ,al) |
2-Ground water sources (4w ¥ sl jolas) : Few concentrations (48 381 5)

* Fluoride at high concentrations ( J:S_%) is toxic (¢L) to humans .

While low fluoride concentration ( 418 3, il 551 ) (around 1mg/L) is useful (i) :
To prevent (4le>) dental cavities( Gliw¥! (g gud), g
J i ,
ﬁﬂlitt;e&
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* Metals (o2lxdl)

* Generally all metals are soluble in water ( Wl i 4313 to some degree .
* Some metals at low concentrations ( il 2S5 are very toxic.
The non-toxic metals at high concentrations may cause health problems. ( Laa JSLi)

* Non-toxic metals: like calcium, magnesium, iron, sodium, manganese, aluminum,
copper and zinc . y<aliall s34 Jada

Sodium salts may cause bitter taste (=8 a2k) to water and cause health problems
(daiall i duna JSLAA),

* Manganese and iron salts can cause color problem.
* Toxic metals: like arsenic, barium, cadmium, lead, mercury, and silver.
(All are very toxic at low amounts) _akiall 23a Jada

el
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* Organics (% sl 3 gall)

* Organics( C, O, H) may present in surface waters naturally due to

some human activities ( Oyl 4aisl) or to the run off ( o8 JS Caad el ola) |
~ Organics can be either( W) biodegradable or non-biodegradable .
Biodegradable organics (Jsall 4L 4y soac ol 44)

Found in dissolved form like fats (0s23) , proteins (<\ss ») and acids . Such
compounds present a food source to microorganisms and can be degraded easily with
time . ,

(8l g Ja i Ll 13 055 gy Jlal) L)

Non-biodegradable organics (Jill ALE ye 4 siac o a)
Found in dissolved form like cellulose (ussLsdl) and phenols (<l s S (adls)
* Such compounds resist biological degradation and stay dissolved in water fr~ L,

time . (sl o gl 5 4Ly gl 3300 35 al 33 g ga 215) | ““Mﬁgtéea

~

+ Alkalinity ( Laelal)

* Alkalinity : The water ability( sl ‘3‘)-33) to neutralize (Ja=) acids or to redute(dﬁ)
the acidic action . | ;o

* Studying water alkalinity is important because later drinking water will be
converted (Js~:) to wastewater .

Q . Why wastewater in sewer turns to be more acidic ?
Answer . Formation (JS&) of H,S due to anaerobic conditions ( 4 s e i ,k)

Q . Why we prefer (J=a&) to have drinking water that is more alkaline
Answer . To reduce the acidic environment (<) of the wastewater formed ‘“ML!E ee




Organic matter + SO,2 + bacteria —— H,S + CO, + energy
* The formation of H,S will decrease the pH of the wastewater .

* The most common compounds ( le 53 Y1 <A< jdll) that form the
water alkalinity are :

(Apac Gl Coad 5 Cida g 13 S 3a)
1-Bicarbonate (HCO;™) (pH &y J S e i) |
2-Carbonate (C05™2) .
3- Hydroxide (OH™) (pH &) J oS g8 ) |
* Such compounds (=4S ) may present from origin (Ll ()

or_from CO, that dissolves («s%) easily in water. (s!s¢l (1) . C Mfftgg
“ &

QoA S st K HS R s

* Alkalinity is measured () by : Titrating (s_=%) the water sample with
standard acid (usually 0.02N H,SO, ) .

* N:Normality Jslaall 3S 5 M : Molarity Jsall A 4

* Based on 1L water sample ,

Each 1 mL of the acid is_equivalent (s st-v) to 1 mg of alkalinity

expressed ( < =4) as ELE as CaCo; .

57"
Gmntg;g@
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Q. A 1L water sample was titrated with 250 mL of 0.02N H,SO, .
What is the measured alkalinity?

Solution :
Each 1mL of the acid is equivalent to 1mg of alkalinity

m .
expressed as Tg as CaCO; .-

250 ml of 0.02N H,$0, = 250 == as CaC0;

oA S duuy Ly I i

Q. A 250mL water sample has an initial (') pH of 8. The water
titrated with 22mL of 0.02N H,SO, to pH value of 4.5 .

what is the water total alkalinity?

Solution : |
Cli At Jaad , 1] gl paall Ua 4
1L —22 mL

0.25L e X

X = 88 = as CaCO,




* mL of acid used to bring down (J4) the pH to 8.3 equals(Jslx) the
alkalinity of :

2c0,72+ OH™1
2

* mL of acid used to bring down the Ph from 8.3 to 4.5 equals the
alkalinity of :

~ 0,72 + HCO, ™

* mL of acid used to bring down the pH to 4.5 equals the total alkalinity
that is the alkalinity of :

CO,"2+ OH™1 + HCO,™?!

camsE );g‘;?k
@m&%é

Sormal bl auulé v 210

PH , mL of acid used to bring down the pH to 8.3
equals the alkalinity of OH- + 12CO*>

/

mL of acid used to bring the pH from 8.3 to
4.5 equals the alkalinity of 1/2CO,> + HCOy

4.5

—

/ mL of 50,

mL of acid used to bring down the pH to 4.5 equals the total alkalinity )
that is the alkalinity of OH- + CO> + HCO,- @w&g i’




« The impact (_:55) of high alkalinity due to high OH™ concentrations (pH > 8.5) :

1- Bitter taste ( _» #2h) which could be unfavorable (J<sés ;) to water
- consumers ( (xSlgiual) |

~ 2- Forming compounds (<US « Ji£55) may react (Jel&) with the Cat? resulting
( i) in precipitated substances (4w yiall 2 s4ll) called the scale (sbaudl 3all) |

Results of scale :
1- Close pipes in heating systems ( ¢pdwdll e AlSial oda jeldi) |
2-Cause damage (<) to boilers (Lbs) in electricity generating units .

(gjw:fg:ﬁ
@m‘*%;e&

Sornak bacad mad dnpitia st

Q. A 200 mL water sample of initial pH of 10, Given that the pH value of 8.3
has been reached (4! Js= sV &) after consuming (<¥iu)) 11mL of 0.02N H,SO,
acid while the rest to 30mL consumed to reach pH of 4.5 .

What alkalinity species exist and find there concentrations ?

pil 5

10 |—

Alkatinity titration curve

83

Ui - — A - ... . - o. . W W, W W W, . . . . n; . . . o ww. W . . . w. o w

je—OH+12C0O =11 mu«-g
-uﬂﬂn».-‘—-wqyp~“~h~l‘ﬂ““u - - "’ - - ;-

e W2COF + HCO;
OH + CO* + HCOy = 30 mL

4.5




Solution:
* From pH 10 we know thereis  €O,™2 OH™1 HCo,™1
* When we add 11mL of 0.02N H,SO, the pH change from 10 to 8.3
* When we add 30mL the pH change from 10 to 4.5 .

pH+pOH = 14 Bia

pH=-Log[H] B

pOH=-Log[OH] Lia

10+ pOH=14
pOH=4

.....

wuwwwu IR Gk

* Convert to this unit g by Multiply (<_»=)by molecular mass .

10~

4 mole,

o (1*1+16*1 )=0. 0017 9%1000=1.724
. Convert to the standard unit( 4:%”‘-,'55‘ saa5ll) T T as CaCO3_

[0Hlmg/L*50  1.7+50  _ mg
~ Equivalentoson 17 =2 L Caca,

Remember(_sX) that the alkalinity measured using the 0.02N H2S04 is for 1
Lsample. (uuhajmu&uuﬂﬂ)ﬂ 1 ol Lia o1 yilq a:al\ S 1)) 3akast saclall LaA)

We want now to measure the actual mL acid used to equalize the OH™
alkalinity in the 200mL sample .




1L —> 5mg

020L — X
x=5*‘;'2°= 1 mL

Remember that we add 11mL of 0.02N H,SO, the pH change from 10 to 8.3
and the alkalinity equal OH™ + -;— 603'2
11mL for (OH™ + % C0;™%) and we find 1 mL for OH™ so 10 mL for +-;— GO,

Remember that we add 30mL of 0.02N H,SO, the pH change from 10 to 4.5
and the alkalinity equal OH™ + CO;™%+ HCO,~ .

lf:',ﬂ\}:'g}’}.\
Chies
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OH™ =1mlL

CO;"%=20mL

HCO;~ =30—(1+20) =9 mL
This numbers in 200 mL sample .

- . 0%x200
= (03" concentration as CaCo; = 21022 =100 -"% as CaCoO, .
[ * 0
= HCO5™ concentration as CaCO; = 9102000 = 45 —mLﬁ as CaCO; .

Total Alkalinity = 100+ 45 + 5 = 150 =2 as CaCO,

,“‘""“5“.! &
Cmgttﬁe
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* Hardness (1)

» Concentration of the multivalent cations (445 4 5o < i) usually Ca*2and
Mg*? or the water ability to precipitate (< _3) soap ( &sla) .

* In that case, soap compounds combine (<_i&) with Ca*? and
Mgt? forming very complex (32<) compounds that do not stay in
suspension ( 4dl=<) and finally precipitate .

* We add more soap for the cleaning action , the more phosphorus is
added, more pollutants are added hence decreasing the quality of
wastewater produced .

@m’t%e&
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* Causes species (Ca*? and Mg™*? ) in water are not toxic to humans .

* Under super-saturation conditions hardness causing species react
with anions in water (OH~ and C03~2 ) forming a solid precipitate:
CaCO, or Mg(OH), . That solid precipitate is called Scale .

* The formation of scale in boilers and pipes will cause :
1-Economic losses (42l yilui), more heating will be required .
2-Damage or clog pipes and boilers in water systems .

(mﬁ:!s}
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Q. A water has an alkalinity of 300mg/| as CaCo,,
the concentration of Ca*? and Mg*2is =
Ca*?=80mg/L Mg*? = 60mg/L
Calculate the:
1- Total hardness ?
2-The carbonate hardness and the non-carbonate hardness ?

« ,1-3‘\7:! it
C“M;!ttfgg
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Solution :
.CaC03 ANy 38 130 Jsa
Ca*? *50 80%50 m
+2 _ mg/L - - mg
Ca™ = equivalentofcat2 ~ 20 ~ 200 g 05 CaLDD
Mg*? *50 6050 m
+2 _ mg/L _ _ mg
g "= equivalentofmMg+2 = 12.15 ~ 247 L a8 CaCo3 .

Total hardness = Mg*2 + Ca*? = 200+247 = 447 % as CaCO3 .
Carbonate hardness = Alkalinity =300 % as CaCO3 .
Non-carbonate hardness = 447 —300 = 147 —"? as CaCO3 .

e,«‘:f'"'!m
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Q . Water sample was analyzed for dissolved solids as shown by the
following contents:

Ca*? = 100mg/L

Mg*? =36.6mg/L

HCO;~ =300mg/L

Calculate the total hardness ?

@wl&g s
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Solution :
. CaCO, ANy 3us) 3l Jsa

Cat? *50 100+50
+2 _ mg/L _ _
= equivalentorcatz = 20 - 2°0mg/Las CaCO3
42 __ Mg *50 366450

9 =equivalentormg*z -~ 1215 - 120 mg/L as CaCO3

Total hardness = Ca*? + Mg*2 = 250+150 = 400 mg/L as CaCO3

(haiices




Biological Parameters( 4 gl gall & jaaall):

*  Pathogens (U=l <Y i)

* The most important biological parameters for water quality are pathogens.
Such microorganisms are capable to (e 3_38) infect («x»<=:) humans or
transmit diseases ( ual_a¥! J&) |

¢ Waterborne ( Wb Js2k) pathogens include ( (eab) :

1- Viruses ( <bu g dll) |
2- Bacteria( L_ssyl) |
3- Parasitic worms( aaall 3_pS <k

* The most common diseases ( u'abAi) caused by pathogens are :
1- Cholera ( 1_d) |
2- Typhoid (xsa4l) |

3- Fever (w=all) . Gﬂﬁ#&%gs«

* Chlorination (s_sXl)

* The addition of specified amounts (323>« <liaS) of chlorine to water for the
purpose (4l¢) of disinfection (a:8=3)

* The whole process (4le=!) J4\S) is about killing all microorganisms (L) |
1f microorganisms removal is not 100% , retarding its re-growth
(saill 3ale) jaly)

* At low concentrations of chlorine : Not harmful (Jbs _:2) to humans
compared to microorganisms .

* At high concentrations chlorine : Complete oxidation ( »2.80) of the cell wall
occurs leading (2s5%) to microorganism death ( LSl & ga) |

* It penetrates (3_5%3) the microorganism cell wall (34a)l ,las) and reacts T
( Jeld) with its enzymes ( a24) leading at microorganism death . “Mlﬁg'ﬁ&
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* Chlorine is added ( Sl 4dLa)) to water in the form ( JS& o) :
1- Gas( Cl, )

2- lonized solids ( Ca(OCL),, NaOCl )

Free chlorine residual = HOC| + OCI™

* The HOCI is more effective ( 4dl=é _iSi) disinfectant than the OCI™ by two
orders ( (pé==) of magnitude .

* The process of water disinfection using chlorine is Affected by (< i) the :
1- Form of chlorine ( sl J<4&) |

2- pH and temperature ( 3)) alls La gaall s ) |

3- Concentration (JS_il) . | |

4- Contact time ( Juaiyl cdy) . - T i
5- Type of microorganism ( LsSdl ¢ 51) |

* Time extension of chlorination( LISl e &y J 43k 3 3a4ll)

* The longer the time the chlorine exists the more protection ()
against microorganisms or their re-growth is provided .

* The chlorine is a strong oxidizing agent (s 8 +S 35« Jsle) that reacts
easily with a lot of elements or salts exist naturally in water,
ultimately the free chlorine (Cl, ) will be consumed forming
compounds with no disinfection ability ( a2l Je 3 358 sae) |

: fjcv!»‘
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Q . How can we extend (2242) the chlorine existence time in water

systems ?

Ans : Using Ammonia (NH, ).

* It can be either (!) added (4dLx)) or naturally exist (Resdall A 3 sa 5a)

* It reacts with the chlorine forming stable compounds (4 <LK ) of
disinfecting ability although less than the free chlorine .

* Monochloramine (NH,Cl) is durable and stable (x5 <%) therefore
serves as disinfectant for long time .

* Usually the more chlorine is added at low pH values then all the
monochloramine will be converted to Trichloramine(NCl.) that causes:

1- Taste and smell to water 2-Irritation to eyes in swimming pools.
* It is preferable (J=is) to prevent (&i«:) the formation of the

trichloramine (NCI; ) . “\Mli’tgge
At pH values (around 6.5 or more) only monochloramine is formec > ___..

2
As chlorine is added more
“g’ " ammonia is oxidized to N, and
2 Chlorine reduced to CI- (not useful)
3] 1 3
2 | Aschlorine is added Breakpoint: all ammonia consumed
_,g HOCI forms ;
: \
N | ‘r
| \ , Free chlorine (Cl,)
& A e | |
Combined chiorine
i ) - - S .
4 59 g Cl, added/ g NH; existed

13 Mﬁjéﬂ‘d&@))ﬂ\ﬁh'@)ﬁc‘
2: U e b ) sISH Jgathy g sl L sa) ~ T
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* Chlorine the strong oxidizing agent can react with organic acids Humic

and Fulvic (<lwsell s €l 4!l =as) forming Chlorinated Hydrocarbons
that is classified as Carcinogenic Materials ( 4ia_ys 3 54) .

* Therefore such materials should be removed prior (&) to the
chlorine addition through ordinary treatment processes (adsorption
by activated carbon filters). In case that prior treatments fail to
remove all organic materials .

* the addition of Ammonia will simply prevent the formation of such
compounds , because Ammonia strongly reacts with the chlorine
forming NH,Cl (monochloramine) that plays as disinfectant type of
chlorine compounds.

"jwf!h
@l!tgg &
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* CH3: Wastewater flow quantity (4eslell sluall (3333 L)

* Drinking water consumed ( éﬂs-wu) by humans through domestic (s~«)
or industrial activities ( &elia sl will turn ( &Y ds3) into '
wastewater that carries (J«a3) different pollutants ( 4ilisa <ilisk) |

Wastewater treatment is necessary (4,5 »=)?

1-Treated wastewater is potential water source ( sk Jyad) |
2- Protecting (4les) the environment (L) from:

A- High organic and inorganic loads .

B- Groundwater pollution ( 4 sall eluall & 455 - contamination (<s%) with
pathogens ( U=l ¥ Gluw) | -

* The degree (4>.3) to which the wastewater is loaded (ilsa<) with

contaminants ( U—ﬂ-fuh) determine (22~%) the treatment technology
that will be used (easall ZMall dga5) |

ot amact it s




* Wastewater is generated from( (= 3 5%) three main sources ( 4wy jolas) :
1- Domestic source ( lae sraq) ,

2- Industrial source ( sclia jyad),

3- Infiltrated water (d:_dall sluall) |

* Domestic source: Primarily( 4, JS&) from residential (12)), commercial (s_ks3) .

* This source is generated at a rate of around 80% of the domestic water
consumption ( <>leiul) |

20% : Dl bead) Jue (e A3 3adll Jlae 1y e g 3all 5 J ads

* Such wastewater flow contains ( si~3) :

A- Mainly organic matters . '

B- Nutrients (N, P) .

C- Pathogens ( vl ye¥! Cilasss) :’Y

A At YT st

* Industrial source (=bwe ,uax) : Wastewater from food production(slekall #LUiil) and
paper industries (B! alas) mostly contains (W& s sia) organic matter .

* Some industries generate () wastewater that is heavily loaded with inorganic
matter (heavy metals ).

* Infiltrated water (s sLx) to sewers (_\2=) : Primarily (st JS) as inflow
water that inters the sewer system from ground water table( 4 sall sluall (5 i)

or storm rain (Ll Caal i2) |

* Infiltrated water may enter the sanitary sewer (4l «=Y1) from cracked pipes or
manholes ( 4aaidl ) of Jeidll)

* Such water does not contain organic loads.

* The quantity of the infiltrated water depends on the :

1- Sewer age . 2- Rainfall amount (JUaeY! 4aS) | T
3- Variation (_sx3) in the water table . @\ﬂl{ttau
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* Factors affecting water consumption :

1- Population economic level (gba®y) ISl (5 i) |
2- The climate (Fld) .

3- The population density ( QSwll 4S)

4- Degree of urbanization (ol 4a )

* Hight water consumption = Hight amounts of wastewater generated .

* For a given design period (ex<ill 3a4) , wastewater flow determination (wa3)
requires reasonable estimation (sihis 38) of the population at the end of
the design period.

* Prediction (a2.5) of future population depends (2«3=) on past and current
population that can be obtained from statistics department (Clilaa) aud) |

* The following methods are used to Estimate (%) the future population:

1- The arithmetic growth method .
2- The uniform percentage method .
3- The logistic method .

4- The declining growth method .

(gjl“, :'! £
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* The arithmetic growth method:

* Assumes that the population growth rate (Ka ) is constant over time,
In this caseuse:  P,=P_ +K, AT

Po"P1

K,= -AA; = K, : constant growth rate.

ta—t1

P: population
t: time

i T S I e T
b ro AT Pl
R e .
at o apteloldaa el (e

Q. : The population of a city has been recorded in years 1990( ax&ll & ,\ill) and
2005 (<2l & )ll) as 100000( el g il vie saill) and 110000(Cuaadl Z il vie gaill)
respectively .

Estimate (,%) the year 2015 ( < sihadll & ,ll) population assuming arithmetic
growth pattern exists?

Solution :

P, : Gaaly é:u\l“ die gaill

P, o &yl vie gaill

At : Syl g il 2 Ul o cra3ll A (5 AN

AP _P,-P, 110000-100000

AT TS — = 666.67 = 667

K,=

il
Chitees




P.=P, +K At
P2015— 110000+667*10 =116670

SN it mud Sl st

* The uniform percentage growth method:

Assumes a rate of increase that is proportional to the population .
LnP,= LnP, + Ku AT |

ALnP _ LnP,—LnP,
At~ t-t,

Ku =




Q. : The population of a city has been recorded (<l>) in years
1990( 8l 2 Ul) and 2005(Ewasll &) as 100000 ( el Fy il die gaill)
and 110000 (<uasdl 7 Ul xie gaill), regpectively.

Estimate (U-4) the year 2015 ( «sthall & )ll) population assuming
uniform percentage growth pattern exists?

e

(Huittes

Solution :

P, 1 Gaall &yl vie gaill

P, @ pdY &yl vie gl

At Cpaslly sl il G a3l A (AN

Ky = LPo=LnP, _ Ln110000-Ln100000 _ 0.0064
t,—t, 15

P sthall (el die gail)

At Coaadl saill die G 3l g Gasllaall e 30 G a3 (5 (5
LnP,=LnP, + Ku At

LnP,p,5= Ln110000+0.0064*10

P,oss = 117216
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* The uniform percentage growth method = The arithmetic growth method

o Ol G N G AN (S Ladie

* The uniform percentage growth method > The arithmetic growth method

S U O AN 058y Latis

118 - —— Arithinetic growth
116 - l Uinform percentage
114 +
112 4
110 4
108 ~
106 -
104 A
102

Population (thousands

100 : + £ +
1990 1995 20600 2005 2010
ernrs

* The logistic growth method :

Simply, growth rate gests"smaller and the pobulatibn approaches («im)

its maximum size (Saturation ( &233) population) .
Graphically it has an S shape curve .

population

time

pm~ 5"
( ~Mlittes




P f— PSQt

2
a= In i’i‘ﬂ b= l m:P_l) P = 2PoP P, P, (PO+P2)

P n P (Psat-P)) sat P,P,—P?

o

P,: i Galvie gaill

Py gl &l die yail)

P,: &l addl xie gaill

n: gaobis gl JS G <l (6K g eldanall ey ) gl (34l

P, o Alasid Aahaiall Koy (San 308 S

At: Gl Gl Gaglhaall & U G A -
@zmzé&

* The declining growth method :

Like the logistic growth, given P, .

P,=P, + (P~ P,)* (1-eKaAt) K== In =l

p_.—P

sat

1

o

Q. : The population of a city has been recorded in years 2000( a2l =i i) and
2010(&uasdl 7)) as 28000 (il gl vie seill)and 33000(Cuall g )Gl aie gaill) |
respectively .

Given that P, as 39500 .
Estimate the 2020 population assuming declining growth pattern exists?




Solution :

P, i el & lall die gaill

P0 : Cuaaldl @)Lﬂ\ die }aﬂ\

Py, bl dahaiall (Kay (Kaa 330 S|
P_—P, -1 39500-28000

-1
=—In—=t—=L = —In = -0.057
Ka== an— P, 10 " 39500-33000 "

P=P, + (P Po)*(1-eXe2t) = 33000 + (39500-33000)%(1 - ¢~0-057+10)
= 35820

—J :,::'g it
dlittes
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Q . : The population of a city has been recorded in years 1990( #5Y! g ll), 2000( Gl
L s¥), and 2010(aa ¥ & Jll) a5 20000( a3 Gl e salll) ©

28000( s s¥1 g il wie gaill), and 33000(Cuany! gl die saill) respectively.
Estimate the 2020( < sl=all & ,1ll) population assuming logistic growth pattern exists?

Solution :
p = 2POP.P, P2 (Po+P,) _ 2+33000%28000+20000— 280002(33000+20000) _ 37032
sat P,P,—P 2 - 33000%20000—280002 -
P_,—Po 37032—33000

= ln—%%—r0 =|n—= -2.1022
a P, 33000

1, P,(Psat-P) 20000(37032—28000
b= Ln 22Fat=P) ( )= 0.0971

P,(Psat—P,) 28000(37032-20000)

P 37032
- sat _
P = 14ea+bAt  1+e-21022-00971+10 35380

{ulittes
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What type of growth pattern shall («>2) be used ?
1- Check( ) the form of growth does the population in the city take .

2- Itis required ( «sike) to refer to information provided( 335.%) by the
statistics department in relation to the existence (25> 5) of limiting saturation
population .

IF the_information provided by the statistic department does not guide
towards a certain type (22>« ¢ 53 of growth, what can be done???

Use this relation :
P, = P°(1+Kptd)
K, : The annual growth percentage ( 83kl Jaxa 4pus)

t,: Design period (preaill 324) g
~llittes
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Question:

Using the arithmetic growth method the estimated population
for the year 2025 is 24280 capita based on a current
population of 17995 capita for the year 2010. Use the
assumption of uniform percentage growth pattern to re-
estimate the year 2025 population using time interval (At) of
15 years

1 Mftéee
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» Arithmetic growth method :

P, =P, +K, AT
P, = 24280
P,=17995

" AT=15

24280 = 17995 + K, *15

AP _p,-P, 24280-17995 _ ,
K =419 =7, =22 t==—— =At=15

* Uniform percentage growth :

_ ALnP _ LnP,~LnP, _Ln24280-Ln17995

Ku= S = = = =0.019

LnP= LnP, + Ku AT

= Ln17995 + 0.019 *15 = 10.08 :
P,.23929 | 5T

* Daily variations ( 4z sl <l 8ill) in wastewater flow :

* In designing wastewater systems, the determination of design flows is an
essential step. During the day, the wastewater generated is related to
users activities .

e (6 —8am) : Peak because when all users repair themselves for work or
school . | .

(3—5pm) : Peak because when all users are at home conducting daily
activities (cooking, cleaning) .

(8 - 12am) : Not peak because most of users are in the work or schools .




* The variation in flow occurs during :

1- Day : There are peak hours .

2- Week : There are peak days .

3- Month : There are peak weeks .

4- Year : There are peak months .

* Such Peak values can be obtained from :

1- Records (water company)

2- The Goodrich formula can be used to estimate the Peak factor (P; ) for
design purposes given the annual average rate of wastewater flow .

P,=1.8t7%1
P¢: The peak factor t: timein days

* The peak day flow factor P;=1.8 .

* The peak hour flow is 1.5 and the minimum hour flow rate is 0.5 of
the average wastewater flow for that day .

* When data is unavailable, then around 80% of the domestic water
consumption rate is returned as wastewater to the sanitary sewers .

wxrf”
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Q . Calculate the wastewater flow that can be used for design purposes
for a community generates an average annual wastewater flow at a
rate of 100L/c/day ?

Solution : |
= Flow * Peak day * Peak Hour -
100 * 1.8 * 1.5 = 270 L/c/day is the peak flow for design purposes.

w:}cswgm
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* The characteristics of wastewater vary ( «&lii%) from place to place
depending on amount of the freshwater consumed .

and from time to time due to biological and chemical reactions that
usually take place (<2x2) as time proceeds .

* For example, as sewage is transported in the collection system, bacteria
will degrade (J1~3) the organic material changing its state (s y23) from
solid to soluble as time proceed:s .

* Ultimately wastewater characteristics change with time and place and
that should be considered when test samples are obtained .

mm_,’._,‘!;:;
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m3
FIOW( a)

Peak flow
\ Peak flow

Average flow

N/’

ot peak flow

Time (hr’s)

-
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* Ch4: Wastewater Sewers ( 4salall sluall il )

" e Sanitary sewers (4.l 1Y) are open channel conduits (4 i 38 that

convey (Js~3) the wastewater to :

1- Treatment plant ( g3l 4kas) or 2- Open disposal site (il (e Galiill 48 )

* The sewer system conveys the wastewater benefiting (i)
of the Gravitational force (4x3all 3 68), soit is called Gravity sewer systems .

1 ‘“Mlittgw
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* Sanitary sewer systems are usually designed (pes)

* Q. Where we use ?

1- Open channel hydraulics .
2- Manning equation .

Ans :

2 - Design and evaluate the performance of storm sewers .

as separate (il<iis) systems from storm sewers (s _taall culil) |

o ol il (o diadia p Tunial) i) el 06K Sl Jsal) e Y

1- Design and evaluate (<) the performance(s3) of sanitary sewers .

@mlttggg
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Ans: 1- Gravity (4udadl) |
2- Partially full (G4 s36a2)

Ans : 1- Nature of live ( oSl dapk)
2- Distance from Sanitary sewers ( 4sall Y (g e Aaliall)

=T
1 ~Adlittee

* Q. Why wastewater sewer system is designed as open channel (4 sida BL3) ?

Q. Why there are percentage not Served ( 4«33« &) by Sanitary sewers ?

T
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* Problem related to sewers: Corrosion ( Jsti)
Corrosion in sewer pipes usually occurs (&) when conveying wastewater of low pH .

* The acidity (&aeall) of the low pH wastewater attacks ( aA'-e-v) the pipe material (cement structure) -
causing severe damage () to sewer pipes .

Such process (4&1€) is known (u)u) as the sulfide attack .

* Toretard (UA3) the problem of sewers corrosion, How ??
Ans : The pH of the wastewater flow should be kept ( Wuis £élay) 3 little high (> 7.5) .

PV A

How can that be achieved ((#s5) ??
Ans : Use water pH larger than 8.5 .

. BolE w_“;ﬂ?ﬁ,‘i
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* Sewer components ( <Y1 &1 3al) ;

1- House connection : ( aed ki J8l) |

2- Lateral pipe : Group of House connection { Jtell s sluall @-u-*)
3- Main pipe : Group of Lateral pipes .

4- Trunk pipe : Group of Main pipes .

5- Interceptor pipe : Group of Trunk pipes

6- Manhole : ( Joint Jie sbuall paniddhadi ) |

o . slallbad cal Lgaida g g i Y5 sbaall lad le je g g Uil Cind pua
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" House connection

: Lateral pipe L |~ Trunk pipe

]

s - -

S Manhole

Main pipe/

 Treatment plant |

Interceplor pipe

«;?;
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* Q. Why the bottom (Jixl) and the sides ( <)) of sewers closed
(4aleks of 4 5uaz) ?

* Ans : From the bottom because to prevent (i) water to go to the soil
And from the sides because to face (s> sl 4315} load from water . [B

Q. Why we interested in Bed slope ?

Ans : Because we want wastewater move benefiting (2éis) of the gravitational
force.

@@Itt{w




* Design of sewers ( b aras) ;

The design problem of sanitary sewers includes (i) :

1- Pipes layout ( <) & 359) .

2- Manhole locations (Jatial a8l 5q)

3- Determination of the pipe initial bed slope ( &' Jiadl) .

4- Determination of the design flow (pxesill 2ie (33x31)

5- Determination of the pipe size and its final slope: ( e el 5 9¥) ana)

oy L
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A bk Skt QoS IR st

* To design (0«<3) sewer system for given region ( eUa=s 4alais), the design
requires (<) a map ( 4k 2) that shows :

1-The elevations ( el )l) . 2- Contours (LSl dashad)
3- The streets layout ( g )\ sl hbhis) . 4- Land use (uaLY) alaaia) |

* Design requirements : ( preaill Clillia)

e Pipes are usually placed underneath (u=_Y) <3) minor (s=_%) and major
streets ( ) g L) ensuring ( (=) that every single house or public
service building is served by sewer pipeline .

e The minimum pipe cover (s1=£) is 2m .
e Buildings are connected ( J=<i) directly to the nearby pipe ( sl i d) .




* Design criteria [ asaaill bg d) -
1- Velocity ( 4& ydl)

* Maximum ( <) flow velocity = 3.5-732 Why ??
To avoid (<a%) pipe damage (erosion) .

* Minimum ( J&) flow velocity = 0.6 % Why ??
To ensure (1) pipe self cleaning ( 51 adasll) -

@m&%e

sl hovilah Sy Are B Lask

2- Bed slope ( Jsdl) :
e Maximum slopeis 0.05 .

Minimum slope according to the pipe flow ( <Y (33x) and we find it by
this equation and is not allowable (z s+« ) to reach less than (= Ji) 0.005 .

-6

Somi = 0.000233 QTz  Lia

m3
Q : Pipe design flow ( —;—) .

0.005<S <0.05

o-min —
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» Sewer manholes :
* Given the region map with sewer pipes being placed, manholes are usually
introduced for inspecting and cleaning sewer pipes (s laell bl Cadaiiy a2 )

« A manholes is placed (~=3) when there is :
1- Change in the horizontal direction (2! olx3Yl) of the sewer line .

2- Change in the vertical direction (s2.5<l=ll ola3Y1) of the sewer line (change in the
bed slope)

3- Change in the sewer size ( _hall <a3ia),
4- At intervals of 100 m when the sewer has no change in direction
(Al gl el oo Ade Llad g olasyl & s V),

Drop manholes (Another Type) are placed whenever two sewer lines at different
elevations ( ¢l ¥l «3lial) are to be connected .

¢ Q. What the use (p)2331) of Drop manholes ?
* Ans : To protect (.s>2) the pipes from Corrosion .

» Q. How we can connect the sewer line for ?
1- Water

2- Wastewater

Ans : 1- Elbow

2- Manholes
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Q1- Self-cleansing velocity is

Ans : velocity at which no accumulation remains in the drains
Q2- An inverted siphon is designed generally for

Ans : three pipes

Q3- Chlorination of water is done for the removal of

Ans : bacterias

Q4-Water from homes and schools is called

Ans : Domestic
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3
2- Estimate the average wastewater flow ( TS—) according (! =) to the
number of units being served .

The flow of the peak hour in the peak day is selected as the sewer
~design flow (Qg) .

Qd = Qaverage *15%1.8 Bés

Notes :

m3
1- The unit of Q must to be ( T) :

2- Q,=Peak Flow = Design Flow e
(ices

o0 Suniad Al SenlSH 11000

3- For the sewer pipe connecting two manholes, the initial pipe
diameter (d) can be obtained (4le J-as)) using the Manning equation
assuming( L=_sé4) the pipe is just full to carry the design flow (Qg) .

1 .7 d. 2
Qu=—*7 *d?*(7)3*VS,

3.21n+Qy (2 »
Or d:(——— )8 Jada
VS,

« n depends on the material ( 33l g 53 o adizy)
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The invert (<si) elevation at the upper manhole (M1)

IEU = GE; — cover — diameter — thickness
=601.8 - 2 - 0.255 - 0.05 = 599.495 m Above MSL

" The invert elevation at the lower manhole (M2)

IEL = GE,— (S,*H)
= 599.495 — (0.02*100) = 597.495 m Above MSL

s &

The performance (1) during (S>&) the minimum flow period (5) :
393 gl bl LA (€155 )3 By b il J cilS gy aad Al Glbial) ares
3

_ Qpeak _ 0.0578 _ m
Qaverage = 1.5¢1.8  1.5%1.8 0.0214 s °
3

0.5%Qp,erage = 0.5%0.0214 = 0.0107 —.

O~non—peak =
Quonpegr . 0:0107

non pea — -

Qf 0.0768 0.14

From the 9r‘—°;‘5‘1§&" we find m‘;—eilf from the diagram .
v

no ea —
——“—p—kvf 0.7 _ _
Voonpeai® 0.7 x1.5=1.05 =>0.6 = (ok)
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