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'Ch1 : lntroduction (L.t)

lrt iJLc adS:ll O! etS.Jl rlr'3ll .f l-f ,rr,..-:ll so

. WaSte water : ( k+l.ti:-t p , a^.fic o!.)

' Complete water cycle : (iJ.lSt o!^ll i-13r)
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. ' d.lll o.b 6riri i,t"tSlt Dl+"ll 6_rr

L- Water use ( olnJl alrrt"'l) .

2- Wastewater treatment ( a-.il-Jl .l+.ll 4+lt -) .

3- Water source ( .l+" J'' o) .

4- Water suPPlY ( 'l+.lt +-ry)

@16
u'"s"r.rffi|o*r,ouor
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. Ch2 : Water quality and treatment ( Ll. lJl _.r ellt ;._9;)

' The characteristics (drlj*.i) of wastewater flow(a-rl-Jl ol+.ll ,-S.l) are affected
(_!is) bv ,

l-Amount (4J.S) 2-Quality (Slg+) of domestic water (agls- "l# ) .

' why we study (et,,l-;,r) and understand (re) the catculations( et-,.t..,s)
related(6t::) to water quality parameters (elJl oJr+ &tp) ?

Ans : For better understanding(cJ',.aii #t of the wastewater characteristics .

(a.JJl a!^ll ol 'u-)

$*#--
fff.:_.ts-iil:!:t {lu



'Turbiditv in water ( elJl ,r;-lFll)
. Results ( C+) from the erosion 1L5; of colloida! materials ( e+l-r;Jl rlll) like :

1-clay( o+) .

z-silt ("J)

3-Metal oxides (+slt +l-sl) in the soil (e+:)

' The turbidity is used (f \{1"'1) as indirect measure ( jl# -xo ryl+L) of the suspended
solids content ( 4illJl &14-hJl 6-;s,o) .

' Water turbidity is usually measured ( of$) using ( elriisL) meters
expressed ( l-d' t';r,- ) in NTU (Nephelometric Turbidity Units)

' Such meters are based measuring the light scattered ( "i^:ll 
r'r'i.?.1)

from turbid water sample ("JS' oL tic) . 
,
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'Wajef .c.glqr ("tll O:l)
. Formed (cJs..,;1 when water comes in contact with ( ,J dil..-:l)

1- Organic materials (!3.:e -r13,.) like :

A-Wood B- Humic acids (,'l; o*e ll u'.^r) .

2- ln-organic materials (4+r^:c * rl-r) like : A- lron oxides (+s:t +r..,S,i)

B- lndustrialwastes ( +*'tr'- i-U.ti)

' Pure water(o$Jl eLJl) is cotorless ( ui[l eJr'), however water from natural sources
may have a color depending (', fr,+) on the contaminants nature (&rU _pa.o) .

' Color produced ( ell) from :

L-Suspended solids : Apparent color ( lrytJi OJ)
2- Dissolved solids : True color (dris OJ)

' Color in water is measured (rytii) and expressed ( JF{) in True Cotor Units (TCU) .

'Odor F'll-.,,I|)

. Pure water (,=+lJl elJl) is odorless ( A.siljl #.lc)

. Odor in water may appear (-xli) due (++{) to water contact with (clJt diL-tt)
1- Natural substances (l*';$ rl-r) like grass, bio-reactions (algae)

( rJu-Ut 1 .

2- Contact with human waste (ul-,i)l *tJ:t)
3- Due to pollution from human activities like industry .

' Odor in water expressed in units ( i.t=r1 of Threshold Odor Number (TONI .



o Phvsical ( kir^l-l d[s+) water qualitv parameters :

1- Suspended solids content (SS) ( iillJl rlll) .

2- Tu rbidity (l-1rS",'1

3- Water color ( ctJl irr;
4- Odor (i-lljl)

. Chemical water qualitv parameters:

1- Dissolved solids content (DS) (4+31$l rl3nll )

2- AlkalinitY (fuutilll
3- Hardness (o!^lt -,p.,- 3l uJs:ll )

4- Fluoride content (+-l-dill qr-cis-o ) .

5- Metals content (a+.'-tt Jll)
5- Organics (+-e.:,ll .rlj,.ll )

' Biolosicat water qualitv parameters: Pathogens ( crlyyt c,l++*^) 
s1trry-

Q . List (.-) 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 (dr.5J)?
Ans : 1- Viruses ( crurrrll .' 2- Bacteria ( l+-S!) .

3- Protozoa ( o\13 Lli. crli ol+lli)

4- Helminths (parasitic worms) ( FJI iJ#S d'rit1

s;$.s1*.::!t3.rt}.{l}ri



. Drinking water standards (EPA) for selected parameters .

. AIJ+L 1+ll cslS l!! ,,tr, ttl d u+JLll ii ''-0,.,.+ 
4lJ^AiJ Lei La-ll uC drr.l1 hA

. ,s-!!l oll d .t-llt o-u3 y 
6l

Q . Why the Chloride is higher than Fluoride ?

Ans : Chloride is used for Disinfection and

the Fluoride is toxic .

Coa(*minant. Max level
Totat Colifoms (#11 OOmL) 5

T\rrtlidity (N't'tJ) I -5
Crkr Ginits) t5
()d6(rorrr) 3
plI 65*85
Totril dissolved slids (ms/L) 5&
lMgilic clEmicals (ng/L)
chl(xt.re
rlluoride
t-6d
Csdf,Irium
Silvri
1irifre
CooH

250
4,7-2.4

o.o5
o,ol
o.(}5

5
I

Or8micctEicsl! {fra/L)
T.fih4lomeitln€s

Ben ene
c'trlm rotrehotridd

lfi)
o,o5
0.(J5

*,#fu
*a***@b*

. Suspended solids content (SS) :

' Water total solids = Suspended solids (SS) + Dissolved sotids (DS).
The suspended solids can be either (U!) :

1- Organic (93;c) .

2- ln-organic ( e-F xl

. Example of Organic solids :

1- Plant fibers (.rLx+ill .it+ll) .

2- Algal cells (CtJltl
3- Bacteria (t+ $!) .

. Example of lnorganic solids :

L- PolYmers ( .jt+4$q-6y)
2- Other industrial materials (iptl,- rl-r)



How we can remove (ellj!) ? Bv Sedimentatioh (+-ylt) .

lf we cant we use coagulation-flocculation-sedimentation process ( 1Jl^')
followed (e) bV Filtration (6jlill) through sand filters if needed .

. The concentration (jS-f) of the suspended solids in T .

. The temperature ( iJtJSll i+-rJ) at which the solids are dried (.it +) is 104"C.

. Dissolved sotids = filterabte solids ( , .,..JLii C .l-r) .

ffi

Q : A 250 ml (4ll,Jl r+-) water sample is filtered through a filter paper (,-g-ljlt -ili).I

The dry 1.jdtJt1 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 .

*n., tr ,n6 rrro"nr"O ro,tdr .on."nrrraton Urarrt tn ry,
Solution:
. trlLc "o-.rl-r.,Je d J-.ll ( il.i,i'i i i oo-l .J -Flill oJjj i.i.l i;Eli el;r-. ! i e:L 44+-r rJ J-. t4s

. iillJl dlEr-j+Jt js-i u"l",i (J. jLltl a4jj i
ll atcr llor

:-#*+Ulll lirtrpcpr+ss

llllllFrltamm i

-l ll-[l-r -.0C-.
,**14 I I fs,idllllll ffi



The mass (ars) of suspended solids = 54.3g9 -s4.352 = 0.037 I

Suspended Solids concentration - Sulpg!.9.ed sqrlids Yveie.hl (me)
Sample volume(f+.) (L)

*$ril$;
$d_wEldb@

: drlsJrll &^r-l UJle

g to mg (*1000)

ml toL (/rooo1
. . c.l.:=:ll dJr=l i cll.l t-6+l*., dr+'I( o$1, L3lL^tr i.qJ\ au-,,\rt .r.r*, sS

Suspended Solids concentration = W = MBT
1000

ss-,
lir*.t}.,|r.?!.{cx !d



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 .

lf vou know mass of DS = 0.664

What is the suspended solids concentration in Y ?

Solution :

4duil**rle@

Filter paper + DS + SS = 1.389 g

ffig +0.669+55=1.3898

SS =0.675g * L000 =675 mg

Suspended Solids concentration =
Suspended solids weight (mg)

Sample volume(r+:) (L)

= 
u'i{! 

= L35,oY..:IL
1.ooo "

ffi



Q. :A volume 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 ff.
Find the,volume in L?

Solution :

{eiilt\rt n

!*|?{..ii,_#n.$

;

Mass of SS = 54.389 -54.352 = 0.037 mB

=

3oo = 
o'o37mg
volume

Volume = L.23 * 10-4 L

*ffi



Q. : A water sam.ple is inspectgA ( qry i) bV a panel of 10 persons . All persons
have asreed ( lrifil) # 3 is the first where odor

ls this sample acceptable in terms of odor Or*rrt

I

Solution :

ToN = ffi 'Eir A : votume of odorous (ml)

. *c .Si ,i,S i-it-l .r*., elJ. i ell' .Jsi uJ :_*gHJ€IU*dkf:
t . i-ill t<+ Oi !r r- c 1_!c, & t ,r-:+l '

. gilr-rll cb .-: UJ, clJil +! q, ,s!r-ll FJI
To*=o,ffi =o.G7
. . iJJ$'. ij#ll O{ 3:A: ( ,},- Or+) cLt+lt d J_n_rlt i-,;tr + i_!r O_.rlij

Snrnptre# ! 2 3 4

o.:



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 .

ls this sample acceptable in terms of odor qualitv ?

w;$;
9.1*|:.+ ra-lajfls

Solution :

TON =ffi
. . li.,.L Uli l-S u-E-$l 7 d+ 4rr leiL-). i erlt 4+lt riLi ttl

2oo 
= 0.5

0.4x1000
fug$" +:+rtt

. . 4+lt gli.j 3 ir J$i i_,It ri!

ffip,1&-
!i.r.}l_- -f'-9*his

vvrutrrg ut vrt 9.9 \,,J ,v.5

odorous(L)

1 2 3 4

odorous(L)
0"1



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, soit and rock .

Ground water : Contact with soil and rock .

Physical parameters

I l*tU*lt {llji. JT

Unit (6s.5rlt1

Suspended solids content mg.-
.tL

organic or inorganic

by sand filtration 
:

:

Water Color TCU Adsorption u si n g activated
carbon filters

' contact with organic
materials

Odor TON
:, t,

Adsorption using activated

:''.
i . .: ::

with natural
substances

siltu
.{|,tf F.f,!. *d__!*5hs



' Chemical parameters : 1 
L':" q.5Jl c,lju^4ll)

' The Equivalence of an etement (-)-i'll -!rls) : ls the number of Hydrogen
atoms that the element can hold In combination .

i-;lJl u3+ oriL i-jl I -fi* .,5l J,-l,ll k+11=J grll O*lJ+#l crl_,[ uc

The Molecular Mass (+;+j+ll ilKll) : The sum of its components atomic
masses .

dl-}-Jl J !l Llr oJS -'.o,'ll o+_,,.Jt ilKll_l qSJ^x ej-$l J*-tirll qll jisJl 33r.;-

' Equivalent (C-rlt #ls^ll) : lts grams molecutar mass divided (flfi)
by its equivalence .

Molecular mass
Equivalence

' For concentration calculations (-r$lJill dJJ.L.,s) in water quality (cLll &rE),
it is more convenient ( i)-) to express (xl) the concentration (jStj) of
different materials ( ad:i. rl-r) in one standard unit ( q-t$ 6.sl)

. That unit is the

w&.r*Ftf r4y-!|fls



Q. : Find Equivalence , Molecular mass and Equivalent for

(Na)*t , (or)-l 7

tfvouknow: o=rch n=L**

. Solution :

' (Na)+1 =

Equivatence = 1 Molecular mass = 40 E Equivale "r=+*
. (or)-l =

Equivatence = L ( lilLlt i"+tt uriir L'llJl iJLi} id C)

Motecular mass = 1*16 +1*1 - L7 e Equivalent = + *
srffiqrx*f{!t}-#f+s

. The concentration of A, [A] in mglLas CaCO3 =

_ lAlms ft *5o=ry i}lJl ofA Lri-

Q. : Water has 55mglLof Ca+z Find :

1- Equivalent for CO,

2- Express the lCa*?|in mg/L as CaCO, ?

firy{e-qI|..*ri*-Ms



. Solution :

1- Equivatent = 'ol?-:,11?lryttEqutvatence

=ry=n*
1 Ca+2*n11*5Oz--@

= W =!37.5= 138 T"tCaCO3
2

. Dissolved solids
' Exist( 6,.' 

^. -r^) in water Cre (.++*) to the solvent action of the water on natural
materials ( i.+t .rl_5r.) like the soit .

. Such solids can be organic or inorganic .

' Excessive amounts (4J"Ji. crt+"s) of the dissolved solids in drinking water may cause
1- Undesirable taste (e+ +_r'-r" J*o +) 2- produce color ( o_d el4) .

3- Make the water hard (u"ls3,J"-J) 4- Change the pH .

' such excessive amounts may be toxic 1,l*,.) to humans .

' The total solids (fS) = Total suspended sotids(TSS) + Total dissotved solids (TDS)
The total solids content :

1- The suspended solids (non-filterabte solids) retained (;;:) on the filter .

2- The dissolved solids (filterabte solids) pass . @il6-
lflt11--!f,:!*sls

w6-
9.{f3tdlt'tffrx



. Water sample is filtered through a filter paper (,j_l:lt -FU) ,

in given volume (,-t,- F-) and the dry mass of the filter paper is known
( d:-r- ql_lJl jls O_l:) .

. After filtration, the filter media and its filtrate were dried ( rir'r) for 24
hours at 104'C. The collected filterable solids (dissolved solids) are dried
at 104'C for 24 hours and weighted (ojri). tenitine (,i>) the coltected
filterable solids at 500"C .

. The inorganic dissolved solids remain (,-J$) .

While the organic solids evaporate (;S{i:) as volatile materials (i-,;stl3^.:l_r) .

' The dissotved solids can be removed (elljl) from water using advanc *+ .rt
filtration (reverse osmosisl (4#"s'll Ujr.-,i| e+.-EJl) {Stlt$*..tt!l*|.ifg-!r|fl!'!!,.

e$&
*d..dd-UrM



. l&.1*,r d*.4iljl+ crlrtill o.l 6-d ij a+J+Jl orA Lll'i d e*-+;l crlJ,Lijl

l-Water sample is filtered through a filter paper .

2- The filter media and its filtrate were dried for24 hours at 104'C.
3- lgniting the collected filterable solids at 500"C .

@f;6-
!{*!f-Y{.t+_ir4{.s!r!.

How we can measure (ut+) ???

i

1- Total stispended 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- lnorganic dissolved solids mass =
(mass of dish + mass of inorganic solids ) - mass of dish

4- organic dissolved solids mass = TDS - inorganic solids



q . 100 mL water sample analyzed for total solids content . The
evaporation dish has 327.455 g net mass . After evaporation, the dish
and its contents weigh 327.5L7 g and later placed in muffle
furnace(nj) at 600"C . After cooling the dish and contents weighing
327.498 g .

What is the total dissolved solids (TDS] content and the inoreanic
dissolved solids in me/L?

100 mL

327.465 g

327.5L7 g

327.498 g

A+J r+=

4..61111 :l3Jl nj_r cJ i-it;YL el..,ejJl ;_1j

i..,il-Jl LJ*hll #ll rlll g-,;j cJ ArL:)l+ cLcjJl uJ,

The mass of the TDS = 327.5t7 -327.465 = 0:052 g *1000 
= 52 mg

The TDS concentration = ,I?,:,?9!id:'n"i9ht gFl = '?^-n = 52s!9-rsarv!! - sample volume(6s) (t-) o.tL L

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

t norga n ic d i s s o tved so I i d s con cent rati on = 
t' 

" 
tt' 

**5:",',1:$:?l*:

=#f=*ory

Organic dissolved solids concentration = TDS - inorganic solids = 520 - 330 = 190
mg

L



Q. A 0.5 L waJel:qPle is filteredthrough afilter paper . The dry mass ofthe filte.r p.aPerls 54.352 mg . After filtratiSn, tne nitEi[rloia jnu it's iilir.t.
were dried for24 hours at 1b4'C and the dry'mass otitre flldr;;p.r inU it,non-filterable solids is 54.389 mg.and .fh" evaporation dish 6aiiZT.+Si g netmass. After evaporation, the diih and its contbnts *eigtr iiatiiii;;J tater !
plaggd in muffle furnace at 500"C . After cooling ih" J[h and cont[nts-
weighing 327.498 g .

Find :

1 - The mass and concentration suspended solids in fft
2 - The mass and concentration of the TDs tnfft
3 - The mass and concentration of the inorganic dissolved solids infft
4 - The mass and concentration of the organic dissolved solids infft rfr d{dr

gllitti,"
..4:!pti "if,-t?.$.s

.,I

.

Solution :

1-The mass (ils) of suspended sorids = 54.3g9 -s4.gs2= 0.037 mg

Suspended Solids concentration =
o.o37 mg

L
= 0.074

0.5

2- The mass of the TDS = 32l.S1,l - gll.4G5 
= 0.052 g *L000 

= 52 mg

The TDS concentration - TDS golidf =#=rcaF

ed solids
Sample vo

@fi
v. ra !.i{f . ++-!if,6-r s



g- The mass of the inorganic dissotved solids

= 327.498- 327.465 = 0.033 g * 1000 = 33 mg

lnorganic dissolved solids concentration =

33mg -- mg=-=oo-O.5T L

4- Organic dissolved solids concentration = TDS - inorganic solids = LO4- GG = 38ry

nic dissolved solids

. Water pH

'The absolute (,ilt") pure water ( undesirable taste ( {,+-r-r J;; +) )

has pH of 7.5

' The desirable (+-r-r) drinking water has pH that ranges (,g-) between
(6.5 - 8.5) because sources includes dissolved sotids that alter(;pu) the pH
within this range humans feel no differences in water taste (etJl 6,I) .

. ' Water with pH > 8.5 has bitter taste (J,1 ;'l)

' Water with pH < 6.5 has acidic taste (.,+:.= f,I)

sytft !:-.i.lrflfri'



. Fluoride (+t-r-il.)

. Ftuoride originates (+l-r-dilt &i1 from few types of ( 6rrri. 3l-eli) :

1- Sedimentary rocks (+:*t Jrs-.) .

2- lgneous rocks (t"JU iJa.6) .

. Where we can find the Fluoride ?

1-surface water ( 4:FI- ol+) : Rarely found ( .r3;yJl -,pU)

2-Ground water sources (a9-2!t '!^ll yt -^) ; Few concentrations ( il*ll j$lj) .

. Fluoride at high concentrations ( jsj) is toxic 1.t*.,) to humans .

While low fluoride concentration ( ^l# 
.I::Iill -!sli) (around lmg/L) is useful (..s^) :

To prevent (L"t-=1 dentat cavities( jtr-,!t cr"rJ).- ---e' -' 
as d*{^

fSn$e
!.lifil|l|lgillidtlr+{

' Metals (O.tlJt1

' Generally all metals are soluble in water ( clJl ..J i$li) to some degree .
j

. Some metals at low concentrations ( 
^l*ll 

j$lj) are very toxic.

The non-toxic metals at high concentrations may cause health probtems. ( 4F.- dst-i^)

' Non-toxic metals: like catcium, magnesium, iron, sodium, manganese, aluminum,
copper and zinc. F'irll oh .Elr

Sodium salts may cause bitter taste (r5-tr *) to water and cause heatth problems
(.ti;ll & 4JA,a ,JSl&).
. Manganese and iron salts can cause color problem.

' Toxic metals: like arsenic, barium, cadmium, lead, mercury and sitver.

(All are very toxic at low amounts) *"Li.ll ob .Etr

ffi



' Organics (4+r.dl rl-enll)

. Organics( C, O, H) may present in surface waters naturalty due to
some human activities ( OuYl i-Ll,ii) or to the run off ( eJ ds .iJ+i -,,t1"$ .t1.) .* 
' Organics can be either( Ll) biodegradable or non-biodegradable .

, Biodegradable organics (c}-il 
-a-lrti 

q-o^:c rl-r) :

Found in dissolved folm like fats (oy.) , proteins (&t$:-p) and acids . Such
compounds present a food source'to micrborganisms and can be degraded easily with
time

( &jl g" c!.::.i l+ $$l d ol.ra o-# wl dlLilt iirrt)

Non-biodegradable organics (cJLlI il.E J,i qr-s .r13.) :

Found in dissolved form like cellulpse (cr-rC+Jl) and phenols (e$-*-,rSlt g". ts) .

' ;H.J..(l[gp,Tgj{f"H,r$.3?$*fg33j'on 
and stav dissorved in water r

ffi-

Alkalinity ( arutill)

' Alkalinity : The water ability( etJl i.pi1 to rieutralize (.Js4) acids or to reduce(clii)
the acidic action

' Studying water atkalinity is important because later drinking water will be
converted (cJ-n*) to wastewater

Q . Why wastewater in sewer turns to be more acidic ?

Answer . Formation (cJs.t; of HrS due to anaerobic conditions ( a.alg -11e .i-r_A) .

Q . Why we prefer (cJ,-rJ) to have drinking water that is more alkatine
(pH > 7.sl ?

Answer . To reduce the acidic environment (a+) of the wastewater formed t



Organic matter + SOa-2 + bacteria HrS + CO, + energy

' The formation of Hrs will decrease the pH of the wastewater

. The most common compounds ( terbr.t Jfsll crls-,"]|) that form the
water alkalinity are :

( a;uEll r-rriirf &r+-l l{ cr!S-,;,") .

l-Bicarbonate (HCO3-) (pH e.l t.J qS-l. , h,ai)
2-Carbonate (CO{21
3- Hydroxide (OH- ) (pH C-l cJ qS-)" .edi ) .

' Such compounds (c.t5y) may present from origin (4+Jrlt ir )

or from CO, that dissolves (+,:I) easily in water. (et_5r6ll u.)
Bitr,$;
!*..***;rl.'ar$qr,

i

' Alkalinity is measureU (tru:) Uy : Titrating (i+.t-i) the water sample with
standard acid (usually 0.02N H2SO4 ) .

. N : Normality diJl -!s-F M : Molarity d_rlr JI 4+"1

. Based on lL water sample ,

Each 1 mL of the acid is equivalent (g:t*;) to 1 mg of alkalinity

expressed ( q, J+-l) "try as CaCO, .

sffi
lYf :.jn.:l,_.f*.dbs



. Cl . A lL water sample was titrated with 250 mL of 0.02N H2SO4 .

What is the measured alkalinitv?

Solution :

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

expresse d as ff as CaCO, .

250 ml of 0.02N H2SO4 = 25OT 
^t 

CaCO,

sfr6*
${n!?|! riac-+f{F&r

'

q . A 250m1water sample has an initial (,/l+ll) pH of 8.
titrated with 22mL of 0.02N H2SO4 to pH value of 4.5 .

what is the water total alkalinitv?

Solution :

. r.-r-,1r!3 if"l d"rJ , -fl 1 Ud e+-ll Lil 4+tl!

The water

1L +22mL
0.25L rr+ X

x=88T 
^tcaco, w&

*Y-ri*f. f:,r,_!tf€bs



' mL of acid used to bring down (dlJ) the pH to 8.3 equats(cJ.il+) the
alkalinity of :

*ror-' + oH-L

' mL of acid used to bring down the ph from 8.3 to 4.5 equals the
alkalinity of :

iror-' + HCor- t

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

COr-'+ OH-L + HCO,-1

fef,ril
Yl F

U.t*uior*r$

pH tnL r#scid uscd t* hriug drwn the pH t+ S.S
rxlual* th* alkaiinity o[OH- + II]Ct]*a

13

mL nf ruid used to hring the p$ frorn 83 ta
4*5 eqHals the alkalijnity of I/2CS,,$ + HCOg

d.5

mL +f aciil ua*d ro bring devn the pH to 4.5 *gu*h the ktal *Ik*linity
#t*tir tftB *tk*trinit1'of OI}+ COse + HCO;

Bfi&-
*,ff*f{.-.:}'-tn#!s



. The impact (#t) of high alkalinity due to high OH- concentrations (pH > 8.5) :

1- Bitter taste ( y eI) which could be unfavorable (cj.;u Jts) to water
' consumers ( nusl$."^ll)

2- Forming compounds (&!s-, ,JS.i3) may react (&til) with the Ca+z resutting
( C+) in precipitated substances (q--r*ll rlll) called the scale (rl-:*+ll i.rlJl) .

Results of scale :

1- Close pipes in heating systems ( OCL,{3ll $e 4ls.&.ll arA JeLi) .

2-Cause damage (y+) to boilers (-As) in electricity generating units

g.if-$-
yr::3(ry*_9dhs

q. A 200 mL water sampte of initial pH of 10, Given that the pH value of 8.3
has been reached (U & Jl i) after consuming (eD,si-'t) 11mL of 0.02N H2SO4
acid while the rest to 30mL consumed to reach pH of 4.5

Fl,I

10

alkalin

trH'+ t-- r"li + Hc{}i".- }*

siil6-
Uxe4d,licdhry

i"t

;**-. frzC(}*l+ }rct},



Solution :

. From pH 10 we know there is COr-z OH-t HCO,-I
' when we add l1ml of 0.02N H2so4 the pH change from 10 to g.3
. When we add 30mL the pH change from 10 to 4.5
pH+pOH = L4 .Eir

pH= -Log[H] .hir
pOH= -LoglOH] .Eir

L0 + pOH= 14

pOH=4

loal = Lo-4 ry this is called Molar concentration (C-rlr isilt$ffiS-

' convert to this u nit I by Multipty (+-r^-)by molecutar mass .

Lo-A ry'* (1*1+16*1 ) = 0.0017 f * rooo = t.l T
' Convert to the standard unit( 4+-l$ll ir--eJl) T ^tCaCOr.fonl*n1r*sg 1.7*so-@=ff=sryascaco.'
Remember(;Ss) that the atkalinity measured using the 0.02N H2SO4 is for I
L sample . ( r-r-E331$"1 d^-l clJil -Fl 1 ,.,;r"Jl Lb OSI Jtll-FJt OtS lll G+tri eutiJt Erf

We want now to measure the actual mL acid used to equalize the OH-
alkalinity in the 200m1 sample 

Srye_
trril4|ja*-.!a*e-.cir



lL 5mg

0.20 L r+> X

x=Y= 1mL

Remember that we add l1mL of 0.02N H2SO4 the pH change from 10 to 8.3
and the alkalinity equal OH- *f,COr-T

l1ml for ( oH- *)cor-z ) and we find 1 mL for oH- so 10 mL for *|cor-, .

Remember that we add 30mL of 0.02N H2SO4 the pH change from 10 to 4.5
and the alkalinity equal OH- + CO,-Z + HCO,- .

{effif,;
L'l1
y."*Yt'g aa{"li+F.hs

OH- = 1mL

COr-z = 20 mL

HCO3- = 30-(1+20) = 9 mL

= COr-'concentration as CaCo, = +# = 100 T "tCaCo, 
.

. = HCOy- concentration as CaCO, = ?# = 45T 
^tCaCO,

' 
Total Alkalinity = 100+ 45 + 5 = 150 T rrCaCO,

ffi



' Hardness (ur"l$t I

. Concentration of the muttivatent cations (n+l.ri L,=.. r,. c.,t-l3pi1 usually Ca+zand
M g*' or the water ability to precipitati (.,-,r)ioap ( d*u) .'

' ln that case, soap compounds combine (dlJifo) with Ca+z and
Mg*'forming^very complex (.i,-) compounds that do not stay in
suspension ( fiL-) 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 .

wf;6-
9d_Ud-irdhg

I

. ,A J-'t -l-r. -' uauses specres (Ca*z and Mg*' ) in water are nottoxicto humans .

er super causing species react
with anions in water (OH- and CO3-2 lforming a solid precipitate:
CaCO, or Me(OH)r_. That solid precipitate is called Scale .

. The formation of scale in boilers and pipes will cause :

l-Economic losses (qJ--:It J5t "i), more heating witl be required .

2-Damage or clog pipes and boilers in water systems .



^ q . A water has an alkalinity of 300mg/l as CaCO. ,
the concentration of Ca+z and Mg+z is =" Ca+2 - 80mg/L Mg*'= 60mg/L

Calculate the:

1- Total hardness ?

2-The carbonate hardness and the non-carbonate hardness ?

Solution :

. CaCO3 AJrai jStjlt cjs.

t-^*2 - Ca+zvrn17*5g
vw 

--
vw - equivalento1cq+z

M a+2 = 
M.9+2 *n/t*50 -"'a - e9u-iv5iEnfi6;; =

80x50
= 200 T "tCaCo3

= 247 T ^tCaCO3

20

60*50

L2.15

Total hardness = Mg*2 + ca+z = 2oo+241 = 447 ryas caco3

carbonate hardness = Alkalinity = 300 T ^tcaco3
Non-carbonate hardnes s = 447 - 300 = L47 T ^t 

caco3

{qsffi'
\llr$
c*wo-tslrg



Q . Water sample was analyzed for dissolved solids as shown by the .
following contents:

Ca+z = 100mg/L g

Mg*'= 36.6mg/L

HCO,- = 300m9/L

Calculate the total hardness ?

@f--qYl-r:a-Hhu

Solution :

. cacor;ir+ isl-ill cjs.

Ca+Z =
100*50

= 250 mg/L as CaCO320

Mg+z = ffi= ffi = 150 me/Las caco3

Total hardness= cq+Z + Mg*z = 250+150 = 4oo mg/L as caco3

B&
t|L!r+if .*r'd*hs



' Pathogens (,rlvlt &L'i-.)
. The most important biological parameters for water quality are pathogens.

Such microorganisms are capable to (a5Jo ;-,pli) infect (Hi.aJ) humans or
transmit diseases ( crl-rlt dfi) .

. Waterborne ( ,lJl+r.J.1lrr,o) pathogens include 1 O^--,;) :

1- Viruses ( oL3;ill1 .

2- Bacteria( !-u<+tt1

3- Parasitic worms( r+-=tt fJ*S d,)"'it)

. The most common diseases ( .rlyi) caused by pathogens are :

1- Cholera ( t;pl3Slt1

2- Typhoid (+tri$ll)

3- Fever (,iJl) @r;6;
cd.I*d_Hld

' Chlorination ("-,,JSll)

:

. The addition of specified amouhts (6rr- c dr$) of chtorine to water for the
purpose (t"Le) of disinfection (ftrs,rlll) .

. The whole process (l'il^,ll &ls) is about killing all microorganisms (l+J$S+) ,

lf microorganisms removal is not 1,OO%, retarding its re-growth
(_g^ilt rsc! l,iJ1 .

. At low concentrations of chtorine : Not harmful (-,p JJ') to humans a

compared to microorganisms .

. At high concentrations chtorine : Complete oxidation ( "rxi1 of the cell wall
occurs leading (.yl) to microorganism death ( t+ u<+tt cr-r) .

' !t penetrates (.eA) the microorganism cell wall 1a;U:t -,rlr+) and reacts fr .5*.f
( &El) with its enzymes ( a;yJ) leading at microorganism death ti$ttFs

u-tal.1,f,. ijt:|]a{.!r.t



. Chlorine is added ( ,Jsll ail.;!) to water in the form ( ds,i .&) :

1- Gas( Cl, )

2- lontzed solids ( Ca(OCL), , NaOCI )
^ Free chlorine residual = HOCI + OCI-

. The HOCI is more effective ( U.L.i JKi) disinfectant than the OCt- by two
orders ( a*i,u:) of magnitude .

. The process of water disinfection using chlorine is Affected bv (+ -rfis)-the :

1- Form of chlorine ( -r-dsll .J$)

2- pH and temperature ( iJlJSllJ i.-b.^-ll i+-!)
3- Concentration (j$Jill)
4- Contact time ( ci.-lYl .i5:)

5- Type of microorganism 1 t rslslt 3r) fQffiHU\#s
qri|_*itt,ra.-*idhf*

' Time extension of chlorination( '-Jsll ,li.,.l d +r"jll ;.ull) :

' The longer the time the chlorine exists the more protection (+1"=1
against microorganisms or their re-growth is provided .

. The chlorine is a strong oxidizing agent (+.P uS3,. &1") that reacts
easily with a lot of elements or salts exist naturally in wate[
ultimately the free chlorine (Cl, ) will be consumed forming
compounds with no disinfection ability ( Ci".jll & ;-,,.ill e-) .

sffi-gdM*-...rh$



tr,

Q . How can we extend (..+) the chlorine existence time in water
systems ?

Ans : Using Ammonia (NH, ).

' lt can be either (1"!) added (ajUJ) or naturally exist (l'#tll d r-9;-r) .

' lt reacts with the chlorine forming stable compounds (olll crl$-r) of
disinfecting ability although less than the free chlorine

' Monochloramine (NH2Cl) is durable and stable (Cl.-r c".ti) 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(NCIJ that causes:
L- Taste and smell to water 2-lrritation to eyes in swimming pools.

. lt is preferable (cJ.-u) to prevent (ei+) the formation of the
trichloramine (NCl3 ) .

AtpHvalues(around5.5ormore)onlymonochloramineisform".m

rl

a
U
Q)

-o

<n

o
t"{

I
Ardrlorineir sddcd
HOCIforms

Fnc cltlorinc {Clr)

I'*'*---t *'*
Comhined *ltrorins

4 S.9 gCIrdded/gNHrexi*r*d

1: 6i,all raj qSJ.Jl ds.i6c .,-dsllaiL-b! ric,

2: gE JP i,*" d -,r-/$l cJjsi,u .*ls t+_r!l

3: ,_dsl i.rl+j C+ Y i.tiill oJA &.r.31{S)+3.{ dl+_r}t irs 6;5

z
As chlorine is add*d morre,

amrnonia i* oxidiz*d to N, and
Chlorine re&xaed to CI- (not usefi:I)

It3
1 Br**kgroillt: *ll r,r*lxoniE
li_ I i ,1"'"'.- li,l

ffi$s6-
qi!!f i|{!r+_r._..__.tf hs



' Chlorine the strong oxidizing agent can react with organic acids Humic
and Fulvic (cly-xll-r ''lJl.ill u,-.s) forming Chlorinated Hydrocarbons
that is classified as Carcinogenic Materials ( a:t-x" .l-r) .

. Therefore such materials should be removed prior (&tt*) to the
chlorine addition through ordinary treatment processes (adsorption
by activated carbon filters). !n 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 NH2CI (monochloramine) that plays as disinfectant type of
chlorine compounds.

W-6-v.+F{cd.,,hftff

' CH3 : Wastewater flow quantity (a-.rL*ll ol+Jl 6iri crhX)

' Drinking water gonguTgd ( -lqfl 
hy humans through domestic (oL-1

or industrial activities ( 4ipu.-;J"^ti) will turn ( J! r.J3=,) into
wastewater that carries (d^-,1 different pollutants ( i.iEi. crtist)

Wa stewate r t reat m e nt is n ec€ssa rv (Ar"-,,1y)3

l-Treated wastewater is potential water source ( .l+. _l', .)

2- Protecting (a-,"t"-) the environment (4ir+) from:
A- High organic and inorganic loads .

B- Groundwater qollution ( 4+r+ll ol+Jl ,'...rll'r) - contamination (&Jl) with
Pathogens ( rrl-r")l diJr..*) .

. The degree (a+-;1 to which the wastewater is toaded (ilas-) with
contaminants 1 o!:t) de..teplns lio,) the treatment technbtogy
that will be used (Lrr ',,ilt C)*II i,'iii) ffi

:



' Wastewater is generated from( dr. rlJst) three main sources 1 i*,,+-l;rL-.) :

t- Domestic source ( oL..-l'' o) .

2- lndustria! source ( ,etLi.. -,r'' o)

3- lnfiltrated water (-L-xutt "l+^ll) .

. Domestic source: Primarily( .4; .Js,:q) from residential (.litr), commercial (rf_j+r) .

' This source is geperated at a rate of around 80% of the domestic water
consumption ( dDd-,|) .

2O%; cil_.fu^Jl cj."a ,.t !l-il| cjLDltl: c.tol_l-r.cll ql d r-o.ri

' Such wastewater flow contains ( g-f.:) :

A- Mainly organic matters
B- Nutrients (N , P )
C- Pathogens ( 4.t-.;"!t o!;."a)

\rt x
!.*!#|i#_*ff.s

' lndustfia! sou.rce,(-eF,-.rY) : Wastewater from food production(ptJll 6E:l) and
paper industries (c3-r:ll il*) mostly contains (Ll.u ,r-f.j) organic mitter .-

' Some industries generate (.1:l) wastewater that is heavily loaded with inorganic
matter (heavy metals ) .

. lnfiltraled 
=water 

(.*r-"L 'l+^) to sewers (gj+-) : primarity (,r++-r cE+1 as inflow
water that inters the sewer system from ground water tabie( 4$J+ll Dl+ill 6-61-,.)

gq storm rain (;E^ll ' i' l:')
' Infiltrated water.may qntgr the. sanitary sewer (\p.-lt

manholes ( iii.i:.ll ,-LtuYl ,l ,.,1t*:^lt1

. Such water does not contain organic loads.

. The quantity of the infiltrated water depends on the :

1- Sewer age 2- Rainfalt amount (Jlt^!l l+.S) .

3- Variation (J#{ in the water table .

,.-,-,,. ,.t-iltly from cracked pipes or

W,&-
!qa}l|t i*{l*#hs



. Factors affecting water consumption :

. L- Population economic level (grt";!)l gtS-Jl 6;..rn)

2- The climate (al:^ll)
. 

3- The poputation density ( ulS-Jl arl3S)

4- Degree of urbanization (cru:11 q+JJ)

. Hight water consumption = Hight amounts of wastewater generated .

B{;
!rf,}. {!,.x.r_lFfqFrs

. For a given design period (#^-illl 6-) , wastewater flow determination (+o:)
requires reasonable estimation 1;f:^ *S) of the population at the end of
the design period.

' Prediction (i-i) of future population depends (.l.!x) on past and current
population that can be obtained from statistics department (dir3" Lasyl e*) .

. The following methods are used to Estimate (-.r.r+) the future population:

1- The arithmetic growth method

2- The uniform percentage method

3- The logistic method

4- The declining growth method



Q. : The population of a city has been recorded in years 1g9O( a;.il| al_,rtilt) and
2005 (+.1t g,"-JiJl) as 100000( 6sll 4*-jilt $' r.Xl) anU f fOooo(eirblt f;rUt'r:' r^Xt)
respectively

Estimate (-,r.'+) the year 2OL5 ( ,'J. Jl^ll giJiilt) population assuming arithmetic
growth pattern exists?
Solution :

Po i &.rrYl &-tt$t $r J Xl

Pl : priYt e+-,lllt rir J^ll
At : d+sll_r d.ill Cr_jiJt ir- i,"jlt or apilt

r, = * = 
P=o-!-r- 110ooo-looooo - 66G.67 = 667" at to-t, 15

(Fil$;
flti.lF-I.:{. .,!n$rs



. Pt=Po +KaAt

P,: ,.,uJt"ll irjll $t J lJl

At : +oll _r:ll .,:' .,1"_jl: u:Jt^ll irjlt 0# irJll "#,jllt
Pzors= 110000+667*10 = LL557O

. The uniform percentage growth method:

'1

Assumes a rate of increase that is proportionalto the population .

LnP,= LnPo + Ku AT

rftfr&\rs
.{1*ll "1"1!,!r49f s



Q. : The population of a city has been recorded 1,',lr *) in years
1990( d.ill e*-ll:ll) and 2OOSie+olr guHl) as fOOdOO ( 6;$ll G-jJt .:' -rJl)
and 110000 (+r-Il 6-lull .:' _rill), respectively. !

Estimate (-r.+) the year 20L51 ,-r. rtrLll grj$l) population assuming
uniform percentage growth pattern exists?

s&
ldMd,Hrg

Solution :

Po ! &.rs,Yl G-ilt $r J^Xl

P1 : prSYl'G-jlt $' r^Jl
At : C+oll-9 drill _rrll .l+ il.jll os 6.;ttt

Ku = 
LnP.o-I,nP, - trn110000-rn100000 

= 0.0054to-t, 15

P, : + Jt^ll irjJl $r J.ill
At : d+.-ll _rill .io ,-*_!l: cr. _it^ll i1.jll i1.; ir jl d.-iylf
LnP,= LnPo + Ku At
Ln Prorr= Ln 1 10000+0.006 4* LO

Pror., = tl72LG

ss&-
.{r.-t!l. !.*n i*-!a{{r!s



' The uniform percentage growth method = The arithmetic growth method

. ciir*!3 6;i.r, jill i,! dJijl &* l-a$e

' The uniform percentage growth method ) The arithmetic growth method

. J*S eiJuill i,# &ill &* t'.$e

lrt
l16

'* lt4EEd ttz
$ rro
E ro*

= 106
* l.o4

1fr2

loio
I

-Adlhlnedt 
8roevttt

-Uinfor*ri 
tp;rentrge

IQffffiU
C

v.t!}|{,.*-i*I.}-s

. The loeistic growth method :

Simpty, growth rate gests smaller and the population approaches (+;Hs1)
its maximum size (Saturation ( C$) population)

Graphically it has an S shape curve .

population

time



D

P. - 
rsat 

-

' l+"e+b&t

a= 1nP"o'-Po
Po

b = 1 ,nP,(Psat-Pr)n Pr(Psat-Pr)
P _ZPLPP| PLz (Po+P2)
'sat Pop2-p?

P o i e-F &si $o r^Xl

P, : !-,Cl 6-,rElt .i' J ll
Pzi e-ttr p$i sc adl
n: 6-Ji: etE cJS,* c+t3 OF,-l otl,-oll e,r-;lyll i1;; d.;sll

Pr", l+r.l-"6-,1 aiJ'l^lJ gfu ,:S. llc JSi
At : &-fi &.r-i3 cJ Jt^ll e-,ltr &t ,-iJ.!l

@n6;
u*u*.shg

. The declining growth method :

I

Like the logistic growth, given Psat .

p, = po * (p,"t - p") * 1t-sKaLt,l Ka = # tn i}#:
,

9. ,I1," q.opula.tion of a city has been recorded in years 2000( er"ill 6.._,1EIl) and
2010(+Il &Jllll) as 28000 (6sll G-rElt s' -r,ll)and-33000(e+il1 gpBt-rt''r ill) , '
respectively.
Given that Prr. as 39500 .

Estimate the 2020 population assumine declinine erowth pattern exists?



Solution :

Pr : dtill &-jjJt s' r.iJl

. Po : c+dl &tElt $o J"ill

Pr.t I ; tlr=6-l ai}'j.lJ 41fu,:S^. &rc ..JSi

Ko=*rnffi = *rn #ffiffi= -0.057

P,= Po + (Pr"t- Po)*(l-exoLtl = 33000 + (39500-33000)* (L - e-o.057*101

= 35820

J,!:,BriJTd?a$f gllii:lrssdsi:s$?utJitrf;,f, :1 ,s!r 6_rEIt), 2ooo( &_.rErr

28ooo(-t-,1 c,-,rBl .:o -r,ll), and 33000(&s!t e,._jlt .i' _r.lr) respectively.
Estimate the 2020( .+:ILlt GJsl) population assumins losistic erowth pattern exists?

Solution:

Psat=W= =37032

a= Ln """F'o = t-n "01'==llooo = -2,t022Po 33000

b=1mffi=rnffi=-o.oe71
Pt=fu=ffi=35380



What type of growth pattern shall (.+;) be used ?

1- Check( sL) the form of srowth does the population in the city take .

2- lt is required ( .-,. yJt ) to refer to information provided( i.:y) by the
statistics department in relation to the existence (._l+_r) of limiting saturation
population .

lF the information provided by the statistic department does not suide
towards a certain type (.r.rs-. ty) of growth, what can be dong???

Use this relation :

Pt = Po(l+Krtr)

Ko : The annual growth percentage ( iJ+jll cJr'. 1+*l)

to: Design period (,*^.-:lt u) * -{$B,*

f;FIitteu
!rf!?ftxr-*|fl&r.

1

Question:

Using the arithmetic growth method the estimated population
for the year 2025 is2.4280 capita based on a current
population of L7995 capita for the year }OLO. Use the
assumption of uniform percentage growth pattern to re-
estimate the year 2025 population using time interval (At) of ,
15 years

Sw
i{t:}l!a ity-}yd-b.is



. Arithmetic growth method :

Pt=Po +(AT
Pf 24280

Po = 17995
'AT=15

24280=17995+l(*15

K,=41e=*=H =ff =At=15
. Uniform percentase srowth:

r, = 
AlnP - LnPo-LnP, 

-Ln2428o--Ln17995= 0.019At to-tt 15

LnP,= LPPo + Ku AT

= 1n17995 + 0.019 *15 = 10.08

Pt= 23929

. Daily variations ( {FJJI slJrrisll) in wastewater flow :

' ln designing wastewater systems, the determination of design flows is an
essential step. Durins the dav . the wastewater generated is related to
users activities .

. (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 .

$$fi*$-?.$9*!f+_hf..#



lJ .'.r

,'l

. The variation in flow occurs during :

L- 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 :

L- 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 .

@i;tuw{ff**-t_.4is

Pr = 1.8t-o'1

Pr: The peak factor t : time in davs

. The peak day flow factor Pr = 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-unavallablg, then around 80% of the domestic water
consumption rate is returned as wastewater to the sanitary sewers .

l

, ,.1

ffi



. a . Calculate the wastewater flow that can be used for design purposes
for a community generates an average annua! wastewater flow at a
rate of tOOL/c/day ?

Solution :

= Flow * Peak day * Peak Hour

1oo * 1.8 * 1.5 = 270 L/c/day is the peak flow for design purposes.

W-6-
U{i}*la'}.#!M

' The characteristics of wastewaler: varv ( r-iliiil from placq to place
depending on amount of the fr"shGlilconsumed

and from time to time due to biological and chemical reactions that
usually,take place (Os+) as time proceeds .

' For example, a.s sewage is transported in the collection system, bacteria
will degrade (c!-:) the organic material changing its state( elL= J$s) from
solid to soluble as time proceeds .

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

rklfitL-
\l.3
*4Wd-Wbs
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Time (hrt)

' Ch4: Wastewater Sewers ( a-.rlJl 
"t+Jl c,grl:i )

' ' Sanitary sewers (i'Js.-ll .-.,...r,i\rr1 are open channel conduits (e-3,:i^;EI ) that
convey (rJr-l ) the wastewater to :

1- Treatment plant ( 6)*ll e!s-) or 2- Open disposat site (oL,.ti:tl ua uplr$l ir^)

' The sewer system conveys the wastewater benefiting ( Ui'r'.u)

of the Gravitational force (e+liUrlt i-F) , so it is called Gravitv sewer svstems .

trw-
tfil!*'.:f,tf.*tq

rtow(fi)



. Sanitary sewer systems are usually designed (p",-:1

as separate (ei^-irr) systems from storm sewers (+-lt*"lt .,-".ui) .

. g-,rl+-ll .-ru. ..Ei or irari. lli its--ll ,.-rrr. ,.t ll k* oA qrill dJ$l iJ. o$l

. q. Where we use ?

1- Open channel hydraulics .

2- Manning equation .

Ans :

1 - Design and evaluate (+h) the performance(rtri) of sanitary sewers .

2 - Design and evaluate the performance of storm sewers ,; .51*
{#rreu
.{+,gt *i.*,_i|*ql,

' q . Why wastewater sewer system is designed as open channel (L$i" 6tS) ?

Ans : 1- Gravity (4+iHl)

2- Partially full ( Sj+ rltr.ll

q. Why there are percentage not Served ( Llli- -r;c) by Sanitary sewers ?

Ans : 1- Nature of live ( OS-JI 4,#t)
2- Distance from Sanitary sewers ( 4:ir^-ll ..rrr. ..Eltl cl*l k * i^itJl)

st-$-
9j:.l1.t*94.*!".y.!s



. Problem releted to Eewers: Corrosion ( ,5i:tt1

Corrosion in sewer pipes usually occurs (r-1-r.+) when conveying wastewater of low pH .

. The acidity 11y-aslt) of the tow pH wastewater attacks ( p+$l the pipe material (cement structure) .
causing severe damage (-J-l; to sewer pipes .

Such process (@1 is known (.iJrr) as the sulfide attack .

. To retard (J.g) the problem of sewers corrosion, How ??

Ans : The pH of the wastewater flow should be kept ( k+1" !il-r) a little high (> 7.51 .

How can that be achieved 1,ltl) af
Ans : Use water pH larger than 8.5 .

. ds$ll rsJl $ $t$l cr:* r-'+ _jSi ffi

' Sewer components ( .+:+Yt elSi) :

L- House connection : ( re+ -l.I Ui1

2- Lateral pipe : Group of House connection ( r.Jjtj.Jl cJ. o$l S"+.)
3- Main pipe : Group of Lateral pipes

4- Trunk pipe : Group of Main pipes

5- lnterceptor pipe : Group of Trunk pipes

6- Manhole : ( Joint diL "l+r"lJ e^+ eJ"iS ) .

. . pLll.hi drri l{.g2lgg driJiiYlJ ol;^ll-ti iLel-.2o 
6"o eJlJl dls.i e"j

w
*,{:igil4:!t!!!f r{.
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!n:ra*1..!l|:lifhfs

' Q . Why the bottom (&i1 and the sides ( .+1+ll) of sewers closed

1 tl,- ri i-r3p,-:) ?

' Ans : From the bottom because to prevent (6-i) water to go to the soil

il;:::::::::::::j" 
'ii'e+' d, 

'adfr'mwa'[er 

I
. Ans : Because we want wastewaa"r 

[?:: .O"n.titing 
(r,rir,,u) of the sravitationat

Sr'.$-
l.: l|?sl,!{t!i{,yr}$



. DeSign Of SeWefS ( ,*,.,.til| il..a3) :

The design problem of sanitary sewers includes 1O'o;:t) :

1- Pipes layout ( qr#.ult 6lj.r)
2- Manhole locations (datutt il-r)
3- Determination of the pipe initial bed slope ( dl+ll ,J+"ll)

4- Determination of the design flow (il^.:lll sc sssll)

5- Determination of the pipe size and its final slope: ( ./kill Lil#ll -r +:-. !l r+-) .

ffi

. To design (r...-J) sewer system for given region ( olLd ii-ti.), the design
requires (','lr'rJ1 a map (4hJ.) that shows:

l-The elevations ( eLctii-,1|1 . 2- Contours 1-lgSlt!rtr) .

3- The streets layout ( e-ll-r,lt LLr r1 . 4- Land use (cr-,rll alr':'r"'l) .

. Design requirements : ( 6^,-ttl di+lti^) 
s

. Pipes are usually placed underneath (.r-ft r'r-i) minor (.*y) and major
streets ( s-,+-l 3-ttJ) ensuring ( O4^:u) that every single house or public !.

service building is served by sewer pipeline .

. The minimum pipe cover ("ll.i) is 2m

. Buitdings are connected ( cl-j.) directtyto the nearby pipe ( q.r#i .+yi) .



. Desien criteria ( ell,,ajll !_9J*i) ;

VelocitY ( I'e#lll

" . Maximum ( ,+;i1 ttow velocity = 3.5 T Why ??

To avoid (,,'1i1) pipe damase (erosion)

. Minimum ( .pl1 now vetocity = 0.5 3 Wny el
To ensure (Cr,"^:;) pipe self cleaning ( dhll , ;rl'i'r111

!didia1*gyle.

2- Bed slope (,*hlt} l

. Maximum slope is 0.05 .

Minimum slope accordins to the pipe flow ( -. :-)l 6is) and we find it by
this equation and is not allowable (C-r* Jts) to reach Iess than (Cr.tlil O.OO5 .

so-,in = 0.00023 3 o; .Eir

Q : Pipe design ftow (Sf

0.005 s so_rin < 0.05

. l;r.JL li).c {c..1.,lt3 cJr.Jt

S,fi.-



. Sewer manholes :

. Given the region map with sewer pipes being placed, manholes are usually

introduced for inspecting and cleaning sewer pipes (f-,,t*tt *. ..Ui +lLi3r L*r) .

. A manholes is placed (C+4 when there is :

1- Change in the horizontal direction (,r$!t "t i. )l) of the sewer line .

2- Change in the vertical direction (g.t-e,.lJl 'LiiYl) of the sewer line (change in the
bed slopd) .

3- Change in the sewer size ( Jtill .-i)tji!).
4- At intervals of 100 m when the sewer has no change in direction

( tul+,-ll el-pl,ra aia L$ltg .l+Yl d J#t$ Y),

Drop manholes (Another Tvpe) are placed whenever two sewer lines at different
etevations ( 3ti:-1Yl ,-iliil) are to be connected .

a

a

Q. What the use (altli"'l) of Drop manholes ?

Ans : To protect (.,^sJ) the pipes from Corrosion .

. Q. How we can connect the sewer line for ?

1- Water

2- Wastewater

Ans : 1- Elbow

2- Manholes

ffi



. Q1- Self-cleansing velocity is

Ans :velocity at which no accumulation remains in the drainsr 
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

d#tJl +_.r dii J.=11 Oi *l:rr Jr.I sK3
. pSl 6brll-r.-!rr-illl+ S.jt-'Yt .lS

G+JU-Jl

4bl#
J^s.#



2- Estimate the average wastewater flow t 5f accordine (JI l*$) to the

number of units being served

The ftow of the peak hour in the peak day is setected as the sewer

design flow (ad)

Qa = Q"r"r"r" * 1.5 * 1.8 liir

Notes :

1- The unit of Q must to be t {l
2- Qo = Peak Flow = Design Flow

@r,6"
U*tl*4S.WfS

3- For the sewer pipe connecting two manholes, the initial pipe

diameter (d) can be obtained (tJl' d.-sJ) using the Manning equation
assuming( uJsu) the pipe is just full to carry the design flow (ao) .

eo=*.;*d2.11,r3...8

or d=(Hl* .Eir

. n depends on the material ( ts.lLll t-5rl,+ r"l+) .

ffi



The invert (+JL) elevation at the upper manhole (M1)

IEU = GEu - cover - diameter - thickness

= 601.8 - 2 - 0.255 - 0.05 = 599.495 m Above MSL

The invert elevation at the lower manhole (M2)

IEL = GEt- (So*H)

= 599.495 - (0.02*100) = 597.495 m Above MSL

{tfis[f-L*
YI ii
rr.d.!-4*_SrirS

The performance (elri1 during (,J)ti) the minimum flow period 1iu) :

. 63_,1.il1 c.,l-i_el i d-,JI UA 0Sl 63;rll c.,i_l d ,-S$ll cJ cr:lS l++ dr^i ,r:lt crtr.t-,-ll 5r+

Q.,",,g" = ffi = HH = o'02L4 +
Qnon-p".k = O.SxQaverage = 0.5x0.02 L4 = 0.0107

m3

S

Q'o,q""k= W= O.l4
Qf 0.0768

From,h.ry wefind from the diagram .
Vnon peak

Vf

k =0.7

Vnon-pe"r= 0.7 x1.5=1.05 A>O.O m
S

(ok)

w;$-
f*-td 4l{re.rfl&rrd
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