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Water Quality
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Sizes of Particles in Water
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Settlaable ] 2
salids £
o Filler = = _'I/g
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V&5 = wvoloiile suspended salids

FS5 = fixed suzpended solids

TVE = 1ol valonle solids

F3 = filirable salids o
VFS = volatile filirable solids e
FF3 = fized flrable salids

TF3 = rolal fiaed solids A
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Interrelationships af sslids found In' waler. and waslewaler. In much of the water quality
litarature, the sallds pasiing thraugh the filtar are callad ditsalved solids
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where,

where,
TS = total soiid§_LLpgiL —_

s, r — Usss sus;endéd_golds, mg/L
W,. = weight &;@ish plus thé dry solidd W, = weight of(dish plus d}\,r filtered
after evaporation, E . ' ' '

solids, g

W, = weight of clean crucible and filter, g
V'=volume of sample, mL

W, = weight of the clean dish, g
V'=volume of sample, mL

~ .5 B SS

!: Total solids = df@ds + Suspended solids.

F :Gaach crucibf; s_us ed to s_

@Eggqu_sp@gj solids fmm_diisnhmd_s,uﬁdsj
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Solids: FS & VS
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Where, Where,
FS = fixed solids, mg/L S

W, = weight of dish plus unburned solids, g
W, =weight of clean crucible and fi Iter, g
V= volume of sample, mL.

V5 = volatile solids, mg/L.
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" It is the muddy or cloudy appearance of clay or such other
Particles that presents hindﬁn\ée to the path of light .
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L cul, 1he turbidity 'S measured by a turbidity rod or a_turbidity
iy Y o~

s\ Meter with physical observations ang ic expressed as the
~\&e sl suspended matter in mg/l or ppm (part per million).
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'-Mﬁ:—_‘?l‘ﬂ’r silt, tiny fragments) of _organic matter and
e ) Sre—fan

MICroscopic organisms (bacteria, algae) are some of the
substances that ca '

use turbidity. A
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Units of turbidity
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> The"gt@gar'crunit of turbidity is that which is produced by 1
mg of finely divided silica in one liter of distilled water
e A ;

st Gl s o e o el
b » The interference _in ass aused by a
=) suspension of 1 mg/l of silica Is equivalent to one turbidity
~ae units (TU). ' il
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Jackson candle turbidimeter (ITU)) & o>
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Taste and Odor

" A physical characteristics of drinking we _ =" cd .

aesthetic reasons. LEA R S s s,
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T & O are most commonly caused by: algae cij_iqmpﬂscEd
oFganic matter, and dissclved gases,

w Odear_‘IIs (Chlorine, potassium permanganate) are used to
oxidize the materials. gy%mg.the taste and oder. Or Activated

/r.;-é"- carbon filters can be usiji/,
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T & O measurement r
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= The extent of taste or odor is measured by a term called
\_&dw@whmh is related with threshold odor, which
represents the dilution ratio at which the odor is hardly

detectlble
LI == s

5 > The watek to be tested is gradualiy dlluted ‘with odor free
water and the mixture at which the detection of taste and

odor is just lost is determined.

My csan

> The odor is measured (by human nose) and expressed in

terms of a fthreshold odor number (TON)= gtwd]f\a’t .
vt. volume tested, Vd: volume a s {T,:J"‘ \usip”® o o

c ‘j y "'[1\ o
S el =l TON—.I is the ."owest uafue passrbfe 2w (U
kel Example: 5_ 0 ml is Elluted ta vol 1F:_r:nl The dilution no.
= fLE - W\ . ®
( equals 200/50 = 4 = TON \—p " zee JCk0r 8¢ ¢
v e ppra i i
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Color

I I e e N s
It is a physical charactenstlc nf drmkmg water that are important
for aesthetic reasons. ; -
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P ‘(A/, R ey be caused by d_tSSﬂlxed* (true m!ar} or suspended colloidal

_ particles Lpparent color) or by dissolved organic matters from
decavlng vegetatlon.

P Xty P al U el 3 (g "l—--

= |t is measured in the Iabs by Nessler’s tubes’ by cnmpaflﬂ _the

sampl (i
ple wth the known color intensities. More precisely(tintometer
measures it.
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1. Total dissolved solids: ¢
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Hardness Classification | 2
e uily oL
: - 2 - '

Hardness

= Soft < 50 mg/L -~ Guali

\‘5%’9 * Maoderate =50 -150 mg/L I'ﬁrd;offj lo, (_;:fg_ ' (_,_,._ﬁ_,
) d : ;
%L = Hard = 150 -300 mg/L &L«z/“« (=0t

= Very Hard > 300 mg/L

e g
- 1 =
» Treatment usually \eft to consumer (domestic, industrial, etc.)

depending on needs, -
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Hardness
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where C = ‘concentration in meg/L
'C = concentration in mg/L

L) | EW = equivalent weight in gleq or mg/meq 5 mﬂﬂw et - “ﬁ:‘:&h
T AWaMW

. EW =

where, atomic weight (AW) and molecular weight (MW),
valence or ionic charge (n, which is always positive): t‘? |

e meq{L concentratlon-
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/Example 1o

Problem  The concentration of calcium in a water sample is 100 mg/L. What is the
concentration in (a) meg/L and (b) mg/L as CaCO;?

Solution  Tae valence or ionic charge of calcium is +2. so n is 2 eq/mol. Calcium’s

alomic weight is 40. | 2/mol. Therefore, its equivalent weight is (Equation 10.5):

Ceq = T ] AW 40.1 :;f|nn|
i EW=—=—= —20.0 g/eq = 20.0 me/meq /
" 2egimol T =t e

a. The concentration in meg/l s then sumply obtained through unit conversion (Equa
ton 10,41 —

- s 100 me/.
\ L= = =35.0 )
,/,é/] 'TEW T 200mpmeg 0 e ./

L b, Again. the concentrmtion in mg/L as CaCO; is simply obtained throu gh unil conversion
(Equation 10.6):

[--_ Clh :f__.! % 50
= (2.0 meg/LI(30 mg/meqg) -

= 250 mg/L a8 CaCO; -~
A e
Note that the correct unil inuludct'.\'\ CaC0o;™
e o
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: It SN S S S T e, Ml e
’11 9- 5V = [Alkalinity 5 3 measure of'the buffering capacity of water (or the
{

oH R capacity of the water to neutralize acid, or H*).

. F e s ) e, \
® |tisn - S pH; water daes.no St sic to have
high alkalinity. 5% 35 Shied u-j'.%s.. e

= The natural sources of alkah

mestnng‘ﬁ z=~

Atmosp nher

WVd"—” "J"'/F'H CO,), ‘which ﬁan E:II

carbonate |

(_5}4 _ﬁfmd > Limestone




FAlkalinity Calculations (mol/L)

Alkalinity (imol/L) = ("_h.'l HOUY J (_l.ﬂ'[ ALH)

o L mol W":?

- ( mol CO=~\ {2 mol r‘x[_h
L mol CO5~

( Eml OH- ) ( I mol ALK )
L mal OH'_J

al HY Y £ ol ALK
_('m'[_ ')( :::I H+_)

O "”'-I‘l_‘

[} mﬂj] +2[CO37] + [;J:I‘]_- [HY]

oW h

A llealtnife
f{\c’\‘ —)
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AlKalinity tmol/L) I

Alkalinity Calculations (meq/L)

L7 f‘r{ - "')_,N&a’ (/’g COT (eq/L) = (w_‘—) (:ﬂ

ol

Alkalinity {meg/L) =
e

(! meq HCOT ) ( | meg ALK
meq HCOT )

| meq €O\ [ 1 meg AI_.I{)
=L ' ;
L meq CO;™

. ( I meq OH- ) ('I meq ALK)
L meyq OH™

| meq H"') ( I mey ALK)
= ( i meg Ht

Alkalinity (meg/L) = (HCOT ) + (COT) 4+ (OH™) — (HT)
—— e —

oF simply

M. Saidan =3 i 2
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Alkalinity: Titration curve

14
12
10

v pH

s

/_—

e 72 g
P [L C-JLLIIH ;
’;]I

ml Scrone Acid

=

pH less than mthe_ga_[b_oﬂa_te concentration ISQEEh less than the |
J,‘: bicarbonate oncentration, and around neutral pH, [H+] = [OH-].

Therefore, for m%@otablewei =

1};,{) Jimi,l.__-)(_fﬂjj-‘f—-ﬂ Alkal uuh-—-qHC()_J/_ J
P — -
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Carbonate hardness & Noncarbonate hardness

L/".-/ ._ h A r/ﬂ f4g e
- B'_'-._-'ﬁ%_ =
TH = carbonate hargrlegish(CH) + nun'garh_ouﬂahardness {NCH]
eiwff = Vﬂ = 0 6%/1—5(
g o
=

. cj,—J/ * Carbonate hardness is the component of total hardness associated

with the ag!orfg %onate (CO,~2) and bicarbonate (HCO;™ );
P -E_

= Carbonate hardness (tata! alkalinity) is a temporary hardness that is

kemed by PEatE-

oncarbonate hardness is equal to the difference between total
hardness and carbonate hardness.

If the @lkalinity Is equal to or greater than theé{gtal hardnes)s then the

= —_—

oncr'ana & hardness is er

R
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( Example 2

R

Problem  From the following water analysis, determine the totl

haudness, carbon-

dte hagdoess. and noncarbonate hardness in () milliequivalents per liter tmeg/L) and

() mulligrams per liter tme/L) as CaCO5.

—

\2°
. e r_;;'u
Component  Concentration (mg/L) & \ _5% e
CO, 6.0 T
Ca** 50.0 .
Mg+ 20.0
Na™ 5.0 y 2
Alkalinity 120 us CuCOy G-,) it .
50~ S e (e s A col tantren I
i ik S oy o, |2""
e U Y| 0 _ﬁ?-'af"*c;'t‘
T et | Mgt etz 0 L6 So »
=5 y _Aﬁ:l]'mil}' #]' ‘-I’El. 24 ?’ Sop2H
03 . .1-" = =
2 2% i vt &
A 0

or !

; G2 .
) TH = (2.5 meq/L) + (1.6 meg/L) = 4.1 meg/L

"""%’,}LTH = (125 mafl. as CaCOy) + (82 me/L a5 CaC0;) = 207 me/L. as CaCO;
v —
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Microorganisms:

= Bacteria
- = Protozoa
~ = “- . m Parasitic Worms
" Viruses
o Algae

s 'Fung-i

~_\4'_,__:%//;7/ Pollutlunlndlcaturs Coliform bacteria

.

f"-_\

> né'fﬁal mhabﬁant of




; s S T 0 I =

/. \,;A fecal coliform bacteria test is used to indicate the likel

resence
. }) Ezf disease-causing bacteria | Inwater, swsciz ool

l T e

¥" a high coliform count is suspici 5. and afthc:ug’h the water may

In fact be perfectly safe to drink, it should not be consumed.
v" The opposite is also truel

M. Saidan
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Radiological Parameters
Radioactive substances
Disinfection By-Products (interim) Primary MCLs
Total trihalomethanes 0.10
Radium 226 20 pCi/ Bt ticle ar oton radioactivity 4 mrem/yr
_Radium 228 20pCi/L. Radon 300 pCi/L
Gross alpha particle activity ; ranium 20 pg/L
:

| effect of




Water Quality Management
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Measures of Water Quality

=il > .
What are some parameters that determine water quality?

}- 'The parameters that have been covered in the previous
lectures

a ab Loohd -—,.I =3 e Jdyf i y ﬂ} ?'-b hoeca
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Fe 15{" » C emu:af Oxygen Dernandéo Er 0
~g &f" D5 Drf@g%_e-g_amgen DO %\N/O
: _\.-g.'-' Cad =y G C(fd
1o oo | el ietod g LA
M.saidan (oD srsWetn octh. i hion Wil b Al
D . L) pee g REW G 9
C"‘:"‘-—!\N‘NU;AJII “"—F-'-H = -.r—l
BlOChPTHlCal Oxv,g;en Demand (BO)) (e
= ———=s — e
- ]‘0_,.:9
= BOD &N grslo b o1 o
Sogd N segn Vi ,:_}'(.,[_] -_,:__;,,\ B Y _..e_‘t‘, H".,-.H‘h{d*__tdm; s s =
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at which 'mlr:febes degradmg organic
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i Al sy _-H_‘_; A _.g.—:*—f-“ =S 1l --~-g_-j 'a‘_..-_*._:__“ L= { | 5 .

Do
- £ oD, is the amount of dissolved ‘oxygen cansumed by
’ 2 mtcmargamsms during—+ br--emu:al mci-" or c:
P s i = = o=t =

to carbon dioxide i 5-day standare

o
9 “
'y low rate of use would indicate
;—&.L_E. '—"JA:J!
/1) contamination is absent, .~ 2
/2) the available microorganisms are un

the available arganics, or
/3) the microorgani ' '

.p.-..,--'- sl v g

interested in consuming
/T dj'
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e Bhauoeln . € = B U’\{“
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v aele [ Sy

A special 300 nl B BOD bottle js fI”Ed w,trh-a-sample_omaIELLHt has
been appropriately diluted and ino,
e

Blank samples containing: M@MMQLHW aiso placed in

BOD botties and sealed

LU = R

2,
;_u?"i’ ; z

3. The sealed BGD battfes containing dil
oo’ lnaubatad in the dark at 2ﬂ°c f-

Ul S UL PP S YO
b =L
4 After five davs hasglap _tﬁe.sau_{@and blanks are removed from

_Oxygen concentration in each bottle

p o @ r M E skl @

Smis, W p Do e-'CA

Temperature _ Dissolved
<) Oxygen {mg/L)
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R _ _ o
\-\.:—: I\,_,_.-‘:J\‘ —rle 1 Tae 0 { (L) " ___._: ﬁ")/r f/
= Ultimate BOD (BOD,, or L): which i ' - 37
u ): which is the O demand af I ;
: - ) artter a v E
time—when the microorganisms have o T )/‘

i )
_ 1sm: Xicized as much of th '
organics as they can. The ultimate BOD is usuatl_v_ﬂm for 30 days = ;

BOD=1-F
PR ..’-Q':1.--r'-"""="J llé-&j\ {_?_-"r ‘l. P
' o _ R =
_{'ur"ng.z‘a_.ﬂ ]i_._(:; Where; .
"J_FFJ_FI::};%P;%-J L =it Dissolved i
S.55 _ | =initial DO, mg/L e
= J__)'J' {}SJJJ—"E” \ "/‘__f__'—' final DO,. mgﬂ_ (mgfLi 3k
LVe S s
" ; t__'pPJL'. ’ <( 2
Gt N/ 1 o
Q 7 0 R L et I
¢ .1 2) 3 4
= o v gy | G
0 o = CH5 . —rdna |
j—f.f’_,J ) ;,M-f;-,.c" . L e K - e
—coal ) ‘J g Bt
M.saidan -;E-\,LLQ‘.'" o R = z
. o dY . ) e
"__(‘-ﬁb'-—:;-\l \J'“J"" Q ;_,J A L}J.LJ _J"| ;SEEI
w o\ ﬂ’_r" p © . '
Dilution

What if the F is =0?
e Do Z’L{Jt({:“"g‘{'
St ORP R Dimtﬁﬁample is required when F=0. If F=0 we
don’t know how much DO would have been used. — -

oe. | Do A 1
(on) S BOD = (I -F)D /\_/g/a/
e — o
where, D = dilution g‘“’-s""‘"' o A

For Sla — k j

total volume of .bott]_e{ Laps L)

D : e
) [total volume of %[vﬁlmne of dilution water |
da - — e e —
o —He 0, sl

-~

f
o

_ Total volume of _bunl_el
Volume of sample

200 - potte!  du
LS e
A

10
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b 0 >
L
a (\ 5 3 \Y
-~ .-'t" n ‘f’ N | |
D Example W Y 0 o
=l ' g 4
. el — - o " - il e
e Determine the BOD; for a 15 m| samp!é that is diluted thfl dli:;lr:c:;:
e :wfﬁwﬂ-e.'i_@_a__tﬂ_ta' volume of 300 mfwhen the initial DO concentra

;007 "< 8me/l and after 5 days, has b_ec-n_:r-‘_e_duceg_ o 2mg/l/

;ED-L// O , 8 / \r —_'l - t:.‘_ '. " ': ; H__‘ -/’Q-’- X 6
' AT e sa I o 7o
L G = % F=2 \ ‘:) ;@.}\E-"’

: 2o {Ze @,
wate= @96 e\ D300/15- S8 6
\—-_L._'L:_._[\__ c'__ e \

xg et ff; [’(7 -"j:}_ s [g-zj*gozﬁ ( QJ 1 %4(’:'(}' f";} O‘Cﬁ}d/{ijkj Told

-

- B T ——— - sl I’_-I_'
=g |' Remark: The assumption in the diluti%hmﬁft‘ﬁét the results from | |

|
L

/ _ 0T o
f{/} | €ach dilution of a single sample will yield the same BOD value (No Sliding |‘ N
ﬁ) 0 [Soale)i ng_ E—/é el s (OIS ¢ Gind, @ )b 23 Cpllosd~
I\f ~§ EXEIFTIDFES: A4 Jgﬁ;*n—x\\\iw ,‘L:._'u ._,.;:—-?: ,;,;_,,,.- a aply q—‘j.ﬂ
Msaidas——n = | 11
1 77 jel S -~ .
e (DR g 8e0 = (1 -£) D
| B MOy - =[q ¢
-.x_\__-- 51 \ZTE - 5 fc’. - jﬁi {
2 e T | 7 e S e \oo
o 15/ || ‘2492
f% _,__f/ = i ; k_/g _g\..l.‘:].-
. . |\
How much dilution? @ o A
=T \ Sl T i =t = o T 2 TR A=
vl lges===l 8 The BOD of the sample is seldom knewn-before the BOD test is f‘_t"?' fcs
conducted, so the dilution mGst be estimated. eete
N = = _'_—':—_2—————-—__———-__.___ N Tl Lkl
The test is nat ver |f_,thg drop in DO during ﬂ_ghfiyighaj_rs_gf
inctbation is less than a@gﬂ;@gﬂ_‘/mr if the DO remaining in the-
i i 2SS EE ; -.‘_b M e --_--._;_'___‘__,__._——"'_r(
= A Ry s, 5o e L,
~~tn.-® Generally, a final BOD is estimated from previous tests or similar
.« , Waste and at least two dilutions used, with one expected to have at
. least 2 mg/L DO remaining and one expected to use at leag; 2 mg/L of
LL. 7w = DO. "f'u'.!' Qo Aloee 2% WEs e gty e
e a8 B '.""‘.3‘*‘ i J"'l\‘ e e e ol I

The dilution is then calculated as{ ) %’D-}hected 'BOD-T
I ADO |

el - Q':-““!H‘J—J-J_.f_;‘id\ —

3 9 Coares
) M.saidan ﬁ:—-— . e
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e 7
= ALy _‘l_l; Nl ,{,_!'r 1,9—, &Jmup__}i UJ.J‘]L‘ i JI(_.._z

oSS
‘_f#%xample The five-day BOD of an influen

wastewater treatment plant is _expected to

based on similar Wastewaters. What dilutions sho
3

five- day BOD test? 0o

Elﬂ__. =5 o —Qm:
N -9 Qo= e |
W él\fwv]&, 00?2 {\Z/ et 1 o7
@oéﬁ; fee F ik seh

~—industrial
bout 800 mg/L >
uld be used in a

% Cale 7§ = %E? :.1@5
3 ,S} Cﬂit‘i j_ ?_D_a :_-'(_CG?O
= g - <

- STy )
Msa_ljfl_a.n_ - '_7/' =) i T 13

May be required in samples that do riot have their o o T

. If seednng is necessary, any BOD that is contributed b ){ the
?——_‘_‘—'_"_" o LSO

_/L, fm@‘L

Yolur€
200 mi-

"mnmu wiater, mg/l
diution water, mg/L
wion water, mg/L.
o water, mg/L
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1\ Example = ) i ’JDJJ'
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* The BOD rate constant is adjusted to the temperature of receiving

water using this:

‘ 4 e SR
E=¥ AW <= Vo ,.—-—-t?
= 1- T-20 :
£o w I\T_ 1\30( )—— coleedl
* Where; i v

- k, = BOD rate constant at the temperature of
interest

- k;;, = BOD rate constant determined at 20°C e

- T = temperature in °C Jw

- © = Temperature coefficient (Far domestic i
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BOD Ultimate
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Polnt source pollutlon comes mainly  from
industrial facilities and municipal ﬁewater
treatment plants. L ey

The range of pollitants i is uaEt Elependmg only
anw_aLgeis_thde_thedmm“u
collected by a network of pipes or channels and
conveyed to a smgle polnt of dlscharge in

frecewmgwater o3

Point sources a*re the eamest to |dent|f\,r and

ccmtroIL ST s e oeE L

. _Point source pollutlon can be controﬂed by
_\MaL m|n|m|za110n_and prope[_wastewater
treatrnent pbed ot ity
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Non-point Source

% The term non-point sour

such as:

« when raipn or snow moves through the gro

: r
pollutants as it moves towards a major body-of wate

—

ce encompasses 4 large ran

~=_the runeff of fertilizers from farm-animals and cro

und and picks up

ropland

* ajr pollutants getting washed or dépositéd'to earth
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funet# =

= storm water drainage from lawns, parking lots, and streets
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Sedlm_ent

-Soil pamcles
_transported from
~ their source

Biochemical Oxygen Demand [BOD)
o Oxygen depletlng miaterial

»Leaves B

»Organic material =

b

n\
YJ

| Toxics =
“1 " o Pesticides

» Herbicides' "

» Fungicides =l

* Insecticides - =
» Metals (naturally octurring
in soil, autf]motive

“Nutrients-

e Various types of materials that

become  dissolved and

suspended in water (commonly

found in fertilizer and plant material):
» Nitrogen (N) s by
> Phosphorus (P)  rswe i

emrssmnsf tlres} Lk, ree S
> Lead - TRET X
> Zinc Bacteria/ Pathogens Thermal Stress
» Mercury Originating from: Heated runoff,
» Petroleum Hydrocarbons oPets removal of
]{:Sgrt!%riﬂotwe exhiusE[]d o Waterfowl &, streamside
ARePibel et e Falllng seplic systems || V§ggtation
Vou sk

Dehns i

l,.\.-:i"""

er and UIegal dumping
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Pollutants Found in Runoff
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Water quality management in rivers

. . % o o S Y ‘:'— |
* Main goal is to contral the di scharge of pollutants so that water
gimlileo”  quality is not degraded above the-natural background level
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o ~ Controlling waste involves: Senbian fraahie
I ? ,rrd.M y‘ k
: ( = 1. Measuring pollutants levels (x, z, t)
o 4
[ ) 5 i Predicting their effect on the water quality
Je e c--";;i‘:‘\ ] : ke ) : .
zoany 3. Determining background water quality that would be present
ff_-""_'f' i without human intervention v .. _ .o = -
4. Evaluate the |evels acceptable for intended uses of the water
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II___ _J

C‘J’/A;' j Moderataly
At 5 polluted 4.5-6.7
Heavily = D —— oy (/7 ,
polluted ‘N . "r'j!:{_d_s_\_] £ s’
—_—— s 5]
Gravely :
poliuted Belaﬂ_ 4>
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Input rate - Output rate - decay rate =
Accumulation rate “

Steady state conservative system
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* Transport characteristics that affect cuncentratmn7
(_..-'.‘J oy i.-‘b [T ﬁ
* Velocity TL

* Dispersion

. Degradaﬁpﬁ‘{mass lass)

A ] Adsorption (to 50ils)
P b N S S B
(U p )y 2mD o Sedimentation (to bottom)
. Jep

: AqL;la.tié Life (attached)
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Dissolved Oxygen
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L= Ko

* Factors of uxvgén depletion: —* ;
e

BOD of waste djsi:hafge

S N L T TR ". :
) * DO in waste discharge is less than that in the river

L

Nonpoeint source pollution

U:,f;‘”' * Respiration of organismaﬁﬂ_g_%aﬂc_p}ants
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1 Determine the initial conditions
= Lo | o
2. Determme E_LE_E\ﬁLaIJﬂe fa-Lsufrom stream gev:lmetn,»r

|
-' \ | A \
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.

Mﬂﬁﬂiﬁuﬁ

730 SR

- g

3, Determine theﬁde exygenat on rate from BOD test and stream geometry

"’G i

4, Calculate the DO detj'(‘:rt as a functlen oftlme

e
.f

5. _Calculate the ti_ﬁie and deficit at the critical point
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¥ = L
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Selecting System Boundaries
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Mass of BOD, and » Mass of BOD and
DO ip the nver DO afer mixing (BOD,)
Mass of BOD and DO

in the waste stream (BOD,)
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Initial Mixing

s cm"A < .

0] - Q.= waste flow (m¥/s)

Y DEJ.4 = DO in waste (mg/L)

L, = BOD in waste (mg/L)
6T oh e [

Q, = river flow (m?s) | Q,,, = combined flow (m"/s)
DO, = DO in river (mgL) DO = mixed DO (mg/L)
L= BOD in river (mg/L) L, = mixed BOD (mg/L)
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|
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— 1. Determine Initial Conditions
A. Initial dissolved OXygen concentration
0 o o] /"} o)
_ O.DO O DO NS
A DQ==rn T b/ \O
TR O o AZGN
{Ex 50
B. Initial dissolved oxygen deficit
/D -_-DQ"—_Q(;:/ vl
where D = DO delicit (mg/L) 4
: : ¢ 0 = . . :
Lead | — DO, = saturation DO cone, (mg/L)
- ~poixk= S
il 0,00 +0.DO
/Tn .:, JFJO: __igu' L In - (_r [
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Do
%ﬁ 2 function of temperature. Values can be found tabulated in

C. Initial ultimate BOD co ncentration
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Table 4-1. Reaeration Constants 1 .'L
Type of watercourse ks at 20°C? (days ')

Small ponds or backwalers 0.10-0.23

Sluggish sireams 0.23-0.35

Large streams, low velocity 0.35-0.46

Large streams, normal velocity 0.46-0.69

Swift streams ' 0.69-1.15

Rapids =1.15

For temperatures other than 20°C, & () = k(20°C)(1.024)T 4.

912, /1 03Ty T-20)
o 3% J/(1.037)

H3/2 !

Rate_of de-oxygenation _.A’ e B e
G %ﬂ‘ = deoxygenation rate coefficient  (d)

_ L= ultimate BOD remaining at. Jo—
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el i e 0
y d Correct for temperature L"f P 14,..',.-;:'..1
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> L1056 .  (from 20 to 30 °C)
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4. DO as function of time

* Mass balance on moving element
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Example

a. Caleulate travel Lime ﬁ_jl_i
—_— Ve lea ‘_i:;
< 2 (L609km 000 m/ km) [
=, = =
P ‘j (0. 100 m/sX864 (00s/l)

Cv 3

< n | 5
e b. Convert ke/d to mg/l. e _ = R
djp' - - _-_-—:""?1 2 N déep §
Lot L _ 11100kg/ah10° mg, kgl i o6
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a2 ~ B L
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City.

(e
a. What is the DO at City ABC?
b, What is the critical DO and
c. Where (at what distance) downstream does the critical DO occur?
d. Is the assimilative capacity of the :i}fer restricted?

Y e Ly =N Vaa
The followifig data pertain to the 7-day, %—da\,’ Igﬁ'.f!qw_at Xz, ¢
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The town of ABC has filed a complaint that the City of XYZ is
Alpha River because of the discharge of raw sewag

the Alpha River is 5.00 mg/L of DO. The ABC Town is 15.55 km downstre
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e. The water quality
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[Flow | EEE 1.08 mers
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Eutrophic

ation in Lakes s

Solutions:

A,

e el =

il Al S U
* Advanced sewage treatment (N, P)
: @USeﬂbld_Eeiergé'ﬁts .

C . e 4 N
* \Pump in oxygen or freshwater -

C.

Schemmatic Diagram showeing offects of algal bloom on waier
qusilfiey. (A0 Abundant grewth of algoe in sunlit thallenw warer
velvient miatrigsies are ahumdani. (1) [ colder wenther, algae die
e wink ro the Lol battom. (G The rest AT I SISO orE
algarr thrive at the surfnce white olider mater{al drcogys of the
heattarn, increising BOD gnd rieleacing mord mietelerriy 83 furl
A it

M.saidan . cq.

Groundwater Pollution |

- Hazardous waste injection well

Coal strip
mine runoff

e Leakage from faulty
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Vil Coagulants Nc-n toxic and relatwely mexpenswe
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Hyedraulic Flecculatien

. Velur « Horizontally haﬁfﬂz’ tank
<=~ The water flows horizontally.

L = ﬁ'i
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= - | "n n
3" Y The baffie walls fielp fo create q T s
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f& (1':;:’ [—= Qo L0

;‘_h—r_’f e turbulence and thus facilitate: mixing
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* Vertically baﬁ?ed tank
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The water flows verticall. The baffle
walls help fo create turbulence and thus

facilitate mixing =3 e T8 e rias- ) l

RLT 1w

Plan view (horizontal flow)
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Determining Coagulant Dose

Sal Zura L St

Jar Tests et TTey rasl gy

Cienaiint ‘Pase =i e
Pl P 2y aakin e Tl g fea el )y =iing

. Ei The jar mst -'a faboratc:ry procedure to determme the uptlmum pH K
e —
and the optlmuzcoagurant dose P ‘-_H}L"J]_M}meﬂﬂ’rﬁf M 2
s

U A jar test simulates the coagulation and flo CLL_atEDn processes . u— S/, (|4 B Lo i s

<+~ Determination of optimum pH Z -

L

- . q___,.ﬂJJ" = _
‘.__A? - .IEJ,_.J . . ) L=
- * Fill the jars with raw water sample : %
= (500 or 1000 mL) —u uaily 6 Jars o A
Radadt 5

—2=a " Adjust pH of the Hrs while mixing using

H,50, or NaOH/lime (pH: 5.0; 5.5; 6.0; E 5
o opu E=em A
;:_J e U 75] 8 g) A '-J?OHJLH‘U\"’L‘JIl
* Add same dose of the selected d_coagulant

(Ef_u_rzl_aum_n] to each jar (Coagulant dose:
el Sormmg/u 24,5, pH Gut
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g e rapid mix
I Rapid mix eath jar at 100 to 150 rpm for 1 mmurﬁ:o:ame?'
helps to disperse the coagulant 1:hrc)ughl’-2'llt SRl rlter)
M

N ey oA
o | R

: / } o
U Reduce the stiFﬁ”ng speed to 25 to 30 rpm r_bcmw
el and continue mixing for 15 to 20 mins
=" This slower mixing speed helps acﬂ_&}ﬁ*

- — i~ promote floc formation bv A IUDLy 2 TRGD)
enhancing particle. mlhsmns gm-_-frﬂ.u
which lead to iargerflccs = i San gl

ey
O Turn off the mixers and allow
floes to settle for 30 to 45 mins

'_J'J

O Measure the final resldual
s turbidity in each jar
w?ﬂfﬁ’l'b ‘JJ i J

& i ;.9 O Plot residual turb:dxty against pH
55 *M : ' = | a

le g;"“kw‘ M. smdan i il ;.
5 I e

poe v
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Jar Tests — optimum pH.

» The pH with the lowest residual turbidity will be the optimum pH
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O Repeat all the previous steps N e

= : : . 2l Al ey I_ \__1.“_ P gega T

 This time adjust PH of all jars at Ir_ [ ==

optimum (6.3)ound from first test) |} U fil L L ( h
WWESLHE HESDJ or L ._.JL_J 2EhS
NaOH/lime L

L watpr mixing paodiss
cant mnam

O Add different doses of the se|
coagulant (alum or iro
(Coagulan_t_dose:

ected
n) to each jar
357, 10; 12; 15; 20 mg/L)

O Rapid mix each jar at 100 to 150 rpm for 1 minute. The rapid
mix helps to disperse the coagulant throughout each container

Ly e _,ia',n_l e e
O Reduce the stirring speed to 25 to 30 rpm for 15 to 20 mins
S SN o e
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i Optimum coagulant dose
U Turn off the mixers and aliow fl

0cs to settle for 30 to 45 mins

L Then measure the final residual turbidity in each jar

4 -

O Plot residual turbidity

| Optimum coagulant dose: 12.5 mg/L
against coagulant dose i

» The coagulant dose with the
lowest residual turbidity will

be the optimum iﬁ@:,bé’;g_u'iaﬂn_t .
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® Rapid sand filters
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/J: y'? > The operation of a rapid sand filter involves two phases |f||trat|9_Pnd
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[washing] ¢—

= Raplgsand filters : force water through a 0.45-1 m layer of sand
Q“ _ (dp=0.4-1.2mm) and work faster, needing a smaller area. But they
T e — i
need frequent back-washing e

I AL e Wash warer §+°

LR TR

]MA(:;;_,J |_i."-’-_‘_J ,JJ_.HJJJ,_,ML!M Warer level

q_t--é’.-rJ S S5 o_.,_‘.M ,u)! 1%y, wihen fileering

Water hevel
v rapid sand filter hecomes clogged, resulting e WRsh e \_\
greater head loss through the filter, so it Fi
must be cleaned. This cleaning is g::l{lﬂﬂ 1.,_-.,
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Rapid Filter Media

/ 1 i
r L s e
G;_-x pem Single media: sand

_)J.;ﬂ ‘l.-
éual media: anthracite coal and sand

A

bp o
u Mu!ln_‘uedig: anthracite coal, sand and garnet
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Gl }g; Slow sand filter
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S * Slow-sand filters: (dp=0.15-0. 35mm) reguire a 1 much Iarger area.
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Due to lthe Organic and biological
matterin the water to be filtered, a

bio-layer grows on top of the sand
layer ’ LR :

Blufilm Developenem ""f‘", Developad
Hiafiley Commupsty

* The bio-layer contributes to w_éter Biofilm Development | ctef? _;}LJ!

treatment by consuming organic ————. sehonitadeckio A
contaminants including bacteria and T",;f; 4 ' "
viruses A JRSTY % ) s
* The majority of biological activity : E‘::"J Borntis
occurs in the top 20 cm of the filter g ] Taect
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%, water compietel; free of suspended sediment is treated with a

as s Uy Ly, [powerful oxidizing agentjusually chlorine, chlorine then ammonia y ./ 5%

T chleramine), or ozone, &¥° Oz — ery oxHT7g l J i =
el . o = = -,“f_g_ f\-—'\mf—- (h] =l

Y

= ==
i

% < & Disinfection is typically the last step in @f wastewater

Lk :
treatment system ) :
L_,),:"’:T-'_H P Ly E"L

¥ A residual disinfectant is left in the water to prevent reinfection.

\ pobr et B

: :i’" * (Chlorine can form harmful byproducts and has suspected links to.
58

¥ Many agencies now residually disinfect with Chloramine.
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- Diginfectants /

.,'|.'-'lI
"' Gaseous Cl,

R i Pr '/ ;
VY - Most col cDmmDnl\,f used
e I_..;._L.l"'_\_...,.‘-x“"' Advantage: provide residual chh:irme for the prutectlnn from
oy I i bacterial growth in distribution system
" ;,: * Disadvantage: The formation of disinfection ‘by-products
¢ gl (trihalomethanes) presents a health risk &
e Kl)pux‘;" : Chlorine dioxide (CIO,): :
5 e * Nodisinfection by-products such as trﬂnaiomethanes
o b
A = Ca(clO),: /N

* Safer than Cl,
* Ozone: generated on site

* UVlamps
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Chemistry of Chlerine in Water_

= | HOCI = Hypochlorous acid '

Cl, + H,0 — H* + CI + HOC| A B,

1 HOCI is a weak acid with Ka =4, 510~ (HOCl == H* +
OCI) -

4 HOCl and OCI are free available chiorine|which are very
effective in k:lllng bacteria

« Small amount of a ammonium ( NHE ) In water is desired

u Chloramlnes NH Cl, NHCIE. NCI,

2 Chlo chloring) are weaker
disinfectants tharl free avail hlorine but are desired
residual chlorine to be retained in water distribution

iy system
sl eut s Excessive amount of ammonium (NH,*) in water is
}ud .2/ »s Undesirable because it consume excess demand of Cl,
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Disinfoctans

Minimum Residual* (mg/L) MRI}L"" MRDLG
; L
l.ﬂnvmg In Distribution tmgyL) (mg/L)
Plant System
%im las C1y) 20 40 4.0
residual 0.5
Chlorine fas (1, 20 40 4.0
Chlorine dioxide (as ClO,) 20 08 0.8
Free chlorine residual 0.2
* From Minois and Missour| regulations

** MRDL = madmum residual disinfectant lovel
** MRDLG = maximum residual :Ilynfo-ckml_lwd E
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Water Softening Methods
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Softening Methods: o 4
®* lime-only process: when Ca** is present primarily as “bicarbonate
hardness”
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= lime-soda [Ca[iDH}z Na,CO
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3] process: when bicarbonate is not present
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* ~ Cation resin bead attract and hold positively charged ions.

- * Those ions remain on the bead until the bead encounters other ions
)\l N2 forwhich it has a greater affinity.
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* Resin bead releases Na* and absorbs Ca*? and Mg*? ions for which it has
2 greater-attractionﬁ,,j
* lons are not destroyed or changed chemically; they are simply replaced
on the resin bead, 8

*  This process is known as jon exchanée. L QY e



Resin beads attract_gg:?_aﬂd_mg__-imns and_release Na*

Wa_ter has been softened because the Cat2 and Mg *2 concentrations,
which cause water hardness have been reduced.
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- If no new chemical reaction is set, the incoming Ca'* and Mg* ions
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Breakthrough Curve

* It is more typical at municipal
= e s st

plants for the breakthrough
criterion to be set much
lower, for example, at 5% to
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——— 3 NN || ———
concentration. - : el
i : i
p
f"
/
./
— e i
M. saidan 47
d3 = o . —
P = ,-'-ﬂ £ ' \ i == :
PARE i 2T e, o
— = fonle U9 8 Seffre=

Saberalaizip 4 b2 in fulC yoitl

= _ - Soluaung ( é}
=7 74 Resin Regeneration®ss e we o'z

( 2 A 7 - R e F@

2 Ul

* The reaction can be reversed by greatly increasing the concentration of

sodium in the solution.

* Reverse process drive the Ca*? and Mg* ions off the resip-heads and
replace them with Na*.ions.

* Although the resin beads prefer};_aﬂ and Mg+2 ions, the excessive
concentration of Q_g+ lons overcomes this affinity.
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Effects of primary clarifier on wastewater

Compound Unit Inlet Qutlet’ n = CL"”.__ —out
e — C’h
{,:‘E%z S SY I 360 180 0.5
P07 9Oz /iy 300 230 0.23
~COoD g O;/ m? 600 450 0.25
TKN a N/m? 60 56 Q;_Qﬁ?
NH,-N gN/m?3 40 40 %
NO,-N g N/ m? Q 0 0
NO,-N gN/m? 1 T 6_
P!al Q P/ rn3 10 é-_ a.l
Alkalinity MOIACO; /m* = f(Drinking water) + NH,-N
" Short residence time
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micr:::-orgamsms in the;dbsglgg,bf

| molecular @ Q_\,’_g_ﬁ'_ﬂ

T e e L A
[ T (I -

E © 19

ite s —t e e

3 |lcﬁ[cal treatment is a ]__ —
eiip = g2 thich the pollutants in | =L
(288 =¥ yater (organic matter) | Sy .=

Pbl:ri:.t_’,\w

! 4 2,1 e
Wwh ,ﬂ"“}"’,"ﬂ feas 4 ok .=__'_,--".

. ner forced rough the r
» Wastmmterars sprﬁyed amﬂmn& over a plastic media and
.-—-'—'_"-_—"'H
Vi S orgamsms clmgmgit@ the.madia_.ramnve nrgamc matter

o el gty e

1l gr _ the medig) and the o
orgam&ms_abtam '-heu_fooa—frbm the waste stream “r 8

N 8l

= e cheasmat
» it (il

& m_uh =N
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Activated sludge system 28

~ Air is bubbled into thls fank (called o
the aeration tank):- CJ’% o> =5 Eﬂwﬁiﬁzﬁ

= Tpe_mi_c_r_cmtgénism_s uge the e_n_e_r:gy tr l
and carbon :t\{y decor_ﬁpos_ifﬁé" this

material to CO2 and H20, ~

» The microorganisms are separated

from the liquid in a settling tank,

\ L:"_';’
'_\h_ C_a”ed_a S_ECOHO'_{JQ/ O_I'fi’n_Gl'_CfGHﬁE.C L ‘F. _\\-.m.- :.:nalnl.ﬂml,:.- _J}JJ) _LL'J’
o - ool ALy S el = gl s =atlina 2
» The separated microorganisms éxist on the bottom of the final clarifier &=/ i
L_—Q_D/ J
without additional food and become hungry waiting for more dissolved Ceoy ok
organic matter. These microorganisms are said to be activated. & k—_{“”/ a2
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5 {'J'i,‘v y S '.5")3,") oA Nefolian han e eS| Secondary claiftus ¢ W’ i "5./“{’7—( e E
Cun Ty spa —ferabion pilicgrgy  BoD

— v~ et nfe

Final Clarifier

l‘-\.l

. The actwated s[udge process is a
& COﬂtln_lJﬂL[S operanon_f— -

‘one of the end products Sf thS =
=2 process is excess mlcroorgan|sm/f’
o .% "7 If the microorganisms are not g
removed, their concentration I
‘" eventually increases to the point |\
where the system is clogged with F :

\ -

ol "_J solids.> )/,/‘ (/at,u : :
SRR " flouvate B —
. :':I.‘____.—\_') b‘\j =t P‘ \’ 4‘—.’:" Jgﬂf}"m ch",uvu s(‘!/‘j( r'/'__-).
/ { Lplame ’\l’d’df"){vd,".a)w_/u/f} 0.2
WSIS’ hm«. o,u' .q,‘_u ﬂaw Feuls Y ;_H ,—__,3,,\ Py

/ /'/_J/
S ch’n (; LJJ- _/W‘/w {g,u{)'l‘ l’_}—'-/
T CFTTD Oslen >0 Jou 23] i S0 pslume 2 0(2s  UF =2
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Basic Ingredier B C;':i:;:z-:_:dltmns [T nsd i
R S BER —-f_Ml — . .
! PIET ow(renigrr LT K Oyf 2 D \‘H
r&ﬁr_‘;!___.; ,U_:-d. U‘;ﬂ;f 'uy_é 2= {-'_;-gﬂf’.-:-l—’ A Ry
¥ ,,.ﬁ'. High density of microorganisms (keep grgamsms in SVStem} pubblms 2
P y
b gy e 2l sl g = o~ Tﬁg_,-/’_‘:‘i

ge * Good contact between organisms and wastes {prowde mixing) #
%‘;\‘ P | G jﬂ'g’_j L’__)wl-gi! @ 2e D LJD__JAJ'

y Provide high Ieve!s of i oxygen (aerafion) ﬂguf' e L=
u,}u s A &Y ,}J

—

* Favorable temperature pH, nutrients {desugn and operation)

37 S B L s e §¥ -—-’ll-e,u__' ek /_.._1; j f?bﬂl‘:.l o =
= No toxic chemicals present (control industrial mputs} u;‘rm r 6.5 cJ’
2 ';qr_,.r_..-‘ ij-‘;_ulf' va'i; /’Wf

-~
] @{tmi.wg

M.saidan 23

i o &G faw.ﬂ';

C.-l"'i-‘"" P =Ry d'hq_-.u;-bﬂ ",w&b&-; ‘ﬂ(_rq WC{ @ "r 4_/“‘5)‘_1
L Suspended Growth —Activated Sludge pﬂmﬁw

 Biological Growth Type

-f_.. ‘-I"' l.r" ,l\-J‘I b-"-:" u.i-'l Ll -. J..u 'L’yﬁd] ,..-_.I -uH C'r-"‘"s

-~ » Bacteria are Eept%lﬁ@ﬂ&ﬁé‘nﬁmh"hy m;xmg

J.sl.um-c..g

e . hetng fﬁ EWII
b =y




gy, J

Dispersed growth vs. Fixed Growth
=
P
U Dispersed Growth —suspended organisms
‘___:_-_.\"_.'..f__;l ._J_,-J

) oAb
v Activated sludge “

. : T e
v" Oxidation ditches/ponds
o ol V¥
v Aerated lagoons, stabilization ponds

NPy a e O Fixed Growth —attached cir:gahfsms- '

s

. , —
v" Trickling filters five

v" Rotating Biological Contactors (RBCs) o

M.saidan 25

f?’f].v:n}f f’-’"" ,.«};;-;/‘,f{pﬁ _w (fle] s=e .-’_,:JL../,’JI {:/j_)

e mg /L
Design of Activated Sludge Systems s
e TR
4 N o ' e,
. Wastewater is aerated in a ta!nk g _ IS
= Bacteria are encouraged to grow by provldmg e
.« Oxygen
+"+ Food (BOD)
v"* Nutrients *3%'4“;::’;* . ..
v~ Correct temperature 25 (@S2
(e Time
H.N $, Sk ¢ R A ol i :
= As bacteria cénsun{e@iﬁiﬁthney grgw and multiply ey (rq'a’

= Treated wastewater flows i into’ ’Seco nH ary elaf"ﬁer
= Bacterial cells settle, removed from clarifie
= Part of sludge is reesgcled back to

¢bacteria population, - Ufi Bl 208 €5 1
nainde udee is wastec IV, ks L]
= Remainder of sludge is wasted e ek e
ol :u‘,:”

= A .
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¥
J . fl
-, - are

. . AR ST

The microbial growth curve " '

l 5 \ SN 2 - . ..r.
| él : u» * d

Emchemrcai reas:tmn \ Yy R £
ﬂﬁ‘ oy ?H -

I-L
_:-'_-—f

¥ rd - cls
Hr_ac(_d+ o 4 ?uf?"efn .1..-:..——:.: S S T0;+ N:L + eve f.xro» St orhar end - product

UCh a@mtmgm phosphorus, sulfur, and the elements required for the\
%
svr'- es:s cn‘ prote nuﬂe|e{/ds ther structurar parts of the, cells v’"‘""’f’)} i

))“n' e
= _rﬁ_-.tﬂ"‘"l{- _q -

, &
o
3 v =
53 \
= \
s
& A L'lt’- ol

i ,.'|- !_‘. A

The number of mlcrc:—orgamsms s 7
IS proportional to the growth <A e ittt
rate: | ?
‘- § |'_\l'-nnur|ll.|
d \ 3‘ < Cirowth
= =
di = 5
= i
\ - ,\.nl"“j ] 'i_ "[-}
v —
:’:"-'3"# “: i / > L Fime

wWhere X = number of nnumwr.tmamx

IL = Instantancous. specific growth rate

: _,,-_-.- Lul _,_Fl Ly
M. saidan
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f'lr:,';l'cw_) (A A s pled ) e AT TR R} ,-,w*_: YnSd, 20C; s

{_,JTJJ;! uJJJF_.o._r_.ema.' ‘:__,4..—../_“
| i lpyan LGy, ﬁ'}’"’” |

e

p
" Bacteria reproduc

new cells), the inc ()/‘,) J ,1¢ ) Q_,S}Janm Lsn =
follows in geometri Zﬁo}j)ft&J{ ,(__;L.;.f,,ir, _J_J..Le_g

lt—}Z'?dﬁS%]ﬂJWﬂvaJ/ﬂ)j 2y =

substrate become; "
‘toxic byproducts
some point the p Zp
constant either as i ) iy
of fission or a balance in death and =

extension of those that lead to the stationary phase S

= | ,‘ r i Y
M.saidan : | __l:,_ L Urbliblesy

L | —

® The log growth phcﬁ:};b g, ._._._,L_d g;, t:,qmj.oﬂ_b

Auew L'r.-ll:-l .

=
reproduction rates. This is depicted by IL > s |- it ;
the stationary phase on the growth | il | i G A i 1 .i (S L )
curve. :- T, b | i .'|

padiadbat flap 24

/'-r’-':J‘_/&J.sﬁ_,_;c-.tgr; B lt':"""*——f” Ercd Ol /raC )

v = fission (each cell H’L»u‘—‘t—-J S e eeie ."___---'—

& Following the stationary phase, the bacteria bEgln to die faster than they
reproduce. This death phase is due to a variety of causes that are basically an

| s

=

o, a.pf'zg;sa;.v_u A

——{_.5! woalydl 1.,,__,__;|
e o ) oo | ,.,j

- P {\H ’ t__:'{' .H.h?ﬂ 18 J's - e A '
o P |
Q e {:;J'{‘H e o e sy e bk FL’{"-IH Lol i =
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The Monod Eqﬁ i

ation

-:-‘\ 5 i ¢ & 'L,« i
= |l.-z'.‘;-t_r_5, = ___ I VR C‘:ll-\' 0 Vol
NS (e M
o |
I " = S0 e ot (gl
Where i = maximuim hpu.m-. growth rate (

- al nutrien! saturationy =%
== substraie or rent ¢on u.nlr_].uul-\-x

ey i .‘\,\ = salurt nmn.urJ|:1Il'—'.-.-lngi_l}' }\'l-llhl:lllh-
TWo constants are used to | A

describe the growth rate: B

RS (mg/L) is the maximum —~

growth rate constant (the =
rate at which the substrate =
cancentration is not limiting)

" K, is the half-saturation I hiss E
constant (mg/L) (i.e., Ke = 3 o
concentration of S when o = Y L=
v ~lef2 oy i £
M.saidan ', 3 f> 29
W g
s

Biomass production

f’—_‘g1—_"'/
d‘Y )

_/3 —d grawﬁe ‘rate —death rate 1@_(;:
% —
Lﬁ'.P ) M* s

Where k, represents the_w decay rate (d) (i. e microorganism
death rate) ’\
—_— \a

Substituting the growth rate constant:
)"’2'
d..&' [ 2 S

ol
K+.S'X :




e
LN iz
* Substrate utilization
dS 1 dX
dr Yodr

Where Y is the yield factor ~7
(mg of blemam,’mg of fogd consumed)
A T

Q’ range

@erobid) 0.4 - 0.8 mg/me

Anaerobic: 0.08 — 0.2

dS — _1_ d{'&"’h At - ] }Q&&Y
T ¥ 4t I +85
M.saidan 31
" Food tt:l mlcroorgamsm ratio (F/M)
| v St ey S s W e ns b\ v gastl Ay Aoy S it Y U | S
|' S 5= Represents the daily mass of food supplied to the microbial

biomass, X, in the mixed liguor suspended solids, m
* Units are Kg BODS/I(g MLSS/day

F_ BOD, (Kg | m®) x Duffuent: How(m® | d)
M Re actarSo!rds(K { " )x Re actorVolume(m>
wh 4 g
'f.l_ oY e ok S0 i YR
el [ .._Sl Saf{fn.,é'- e
FIM = Fad N :
‘o H._p - VJY J'A i { v \ \
w 93 A hydraulic rEtEﬂtIt]n tirhe, o= — =
T ;& QLJ.‘\ LJ
a§ 8 T J"h"""{ﬁ 5 \
e \.\"":’ P N
PR time e iguad Temains in Hor =
' alerngt  veucltor .
l > Tvplcal F/M ratio is between 0.2 -0. 5 kg BODS}KE MLSS/day
; '! suhid
M.saidan Rit i 32
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Design Parameters for ASS

A

Design parameters for activated sludge tre atment pf'-?

v

CESSeS
[vpe of afm o . FM Loadmg Hydraulke /
R residence (kg BOD. (ka BOD, fetention MLSS
P tume (days) kg MLSs) m’-d) tume (hr) {mg L) Recycle e
Conventional 5-15 02-04 03-06 1-8 1500- 3000  025-10

=

S1ep aeration 5-15 02-04 06-10 3-5 2000-3500 025-075
Completely $.30 01-06 08-20 i-6 2500 - 4000 025-15
nuxed
Contact §-15 02-06 10-12  O5(comtacs) 1000-3000  0.50-13
sabilzanon 3-6(stabil) 4000 -10000
High-rate 5. 10 04-15 16-16 3.4 4000 - 10000 10-50
Extended 20-30 005-015 016-04 18- 36 3000 - 6000 0.75-15
aAsTEoOn
Pure oxygemn £-20 025-10 16-32 1-3 3000- 8000  025-02

M.saidan

AS Design Equations

et Activated Sludge (RAS)

Waste Activated
Studge (Wa3)




i - | 8 1 ) D—‘f_ " L
— T AT F=XTe oY e Rigle {
T - A - - A
T i 4 : I pe e )
Mass balance of biomass production (CSTHf'ﬁ"" i /J \ ,'
o oo - 5
Influent biomass + biomass production = effluent biomass + sludge \

o % wa sted

.- Qﬂut,ﬂ“VE—;{——(Q Q )_,Y +Q;{

Substitute biomass productlon equation

I(— .
Q,x, +If[ L : w

A{i— ‘5{_’({!"{|= I:u§=;-:‘;:- _QWJX: i Q'II'XW

Assume that influent an
negligible and solve

o QX Pl e b
—'.EE-:_J JS‘ FX = s

M.saidmw b 35

d eff uent biomass concentrations are

Mass balance of food substrate

Influent substrate + substrate consumed = effluent substrate +
wasted substrate

e et o
0.5 +;r_—n:_/fg,¢)5' Eons

Substitute substrate removal equation

sludge

B
QS+—E;[;“ ] ©, -0, +0,8, 47
| : a7

Assume that no biochemical action takes F;I?Mﬁ clarifier. Therefore the
substrate concentration in r_he,a_e_ta;iqh badin is equal to the substrate
concentrations in the effluent and the waste activated sludge. Solve:
2l =5
P e VX




i | 0°
and the hvdrauhc retention time is, 0 = v/Q, ~F——

{85 —5)
Substitute and rearrange: / f(1+ kﬂ‘ﬂg

1 SO
Compute the F/M ratio =TGN

F__& _QS'- ﬁj;@”

2




e , 7 /
— T SW

S in o
S Mg A f”‘”) ol B
Pecbectl rriXe

|gﬂ;{"lﬂ"" S A SSu

.~ Ref. Book: Vesilind

Example: 11.1 u’f,
Example: 11.2 /
Example: 11.3

Example: 11.4
Example: 11.5 /
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(} #;9 d\h‘* \ :
Phosphorus Removal u

: thphm us 1s tvpically found as mnno in droorn phmphare (HPO,*) in
U“_""‘—"" ﬁt-“'l g, ko :__.Lt.:-‘

.:t.e,rwddﬂl'ti’”‘”"" ol '{‘""
Juu\.é;u U=l [_yfp Ak Bale
R VAN Tl e

wastewater,

: * The removal of phosphorus to prevent or reduce
i 1 i —_—

& g 5 A : -

s E"lll’]'Othl{‘.‘l[lOA 15 t}'plcall}' ac sh v chemical
' preciBimﬁon using one of three compounds.

* The precipitation reactions for each are shown below:
:#J,',Jl;-lﬁ o il U
<= -—\...1_, Sy 1

FeCils +HP@3 FePO +H= 4+ 3C1

}—ﬂ I.l.hi

]
bediam

ferric: chloride:

g w. »-.\..,-,,-
_+ alum:AL(SO,), + 2HPOAE 2AIPO, + 2 350,
...uM
— Time: el
5 Ca(QH), + 3 HPO,* = Cay(PO,),0OH + 3 H,O + 6 OH'
PP Lo E”

& . = ~
I




Ln.':' By oy

* You should
note that ferric chloride and 1
alum reduce lh - '
Ncreases it. ' "

4

= The effective range of pH for alum and ferric chloride is bﬂfc/ﬁ_@,

e

LV Y i Ll =
b re SR : ‘}_'h ~hnd i _--"_-,-"YAJ' —fe 5Ll P \-f.._i ma r"...:h_..,

= |

,.,a.'-‘-—u 5 'ei ) - If ther € is not ﬂmuoh naturally occury ing alksalinity to buffer the system
2 ‘5" to this range, then hme must b:-

;J,.{ cu.r.:.l...d ﬂ-uh-"\ added to counteract the formation of H .
;;I,lﬂ: o R ﬂ"“"“
ka} Lire csp ! g i A

4 = The pru:J. 1itation of hus ©horus requires
WRFZ S \,P phosj 1S requires:
i 2, W 22 reaction bnsm and d"'l-'-"-ﬁ.:@

" *a S-crrl'iug tank to remioye the precipitate.

et

ey
X
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e "\Vhf-n ferric 'chlbridc'- and ahma are used, the B/

(,-u =J | = e |

n'-"r-" I'l—?f

-apals 1 q E 5
tank in the actxﬂriwiildgp 5 gti}u e g/
¢ Thus, tIE: ac-ramon tan "E serves as a reactmn asin

¢ The prcmpltéf'fe i 'then Femovcd in i'he secendar\ clarifier

with bmiaglcal solids. 3

;g the activated h/

ant plants. the FeCly &
the wastewater enters |
0 'tahk <

o\ N
' - \ f.:'ef the pnmw"tﬁhk

TR &Mﬁ.




Nitrogen Control

. \1“"0“611 m any xnluhic forni 1\H. ;\.H , and-NOg

b‘-“ not ?“_1 2as) 15 a natpenr and mav need to ]Jt ltmﬁ“"d

from wastewater 1o help control algaesgrewthrin-the

=y

receiving hodv =15
y \M R
- In qumon mtmuen in !lk form of amunonia U}/ "} =
EXErts an oxygen demand and -

can-betoxie tofish / /

—— -‘-.
L ] =3 . o - - - .
Removal of nmirogen can be accompl ]Sljﬁd e uherhm]ugcalh or chemicallv:
——#—

The hlt}l{)ﬂlf al pr ocess s ¢ 1I]r-(] 1 ..u,u;.uuu] e nrrnfjmrmn E-

The chemical process is called cmuonts stripping:
= RIS Y

..t\t’_w|

43

/ .

Nitrification/ de-nitrification (Bio.):

nitrification process can bc thu:d tn accur in the activated

. I —
£1AL-L€)T ﬂ'
ls = _!_g':rludac system by m.m:yuuucr a cell dclcuuan time of 15 davs or inore.

gl St s

“wlfi - The nitrification step is expressed in chemical termns as follows:

P

NH,* + 2 0, = NO, = H,0 + 24°
! =, n.Lv‘;."'-' ‘f"*:-! :.—J_.-J-F N P O A-'f-._'. A,_L'J‘l ‘}"JV:,._Q

_! Bacteria must be pt:scnt ta cause the reaction to accur. This step

satisfies the oxyaen demand of the ammonivum ion.

'P—frlgu*“; w! =eal --_',16' L'_:"";' 2 ST DT
- If the nitrogen level is not of concern for Lln: receiving body, then N A 5

\ ;; JV’/ M u@j'e-’ e wastewater can | Le duch.lrgcd alter s-:n:lm,a JJ
‘_,"‘ ’

RPN = ~du| "_.I-U Lalo, &-"JJ‘S" Vg gLy
o B Hnitogen s ofcnm:eru the nitrification step must be followed by anox 52 _,q.-aJ\ o)
: e
T denitrification by bacteria: U“"‘) Y
Sou
H.O , U

o, e

I
2 NOj + organic marter = N, + CO, =
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Sludge Treatment & Disposal

Dr. Motasem Saidan

M. Saidan@gmail.com

Univ. of Jordan/ Chem. Eng. Dept.

L4y o I n_.i_:_=

Siﬁ&ge Source?\

Frrary
< (S

- LE
Sources of sludge

5 gl ed e P
< ® Primary sedimentation tank

_— i

= S RS e i e

= Aeration basin of secondary, clarifier” "
R _._.---"____- — ——— e

= T . ‘

= Screening and grinder
=i

=  Filter backwash water
a2 L

(-1 el SO0 wma N
Sludge must be treated because:
TS e e
» they are aesthetically displeasing,
> they are potentially ﬁé?r"ﬁful,
» and they contain too much water.
AR i & bt

7 e M
Somrs R




Sludge Types

d‘p_‘,;]\&'?ﬂ-"._ﬁ"ajlecw DB e (0D 2 1)

® No two wastewater sludges are alike in all resF'E‘-‘-tS_-. l

i
S i !
= Sludge characteristics change with time. {’.{{,g-’u.}t b e .

= There is no “average sludge.”

;-(’_Primarm?\.
'-__-_-_‘—\_

® 3108% solids

" b i
About 70% organic material / Y

> Secondary sludge

——

* Consists of wasted-microorganisms and inert materials
= Abouy90%organi aterial

Rl
= Tf_'t_k_[i’lg filter sludge: 2-5% salids . .

# Tertiary sludge

a LIS yP o I e :YI.
If secondary clarifier is used to remove phosphate, this sludge will also
contain chemical precipitates (more difficult to treat) - .-
De-nitrification sludges -similar to WAS:sludge SEtS
\‘"‘"—-—-—.

>y Lt‘*giﬁ.} achivike slndac - _
M. Saidan 3

The quantity of sludge_.yoduégd 1n a treatment plant

(('f'ﬁe,';}@;ﬁ g i ’9
@\ 5 Aera tinm ihS,
Qj rrickling fileer X

—— —— — . S . st

>\
o
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Sludge Treatment

v" \U : Ash
oY Reduction =Y
/ \_,\_.P-’
‘Q I \.ﬂ"? Ll
Sludge Thicken Condition Dewater Sanitary
Landfill ;
Stabilize Condition Dewater Soil
l [ncorporation
Saidan 5 yl

"'/‘J'L'J,Mu

Sludge Th1cken1ng

“from ;_45 solids to 20% sollds, which mlght be achieved by sludge gewatermg,
would result in a 95% reduction in volume. The volume reduction translates

= g0 R

-7 |'w*—r'i““’
Pl he e i

B ATREN ) B
Sludge thickening is a process in whl-::h the concentrations of sollds is
increased and the total sludge volume fs decreased, but the sudge still

)
Fa
i SE—

— ju") (L - &

The advantages of sludge t_m&enu]g are sgbstantlal When s["udgé with 1%
_solids js. thmkened d,to 5%, the result is an 80% reduction in Volime. Reducing

behave‘_[Lke a liquid instead of a SﬂC? Eﬁ? ells Y g i

mto consnderabr savings in treatment handhng, and disposal costé}







Gravity thickening

= Best with prlmary sludge

e

® Increases solids content from 1-3% to
10%
s>

Gravity Thickener

5
Flotation U a3 e & : ‘

S

= Especially effective on activated sludge
— ——

= |ncreases solids content from 0.5 -1% to 3-
6% ST

e - .
: Flotation
M. Saidan

Grawty Thlckenmg Shg s S
Lw‘\f\l - - "“_-'l‘—4|. P Lt 4 /ﬁj‘;lj" -
= Accomphshed in circular sedimentation basins g a2l
T :‘-'_ ol S R o .-"""_,,_ .._-_.Ju—f.f Q./qj e
. Degree of thlckenmg 2”5 times tt the incoming solids conc. RPN
\.‘-‘h- Fl R
* Max. ach:evabl’e sollds concentration: < 10% |
z'*E'.-' dtﬂhﬁ.ﬂﬁ'ﬁ (P R S
= Chemical and waste activated sludges are difficult to thicken under
gravity.  ~ . 1 ennhed
. e r T e G
65‘1.‘4{;‘5{ ﬁ.;dJ ;
—— Zone of clear liquid
/TLICM/: :_--.._.__-T-..;;..-.
o [ it
m Thiciening zone
weaxed
e




Gravity Thickener Equipment = o5
~ Generally éirdcullar_-(;jégili;_;_tgj_m_g__with bottom sloping to_“ia_rd the center,

e R vl e,
L:_)}'lr__)ﬁ[...-'iul‘_}p \_"T"" : ‘-‘;-

Equipment — o NG Koo Aleah A
- B tota i ) 1 ScraFE.D:BI' e
v B Varticar o =Sl T ‘T
2 .

ollection mechanism with scum baffle plates

) _ 59 L4
Overflow wejr }/)J";',_,, 50 20T

7" Other configurations

el 5 o)
S _CLLCABLS_tEELEﬂlk: Generally cheaper because of simplicity of
const

% ruction, equipment installation, and operation and maintenance
o, N _ N & e e, S ox S
* Rectangular concrete and steel tanks

~

i
-

————

M. Saidan

11

Dissolved Air Flotation (DAF)

C-"":EL'D;L-_-J1(J-¢;J}}1,-‘D ;L‘LL}UL‘:;"}]' :-UJL_H_‘:W[Jlﬁ'Jlde}EJ —D

51,01 4" Primarily used to thicken the solids in chemical and WAS  wose fretivated
s — “wdlae .
Ve ‘ﬂ‘j‘ Separation of solids is achieved b =7

y introducing fine air bubbles Created
(" under pressure of several atmos

. phere into the liquid, attaching to solids
et to cause flotation of solids
(L cév"""e)i :

e

r
F

7

" Degree of thickening: 2~8 times the incoming solids concentration
ot e r""""-:"’,r'k =i n

" Max. solids concentration; 4~5% 2>, ks y-gr
"o —————
- = e e = e
ol ® DAF Variations e e,
dlﬂ)i

e W7 R A s
ﬂ.’-‘brr(_-\ [y __--I_'-

o 3.4 - . P2 J &
S{H‘b JJ | ! EJ.:.;I.“&P.__:.-J == "g-_‘._.;_-;. N

e WL Pressurize tggajg,r-cmly a small portion of the inc

_ Lol z2ia) DAFas T,
b il e i e N S . k 3
M2 pape Pressurize the ¥ecycle flow from the flotation thickener —p
'i o o '__"‘"—'—"1:_1“3 =71 R et S . _ oLy
Wi+ 224 because it eliminates t e need for high-pressu
S Latsts NAE 7

oming sludge
SR

— Moy, \ s

rred
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Schematic of DAF thickener system
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I Y
Alza] | A Al 14l A Lt N |
= { Subnitan
= Al A Thickeningzone [ A4 ]| 4
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| Sludge Stabilization Means R
=0
» Biological Treatment
— ~
l#Aerobfprljgeﬁscfl‘?)n
2. Anaerobm digestion
3, Lagoons \
4. Composting
» Chemical Treatment
_-.#__
“'—"f:", ._'-_,v—-‘\ﬁr
1. Wet comhust;gn
(2D Lime stahlf"zatlon
3. Chlor:natlon _
4. Heat stabilization
5. Irradiation
. L: L o,
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I é@ ﬂ.&iﬁ;’rn-’@‘
| im<
erc bic
A riAeror « PPN ——
Lime stabffrzat:on Is achieved by adding lime to the sludge uﬂnch raises
,\LuJJm_J tm@ or above. This significantly redugi‘as thélodor and helps
~in the destruction of pathogens The major
s e e i = kot
_p,»)  stabilization is that it is tempor’“‘rv With time {davs)
sludge once ’_galn becomeiputE@t W M
"_.-%Jp,:me,SJ e Ly O ?
Aerab:c digestion is merely a logical extension « of tivated sludge
system. Waste activated sludge is placed in dea c;ﬁe aef-:: ion tanks for a M’/Ir“ I
" .
s /uf,-b” very long time, and the EEUCEEH'QIEiSGIIdS are allowed to progresslwzll S e
| _,..-»f" into the endogenous resplratloh n phase, in whlch food |iogta|ned only vﬂ,ﬂ J P
o L e +
Ll \the destructﬁn of athgr wable orgamsms L}-‘l\ 4z ol JUBS
I-F"‘hl . -
ij-" 2la)l SNy Al el
This results in a net réductlaﬁﬁin tatal anﬁolatlle sahds Aerublcalfy
digested sludges. are, hﬂwever more difficult to dewater than anaerobic
...- ﬁ(ﬂb el 1
sludges. FP’“"“' s bt Cfr""'*"-‘“ |




b@lceptuai demgn for a lime stabilization fa"'

The mmmg tank is h,rplcally '

designed to operate in a

batch process maode.
[Process mad

—

@ég

The volume of the tank| |
must be farge enough to
hold the sludge for 30

minutes. '.

/ B
1 R
Vam——va o :
Pf]ﬂ'ﬁrh Girnder '.;
~Siien \ J . [ = *r:_-_-—_.—ﬁ L
e e
Progressing
Waste- @vity pumg
sctvated = ‘ Tm.itualcmu_
wludpe mpm‘
M. Saidan ol o |
- .. oeEE
a,.-n - - %b - o = ——_ Il
Rnerotic Digestion s e
- ﬁ"_’,l\’;:ﬂ-’c}plrj LJ&L’
The anaerobic treatment of biological sludges involves three distinct
stages: ==
= B e 5’—""‘"" o e 2 5=) s
= ' "','_‘mpleu waste c&mponents including fats, pratems

d tp their component subunits.
U‘ﬂ_ﬁf_jﬂ

> as acid ferm%m In this
rted to organic acids, atcohg&s

se::ond stage ar
udmmde, CO, ) by several




i,

b pu¥

Theory of Anaerobic Digestion

r_,J‘L"

1. Acid forming bacteria break down complex organic

AP i substances to simpler compounds, notably fatty acids.
SONY ST

1 b waCarbohydrates ) fatty acids
_A’O,LJ wd Lf""‘

-

Proteins —  AMING ACIS me— NH, + fatty acids

Gl OL5 2. Products of the first stage are further broken down, by

Ly &
/ -
&i. 0 O\ ,,JJ s methane forming bacteria, to methane and carbon dioxide.
) B
’j) l/,L;j,d'l\“”-i'_’. + fﬂﬂy acids ) CH, + COQ
[ 4 J' 3
'}l’f_u—--”’J u/ = Methane forming bacteria work in pH range 6 to 8 (better in
-~ r——

71.2-7.4).

= Limeis added to adjust pH.

=L 5 =T 7o), bhp)
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Ang

ANy B8 N
Decomposition of excess activated sludge

_ 1007 COD - ‘p B
‘ L)/D D g
: SUSPENDED ORGANIC MATTER: 2
}‘ N PROTEINS. CARBOHYDRATES, LIPIDS.

W/ e

2% 40% HYDROLYSIS
5 3% e

AMINO ACIDS, SUGARS FATTY ACIDS

6% H%  ACIDDGENESIS

o |  INTERMEDIATE PRODUCTS:

PROPIONATE BUTIRATE ETC
S Jm ~3am ACETOGENESIS
5% tﬂ — e, ﬁ. 1%
ACETATE 5 HYDROGEN
%, - 0%

e - METHANOGENESIS




Anaerobic Digestion

= Anaerobic digestion of sludge decrease the c.'latlle urgzlﬁ;ﬂc\s by 40-50%

e —

_F-.\
5anld reduce the numb{s of pathogemc organisms in sludges.

J_('LJ
= Accomplished by hOliIiE the sludge in'c closed tanks losed tanks for periods of 10 to

90 days.

QP A2

Yials

= Old process : unmixed, unheated, long detention time (30-90 days)

ﬂ,ﬂ"“ = Recent process : camplete mixing, heating (35 45°C), detention time

c\/ 10-20 days

M. Saidan 25
Two-stage anaerobic digestion
’_m —Floating
o e
Il :ullll.l.j l
; Superiiatiant 1{_) §—
Supermitant
o head of
trearment
plant
E \\——/
' Digested sludge
Digester
gas
Gas storage
= t‘bﬂ LS z) ?J" \
-3 \
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i Digestion
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Egg-shaped anaerobic digesters

Egg-shaped anaerobic digesters

Advantages T ~ ’
4 \ et ’f&'d"—ﬁ U_Jx:upb

= L“'*J o-"'""-‘_'" no ﬂ\:ﬁ i
* High degree of waste stablhzatmn at hlgh organlc Ioadmg rates

-

Sl bome D QBT e
L] Very htﬂe sludge production {< 5% of bLtmgﬁ.lTiaE[e organic matter

being converted mater b(iﬂ%ofaerablcsludge production)

" T o

,"N"_fl:_?;_h:‘—“u._?"a__,_ﬂp—lia_ﬂ’_p_;, i
* Easy dewatering of the excess sludge

= i-._u” t.-aa.st,_i é l-.-_u.‘
" Low nutrient requirement (: 10% of aerobic process requirement)

" No aeration equipment

" 'MEth.aﬂ“g!:Iﬁf@ﬁfﬁﬁﬂﬂniﬁ-VEW Ibw energv input (if the methane gas is
used to heat the di ._-._'-ter)'
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o
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Egg-shaped anaerobic digegteps

Disadvantages
w-te-'-'-ﬁ‘_d(_j_{rdb f'l_ -
" Low bacterial yield y .g"’ﬂ"f

P,J.r—_-:-"""'"’--’ r":ll ,—..ﬁ-’ﬂ{/‘_}l-:ﬁc’.:l_ﬂ:_.J
prolonged periads of blumass build-up,

zﬂ‘-"b?-"‘..-ﬂx-‘-!_- e h
requiring longer start-up penod (8 to 12 weeks).

] -
-r“—""' -”’fc"u e

Temperature, pH PH, toxic sensitive

.----"““",.-"'.------"“""L P""‘\!"
* High capital costs

-

o2 i, uyp = A

n Cnmplex operation requiring skalled operalor_s

M. Saidan 29

Digester Heating
: LA
B - — M R S-S,
— <s./»\ » To raise the incoming sludge to digestion tank temperatures,
<2\ 0w 1o compensate for the heat losses through the walls, floor,
<=3 —»¥>  and roof of the digester, and to make up the losses that

-”J’:J = might occur in the piping between the source of the heat and
T 29l the tank.

I-..(‘\ e =

v e mmale e A

7225 " = Internal or external heat exchangers

’ ﬂ} /"H T b
" Heat requirements

. q=UAAT
where A{’
q = heat loss, BTU /h (W )n

U = overall coeffictent of heat transfer, BTU/ft* i+ "F (W /™ *Ck
A = cross sectional area llu'onghwhl:h the heat loss is occwrving, ft* m); and

AT = temperature drop across the surface in question, °F ("C).




Ao ludge Conditioning

O e ase S ot St L S L =ate o

QG o i beed = L O) il RSl Se2 Samda bl to improve

L4 ;-:aJ_U.TChemical Conditioning: Chemical additives.may be u.seclls commonly

=S4 202~ sludge dewaterability by acting aS@?ﬂE—‘E‘ﬂgﬂChemlca d organic
osi 2\o4 used for this are ferric chloride (FeCl3), lime (Ca0), an

polymers e

?3"-:’_'L_""ri"/ B-L.: e

L

= = —— . |
_]-,Physrcal Conditioning: Physical conditioning is primarily by heat. Hleat

| conditioning involves heating at High temperatures (175-230 °C) and

 High pressure no

| g ress es (10 to 20 atmospheres). » e

| SAB Ut gyt K

Dewaterability is improved dramatically and pathogens are destroyed
| as well. Zihn : ; |
el el Uy SAG e g P =

Clalioe) o e A SH | Sy oA Y
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Sludge Dewatering and Drying

L;LFJ\! f'ffJL_Fs, PSRt R = 6‘\;,»1&',:%-,5-,..-\ e w4
B ;::::ﬂ Dewatering reduces the moisture content of the sludge so that it can
5,4. _-, more easily be @s_gpid__g_f_by___qu_dﬂ]], incineration, heat drying,
L .4 =4, composting or other means. kled s 2k

| na——al g .
g“j '{'HU_ = Unlike sludge tf’ubiz}l\(e?nhfng,ﬂwhere the treated sludge continues to behave
_Lj“is “‘lir‘f_f “3s a liquid, dewatered Sludge will behave like a solid after treatment.
Aty 202 ) Dewatering is seldom used as an intermediate pro?::?s;unless the sludge

- J] =t

23 ol 100 P 2 G mE i , &

A f’wigf is to be incinerated. Most wastewater plants use dewatering as a.;\f\m:ﬁ‘
0

=,

@@f volume reduction before ultimate disposal. ¢ ¢4 25

jective is a moisture content of{-ﬁo- to 80 percea depending on

: ispjosa.l_ method."

8t

Ay e plm l(/
= By applying the&ludgg to sand drying beds

PO Vv e b e m/
= By using mechanical :d:awatétﬁlhg-“-E.qul-pjm.ent-

J T, oa)
;-L‘Ill:J‘lvT:- Al

T
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BeIt Press Fﬂtratlon ; /

: ' belts to

' = Belt filter presses employ single or double mcmrlngsmg..eS b
continuously dewater SMLM or more .
dew atermg veaest oU o Lt e} ,?-’ (,vd-___,.lq Rt e !

' & D S S S s T ST |

p"-—“é‘j)—“.ﬁ-—-—r_—f— 'J'-=—"'".

Sl

L] S.’u

= All belt press filtration processes include three basic operatlona!
stages:
80§ ey -~ I
B 7 —> chemchLgpndlgontng ofthe feed sludge;
L}.*—* , x:-::“:j » grawty rainage to é’”ﬁ)ﬁn_? d consistency:;
. ¥ 2 » shear and compression dewatering of the dramed sludge
v M’L "bm T'H"‘i‘ﬂ' \ ‘-’“‘f‘a =
)9 -
j»—"f 5 ———Slude
= N
‘ﬂ';-.h
M. Saidan 35
ATAGE 1 STAGE 2 S3TAGE 3 - |
CHEMICAL GRAVITY SiEAn A
CONDITIONING t=— DRANAGT COMPRESSION ———————
DEWATCRING
WIXER OR
IN—LINE
INJECTION
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=2 ) =y : ;
Sludge drying beds rely of goro=. " &) <

Sludge drying beds

-"'-)‘P/_,_,.-JM
[

rely on d :
N drainage and euagoratmn to effect
maoisture reduction. <= PRSI

—J3 A N - -

2 _al _,.-—;;a...-.__“ (_p‘,je)i_,_):.u_.-\ ,,w_t__,_ﬂtsL_L: U_h_,_nwffm_rp
. oo 0 " .

e ~2® These beds 2FE€ open; and as such, are very susceptible to climatic

WD .1 -» conditions such as

. —

S precipitation, sunshine, air temperature, relative
hurmd|ty and wind velacity] For example, sludge drying in

c"f* i ghe@@would take at least{12weeks Yo dry ir\the winter
) \ = - =
sceor = V- S 2 T el v 2R e AT RS
; r - "

==

O
* Sludge bed drying Efficiency can be @igniﬁcantlv by ”‘J*J—‘“jﬁ

e coverlng the bed with glass or plastic and bv growdlng amflual heat. L@?"JI
.XJJ""'“#:'J-*—E_:.J.J-:____,...-;’_J T L |

EL?JIHP m g e—eh
_-r:))_’_'__,..'-" .-"'J.

. -,,® Heat could be supplied using waste biogas as a__uﬂ.or \y_emtta____bgff
o T from the base power plant. vl -
Lo Li_.-"j’_;' '-—"r' n-—ﬁ-\-_—-L "f‘}Jl —D_'_:,JL.-
wf”’*’/ = s Lo s 2
..J"’-'J /’}) .-':__—ii ‘_,_-»b_,l'l ‘;e':r.'.p .n,h_,_,f‘?a-'-"f‘ ,.-T_,./:Jf c—‘___.j_ﬁ—b'
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' ds
The principle advantages of dryrng be

_ 1. Low cost,

ﬂ.i/lﬂ =l —M—J‘-_“._J

.~ 2. Infrequent attention required, and
(-—'_.e.i‘lj‘ E."'_._ﬂ‘:_? ‘_.u..‘g._:ll AR a d
uct
3.  High solids content in the dr:e pro

’ = y T Jolet from anaersbic digester
Sludge drying bede e I W I i~
! pr e W l A | Splach slab
otd -& ://
| et a -
— l‘llwh
89000 o .- g
= i!: g e e iloaltin s 2
ey S - .': 3 .
2 ~ L) w-".' (1 1] -“. :‘:ﬁ}?;‘:::} "
| P 1 T DO
| Dry sludge ! "_"-’,'-:E ::",-{-_Ei__"_ RS A =
| | ready for removal 0 . I
=f .——-"‘ ® I Drying bed not in uss
. Underdrain refurns h‘qb"a'.fl process —— _.J
M. Saidan o
=P
Centrifugal dewatering C/N,Sk
e a5 55 o= 2 p 524

e\ 0o, - ® Centrifugal dewatering of sludge is a

ey S\ sue.y process which uses the force developed
4. L7 by fast rotation of a cylindrical drum or
bowl to separate the sludge solids from

the liquid.

r_..rfff-'ff-"l" ';..:.-11.51 Chroe! c—# YAl 22s S | Pl """5ut4. b o

edotsd o, In the basic process, when sludge slurry

fon .ol is introduced to the centrifuge, it is

g howlsca s forced against the bowl's interior walls,
« v 42w forming a pool of liguid.

s =

= Density differences cause the sludge
solids and the liquid to separate into two
dis‘t‘i"“’ ‘Iaw;i“"Ff ThE s d _ Sﬂllds cake

I Rrses

Wuyﬂ"lﬂ'ﬁsl
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Air Pollution:

Air Pollutants & Human Health Effects

Dy, Motasem Saidan

m.saldan@egmail.com
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Air Pollution
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Air]

Natiarat Lt =
Lﬂmfmh(-l EN ’_.IJL"’J',I')IJ'H#J -

Air Pollution Definitions

W'L-EEI” e

als into the
= Transfer of harmful and/or of atural Synthetic r?a:]irzlnaﬂ vty
atmosphere as a direct/indirect consequences Of I=——=——=——=

QECD q—--“—’ LM..J/)J'II .c:J'E.r-_.E;J £ ( boom
f } = enuite 'uﬂd'bf.: w aadf o)

(/’/T/JE!I}”{ g{:?mx( c,:m‘l,;'zumn- " (o1 ical
= The introduction of chemicals, Partfculate matter, or bio '3 3
I
materials that cause harm or d|sccfmf0rt to humans or other living
organisms, or damages the natural environment into the atmosphere

!Pr i)
rJ'f"/l—ﬂfI”"" The overwhelming scientific consensus is that the earth’s
uﬁ ey, o'>+° atmaosphere i warming rapidly) mostly because of human activities,

£ ,.,.JJ-"‘-" L’ﬂ'-"uaﬂd that this will lead to significant cfimate change during this J -

bfnyue— ils Ce”tur'ﬁ' L..r**‘"'"LJ""-*‘ 3 M
7 ladeit} Expl @,J-P #m‘,{f;ﬁ.
{.jJ}__,__,.‘.._; |;-‘P‘UL-’ =

e G
LJ__,!‘J‘ M:snidan gﬂm'c’ %c_. )[/ﬁ,#‘?}j{-?? ﬂ/f—'ﬁf’ /é]ff ﬂﬁ/ﬁ/@%
= H?ﬁ./f"’{-‘;’/jf? 7 ;C,Mfz?zﬂJ f'i—? ‘;Si /m(fr . HISE "'-'?" . Coeel d(:..t:;".-
,.ﬂ«é'«:f ‘=t Jy;,;/ 2/ h"ﬁ( cioyvoard  of Carhbon &It o (ee -:.)
L | e w’J.P Defo -é's}*n..{':mn ~ 7 rees (]ré;fa;’;:i s Store (o2 whice Coresks

Are  cuk .»;je;_._.n o ]
= ’ 5 Cear
- = lobed rc'f??/?.f e e

Air Pollutants - Rigns sex lecel o fo melbng jre cnd

AN # el EX2AAS 00 of Wafeer -
wﬂiﬂﬂ’f Fm{{ g T ik Sniogke + fog4 — St atoy,
Cwl be  krignes r PoHutants mix in the arr to form mdustnal smog, mostly the result of

bocle  inte %j['/;’?ﬂf/ﬁfww-

Lrom Nightd- (2 urnmg coal, and photocher caused by motor vehicle, n
ie E“”NT“) industrial, and power plant emissions  cembeshon  ple :ascﬂf-‘“":}:
m}v J caf® I "ﬂ o7 [:_,:E.u S ) pﬂ” Sk
NQL ; ,.Lju.;.’)} An air pollutant can beagas ora particulate, L AwPwis ) Jiy,
A
<y ) or Aerosol = ~ CsadsLp U
Gy, o "‘*"’in—‘- Sources 't-fu!d J, £0,5
==U_J;-' *-“'J‘"p—"} Jz_«'..,__,.- L:"W,:,J, ,.!Ll

e = Natural sources o
-Lré i L.V Dust blown by wind A2 Gl

’
Aerpcel = ufm’zﬁ U.’-C-ﬂ v Pollutants from wildfires and volcanoes ;
g v Volatile organics released by plants pap ety
(___.J.-*J"’ I-J--"' ‘L--‘ 45l i p L-'-IJ:—'
Ele 6,50 s g oaliied P e Lue gL ULy

. Humansources mostly in industrialized and/or urban areas A2 >

=i Stationary sources =V Lo D
MoV ess 2t L—— v Mobile sources

M. Saidan
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Air Pollutants Classification

_gd

_—

BR T

\ e
.F".-

- - : <
Classified as: N

stable g3 ¢ b poltuled '
1. Primary pollutants: forefen ‘-*L‘i""‘f!":ﬁ C@p‘”',ﬁ' S IXES 2 praieniedic gl
] yp NLs: Toreign matter injected into the atmosphere by

~ - 1
= Jias 0 e : e
human activities, = = =, ==—2U st C:‘s""j‘ N gt A e 5.

L/)J P 2
JJ,;—\--‘(J ‘.."'/".-" [_/‘\JL‘—)

¥ A OB vl B LSy T
2. Secondary pollutants: “C

resulting from chemical transformations,
typically with primary pollutants and

(often) sunlight.
)-";(‘;'—,-_ .:pJ__,_._-JI 4 ""_U-)"o’-

M.saidan

Primary Phlfuta}_,t-s__ \ —_]l’_'l BT
co co, == 5Jb_s:econdar:v-Putlutants_--_ 7 )
s0, NO No, &=V 7 al= 2

==

Y e - - 6
===} Most hydrocarbons S Sﬂgq’w;ﬂ Gerl o
Most suspended particles HNO, H,50, Secondkery ==
P A H,0, O, PANs

MQ-S.;‘#;D:: and SO,* salts

e =
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J of 55:;‘ e small and light enough to remain suspended in the air.
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= The most harmful forms of SPM are fine particles (PM-10,
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Particulate Matters

= Dust is defined as solid particles. .J-\";J~ ~
3 /1r‘1||%.____.1'|.
= A fume is also a solid particle, frequently a metallic oxide, formed by

the condensation of vapors by sublimation, distillation, calcination, or
chemical reaction processes. The particles in fumes are quite small,

with diameters from 0.03 to 0.3 p. g SR = ,
L% s dslis Ligs ~bv (DS @aad S pflas o Le =P

* A mist is an entrained liquid particle formed by the condensation of a
_vappr and perhaps by chemical reaction. Mists typically range from 0.5
to 3.0 y in diameter. : : e - e
fo3.0u ,;w;,wl;},ﬂot’ffubi?* J:LJ!-:'J alle “‘-'JPCJ'-E“_-—"D“*’ hsless
= Smoke is made up of entrained solid particles farmed as a result of
(incomplete combustion\of carbonaceous materials. Smoke particles
have diameters from 0.05 to approximately 1 L. ! -
— — L!""ﬂ./f-!] Je u

" aspray is a liguid particle formed by the atomization of a parent liquid.
},'_rj » 3~} Sprays settle under gravity
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Air Pellution Effects

= Effects on Human Health

» Respiratory problems fr-—"—“‘)'
» Allergies ="~
awrd o

bl

= Effects on the environment

» Risk for cancer

C“"dlﬂ d>4) O“f’\"{’f’-‘“} Acid rain (Regmnal)

P l

—i l""p w
(¢ » Ozone depletion (Stratospheric)

» Greenhouse Effect (Global warming)
L_;;,- _,i — LAPJ)WL c limake change
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Human Health Effects

il

= Egpmure to air pollution is associated
with numrzrous effects; on human
= 8 health, including pulm. Y iac, tmls
Do | g pulmonary, cardiac, = Smoking
EiC vascular, and neurological
o Vel Tmpairments. e Z
A FLE
* The health effect vary greatly fro /
person to perseh. High-risk gro ps ';;.ﬂ
such as the elderly, Tnfants, pregnant t/‘_,.,.n
women, and sufferers from chronic 2 !
heart and lung diseases are more ik
d : : | Dispase
susceptible to ajr pollution, e
® Children are at greater risk because
they are generally more exposed to
oumqﬁrd_monmem and their lungs
ares | a
ti fl::'veloplng stag_e. aj
‘A W 3 OV
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~ Pallutant Descriplion Sources _Health Effects Woalfare Effects
Carbon Colorless, odorass . | Mator vehicle exhaust, Headaches, reguced mantal Contribute 1o the formatlon of
Monaxida gas e “1e indoor sources include aleriness, heart alack, Smog.
(CO) u!r],.f__ - kerosene orwoad burning | carolovascular diseases,
7 i ' o fi L1
u_,__ﬂ\’ stoves ;gi;l:ﬁ sial development,

Colorless gas:that
dissglves in walar
vapor to form acid,
and interact with other
gases and particles In
the air,

| Siifur Dioxids
{S0;)

Coal-lired power planis,
pefroleum refineries,
manufacture of sulfuric.acid
and smelting of ores
contalning sulfur.

Eye Irrilation, wheszing, chest
tightness, shoriness of breath,
lung damage.

Contribute o the formalion of
acld raln, visibilily Impaimmen,
mant and waler damage.
aesthatic damaga,

Nitrogen Rad&ish'ﬁim,ﬂg__hiy-

Motor vehicles, eleclnic

Susceplibilty lo respiratary
Infections; frilation of the lung

Gontripute to the farmaton of
“smog, acld rain, waler qualily

Dioxlde (NO;) | reaclive gas. utilities. and other - lup
and respiratory symptoms deterioralion, alobal warming,
(2.9, cough, chest pain, and visibility impairment.
diffeully oresthing),
& and throat imtation, Plant and ecosystem damage.
ughing, respiratory tracl

5, 88thma, lung

i
Anamia, high blood prossura, | Alfacts animals and plants,
aralit and kidney demage, allects agqualic ecasystems.
eurological disarders,
irrilation asthma, Visibility impalrment
5, lung domage. atmosphetic deposifion,
avy metal aesihetic damage
g, cordiovascular
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Suf}j“ One way in which 502 is removed from the
e - | atmosphere Is the formation of acid rain |
)

= contains high levels of sulfuric or pitric
acids

: = contaminate drinking water and
/U ) vegetation
G :
* damage aquatic life - | ”'"E.”
. / :
= erode buildings & o e
= Alters the chemical equnl:bnum
of some soils (_,l,.:cfb’ U J,,J Sy i
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Simplified Reaction Scheme

Hydrocarbons + Nox + Sunlight = photochemical smog fgﬁidants}
~ primary oxidants produced: ozone (Q,), formaldehyde, peroxyacetyl nitrate (PAN)

. é’fmm/pbé f’&ﬁ!fg?ﬂ .

NO; + Light MNO+ O

0+ 0; = o e T
Oy + NO - NGy 4155 =
O + HC — HCO: =
HCO" + O3 —  Hco &
HCOY 4 HC = Aldohydes, ketones, ole =

HCO, = NO —  HEO, + NO;
HCO, +0;  —= 0,4+ HCO}
HCO: 4 NO; — Paraxyacetyl miralos

2 1 I
L A it M kg

Msaidan =




f':?}éff’q ey ),
Photochemical Smog in Santiago, Chile
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Lot ls Ayl ® Ozane ( 3) is an @_V__Lmﬂt at usual Urban levels, but url urban D3 should not |
q;'-;,..gddw be Confﬂid with stratospheric 0., 7 to 10 mile aboue the earth’s surface. | - e /
s St deblipe s O 12 hm  AUPD Res
‘= The latter acts as an ultrawufet radiation shield, and its alterﬁnon can |£¢/f’e'-u..nh(— ier
increase the risk of skin cancer as we!i as change the ecology in

J
gﬂf”fﬂ"“ g unpredictable ways. - q_) prs ), s
: N ) E'! L=
Ozone in the upper atmosphere is created when oxygen reacts with light energy o ’
(hv): hg)h/é' ";";"}-'I‘Jl ”"’J’d':.”‘-u
O, +hv->0+0 Sprabespmihs Mol B
Ei‘r + B -) B
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_,, ¥ Ozone Protects earth from UV radratlcn Part of the
.,a,,;,_Jd—-U electromagnetic_spectrum mth%gﬁs Just shorter than |
uu—-f visible light r
o BN e MO e g bl U"’”-"—’deﬂ ceejeonn
‘—-.JJ—}_J‘-‘QJ /’"} g".'.jf‘Jj jjﬂe_)l
szua Dz A :
== azzif i Ultraviolet
oy AL |
- I_ \
A ] ___):\Lg l ([ !
C-Jj,-'"i (Jl I I fl J
= ,K . f ! | |
GL‘,{)_)..L; bl ) I = Urone
c,«;z.,/mf””"’(;oﬂf PEPUNE T R T T ssomen
(—:— “‘r,v _.j o2 _ ‘ = - '\;\ "\—..hmtusphem ——,/ G “{_.: NS -i__:;j?\\
{S\ . ‘%T—TlupolhllﬂfE—h—.-*—‘-;pl-r- ¢ ,\:J_,‘
o+ P e R T/ N
L Czonc presant at normat lavels I ’_ Ozone present at reduced levels
fa) Stratespheric ozone absorbs about 599 (b} When stratosphzr:: oIoneis present at
ofincoming solar ultraviolet {(UV} radjation, reduced levels, more high- energy UV radiation
effectively shielding the surface, penetrates the atmosphere to the surface,
[ where its presence harms organisms,
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Dobson units (DU) were developed to
measure ozone concentration:

| 1DU=0,01 mm of O, at 1 atm and oocj
X Cerht Mm = Qb

only 100 DU.
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Widespread use of certain chemicals has reduced : i

stratosphere, which allows for more harmful ultraviolet radiatio

reach the earth’s surface
DAY = lly5), 5 e

» The chlorofluorecarbons ECFCSJ.

chemicals that found wide use inbkﬂj)n 2

aerosols and refrigeration . th

systems and are responsible for _\Ei’ll Y .

climate change.as well as the T ,"""‘ ?' ¥ = ,

depletion of the protective Y

ozone layer in the stratosphere, A o)

ozone levels in the

Two of the most important CFCs are
trlchrnrofluoromethane_ CFCI3, and

dichlorodifluoromethane, CE2Cl2,
both of which are (nert)and not

wash out of the atmosphere. ATt 3L B o LE‘J‘ 33
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There indeed was a huge monster hole right in the middle of t : Pole.
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This long-wavelength owW-energy) };rrn This shorter-wavelength {hlgh-eriu%r: form of UV
— of UV radiation causes aging of the skin, radiammum. Premature aging, and
—*— e« tanning, and sometimes sunburn, |t wrinkling. It is largely responsible for basal and
=i peneirates deeply and may contribute fo E

Squamous cell carcinomas ang plays arole In —
skin cancer. mallgnant melanoma,

Ultraviolet A Ultraviolet

B
F : Haih’J "
Thin layer of dead cells s / e
. g % ‘-'1‘_!5'
Squamous celfs— - ” » g _'EFIFdErITIIS
Basal '3.""'(//'-.. 4 " e E,_ = Sweat gland
Mel < i /
ce'-:!:ﬂﬂtﬂe ":—K — Dermis
-, e s f.II :-._
'i;l'*-' -—-"‘& Blood vessels
Basal cel| =
Squamous Cell Carcinema Basal Cell Carcinoma ___ Melanoma
L— - — e —
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. Climate Change
jl abe,  PREY

24, & aq,a rwhelming scientific consensus js that the earth’s
Y * The ove g
f‘wﬂ}aﬂ!’)\) atmosphere is warming rapidly, mostly becaus.e of human
L;_}RM Ll — activities, and that this will lead to significant climate change
.)_f ) ;
9 J\w{, <7 during this century.
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Measured Temperature and Projected Changes

5.0
= The projected rapid change a’s-
in the atmosphere's A

temperature during  this
century is very likely to
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Temperature projections
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Control of Stationary Sources

Control of Stationary Sources:

*= Particulate Matter




e i
s
4 : = 'r...-f—l--n‘.}.!-""r_w = &
Particulate Matter poec sz’ o s SIL 5 $
A ’ # F i AL erc . =
=} f't'g?fi‘.!:c?uf' 3 [V prpienal ot &0 == et == db
Aty : urces results from the
= X" Most of the air Pollution produced by stationary SO 7 rcher o
: > _
f-'#:ﬁ%‘f’ffj «incomplete combustion of fuel or industrial processing = /% |~
A

i ' ! mit are
= The types of inorganic and organic air pollutants stationary sources e
dependentjon the(Specific process operations
el ,l

st snabesds
=i AT
. r s
Examples: Fossil fuel fired boilers emit ash, sulfur dioxide, nitrogen

oxides and mercury, and or vanadium if contained in the f.UEL
coalad CU{” Metallurgical plants can emit 3 variety of metal dusts, iﬂC|HﬁiﬂE iron
oxides and sometimes fluorides and chlorides. Industrial plants
manufacturing inorganic chemicals will emit various Wasie Spdses
depending on their(product) Odorous organic waste gases can also be

emitted from organochemical and etrochemical plants. -
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Industrial pollutant sources

Industrial pollutant sources such as these and others can be categorized into
several groups based on thelirSpecific process operation: |

15
= Lo - i
* Process Operations: . ‘JJJ‘J:‘-QJ&M.,

Process operations wit:/‘d’complete chemical reactions, which include
combustion due to unconVerted reactants, or a reaction having a final yield

- by - 0} —______'_-—\___.___
that is less than expected theoretical conversion.

J 5 A 3
o gD ; )
) " Atmospheric Releases: o
s
Atmospheric releases of p_rc'c_es_?’s:_ secondary components or impu_[i_‘ties of
raw materials. () Ceeed) 2l C:zﬂi;%‘l;b&l” Cle gy omo e e S
(., % Auwliary Losses: | 2% ey M = S Sl
&J{_’é A5 W,LJ‘_M %}ML&@H fl?_w:é a‘U!CP”—Jf-"r‘SJl- (Lunfre Lels ¢l 30,

e Yoy 2
A Vs i [200C Conrrentfly
”f-"'if"_j-’ ‘f’:“ﬁj The auxiliary losses of compounds such as volatile organic solvents from

1 f:s,ﬁnf_)ﬁyri;g_ft_w_e_@_urcgs or in%an_ﬁ:‘é such as carbon disulfide and hydrogen sulfide in
”&ﬁ.}@f & rayon production and fluorine compounds asinthe production of aluminum.
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KE 71“""“"" JE| p2 b/ Ol emissions Jl’rrfﬂﬁﬂLPdL;i Treatsreat S o
oL, E.f,rm:wf{ 1 f:'f‘*“"“"’}&""""""" GsSy s minimivaliany  po)lufet S5
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Emissions of malodorous substances or oxidation compounds in the exhaust
from oxidation, heating or drying processes.

= o Refeases from these categories can originate from a vane!‘y of emission points and
‘ may ne not be c‘enrraffk: collected before entering the atmasphere |
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- 55 asss
".* Air release emission points,ﬁrom industrial process operations, can be
‘ categorized as stack, duct, vent, fugitive and area ‘

—— i
LP s et ) :
- e : m ) . T il e Enclesure  ~20 ‘
» Fugitive emission points are release points, which are unconfined in a stack

‘ or duct before reaching the atmosphere.

|~/ Therefore, whether an emission source is considered a point or fugltwe‘
source is dependent on whether the release is confined or unconfined in a \
1 stack or duct prior to atmospheric release. |
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meltirsCs s | Pond evaporation
o =y | Cooling tower eva;mrauta%"‘*"“”s-—' Loading/unloading

—| Compressors
21 Open ended lines
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s, q sisy 82| Pressure relief devices . N
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Al = Pollution contfol can be achieved through common sense 50| = st
£ the installation of effective control technology, changes in_pro
es.
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= Compliance with emission standards and the successful attainment of air
quality standards depends in large part on the application of appropr;a;e A
stationary source control measures. f:){*i'{xf /oﬁ-u;;gf @J,,Jfﬂ?/f 7/ 7S
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PM Control Procedures

e » Control procedures for stationary sources of pollution mclude 3 (‘“—'U“)I =) 5}‘?1

a3 as! _ol o L_,I..>J Shundrd ) b i::';‘mmmq? alef m,l’?_‘_,r/ el !".:
= the use oftallsmokestacks SR 5 = -
O ML LS, (S ¢ —vlJj
= changes in plant operatlons and Z::CJ" ol =2y ;

= installation of effective control devices "Ul‘“f rfwsw ‘e

» The control strategy required for an industrial environmental impact is a four

step process:
SALh g aG 0y 4
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: D), ,ic\lit_.r’/' Loy )t
. {-U elimination of the problem source or operation, -\

PP dedes (2) modification of the source operation, ;ﬁé’.}, ‘:'::[:'" I S
/fU O (3) relocation of the. source, and S e
(4) selection and appllcatmn ef the appr-prlate control technnlngy (osf S,
DQ‘J!/ X J‘{m {,.‘_,W}e _s = 7 CSu G )
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Exhaust Stacks end of pp o, - .
& Cleaner praduchon = .5 PP &MJJU M[’c_'g
j-i* : .F B = ot fic mﬁ%_rfidlwu-»-ﬂ; K
C,__-f * Exhaust stacks do not reduce emissions from 3 stationary source; rather they <5

reduce the local effects of the pollution by elevating
point where it can be more effectively dlspersed ,
05 5l (15 e \o 0AZ sy o 2zile o, Solution ) 5!
J g « High exhaust stacks were an inexpensive solution in the absence of expensive N
control technology. For years elevated stacks were used with the nearby . “dl
= communities in mind. A belief was widely held that elevated stacks reduced the ' m“"‘m
likelihood that pol'utants wouyld have any effect on neighboring populations.

the exhaust stream to a
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ol d s
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FITHES "’"('!Fr 20, pITte (_ | J-"",.rfab" Paas) AV pls . #MLJ‘
tclrlndy
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Mo 2 mer Utility and smelter perations have traditionally used tall stacks (200m to
"ff') G 7 400m) in order to reduce the amount of ground-level concentrations of sulfur

¥
oY, # ffd!OxIdE (SO2). However, this did not always eliminate the problem, but instead
s ~ simply transferred it to another location.

g ,fL_-vJ) ._.JL-f il ! ﬂ',_.'-l-@
~ake) o L 220l ¢ 19| 5 ki
many years, until concern arose over the regional-g .y, i
and ftransboundary spread of harmful toxics. For example, there is great

917 concern over the spread of acid rain from one region to another.
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“ This approach was used for
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(‘f‘ .pmfwaffﬁ_ = [fowo Cosk or 7o Gosk
‘PE'L’ detF" - Zisle = (o5t precaudionary
Plant Operatlons o 2 ol Grzmiiere
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* Compliance with emission standard may require the use of control technology,
I u-ﬂ 5~ .but many industrial operations have reduced emissions by changmg

¥i= o __Mhods Vs | 2 cjlp-»‘"
P MLEJ\JJ-" ‘L-"-“-"',# q’-—"'l‘d )’j _”IJ

* Some of these changes include pre- treating w fueL___g’ "“ﬂ-“*’-‘” U
material substitution, and changes in the manufacturing process; As an C‘f
%{ example of how pre-treating raw. materials can be an inexpensive solution to

pollution control, industry has _discavered that significant reductions in
sIlITIEdNT reductions
partlculate matter and sulfur emissions can be achieved by a technigue called

oal_washmgageireatmg raw materials in this manner not only reduces the
)’W):Sf amount of fl

t_fly ash released from ccal but it also reduces the amount of

inorganic sulfur released as well.
£ Ehibal] u»&d. 25 st

=  Another way to g ‘ﬁ?mth emission standards is to substitute cleaner fuels p,‘u;
2_:"@*9&“*' during the refifiing process. (Natural gas] and low-sulfur fuel oiljare just two U,r w‘*"" |
Catatd M, w\exampies of fuels that emit Tess jtion_during_combustion. However, ‘p\}
o 53")"“-'cieaner fuels can be kgore expensiy ",_‘and can {increase national “‘-‘“3“‘3_)() O V},
it
Pl F fofrjiﬁr:;;i;jgces . (-—A-‘__?_ Cplies Fuﬂihu SGurcq.E:cU’u
M. Saidan e - 10

ﬂ i =



—_— -

-
=

i s 1D v DHen S .:f._:).,;:P! e 2 Dl Ve,
: = il
L..f“j/};-PL_J"‘J —— g—-t'__}1

= Reduction in emissions from stationary sources can also be accomplished
: = B ’
_ through increased attention t&l plant maintenancej‘ <1529
s B ' : e
ars ,—L \n in3 Z;rfr.jfi |
- 1ase0lap 2= Plants that release significant quantities of pollutants into the environment
frequently do so as the result of improperly maintained eguipment. This is
————————————

especially true of tombustio; - P
| . : ,1 equrr?ment.i y, 0P
S N S S N
=~ . = Adequately scheduled maintenance must be performed to reduce both the
A — S [ et
- _(;;;_r;, M?”U amount of fugitive emissions released from vats, valves, and
& transmission lines. Periodic maintenance also reduces the likelihood of spill-

,Li_;u}' _related accidents by discovering fa-ﬁlty equipment before problems occur.
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Control Technology

* A final way to reduce emissions from stationary sources is through the use of

advanced, add-on CDntI'O|tEChnD‘]ggv‘."“ijl?}?Mm{ra&ﬁ-d‘éﬂ P ¢l snc =t
2D pols

= Control devices can destroy or recover Baseous compounds or particulate

matter for proper disposal or re-use, 2 < LaePN By

v
r

The palrution,pggtrtﬂ aperations used to destroy or capt{jﬁ_x gases include
0 Gy )ﬂ/mmnn adsorption, absorption, and condensation. — I 2 1F4¢u )t Wno ey,

o frrizy O P Ak S BAL s el b e Hanh rchanger. Ve
J A g3 ) C : o e oy T L =P ol
G ontrol devices that implgment these processes include thermal incinerators,
¢ ,,::’_, ~catalytic incinerators, flares, boilers, process heaters, carbon absorbers, spray
towers, and surface condensers. y grehVade ey o

o L
: gk e
r_pollution control [, e
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y@ The most important process pa
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Control Devices for Particulate Emissions

rol particulate matter focus on_removing particles
e ) %

» Technologies used to cont
A oL

from the effluent gas stream,

i ,'f\.r_,/ = S = -
< f—q', Many factors @Eﬂ_as particle size hnd @mical Cm)determme the

Wi e S : 3 -
T -appropriate particulate control device for a process.

Ao
» Devices most l’gazﬁﬁm_n_j}lmed devices to control particulate emissions include:
*  Gravity settlers (often referred to as settling chambers)
* Mechanical collectors {cyclones)
. ; S ) EuE
* Electrostatic Precipitators (ESPs) OEP f’J"""'
" Scrubb Absorptiony O,
: ?rs {;4 M &Nifjé'r;—m A Plo =
" Fabric filters *—*~ szt 714 e €€ v
* Hybrid systems
» In many cases, a combination of multiple devices yields the best collection
efficiency. For example, a settling chamberdcan be used to remove large
particles from the exhaust stream before it enters an electrostatic precipitator
where smaller particles are removed, - e
M. Saidan _' 15
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wlufry in

hejsical Gravity settlers (often referred to as sett/ing
foc chambers) Ziledensits oy, PAN: e s

Su Qher—0 . T
(_} . m“"“”"ﬂm“’) o4 _!):‘aj L-‘d.ioc-{l-:l p"-:C{!A ey L
Pars , hed™Gravity settlB , OF gravity settling chambers, are . qr S Ly emn

cw/r19, 72 used industrially for the removal of solid and liquid . PR
ﬂﬁ?cifﬁﬂj Waste materials from gaseous streams. purticles  rticien i tikier
; i€ . T ) :
'i;mucr'- o Advantaggs accou_ntrr.]g for their use Pare élmpFe',
onstructiom;, low initial cost and maintenance,

low pressure losses, and simple disposal of waste

materials, — |
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Mechanical collectors (cyclones) _ / i o

Wdpcyclme s = 100d Ceysie

* Centrifugal separators, commonil ‘referred to as
cyelones, are widely used in industry for the
removal of solid and liquid par-‘c‘iclés'-[lﬁii" p-a_"rti_ﬂu_fa'tes}_
from gas streams, = P el y
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“———= Fabric filters (bag houses) © . — = Gurcsig, muﬁwﬁwwcﬁ.n% figi
tbges )y L—‘\-:“-:N,)f,)l " (e . reiTire

it dq.‘f 5
* Filtration process may be conducted in many diff:arent C—W medien )

types of fabric filters.Differences may be related to: e ?;.- Terbire g'/fw,_[(;

— Type of fabric {’1“‘“ )‘\}pdg’;;})ﬁ}{.p L. dii-bt_p)wﬁ
— Cleaning mechanism - b ;qﬂ{;naf
~ = Equipment
— Mode of operation
* Gases to be cleaned can be either "pushed" or "pulied"
e, —

through the bag house. "
- -~ -* In the pressure system (push thr h
y ; =2 ough) the gases may
o 2l U enter through the cleancut, hopper in the bottom or

rrJ'l'_U T T Y=
through the top of the bags, —m-\A %
P e
* In the suction type (pull through) the dirty gases are
usually forced through the inside of the bag and exit
through the outside.
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Baghouse Filter o Vacwn ¢ o .0
el Sz
® similar to conventional home vacuum cleaner cg’“‘.}‘f‘j)
" = Efficiency: é;J"{‘
f-“ﬁff-“""j ¢ >99.5% for <1 um diameter
eintance €% >99.8% for >5 um diameter

‘EJLI-D

Figure 13. Reverse Air Fabric Filter
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Hybrid systems are defined as those types of contro| devices that involve
combinations ¢ of control | mechanisms-for exam

~Umnbinat ple fabru: f|Jtrat|c mbmed
with electrmtatlc precipitation. et pléchp stk i ‘572?‘-

,m:c ipife
Four of the major hybrid systems found
— Wet electrostatic precipitators

ronlzing Wet ScrubberSF ,"I_J."H‘i (a'frﬁ_.""r'(nf Jc'fl"lg
— Dry scrubb S, a -

Dry scrubbe nd e, 2

— Electrostatically augmented fabric filtration.

2 e

in practice today include:
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v’ can be used for 50-100 um size
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particles and down to 10 um
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For particle sizes greater than about 10 um in
dfameter the collector of choice is the cyclone
{ : \
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The particle size collected with 50% efﬂuen DR d{} Top Yiew
termed the cut diameter: L nled Fubie
T =
r_,? ey @c,&ﬁ"’ Siild u,r?:&;f,_;l. :
O / s 1 e (feis -
) 9uB H

dﬂ.S =

p,Q,0
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ik ot g e
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do 5 = cut diameter at 50% removal
H = dynamic viscosity of gas, Pa-s
B = width, rn

H = height, m

p, = particle dEHSJ‘t\,', kg/ma
Q = gas flow rate, m3/s

0 = effective number af turns
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Example

, For standard Cyclone:
iy B=0.25D,=013m
D;=0.5m H=05D,=0.25m
Q =a'm/s L,=L,=2D,=1m
T=25°C '

p, = 800 kg/m’ ﬂ_
=——(2()+1)=377
5520 )

Q = What is the removal efficiency — 95‘&
for particles with ave ‘ﬂ/ (95

diarpe

9085300138029 "5 4100
= (800)(4)37.7) e

=2.41( pm)
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_ Electrostatic Precipitator (ESP) NS

= high efficiency, dry collector Figure 9. Conwventional Electrostatic Precipitator

of particulates R _J, Rappers
= Rec{lrierj

Sets

" high electrical direct current

potential (30-75 kv) ~ — = Collection
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Electrostatlc precipitators (ESPs) fes. / hrgi
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G oA %
!

i L_aL. They are satisfactory devices for removing small particles

-+ from moving gas streams at high collection efficiencies.
Cf"f-b-—g‘”—" They have been used almost universally in power plants

% S'c'r-s for removmg ?‘!‘\}\asﬂ from the gases pnor to dlscharge "',_,,uﬂ g

currently used are tubular and Jgjﬂ_g_. Tubular
precipitators consist of cvlmdrrcal collection tgbes with
discharge electrodes located on the axls_ ; cylinder,
Vast m-:-rjantv of ESPs ins

.--'J a;v‘u 1}" I : @Lﬁp




Scrubbers (venturi scrubbers)

F LA L’ ,Jo*lf‘h
h{r/szf/ dup e Cpfering 2 dug= ,jor PATT

2., ° Wet scrubbing involves the technique of
= brmgmg a8 contaminated gas stream into
— < intimate contact with a liquid.

0 * Wet scrubbers include all the various types of
D ““/,_J gas absorption equipmenty gisy
d}b

- The term "scrubber" will be restricted to thc:-se

systems which utilize a liqujd, usuan@ater to
X achieve or assist in the removal of particulate

Mo I”;'J._:L__J\:

/ __matter from a carrier gas stream.
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Thermal Incinerator

* Thermal ing
INcinerators are common|
¥ used tg des
COMmpounds (VOCs).5 alometac  geceey i arq-'ir.?g V%E‘tﬂe Drfﬁrmcj.,
| L emu Lo o,
* In ! =g
o Beneral, incineration involves the destru;: on of liquid, solid, or gaseous
aste by a controlled burn at high tem MPEratires. a9:9 & polume 1oy S, ot esd
L [
)V’r\ dcmera‘rors are one of the most positive and proven methods for
¢ >y destroying VOC, with efficiencies up to 99.9% possible.
N
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" Applrcab_l_e__E’ollutants Primarily volatile organic cc;wpounds (VOC). Some

<g particulate matter (PM), commonly composed as soot (particles formed as

= a result of incomplete combustion of hydrocarbons {HC), coke, or carbon
/\\? residue) will also be destroyed in various degrees.

. e VOC destruction efﬂmgwc‘y d}egpeq_gs upon design criteria (i.e., chamber

o xw‘“ﬂtemperature readenceﬂme inlet VOC concentration, compound type, and

awfﬂ*gm,mmmwj (EPA, 1992). SAE
r,||ﬂ} C};ﬁ'dbu\,&-ﬁ(’}u‘ /LU] 2Ly e i-‘f,..—"

» Most thermal units are designed to provide no more than 1 second of
residence time to the waste gas with tvp.‘i-:':a‘l temperatures of 650° to 1100

°C (1200° to 2000 _F)J{,r;

= Studies based on ac%"eld test data, show that comm
should generally be ruh at 870°C (1600°F) with a nominal residence time of
@seconds to ensure 98% destruction of non- halagenated organics (EPA,
———
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o 1: Catalytic INCinerators operate Very similar to therma Incinerators, The prirr:é?;l:m"_}f
\ ::f;’_:f difference( that the Eas) after passing through the fi5i%e .

ane area, passes through

=3 catal ' : : :
oF ol talyst bed to destro —@Eﬂifa_”v_mmmmmmnd in an air stream.

o LI o BN

used for VOC incineration Include i

The catalyst has the effect of{fncreasin_g__the oxidation reaction rate} enabling _,
f:“;f, '-.J-:_Il-__".;...-'} ;anei's.lon at l?wer reaction tm[aiﬂlﬁ—t_hﬁ_ﬂ:_m_thatmaj_incm&alm;% ol
y > ETETOre, catalysts also allow fo@mgg@_@f‘ﬁ_ﬁ;Cata[ysts typically

include metal oxides, which are
'___‘.-‘—-—__—-_‘
Cemposinds EPA. 1998).
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" The waste stream must be preheated to a temperature suffi/gjentlv high (usually
from 300 to 900°F) to initiate the oxidation reactions, 2)
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® Catalyst Temperatures Required for Oxidizing 80% of Inlet vOC to CO2, °F for
e —
Two Catalysts

Temperature, °F

Compound €00, Pt-Honeycomb
acrolein 382 294
n-buranol 413 440
n-propvianune 460 4849
tolucne 34|~ DTy SNy 373 |
u-butyiie acid e 131
L1 I-nichloroetlane 661 6o/l
imethyv] stlfide 4 H12
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= Flaring is a‘@combustlon control process in whizh the VOCs are piped to a
,f‘/ “remote, usually elevated, location and burned in an open flame in the open air
"4, ¢2.,2 using a specially designed burner tlp@xlharv fuel, and steam or air to promote

r’
‘\J"Q" ",—f/’l me (>98%) VOC destruction.

= Flares are typically used as a [ast resorj: to dispose of gases that are of little
lable val e .;..LJ.» =Ly, o cetn
- recyclable value or are not easily combustible. il 0 ALy amd) S -~
X A\ ] 4 |
U';}«-ﬂ Ly s Pl pip ) el cr”' vy d s
M Gases flared from refineries, petroleum production, and the chemical industry

=
o ]
Ve o Vo g

7, are composed largely of low molecular weight VOC and have high heating
"nz“‘i;ﬂf;{(\ values..
» ,3’\‘3'\ A AV
Jh s o 4:\ As in all combustion processes, an adequate air supply and good mixing are

required to complete combustion and minimize smoke, The various flare designs

(differ primarily by theu ability to mix air with the combustibles.®
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Steam-assisted Elevaied Flare System

Biersn o
5 Pz? o Fare Tip (8
. — _— {/ Steam Nezzle (81— & «— Pliot Bumers (7

*. ‘, b
)ﬂf/ :'k\\u L‘"“‘ -",.1-—('1-' }0! v
o =
\W\P — i
\ Gas Bufher (&1 e 5~;’(‘.r,,n : "_.._ J

,./
J1i 5w ,-g'..f_',:-_‘_at"l

—f [frelion Q =
_ Go conf A mixias Jsi
25 Siere - : . v )
ﬁ fS;JdJ Fiare Stacks (5)——— (}(r_& T N
‘(:{IL £ 3 L "’f-f"-:\‘:j"
| 9l Gaa Col | ireains Line 477
bm{_s'fm— J CLELL Mﬂﬁf&ﬂﬁ&ﬁ?ffm L l o l.; rla .‘ ‘-{- . It
Purge Gas i4) —— ™ e toamaceic il 2
C\Li_,) g (>F ~ ] G b I AW Libe
P B
(Jocs Uy e Ot —r soal (3) -'
B (2 W2
Dirain

Prans S'bﬁ J |



o, L____»'__,:.:“E.L:__—

* The non-assisted flare consists of a flare tip without any auxiliary provision
for enhancing the mixing of air into its flame. Its use is limited to gas streams

that have low heat coptent and low carbon/hydrogen ratio that burn readily.
without producing smoke. These streams require less air for complete
.
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Boilers and Process Heaters e
taay) awd
= Boilers and process heaters are commonly used by production facilities to (. p b
generate heat and power. _ Pj &
LEBALS : e

Ko Zano =

= Although their primary purpose to contribute to plant operations, they can

J_;,'_,J '~ also be used quite effectively as a pollution control device by recycling the
S G pollutant for fuel.

= However, the only pollutants that can be used fog'fuellre those that do not

“f-’r"“f -affect the performance of the burner unit. For example, an exhaust stream

Muf’ can be used as supplementary fuel, but only if its fuel value is sufficient to
o\ CW 23 maintain the combustion process. All volatile organic compound«{{VOCs) have

[ theMnd thefheating value

the exhaust can be a prlmary source of fuel far the plant.
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