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EFFICIENCY AND SUSTAINABILITY CONSIDERATIONS IN

WASTEWATER TREATMEI{I'
U
a\e CO
ggES
The need to be @ff\:ﬁl I'GED use of resources and dispersal of
anthro tng@tg) | o the environment (such as carbon
dioﬁ:l mission).

The need to avoid discharge of nutrients (that promote aquatic growth)
and trace constituents.

Avoiding excessive head loss and pumping as a result of poor hydraulic
design.

Inefficient aeration system design.

Lack of consideration for the importance of primary treatment
systems and anaerobic processes for BOD removal and energy
recovery.

Limitation is sludge reuse and ultimate disposal option.



CLASSIFICATION OF WASTEWATER TREATMENT METHODS

Constituents found in wastewate‘g@\@ ﬁ'goved by physical, chemical
and biological means. NO S

The individ “MSX r ﬁl&smed as physical, chemical and
bio@{c@t\h\% presesese

Physical unit processes may involve screening, mixing, flocculation,
sedimentation, flotation, filtration and adsorption.

Chemical unit processes remove constituents involving chemical
reactions.

Chemical unit processes may include: precipitation, gas transfer,
adsorption, and disinfection.

Biological unit processes achieve removal of constituents by biological
means. Substances are converted to gas (carbon dioxide that escapes to
atmosphere) and cell tissue that can be settled out be sedimentation.

Biological treatment is also used to remove nitrogen and phosphorous



REACTORS USED IN WASTEWATER TREATMENT
G ‘\)\(
Batch reactor: Flow enters i & and then discharged and the

cycle repeats. The n%a%c\ﬁ@ g] e reactor are mixed completely.
They are ngqf}é zkge emicals or dilute concentrated
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TRACER TEST RESPONSE OF PLUG FLOW REACTOR
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CHOICE OF REACTORS FOR WASTEWATER TREATMENT

Type of reactor
Batch

(eV'\e

Comblete-mix without
recycle

Complete-mix with
recycle
Plug-How

Plug-flow with recycle

Complete-mix reactors
in series

Packed bed

Fluidized bed

A\
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cO:V
water treatment
%&ncing batch reactor activated sludge

mixing of concentrated solutions into working

Applicationsipy i
ologict tD 'it’

A &S

B

Aerated lagoons, aerobic sludge digestion, anaerobic digestion
Activated sludge biological treatment

Chlorine contact basin, reaeration basin, natural treatment systems
Activated sludge biological treatment, aquatic treatment systems !

Lagoon treatment systems, used to simulate nonideal flow in plug
flow reactors

Nonsubmerged and submerged trickling filter biological treatment
units, depth filtration, membrane filtration, adsorption, ion exchange,
air stripping, natural treatment systems

Fluidized bed reactors for aerobic and anaerobic biclogical treatment,
upflow sludge blanket reactors, air stripping, thermal oxidation of
sludge



REACTION ORDER

r=*+k(C—C) (First order)

r=:klC* (Second order)
r= £kC,Cy (Second order)
kC : : .
p= = (Saturation or mixed order)
K-+ G
kC :
=== (First order retarded)



HETEROGENEOUS REACTIONS

Uk
Occur between one or §&e:§r9tltuents that can be

Identified with spe |§xﬁ1§@ %1 as lon exchange resins.

Reactlogiéhﬂt“g rg‘%@%resence of solid phase catalyst
areRaldo classe®PaX eterogeneous

Heterogeneous reactions are usually carried out in packed
and fluidized bed reactors.

Heterogeneous reaction involves sequence of steps for the
reactions to occur

Different reactions occur on different phases thus
contributing to heterogeneity.

Some reactions are the slowest and hence determine the
overall rate of reaction.




Focculation  Flocculofon i he ferm used o desribe the aggregafon o R Collidol and smll partices
paricls info larger portices that can be re@v@éby@%éntaﬁon and

llration. Flocculation is rov&@b&ﬁ%ﬁ%ion mofion, differential
ve|qci%m{ieﬁx 'r?;:i setﬁig imsvhich large parfiles
P(ev\lr\x smal@g@%n m lorger partices

Gos dosorpfion/  The process whereby o gos s faken up by a iy i know o absorp- 0, CO,, CH, NH, H$
desorpfr ion. For example, when he lssohed cxygen concentrfon n a body o

water wih o free surface s below the saturation concentraion in the

water,a netranslr of oxygen occursfrom the cimosphere fo the wer

The rote ofronster (mass per unit ime per unit surfoce areo) i propor-

onal o the amount by which the dissohved oxygen is below soturaton

The cklion o oxygen o water is clso known s reaeration, Desorpfo

occurs when the conceniration of the gas in he liqud exceeds the satur

fon velue, and tere s o transfr from the liuid fo the amosphere,



GRAPHICAL SOLUTION OF THE WEHNER-WILHELM
EQUATION
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