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Juigil) g Al

WATER TREATMENT
) olsa Aallas



The Need for Coagulation
P U'“ dalall

Surface water usually has a lot of
suspended and dissolved matter.
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These solids must be removed to
ensure that the water Is safe for
consumption.
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The coag/floc process facilitates
the removal of small, non-
settleable solids.
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Conventional Treatment
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Involves four processes:



EFFECTIVE PROCESS
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The effectiveness of the

sedimentation and filtration . .
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processes depend on the success of .
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the coagulation and flocculation

Processes.




Process Description
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Nonsettleable solids are converted
Into settleable solids by the
addition of a coagulant
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Zeta potential - natural forces
which keep particles from sticking
together
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Suspended matter iIs likely to
contain microbes which are
resistant to chlorine
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Non-settleable Solids
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Suspended solids - particles held
In suspension by velocity of
water
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Colloidal solids - particles that
will not settle within a reasonable
amount of time - these particles
make up turbidity
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Dissolved solids - cannot be
removed unless precipitated
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Natural Forces Between Particles
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Zeta potential - negative charge | ast& Gl jall Je dlle Gliad a4y
on particles; repel each other ozl Lgaiazy
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&van der Waals force — attraction between particles, pulling them together
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Coagulation
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Coagulation reduces zeta potential |} 4ad (e Jud&ill 8 pbasl) Jae bl
so that van der waals force can |-l ilé s sl Ll zeta potential
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Flocculation
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The flocculation process brings . .
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macrofloc

these microfloc particles together
to form larger particles called

macrofloc.




Coagulants
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Coagulants - positively charged [4s&ll Jabad Ladll doa o0 4 b€ 2 5a
chemicals  which  neutralize slall 8 Gl Hall AL
negatively charged particles iIn

water to promote coagulation




Alum
A

Aluminum sulfate - ALLSO, * 1A H,O the
most widely used coagulant, available as
liquid or dry
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Works best in pH range of 5.8 to 8.5
1.liquid alum - strong acid, pH less than 4

2. dry alum - available in powder, lump
form
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About 0.5 mg/L of alkalinity is required
for each mg/L of alum added
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Alum reacts with alkalinity in the water to
form an insoluble hydroxide Al(OH),
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Ferric Chloride
Laad) il 5lS

Ferric chloride - FeCl; - highly
corrosive, liquid 1s 35-45% strength,
will crystallize at 30°F
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Effective over wider pH range than
alum, works better In cold water,
forms heavier, denser floc
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Requires 0.6 mg/L alkalinity for each
mg/L ferric chloride
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Reacts with alkalinity in the water to
form an insoluble hydroxide Fe(OH),
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Ferric Sulfate
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Ferric sulfate - Fe,(SO,); * 3 H,O or|s ofiall Qb xasll a8
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Effective over wider pH range than| il (e pH J gus) saal Jled
alum, produces heavier, denser floc caa) JiS &Sy
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Polyaluminum Chlorides
ejélﬁ.‘Y‘ dixiia C’A‘J,UJJS

Polyaluminum  chlorides are

relatively new to water industry
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Usually require less chemical to

achieve coagulation
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Have some characteristics of

polymers
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ALKALINITY CONCERNS
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All coagulants require alkalinity.
If there is insufficient alkalinity,
effective floc will not form.
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If alkalinity iIs added later, floc
may form in the distribution
system.
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Coagulant Aids
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Polymers may be added to
1. build stronger, more settleable floc

2. decrease amount of primary

coagulant needed

3. reduce amount of sludge produced
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Polymers
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m Three types: k<) s

— Cationic Positive charge sl 4 40

— Anionic Negative charge s x) aL.

— Nonionic  Neutral charge daail) Aalacia



Polymers
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Advantages (riaal)
1.Have little effect on pH pH J) e il ot
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2.May h(_elp with \_/e_ry cold 1L 5,
water with low turbidity Jil ol o Sn Y

3.produce less sludge

Disadvantages $ 6 gl
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1.0Overfeed can clog filters

2.Spills are very slick, difficult 05 oS tes

to clean up




Weighting Agents
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U Add turbidity to highly colored or
low turbidity water to Improve

coagulation.

Bentonite clay, powdered silica,

activated silica, powdered limestone
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pH and Alkalinity Adjustment
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m Increase alkalinity by adding

soda ash sodium bicarbonate Lime  caustic soda
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A minimum of 10 mg/L alkalinity should be
maintained to prevent reformation of floc

In distribution system.
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Chemical Storage and Handling
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m Dry chemicals should always be kept dry
adla Lhlsy gy
m \Wear protective equipment when handling dry chemicals
— Dust mask
— Protective clothing
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Chemical Storage and Handling
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Liquid chemicals should be stored In | & ZliLudl &bl o) gall 55 oy

proper tanks Jstll JB e calia ) A

Store at proper temperature Randlitn B ) g B, g9 Sl ) 55

All storage areas must be kept clean |  4duas Laila ¢ jal) dalaia () oS5 ) aa
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Chemical Feed Equipment
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Dry chemicals must be dissolved | 2 <& o) s A8adl & Lkl o) gl
in solution J slaa

Require sufficient agitation and
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Solution Feeders
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Liquid pumped from day tank or
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barrel
Meterin um - ositive
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displacement pump, delivers
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precise volume
Peristaltic um - roller
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mechanism  pulls  chemical

through flexible hose
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Flash Mixers
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Flash mixers (rapid mixers) - . .
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provide agitation to evenly mix

coagulant through water

Add chemicals to center of mixing | J=s~ —aaiia A 4 gl 3 gal) Calizal
chamber Ll

Coagulation occurs In less than 1 . .. . .
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Mechanical Mixers
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Placed in chamber or tank ga sl dalasale S
Mounted in a pipeline il bd e paie
Most reliable and versatile SYlerinl) aaia g ST 230l
Use most energy o) ddlh el




Static Mixers
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Provide mixing action by sloping| 4l sl ye (i) ddaul g dala i

Vanes

Effective and economical to install Jlad g (gLais) 4npal

High head loss Yl f Ade nbes

:C\I/Iixing energy directly related to Susall e s il iy Llal) dal
oW




Pumps and Conduits
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Chemicals added to suction side
of low-lift pump
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lift pump
Mixing energy caused by |<t Solae Ohoa e L) dEh
turbulence in pipeline iy

Energy determined by speed of
pump
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Baffled Chambers
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Mixing occurs as water travels|Joa (e eladl jow o) LIAY dlee o
over and under baffles ) aal

Turbulence related to flow, cannot | ¢« Ul <l ¥l de 3 el (S
be controlled Ol




DETENTION REQUIREMENTS
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According to Design Criteria,
detention time In the flash mix )
should be no more than 30 seconds | eeaill julee o 4l Yoo glatil
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Flocculation
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Follows coagulation, provides s bl A zUss 836 ddee amy

gentle mixing to build floc SIS o S S

Mixing energy must be low so|¥ Sa alli &8 o) sy LI 48l

floc will not be sheared L) et
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Floc should not settle in floc basin




Flocculation Basins
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Must have at least 2 basins Cpass Ay S o)y B8 e
d.'.. X

Velocity should be between 0.5 0.5 and 1.5 ft/sec ¢ blallde o (la
and 1.5 ft/sec




REGULATORY Date
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According to Design Ciriteria,
detention time in the flocculation

basin should be between 30-45
minutes
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Operation of Process
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Select chemicals 4 gluasl) 3 gl LA

Apply chemicals 4 gLaxSl) ) gal) AL

Monitor effectiveness dleal) 4.8) e




Enhanced Coagulation
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Adjust pH for maximum TOC | eV 4liall daall ) pH dad Jhaas
removal TOC J1 4l )

Iron salts better at removing| o« TOC J 4I5Y Jdadl aaall ~3Ll
TOC than other coagulants Gl iaall L




Water Characteristics Affecting Chemical Selection
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Turbidity | Alkalinity | Temperature Color pH
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As water quality changes, coagulant effectiveness changes
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Water Characteristics Affecting Chemical Selection
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m Turbidity 3_sS=l
— floc doesn’t form well when turbidity is low
B B gy JIH Y SN G Alle 3 ) Sall S8 Ladie —
— coagulant dose must be raised when turbidity increases
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— don’t lower coagulant dose too soon when turbidity starts to drop
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Water Characteristics Affecting Chemical Selection
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B pH el dls
— Optimal range for each chemical 4 sbwes 8ale JSU Lgiaddl » o) 53 Juzadl

— Lime, soda ash, caustic soda raise pH 4as (3 2 354 gl 33 gall ¢)a gall ala ¢S]

— Sulfuric acid lowers pH dpaalall dlls JIgy el ) galidl) yaals

m Alkalinity 4aclall

— At least 10 mg/L left over



Water Characteristics Affecting Chemical Selection
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m \Water temperature ¢l 3 s 4 )

— Reactions occur slower in colder water
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— Requires more coagulant in cold water
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Water Characteristics Affecting Chemical Selection
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mColor .l

— Caused by organics A gaanll 3l sall Crsy sy

— Highly colored water is often low in turbidity 3 sSe J3l

— Usually also has low alkalinity Aac |8 3|



Choosing a Coagulant
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m Jar test 5l HLosl

— dose ic pall
~ mixing speed LAY de
~ chemical combination (s skl S il

m Full-scale plant operation may not match jar test results



Indication of Success
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m Indication of improper flash mixing, flocculation, or coagulant
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— Pinpoint floc ) Js)
— High settled turbidity adle 3 Sc
— Frequent filter backwashing __Sis (sSe Jue



Control Tests
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W Jar test - allow you to test different chemicals or dosages

before you try them in your plant
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pH - ensure proper pH range for coag/floc process
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Control Tests
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m Turbidity (finished) - overall process success
Aallaal) lee 2l e (s 13gh 5 5 oSl cagil Lo 13) m

m Turbidity (settled) - success of sedimentation process
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Control Tests
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m Visual inspection of floc in floc basins
— size and distribution of floc
(S8 )5 5 aan) oSl aasn (A TS ) el dd) 1o m
m Visual inspection of how floc settles in sedimentation basin
— little or no carryover into weirs
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Control Tests
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Calibrate feeder equipment at
least once per shift
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Use In-line monitors to measure
water quality
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Control Tests
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m Zeta potential meter - measures charge of water
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m Streaming current monitor - measures overall charge after coagulant is
added
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m Particle counter - measures size and concentration of particles in

finished water




Operating Problems
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Common operating problems dadlid) Jsliall
m low water temperature Akl gl 5l )allda 0 m
m weak floc Camia (IS5 m
m slow floc formation st JISS m




Records
i)
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should be recorded for future reference (hiise aa S ALl

Raw water quality and chemical dose

Change only one parameter at a time and | (= (o} hdd )y e e

document the results il (3

Document everything you try — even if jit| Js=3 ¢ 5 ) &g o) Jdss

doesn’t work Jazy ol ol i 4y a5




