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Coagulation, Flocculation, and Sedimentation

Section A: Detailed Explanations and
Examples

1. Colloidal Stability and Zeta Potential

Detailed Explanation: Natural water turbidity is caused by fine colloidal particles (like clay, silt, and
microscopic organic matter) ranging from 1 nanometer to 1 micrometer. These particles carry a net
negative surface charge due to mineral composition or surface group ionization. This negative charge
repels other particles, preventing them from grouping together and settling under gravity. According to
chemical theory, these negative particles attract a tight layer of positive ions (the Stern Layer) and a looser
secondary layer of mixed ions (the Diffuse Layer). The electrical potential measured at the boundary
where these layers move past the surrounding water is called the Zeta Potential. A highly negative zeta
potential (e.g., -15 mV to -30 mV) means the particles heavily repel each other and remain permanently
suspended.

Industrial/Practical Example: A drinking water treatment plant monitors raw water from a river after a
heavy storm. An operator measures the raw water using an automated Zeta Potential Analyzer and finds a
highly stable reading of -25 mV. Because the particles are highly repulsive, they will never settle naturally.
To fix this, operators calculate a chemical dose intended to bring that zeta potential close to neutral (O to
-3 mV), completely eliminating the repulsive forces so that gravitational settling can eventually happen.

2. Coagulation Mechanisms and Chemical Choice

Detailed Explanation: Coagulation is the chemical process of destabilizing stable colloids. It relies on two
main mechanisms: 1. Charge Neutralization: Positively charged metal ions bind directly to the negatively
charged surface of the colloids, canceling out their electrical fields. 2. Sweep Coagulation (Enmeshment):
Large doses of metal chemicals are added at a specific pH to deliberately cause metal hydroxides (like
Al(OH)3 or Fe(OH)3) to precipitate into sticky, heavy clouds. As these clouds sink, they physically trap and
'sweep' suspended matter out of the water. Common chemicals include Aluminum Sulfate (Alum),
Polyaluminum Chloride (PAC), and Ferric Chloride (FeCI3). Alum is cost-effective but sensitive to cold
water and narrow pH margins. PAC is pre-engineered to work over wider pH spans and performs well in
freezing temperatures. Ferric Chloride forms heavier flocs and works across a massive pH spectrum (4.0
to 11.0).

Industrial/Practical Example: An industrial wastewater plant treats complex textile dye waste. The
wastewater has a fluctuating, alkaline pH and high concentrations of dissolved organic dyes. The plant
selects Ferric Chloride over alum because iron precipitates reliably at high pH levels, creating a massive
sweep coagulation effect that enmeshes and drops the synthetic dye molecules out of solution.
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3. Rapid Mixing Kinetics

Detailed Explanation: Rapid mixing is the brief, violent blending stage where coagulant chemicals are
injected into raw water. This process is highly time-sensitive because metal coagulants react with water to
form active, positively charged strings of ions within a fraction of a second. If mixing is poor or too slow,
these chemical species will accidentally bond with each other instead of the target particles, destroying
their charge-neutralizing capability and wasting money. Engineers measure mixing intensity using the
Velocity Gradient (G-value), which is based on power input, water viscosity, and the tank volume. Optimal
rapid mixing demands high energy (G-values of 700 to 1000 inverse seconds) and ultra-short contact
times of only 0.5 to 2.0 seconds.

Industrial/Practical Example: A municipal treatment plant upgrades its aging, slow mechanical mixing
tank (which took 30 seconds to blend chemicals) to a modern, in-line static mixer with a G-value of 950
inverse seconds and a flash blend time of less than 1 second. This prevents the alum from reacting
prematurely with itself, resulting in a 25% reduction in overall chemical consumption for the facility.

4. Water Quality Variables (pH and Temperature)

Detailed Explanation: pH and temperature dictate how effectively chemical reactions occur in water
treatment. pH dictates the solubility and efficiency of metal coagulants. For instance, Alum works within a
strict window of 6.0 to 7.0. If the pH drops below 6.0, the aluminum remains dissolved in the water as a
clear pollutant rather than forming solids. If the pH climbs above 7.5, it converts into a negative aluminate
ion which actually repels particles further. Temperature affects the physical thickness (viscosity) of water.
Cold water increases water viscosity and slows chemical reaction rates. This extra friction slows down
particle movements, reduces the frequency of particle collisions, and leads to small, fragile, light flocs that
refuse to sink.

Industrial/Practical Example: A facility treats water from a northern lake. In the summer (22 degrees
Celsius, pH 7.2), the plant uses standard alum smoothly. In the winter, the temperature plummets to 2
degrees Celsius, causing the water to thicken. The alum stops reacting properly, creating tiny 'pin-flocs’
that float. The plant shifts operations by switching from Alum to Polyaluminum Chloride (PAC) (which
ignores cold-water slowdowns) and adds a dash of sodium hydroxide to lock the pH at an optimal 6.5.

5. Flocculation Hydraulics and Velocity Gradient (G-Value)

Detailed Explanation: Flocculation is the physical stage of gentle mixing that coaxes destabilized
micro-flocs to collide and stick together into heavy macro-flocs. Unlike rapid mixing, high energy here will
rip fragile flocs apart. To solve this, treatment plants use tapered flocculation across consecutive
compartments divided by baffles. The water moves through a series of stages with a gradually decreasing
G-value, giving flocs the gentle environment they need to grow without breaking.

Industrial/Practical Example: A plant processing 25,000 cubic meters per day routes water through a
three-compartment mechanical paddle basin. Compartment 1 is set to a high G-value of 50 inverse
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seconds to drive fast collisions among tiny particles. Compartment 2 is tapered down to 20 inverse
seconds as the clumps begin to grow. Compartment 3 is set to a gentle 10 inverse seconds with
mechanical paddle speeds kept strictly under 1 meter per second to safely build massive macro-flocs right
before they enter the settling gates.

6. Polymers and Flocculant Aids

Detailed Explanation: Metal coagulants successfully neutralize charges but often leave behind small,
lightweight particles. To beef up these particles, plants inject polymers (polyelectrolytes). Polymers are
long-chain synthetic macromolecules that act like microscopic sticky ropes. Through a process called
interparticle bridging, one end of a polymer chain grabs a micro-floc while the other end snags another,
tying them together into massive, structurally reinforced bundles that sink rapidly. Anionic, cationic, and
non-ionic polymers are selected based on their specific utility to strengthen flocs or adjust density.

Industrial/Practical Example: A recycling plant treating high-turbidity stormwater uses alum to break
down suspended clay particles. While the clay stops repelling, the resulting flocs are tiny and shear easily.
Right as the water enters the flocculation step, operators add a tiny dose (1.0 mg/L) of a
high-molecular-weight Anionic Polyacrylamide (PAM) polymer. The polymer instantly cross-links the
fragile clumps, changing the water from a murky suspension into large, visible chunks that drop out of the
water like small pebbles.

7. Sedimentation Theory and Basin Design

Detailed Explanation: Sedimentation uses gravity to clear out flocculated solids. Basin design depends
heavily on the Surface Overflow Rate (SOR), which measures fluid velocity rising up against the
downward speed of the settling particles. SOR is calculated by dividing the flow rate by the basin surface
area. For a particle to be successfully trapped at the bottom of the basin, its downward settling velocity
must be greater than or equal to the upward overflow speed of the basin. Designers must size the surface
area perfectly to ensure water moves slowly enough to let gravity do its job. Other design parameters
include detention time (how long the water stays in the basin) and weir loading rates.

Industrial/Practical Example: A design firm builds a rectangular settling basin for a plant moving 10,000
cubic meters per day. Laboratory metrics show their floc particles have a minimal settling velocity of 30
meters per day. To ensure clean water, the basin's minimum surface area must be 10,000 divided by 30,
which equals 333.3 square meters. Applying a standard 4:1 length-to-width ratio, the engineers build a
basin 36.5 meters long, 9.1 meters wide, and 4.0 meters deep, allowing a perfect 2.5-hour holding time for
solids to drop safely.
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8. High-Rate Clarification Technologies

Detailed Explanation: Traditional sedimentation basins require a massive physical footprint and hours of
holding time. High-rate clarification systems compress this footprint by up to 90% by drastically
accelerating settling velocities. Key technologies include tube settlers, lamella plates, and ballasted
flocculation. Tube settlers and lamella plates shorten the vertical settling distance a particle must travel
before landing on a solid surface. Ballasted flocculation injects an ultra-dense carrier material—like
microsand (specific gravity around 2.65)—directly into the chemically treated water. The polymers bond
the chemical flocs directly onto the heavy sand grains, creating weighted particles that plummet to the
bottom at speeds up to 20 times faster than conventional flocs.

Industrial/Practical Example: A coastal city facility experiences severe stormwater surges that regularly
overwhelm its footprint. Instead of building three new football-field-sized settling basins, they install a
compact ballasted clarifier. When a storm hits, microsand is injected into the water loop. The sand-heavy
flocs sink to the bottom in under 10 minutes. The dirty sand is pumped out, run through a spinning
centrifuge (hydrocyclone) to separate the clean sand from the mud, and the sand is instantly recycled
back into the front of the system.

9. Jar Testing and Process Optimization

Detailed Explanation: Because natural water quality shifts constantly due to rain, droughts, and seasons,
plants cannot rely on static chemical settings. Jar Testing is a bench-top laboratory simulation used to test
chemical recipes on live water samples before changing full-scale plant operations. A specialized device
runs 4 to 6 filled glass jars under identical mixing tracks, simulating the plant's exact rapid mix, slow mix,
and settling phases. This allows operators to test various combinations of chemicals, doses, and mixing
speeds to find the exact recipe needed to reduce turbidity efficiently.

Industrial/Practical Example: An operator notices the river water entering the plant has turned a murky
brown from agricultural runoff. They line up 6 jars with the murky water and add progressive doses of
Polyaluminum Chloride (PAC) across them (10, 20, 30, 40, 50, and 60 mg/L). Jars 1-3 remain cloudy
(under-dosed). Jar 4 (40 mg/L) yields large flocs and perfectly clear water. Jars 5-6 start turning cloudy
again because too much chemical has caused the particles to reverse charges and repel each other
again. The operator sets the full-scale plant pumps to deliver exactly 40 mg/L, optimizing water clarity
while preventing chemical waste.

10. Sludge Management and Dewatering

Detailed Explanation: The solids scraped from the floor of a sedimentation basin form a soupy mud
called sludge. This sludge is typically 97% to 99% water and cannot be easily disposed of in its liquid
state. Sludge management uses mechanical forces to separate this bound water, concentrating the
material into a solid waste cake. The process relies on sludge conditioning (adding specific cationic
polymers to clump the sludge together) followed by mechanical squeeze equipment like Belt Filter
Presses or Decanter Centrifuges to squeeze or spin the water out, reducing volume for cheap disposal.
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Industrial/Practical Example: A large municipal wastewater facility generates 100,000 gallons of loose,
watery sludge every single day. Transporting this volume of liquid by truck to a landfill would be financially
ruinous. The plant pumps the loose sludge through an inline polymer feed and feeds it directly into a
high-speed Decanter Centrifuge. The spinning centrifugal forces throw the heavy solids outward while
letting clean water drain away. This process converts the liquid waste into a dry, clay-like 'sludge cake'
with a 22% solid consistency, shrinking the total waste volume down to a fraction of its original size and
saving thousands of rands in daily hauling fees.
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Section B: 100 Key Terms, Definitions,
Examples, and Analogies

1. Colloid

Definition: A tiny, microscopic particle (between 1 nanometer and 1 micrometer) suspended in water that
will not settle out naturally due to its small size and surface charge.

Example: Microscopic clay particles or decayed plant organic matter suspended in muddy river water.
Analogy: Fine dust floating in a sunbeam that never seems to drop to the floor.

2. Brownian Motion

Definition: The random, erratic movement of microscopic particles caused by continuous collisions with
surrounding water molecules, keeping them suspended.

Example: Ultra-fine silt in a calm lake staying cloudy for weeks because the water molecules constantly
bump it upward.

Analogy: A beach ball being tossed around and kept in the air by a chaotic crowd of people hitting it from
all sides.

3. Stern Layer

Definition: The inner, rigidly attached layer of positively charged ions that stick directly to the negatively
charged surface of a colloid.

Example: The initial boundary layer formed when positively charged calcium ions in hard water snap onto
a negative clay particle.

Analogy: Iron filings snapping directly onto the surface of a strong magnet.

4. Diffuse Layer

Definition: The outer, loosely bound cloud of mixed positive and negative ions that surrounds a colloidal
particle, fading into the bulk solution.

Example: The cloud of moving ions surrounding a soil particle that shifts as the water current moves past
it.

Analogy: A swarm of bees hovering around a hive—they belong to the hive, but they can move around
flexibly.
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5. Slipping Plane (Shear Plane)

Definition: The theoretical boundary line where the water and attached ions move together as one single
unit, separating them from the rest of the fluid.

Example: The exact microscopic boundary layer where a moving colloid drags its tightest ion cloud along
with it through a treatment pipe.

Analogy: The invisible boundary of air that sticks to your car window when driving on the highway,
separating the car from the passing wind.

6. Zeta Potential

Definition: The electrical potential (measured in millivolts) at the slipping plane, which indicates how
strongly colloids will repel each other.

Example: A water plant measures a raw water sample and records a value of -25 mV, indicating a highly
stable, repelling suspension.

Analogy: The distance two magnets push away from each other when you try to force their matching
poles together.

7. Electrostatic Repulsion
Definition: The physical force that pushes particles apart because they share the same electrical charge.

Example: Two negative clay particles bouncing away from each other upon contact, preventing them from
grouping together.

Analogy: Trying to force two identical north poles of a magnet together; they stubbornly slide apart.

8. Van der Waals Forces

Definition: Weak, short-range physical attractive forces that exist between all particles, pulling them
together if they can get close enough.

Example: The natural molecular pull that causes two completely uncharged bits of organic material to lock
together when they collide.

Analogy: The sticky quality of Velcro—it does nothing when pieces are far apart, but it grips tightly the
moment they press together.
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9. DLVO Theory

Definition: A classical theory explaining that colloidal stability depends on the balance between opposing
forces: electrostatic repulsion pushing particles apart and Van der Waals forces pulling them together.

Example: Engineers use this framework to calculate how much chemical coagulant is needed to
overpower repulsion and let attraction take over.

Analogy: A tug-of-war match between a rope pushing people away and a rope pulling them in; whichever
force is stronger wins.
10. Destabilisation

Definition: The process of stripping away or neutralizing a particle's protective electrical charge so it can
finally collide and merge with other particles.

Example: Injecting a precise chemical dose into raw water to reduce the zeta potential from -20 mV to 0
mV.

Analogy: Disarming a security fence's electrical shock mechanism so people can safely gather together
inside the zone.

11. Coagulant

Definition: A chemical agent added to water to neutralize electrical charges on suspended particles,
allowing them to clump together.

Example: Adding Aluminum Sulfate (Alum) liquid to cloudy reservoir water.

Analogy: Spreading a sticky compound onto a floor covered in loose feathers so they instantly stick
together.

12. Aluminum Sulfate (Alum)

Definition: The most widely used inorganic metal salt coagulant, highly effective but sensitive to water
temperature and pH changes.

Example: A standard municipal drinking water plant feeding dry alum powder dissolved into a water
carrier line.

Analogy: The reliable, classic family sedan—economical, traditional, and handles most everyday driving,
but struggles in extreme off-road conditions.
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13. Ferric Chloride

Definition: An iron-based inorganic coagulant that forms heavy, dense flocs and operates effectively over
a broader pH range than alum.

Example: An industrial facility using a dark brown liquid ferric chloride solution to clean heavily alkaline
textile dye water.

Analogy: A heavy-duty work truck—rugged, expensive, creates heavy results, and works reliably in harsh
weather conditions where sedans fail.
14. Polyaluminum Chloride (PAC)

Definition: A pre-polymerized, engineered aluminum coagulant that reacts quickly, requires less pH
adjustment, and performs exceptionally well in freezing water.

Example: A treatment plant in a cold climate switching to PAC during winter to prevent the formation of
floating 'pin-flocs.'

Analogy: Instant coffee—pre-processed to dissolve and work instantly without needing to carefully dial in
water conditions.

15. Charge Neutralisation

Definition: A coagulation mechanism where highly positive chemical ions bind to negative colloids,
cancelling out their charges so they no longer repel each other.

Example: Highly positive Al3+ ions instantly blanketing negative clay surfaces during rapid mixing.

Analogy: Snapping protective plastic caps onto exposed electrical plugs to prevent them from throwing
sparks.

16. Sweep Coagulation (Enmeshment)

Definition: A mechanism where high doses of coagulants form heavy, sticky metal hydroxide precipitates
that physically sink and trap particles on their way down.

Example: Adding an excess dose of ferric chloride to generate a heavy iron cloud that drags down
microscopic algae cells.

Analogy: A giant falling snowdrift that catches every leaf, twig, and speck of dust in the air as it crashes
down.
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17. Interparticle Bridging

Definition: A process where a single chemical molecule attaches to multiple particles at the same time,
forming a structural link between them.

Example: Long-chain polymer strings catching several micro-flocs simultaneously to create a massive
cluster.

Analogy: A skydiver opening their arms to grab two separate jumpers, linking them together into a single
falling formation.

18. Inorganic Metal Salts

Definition: Traditional, mineral-based coagulants derived from iron or aluminum that rely heavily on
releasing raw metallic ions into solution.

Example: Raw copperas (ferrous sulfate) crystals dissolved in water treatment tanks.

Analogy: Raw building materials like loose bricks and mortar—cheap and effective, but requiring manual
assembly from scratch in the water.

19. Pre-polymerised Coagulants

Definition: Advanced chemical formulations where metallic components are pre-linked into long, active
structural chains before being added to water.

Example: Polyferric Sulfate used to accelerate settling times in heavily polluted industrial runoff.

Analogy: A pre-fabricated modular wall segment—snaps into place instantly at the job site without waiting
for concrete to cure.

20. Coagulant Dosage

Definition: The exact mass of chemical chemical added per unit volume of water, usually measured in
milligrams per litre (mg/L).

Example: A plant chemist adjusting chemical feeds to deliver precisely 22 mg/L of alum based on
incoming water turbidity.

Analogy: The exact number of laundry detergent drops needed for a wash load—too little leaves clothes
dirty; too much causes overflowing suds.

21. Flash Mixing

Definition: The process of violently blending coagulant chemicals into raw water within seconds to ensure
uniform distribution before chemical reactions conclude.

Example: Injecting alum right at the eye of a high-speed mechanical propeller spinning at 1,200 RPM.

Analogy: Dropping food coloring directly onto food processor blades to color a batch of dough in an
instant.
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22. Velocity Gradient (G-Value)

Definition: A mathematical measurement of mixing intensity, representing the relative velocity of water
layers over a specific distance, expressed in inverse seconds (s"-1).

Example: Designing a rapid mix tank to maintain a high G-value of 800 s"-1 to break down chemical
boundaries.

Analogy: The speedometer reading on a blender—tells you exactly how aggressively the contents are
being shredded and swirled.

23. Hydraulic Jump

Definition: A non-mechanical mixing method that utilizes a sudden drop in a channel's slope to create a
violent, turbulent wave that naturally blends chemicals.

Example: Injecting coagulants right at the base of a sharp concrete weir channel where water violently
churns up.

Analogy: The wild, foaming whitewater turbulence created at the bottom of a steep playground water
slide.

24. Static Mixer

Definition: A fixed, non-moving geometric structure placed inside a pipeline that forces flowing water to
twist, churn, and mix itself.

Example: An inline pipe section fitted with internal interlocking curved steel plates that blends PAC into
water flowing through it.

Analogy: A spiral marble run slide that forces a stream of liquid to twist and split apart repeatedly as it
slides down.

25. Detention Time (Hydraulic Retention Time)

Definition: The average length of time water spends inside a specific treatment tank or mixing zone.
Example: A rapid mixing chamber engineered with a very short detention time of precisely 1.5 seconds.
Analogy: The brief moment a car spends passing through an automated highway toll booth.

26. Mechanical Mixer

Definition: An active motorized system utilizing rotating impellers, shafts, and blades to drive fluid
circulation and turbulence.

Example: A vertical electric motor turning a high-efficiency hydrofoil impeller inside a concrete flash-mix
chamber.

Analogy: A standard handheld kitchen cake mixer running at top speed.
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27. Kinetic Energy Dissipation

Definition: The conversion of mechanical motion from a mixer into fluid turbulence and heat, which
powers the dispersion of chemicals.

Example: Power from an impeller turning into fine, chaotic eddies that scatter coagulant molecules across
raw water.

Analogy: The way ocean waves crash against a stone wall, shattering organized waves into wild, chaotic
sea spray.

28. Short-Circuiting

Definition: An operational failure where a portion of water bypasses the main mixing zone, exiting the
tank before chemicals are fully blended.

Example: A poorly placed inlet pipe that accidentally allows a stream of raw water to shoot straight across
the top of a tank to the exit.

Analogy: A sneaky line-cutter who skips the winding airport security queue and walks straight to the
boarding gate.

29. Micro-Turbulence

Definition: Tiny, microscopic eddies and swirling patterns in water that assist in blending molecules at a
molecular level.

Example: Small-scale chaotic swirling currents generated around static mixer edges that bring alum ions
into direct contact with clay particles.

Analogy: Tiny swirls created when you stir a cup of coffee with a toothpick.

30. Power Input (P)

Definition: The total amount of mechanical energy transferred from a motor into a body of water per
second, measured in Watts or Horsepower.

Example: Upgrading a flash mixer's electric motor from 5 kW to 7.5 kW to maintain proper mixing intensity
in thicker, muddy water.

Analogy: The power wattage setting on a microwave—determines how much energy is being pumped
into the target zone.

Author: Belltes Khoza Page 13 of 28



Coagulation, Flocculation, and Sedimentation

31. Hydrogen lon Concentration (pH)

Definition: A logarithmic scale measuring the acidity or alkalinity of water, which dictates what types of
chemical structures a coagulant will form.

Example: Testing incoming river water and discovering it is highly acidic at pH 5.2, requiring immediate
adjustment before adding alum.

Analogy: The volume dial on a sound system—adjusting it too low or too high distorts the output
completely.

32. Alkalinity

Definition: The water's capacity to neutralize acids, acting as a buffer that keeps the pH steady when
chemical coagulants release acidic ions.

Example: High-alkalinity groundwater absorbing alum doses without experiencing a sudden drop in pH.

Analogy: A financial savings buffer in your bank account that absorbs unexpected bills without plunging
you into debt.

33. Absolute Viscosity (mu)

Definition: A physical property measuring a fluid's internal resistance to flow, which increases as water
grows colder.

Example: Freezing winter lake water thickening up to 1.5 centipoise, causing particles to encounter more
resistance as they move.

Analogy: The difference between pouring room-temperature honey versus cold honey straight from the
refrigerator.

34. Pin-Floc

Definition: Tiny, fragile, poorly formed chemical clumps resembling pinheads that fail to grow or settle
due to cold water or incorrect pH levels.

Example: Tiny specs of alum sludge escaping over the exit weirs of a clarifier because freezing water
prevented them from joining together.

Analogy: Tiny crumbs of dry biscuit dough that refuse to gather into a solid baking ball because the mix
lacks moisture.
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35. Optimum pH Window

Definition: The narrow, specific pH range where a given coagulant reaches its lowest solubility and
maximum particle-clearing performance.

Example: Carefully maintaining a treatment basin between pH 6.2 and 6.8 to ensure alum works
efficiently.

Analogy: The sweet spot on a radio tuner where static disappears and a station comes in perfectly clear.

36. Acid Neutralising Capacity

Definition: Another term for structural alkalinity, representing the total chemical ability of water
components to soak up free H+ ions.

Example: Dosing hydrated lime (Ca(OH)2) into low-alkalinity water to restore its acid-neutralizing
capacity.

Analogy: Spreading absorbent sawdust onto an oil spill to soak up liquid before it runs off.

37. Coagulant Solubility

Definition: The degree to which a coagulant chemical dissolves completely into water as an invisible
liquid instead of forming solid, particle-trapping precipitates.

Example: Alum dissolving into clear liquid at pH 4.5, making it useless for trapping suspended sediment.

Analogy: Sugar dissolving completely into hot tea—it disappears from view, leaving no solid grains
behind.

38. Soluble Chemical Species

Definition: The shifting chemical configurations that metal coagulants transform into based on the
surrounding water's pH.

Example: Aluminum transforming into a positive monomer ion Al(OH)"2+ at low pH, but shifting into a
negative aluminate ion Al(OH)4"- at high pH.

Analogy: A chameleon changing its skin color based on the temperature and lighting of its environment.

39. Thermal Stratification

Definition: The separation of water in a basin into distinct temperature layers, which can create erratic
current loops that disrupt settling processes.

Example: Hot midday sunshine heating the top layer of a settling basin, causing incoming cold water to
short-circuit underneath it.

Analogy: A multi-layered cocktail drink where dense, sweet syrup sits undisturbed underneath a layer of
lighter alcohol.
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40. Coagulant Hydrolysis

Definition: The rapid chemical reaction between a metal coagulant and water molecules that generates
active, charge-neutralizing metal hydroxide complexes.

Example: Alum splitting apart upon contact with water to form positively charged hydroxyl chains.
Analogy: An effervescent tablet hitting water and instantly fizzing into active chemical components.

41. Flocculation

Definition: The gentle physical mixing stage that encourages destabilized micro-flocs to collide and
merge into large, easily settleable macro-flocs.

Example: Routing water through a series of slow-turning paddle wheels for 20 minutes to build thick,
visible clumps.

Analogy: Gently rolling a small snowball through fresh snow to collect mass and build a large snowman
base.

42. Macro-Floc

Definition: Large, visible, snowflake-like aggregates formed during flocculation that are heavy enough to
sink quickly under gravity.

Example: Chunky brown clusters measuring 2 mm across settling rapidly to the bottom of a glass
monitoring tube.

Analogy: A large clump of lint pulled from a clothes dryer filter.

43. Micro-Floc

Definition: Small, sub-visible particle clusters formed immediately after coagulation that require further
gentle contact to grow.

Example: Tiny, dust-like specs emerging in water right as it leaves the rapid mix channel.
Analogy: Individual drops of morning dew before they run together into a larger puddle.

44, Tapered Flocculation

Definition: A process design that applies high mixing energy in the initial stage to encourage particle
contact, followed by progressively lower energy in subsequent stages to prevent fragile flocs from tearing
apart.

Example: A three-stage flocculation basin where paddle wheel intensities drop from G = 50 s*-1 to 30
s”-1, and finally to 15 s"-1.

Analogy: Slowing your car down gradually as you exit a high-speed highway and move onto suburban
streets.
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45. Floc Shear

Definition: The unwanted ripping or breaking apart of delicate macro-flocs caused by excessive mixing
speeds or intense fluid friction.

Example: An operator spinning mechanical paddles too quickly, shredding large flocs back into fine
cloudiness.

Analogy: Running a fragile cotton candy web under a fast ceiling fan, tearing it into shreds.

46. Paddle Flocculator

Definition: A mechanical mixing device using large, slow-moving submerged wooden or steel gates
attached to a central rotating shaft.

Example: Large horizontal paddle wheels turning slowly at 3 RPM in a deep concrete water treatment
basin.

Analogy: The slow, steady rotation of an old riverboat paddle wheel.

47. Baffle Wall (Chicanes)

Definition: Solid concrete or plastic partitions inside a basin that force water to flow along a winding,
serpentine path to ensure consistent mixing time and prevent short-circuiting.

Example: Installing slotted fiber walls that force water to loop up and down through a treatment channel.

Analogy: The back-and-forth winding ropes used to manage crowds waiting in line at an amusement
park.

48. Camp Number (Gt)

Definition: A dimensionless value calculated by multiplying the velocity gradient (G) by the detention time
(), used to measure the total number of particle collisions.

Example: An engineer designing a basin with a G of 30 s”-1 and a detention time of 1,200 seconds to
achieve a Camp Number of 36,000.

Analogy: Calculating total study exposure by multiplying daily study hours by the number of days before
an exam.

49. Hydraulic Flocculation

Definition: A non-mechanical flocculation method that relies entirely on gravity and winding channels to
generate gentle mixing energy without using motors.

Example: A remote water plant routing water through a series of winding zig-zag concrete channels to
grow flocs.

Analogy: A winding river section that naturally swirls water around bends without any machinery.
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50. Collision Efficiency

Definition: The probability that two colliding particles will successfully stick together rather than bouncing
apart.

Example: Increasing polymer dose to maximize the chances of particle collisions resulting in permanent
clumping.

Analogy: The likelihood that a thrown Velcro ball catches onto a target vest instead of bouncing off.

51. Polymer (Polyelectrolyte)

Definition: High-molecular-weight, long-chain synthetic or natural molecules with charged sites used to
strengthen flocs and increase their settling weight.

Example: Adding Polyacrylamide (PAM) liquid to a flocculation tank to tie micro-flocs together.

Analogy: A long piece of strong yarn that can wrap around loose items to tie them into a bundle.

52. Anionic Polymer

Definition: A polymer chain carrying a net negative electrical charge along its length, frequently used after
metal salts have already neutralized raw water particles.

Example: Using a negative polymer chain to catch positive-faced alum micro-flocs.

Analogy: A long magnetic strip with the negative side exposed, ready to snap onto positive metallic
objects.

53. Cationic Polymer

Definition: A polymer chain carrying a net positive electrical charge, capable of serving as both a primary
coagulant and a flocculating aid.

Example: Dosing a highly positive polymer directly into oily industrial wastewater to break the emulsion
down without using metal salts.

Analogy: A sticky rope covered in magnets that actively pulls in negative metallic objects from all sides.

54. Non-lonic Polymer

Definition: A neutral polymer chain carrying no electrical charge, relying entirely on physical
entanglement and hydrogen bonding to catch particles.

Example: Using a neutral starch-based polymer to clear out heavy mineral slurry from mining process
water.

Analogy: A clean, uncharged fishing net tossed into water to physically capture passing debris.
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55. Polyacrylamide (PAM)

Definition: The most common synthetic polymer material used in water treatment, available in various
chain lengths and configurations.

Example: An operator mixing dry white PAM granules into a water tank to prepare a fresh batch of sticky
polymer feed solution.

Analogy: Super glue—synthetic, highly potent, and engineered to hold materials together under stress.

56. Flocculant Aid

Definition: Any secondary chemical agent added to water to supplement the primary coagulant by
increasing floc density, toughness, and settling velocity.

Example: Adding activated silica alongside alum to provide a heavy structural core for building flocs.
Analogy: Adding steel rebar reinforcement to wet concrete mix to make the final structure stronger.

57. Molecular Weight

Definition: A measure of the size and length of a polymer chain; higher molecular weights provide longer
chains that can bridge greater distances between particles.

Example: Selecting a high-molecular-weight polymer to span across large gaps in a low-density sludge
mix.

Analogy: Choosing a long, heavy lasso instead of a short string to capture runaway cattle from a
distance.

58. Charge Density

Definition: The concentration of electrical charges along a polymer chain, which dictates how effectively it
can neutralize charges versus bridge particles.

Example: Using a low-charge, high-molecular-weight polymer purely for physical bridging in
pre-neutralized water.

Analogy: The number of sticky patches spaced along a single length of tape.

59. Viscous Drag (Polymer Aging)

Definition: The slow, necessary uncoiling process where a concentrated polymer solution absorbs water
over hours to fully extend its long molecular chains.

Example: Letting a freshly mixed polymer solution cure in an aging tank for one hour to ensure maximum
performance before use.

Analogy: Unpacking a tightly compressed sleeping bag and letting it air out to regain its full length and
fluffiness.
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60. Polymer Overdosing

Definition: Adding too much polymer, which blankets particle surfaces completely and creates a slimy
coating that causes them to repel each other again.

Example: A chemical pump malfunction saturating a tank with polymer, turning the water into a sticky,
cloudy suspension that refuses to settle.

Analogy: Wrapping so much tape around an object that it covers the sticky side, making it impossible to
stick to anything else.

61. Sedimentation

Definition: The physical separation process where gravity pulls suspended solid particles down to the
bottom of a basin, separating them from clean water.

Example: Allowing water to move slowly through a quiet concrete basin so flocs drop to the floor before
the water exits.

Analogy: Letting a shaken bottle of salad dressing sit still until the herbs settle to the bottom.

62. Settling Velocity (vs)

Definition: The terminal speed at which a specific particle falls through quiet water under the influence of
gravity, governed by Stokes' Law.

Example: A heavy, well-formed alum floc sinking down through a monitoring column at a rate of 2
cm/minute.

Analogy: The steady descent speed of a skydiver after their parachute opens.

63. Surface Overflow Rate (SOR)

Definition: A key design metric calculated by dividing total water flow by the basin's surface area,
representing the upward velocity of the water.

Example: A plant operating at an SOR of 24 m"3/m”2/day to ensure clean clarification.

Analogy: The upward speed of an elevator—if it climbs faster than you can step inside, you get left
behind at the bottom.

64. Weir Loading Rate

Definition: The volume of water leaving a sedimentation basin per day divided by the total linear length of
the exit weir troughs, measuring exit velocity.

Example: Keeping weir overflow rates below 250 m"3/day per metre of weir to prevent fast currents from
pulling flocs over the edge.

Analogy: The bottleneck created when a crowded theater empties through a single exit door versus
multiple wide gates.
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65. Stokes' Law

Definition: A mathematical equation derived from physics that calculates a particle's settling velocity
based on its size, density, and fluid viscosity.

Example: An engineer using Stokes' Law to show that doubling a floc's diameter increases its settling
speed fourfold.

Analogy: Calculating how fast a stone drops through a jar of honey based on the stone's weight and the
thickness of the honey.

66. Sludge Zone

Definition: The designated bottom area of a sedimentation basin where fallen solids collect and
consolidate before removal.

Example: The bottom half-metre of a clarifier tank where a rotating scraper moves thick mud toward a
central drain.

Analogy: The accumulation of dust and dirt that builds up underneath a couch over time.

67. Effluent Weir (Launders)

Definition: Notched overflow troughs located at the surface exit of a basin designed to collect clean water
evenly and minimize localized currents.

Example: V-notch metallic plates running along the top edge of a clarifier tank where skimmed clean
water spills into exit channels.

Analogy: The overflow drainage slots built into the top edge of a swimming pool or bathroom sink.

68. Short-Circuiting (Hydraulic)

Definition: An operational defect where currents cause some water to rush through a basin along a
high-speed path, reducing its actual settling time.

Example: Wind blowing across an open basin, pushing top layers of water straight from the inlet to the
outlet weirs in minutes.

Analogy: A driver using the breakdown lane to bypass a highway traffic jam, cutting through the route
faster than everyone else.

69. Density Current

Definition: Internal currents created inside a basin by differences in water temperature or high
concentrations of suspended solids, which can disrupt uniform settling.

Example: A cold stream of incoming water diving underneath warmer basin water, carrying flocs straight
toward the exit weirs along the bottom.

Analogy: Cool air from an air conditioner plunging beneath hot air near a room ceiling.
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70. Discrete Settling (Type 1)

Definition: The unhindered settling of individual particles that do not change in size, shape, or weight as
they fall.

Example: Hard grains of heavy sand dropping straight to the bottom of a grit chamber without interacting
with each other.

Analogy: Dropping marbles into a jar of water—each marble falls independently at its own fixed speed.

71. High-Rate Clarifier

Definition: An engineered clarification system designed to achieve rapid solids separation within a much
smaller physical footprint than traditional open basins.

Example: Installing a compact Lamella plate clarifier inside a tight factory basement where space is
limited.

Analogy: A high-speed multi-lane toll booth system that clears traffic in a fraction of the space of a single
wide checkpoint.
72. Tube Settler

Definition: A system of inclined plastic honeycomb-shaped tubes placed inside a basin to shorten the
vertical distance a particle must fall before hitting a solid surface and sliding down.

Example: Retrofitting an old rectangular tank with bundles of 60-degree inclined PVC tubes to double its
processing capacity.

Analogy: Placing a grid of shelves inside a tall cabinet so items only have to drop a few centimeters to
land on a solid surface.

73. Lamella Plates

Definition: A series of closely spaced parallel metal or plastic plates inclined at an angle to maximize
effective settling surface area within a minimal footprint.

Example: A stainless steel package clarifier using a stack of inclined plates to treat mineral wastewater
from a quarry.

Analogy: A vertical file organizer that allows you to store dozens of folders across a small desk footprint
by stacking them at an angle.
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74. Ballasted Flocculation

Definition: A clarification process that uses a dense carrier material, like fine sand, to weigh down flocs
and accelerate their settling velocity.

Example: An Actiflo system injection loop feeding fine microsand into water to bind with flocs and force
them to sink rapidly.

Analogy: Tying small lead sinkers onto a fishing line to pull lightweight bait straight down to the riverbed.

75. Microsand

Definition: Ultra-pure, uniform quartz sand grains (typically 50 to 150 micrometers in size) used as a
high-density ballast seed in water treatment.

Example: Maintaining a constant inventory of specialized fine sand in a high-rate storm water treatment
loop.

Analogy: Fine hourglass sand chosen for its uniform size and predictable settling behavior.

76. Hydrocyclone

Definition: A conical mechanical separator that uses spinning centrifugal force to separate heavy
microsand from lighter organic sludge so the sand can be recycled.

Example: A vortex unit spinning used sand slurry, returning clean sand to the front of the plant and
directing waste mud to a thickener.

Analogy: A salad spinner that uses fast spinning forces to separate water from lettuce leaves.

77. Sludge Blanket Clarifier

Definition: A high-rate treatment system where water flows upward through a suspended layer of
previously formed sludge, which acts as a physical filter to trap incoming micro-flocs.

Example: A Pulsator clarifier pulsing water upward through a dense sludge layer to achieve high-clarity
effluent.

Analogy: Pushing smoky air upward through a damp sponge to trap soot particles inside the sponge's
pores.

78. Upflow Velocity

Definition: The vertical speed at which water travels upward through a high-rate clarifier, which must not
exceed the downward speed of the settling material.

Example: Running an upflow clarifier at a steady speed of 5 metres per hour.

Analogy: Walking down an 'up’ escalator—you must walk down faster than the stairs move up if you want
to reach the bottom.
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79. Projected Surface Area

Definition: The effective mathematical settling area provided by inclined plates or tubes, calculated by
projecting their angled surfaces onto a flat horizontal plane.

Example: A stack of lamella plates occupying a 10 m”2 floor footprint but providing an effective settling
area of 110 m"2.

Analogy: Opening a handheld folding fan—it occupies a small space when closed, but covers a large
surface area when unfolded.

80. Floc-Sand Aggregates

Definition: The dense, combined particles formed when chemical flocs wrap around and bind to a heavy

microsand core.

Example: Microscopic imaging showing polymer strands locking clay particles securely onto a grain of
guartz sand.

Analogy: Rolling a sticky piece of chewing gum through coarse beach sand until it is completely coated in
heavy grains.
81. Jar Test

Definition: A standard bench-top laboratory evaluation that simulates full-scale rapid mix, flocculation,
and settling stages within separate glass containers to optimize chemical recipes.

Example: An operator lining up six water samples to test different alum concentrations before adjusting
full-scale plant pumps.

Analogy: A chef baking six small test cupcakes with slight variations in baking powder to find the best
recipe before baking a large wedding cake.
82. Turbidimeter

Definition: An optical laboratory instrument that measures water clarity by shining a light beam through a
sample and quantifying how much light is scattered by suspended particles, expressed in Nephelometric
Turbidity Units (NTU).

Example: Measuring a post-settling jar sample and recording a sharp drop from 45 NTU down to 1.2
NTU.

Analogy: A car's headlight beam shining through thick fog—the thicker the fog, the more the light scatters
and blurs.
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83. Nephelometric Turbidity Units (NTU)

Definition: The standard unit of measurement used to quantify water cloudiness based on light scattering
performance.

Example: A regulatory requirement specifying that water leaving a sedimentation basin must stay below
2.0 NTU before heading to final filtration.

Analogy: The scale readings used on a weather app to report visibility distances during a storm.

84. Coagulant Demand

Definition: The precise amount of coagulant chemical that must be added to a specific water sample to
completely neutralize charges and achieve clean separation.

Example: Running a series of jar tests to determine that a sudden storm runoff has increased the water's
coagulant demand from 15 mg/L to 35 mg/L.

Analogy: The exact amount of sugar needed to sweeten a bitter cup of coffee—sour beans require a
larger dose to balance the flavor.
85. Under-Dosing

Definition: Adding insufficient chemical coagulant, leaving some particles with their original negative
charges so they continue to repel each other and remain suspended.

Example: Jar number 1 remaining cloudy at 5 mg/L of alum because the dose was too low to destabilize
the bowls.

Analogy: Using a single small band-aid to cover a large scrape—it leaves most of the injury exposed and
unprotected.

86. Over-Dosing (Charge Reversal)

Definition: Excess coagulant addition that adds too many positive ions, accidentally flipping the colloids
from negative to positive and causing them to repel each other again.

Example: Jar number 6 turning cloudy again at 80 mg/L of alum because excess positive ions restabilized
the particles.

Analogy: Adding so much salt to a soup to correct a flavor that you ruin the meal entirely, making it
unpalatable in a different way.
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87. Supernatant

Definition: The clear layer of treated liquid that remains at the surface after solid particles have
completely settled to the bottom of a container.

Example: Carefully pipetting a clear water sample from the top three centimeters of a completed test jar to
analyze its remaining turbidity.

Analogy: The clear layer of liquid whey that collects at the top of a container of yogurt left sitting in the
fridge.

88. Floc Settling Ratio

Definition: A visual rating scale or measurement recording how quickly and cleanly a cluster of flocs
drops through a water column within a fixed time window.

Example: Recording that jar number 3 cleared 80% of its solids within the first 5 minutes of a settling test
run.

Analogy: Timing how long it takes for a handful of thrown confetti to fall completely to the floor.

89. Stirring Gang Paddle

Definition: A specialized laboratory device featuring multiple synchronized mixing blades driven by a
single motor to ensure identical mixing speeds across all test jars.

Example: Lowering a 6-paddle Phipps & Bird stir rig into a row of one-litre glass breakers.

Analogy: A multi-mixer station at a milkshake shop that can spin four drinks at the exact same speed
simultaneously.

90. Process Optimization

Definition: The continuous adjustment of chemical doses, mixing speeds, and pH targets to achieve
maximum water clarity at the lowest operating cost.

Example: Trimming a polymer feed rate by 0.5 mg/L after a jar test proves clarity can be maintained,
saving thousands of rands in weekly chemical expenses.

Analogy: Fine-tuning your car's engine parameters and tire pressures to extract the absolute highest fuel
mileage possible.

91. Water Treatment Sludge

Definition: The concentrated, watery mud collected from the bottom of sedimentation basins, consisting
of settled flocs, trapped minerals, and chemical precipitates.

Example: Scraping out a thick, dark brown underflow slurry from a primary clarifier sump.

Analogy: The soggy accumulation of wet dirt and leaves captured in a roof gutter after a heavy downpour.
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92. Sludge Thickening

Definition: A preliminary separation process designed to concentrate loose sludge by removing a portion
of its free water, increasing solid content before heavy pressing.

Example: Routing 1% solid sludge through a gravity belt thickener to concentrate it into a 5% solid mud
consistency.

Analogy: Simmering a thin pasta sauce on the stove for an hour to evaporate excess water and create a
thick paste.

93. Dewatering

Definition: The mechanical compression or spinning process used to force bound water out of thickened
sludge, transforming it into a semi-solid waste cake.

Example: Feeding conditioned sludge through a high-pressure belt press to prepare it for landfill
transport.

Analogy: Wrapping a wet hand towel around a soaked sponge and squeezing hard with both hands to
wring out every last drop of water.

94. Sludge Cake

Definition: The dense, semi-solid, clay-like block of compressed waste material produced at the final exit
of a dewatering machine.

Example: A crumbly, 25% solid sludge cake dropping off a belt press conveyor directly into a waste
haulage skip.

Analogy: A dense mud pie that has dried and consolidated enough to hold its shape when lifted.

95. Belt Filter Press

Definition: A mechanical dewatering machine that squeezes liquid sludge between two moving porous
filter belts wrapped around a series of high-pressure rollers.

Example: A continuous press line pressing water out of alum sludge using a series of progressively
smaller rollers.

Analogy: Passing a wet shirt through the old-fashioned rolling pins of a vintage laundry wringer machine.

96. Decanter Centrifuge

Definition: A high-speed rotating drum machine that uses centrifugal force to continuously separate
heavy solids from water, discharging dry cake out one end and clear liquid out the other.

Example: Spinning sticky industrial sludge at 3,000 RPM to separate solids from water.

Analogy: The fast spin cycle of a washing machine that forces water out of wet clothes through
high-speed rotation.
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97. Sludge Conditioning

Definition: The pre-treatment step of adding specific polymers to loose sludge to clump fine particles
together, making it easier for water to drain out during pressing.

Example: Injecting a high-charge cationic polymer directly into a sludge line right before it enters a
centrifuge.

Analogy: Adding an egg binder to loose breadcrumbs and minced meat to hold a meatloaf together so it
doesn't crumble.

98. Percent Solids (% Solids)

Definition: The dry weight of solid material contained within a sludge sample expressed as a percentage
of its total wet weight.

Example: Measuring a raw sludge sample at 2% solids (98% water) and optimizing a press to achieve a
dewatered result of 22% solids.

Analogy: Reading a food label to see how much actual fruit fiber is inside a container versus added juice
liquid.

99. Filtrate (Centrate)

Definition: The clean water squeezed or spun out during a dewatering process, which is typically routed
back to the front of the plant for re-treatment.

Example: Collecting the water that drains through a belt press cloth and pumping it back to the raw water
inlet channel.

Analogy: The clear liquid that strains out into a bowl when you press cooked spinach into a colander.

100. Specific Resistance to Filtration (SRF)

Definition: A mathematical measure of a sludge's inherent resistance to letting water pass through its
pore spaces under pressure, used to evaluate dewatering difficulty.

Example: Conducting a lab pressure test to evaluate if a sludge sample requires a higher polymer dose to
lower its SRF before full-scale pressing.

Analogy: Trying to blow water through a straw filled with coarse sand versus a straw packed tight with
fine, sticky clay mud.
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