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Sedimentation

1

Theory of Sedimentation
 Slow velocity of water to provide 

sedimentation
 Two to four hours detention is usually 

provided
 Velocity through the basin should be 

from 1 to 3 feet per minute.

2

Types of Basins

Rectangular
 Achieve Higher 

Solids Removal

 Less Sensitive to 
Short Circuiting

Circular
 More Compact 

per Unit Space
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Factors That Affect Particle 
Settling

1. Particle size and distribution
2. Shape of the particles
3. Density of particles
4. Temperature (viscosity and density of water)
5. Electrical charge on particles
6. Dissolved substances in the water
7. Flocculation characteristics of particles
8. Wind
9. Inlet and outlet conditions and shape of basin
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Schematic of a 
Sedimentation Tank
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Solids-Contact Units
 Referred to as an 

“upflow solids-contact 
unit” or “upflow sludge-
blanket clarification”

 Combine three 
processes in a single 
basin

 Sludge is recycled 
through the process to 
act as a coagulant aid

 When treating water 
with poor settling floc it 
may be necessary to 
augment the chemical 
process with polymers

6
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Influent Sedimentation Zone
 Inlet to the sedimentation basin
 End point in a rectangular tank and middle in 

a round tank
 Baffles direct flow ensuring lateral flow and 

prevent short circuiting and carryover.
 Inlet should be designed to minimize high 

flow velocities near the bottom which could 
scour settled particles causing them to 
become resuspended.
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Settling Sedimentation Zone
 Largest Portion of the Tank
 Velocity reduced to 1 to 3 ft/min
 Detention times ranges from 2 to 4 hours
 Overload Loading rates of ~ 800 gpd/ft2
 Tube and plate settlers can greatly 

improve settling rates
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High Rate Settling
 Tube and plate settlers 

increase the area to allow 
more settling

 Use much smaller footprint 
 Increase capacity of existing 

basins. Loading rates 5 to 
10 X conventional for plates 
and 2 to 5 X for tubes

 Placed at 60o angles to 
allow solids to be removed 
by gravity

 Currents and wind are 
dampened by tubes
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Tube settlers and lamella plates - Water flows up 
through slanted tubes or along slanted plates.
Floc settles out in the tubes or plates and drifts 
back down into the lower portions of the 
sedimentation basin. Clarified water passes 
through the tubes or between the plates and then 
flows out of the basin.
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Sedimentation Basin 
Loading Rates Using Alum
Application gpd/sf

Turbidity Removal 800-1200
Color and Taste Removal 600-1000
High Algae Content 500-800
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Effluent 
Sedimentation 

Zone

 Effluent Lander collects 
effluent flow

 Weirs along the edge skim 
water evenly

 Typically weirs have V 
notches every foot

 Weirs must be kept clean and 
level to ensure even flow and 
sludge blanket

 Baffle plate used to retain 
floating solids

 Weir Loading rates of 10,000 
to 14,000 gpd/ft are used
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A rectangular basin has a total flow of 1,000,000 
gal/day. There are 6 double sided effluent launders that 
are six-feet long. What is the weir overflow rate in 
gal/day/ft?

Weir Overflow rate, gal/day/ft = total flow, gal/day
length of weir, ft

Total flow is 1,000,000 gal/day
Total Length of Weir is (6, weirs x 2, sides x 6, ft long)
Total Length of Weir is 72 ft

Weir Overflow Rate = 1,000,000 gal/day = 13,889 gpd/ft
72 ft
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Sludge Sedimentation Zone
 Collection zone at bottom of tank
 Sludge must be removed at min. once per day to 

prevent septicity and bulking. 
– Useable volume of the tank will decrease, reducing efficiency.
– Sludge built up on the bottom of the tank may become septic, 

meaning that it has begun to decay anaerobically.
– Septic sludge may result in taste and odor problems and may 

float to the top of the water and become scum.
– To prevent interference with the settling process (such as 

resuspension of solids due to scouring).
 Turbine or rake equipped with torque indicator: high 

torque will break shear pin (too much sludge); 
fluctuating torque (uneven sludge distribution) 
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Performance Monitoring for 
Sedimentation Processes

Filter effluent turbidity is a good indicator of overall process 
performance. However you must still monitor performance 
of each process
 The sedimentation tank is measured by a comparison of 

the turbidity entering and leaving the basin; measured 
several times per shift or when quality changes

 Observe clarity of settled water noting size and 
appearance of any suspended floc

 Ensure clean weirs at influent and effluent
 Observe sludge blanket depth; high blanket depths favor 

particles passing over weirs at higher flows.
 Remove sludge at min. daily
 Do not exceed loading rates
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Record to be Maintained for 
Sedimentation Basin Performance

1. Influent and effluent turbidity and 
influent temperature

2. Process Water Production
3. Process Equipment Performance
4. Solids Removed from Basin 

15
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Short Circuiting in 
Sedimentation Tanks

 Short-circuiting occurs when the path of the flow 
passes directly through potions of the sedimentation 
tank; these can usually be observed as floc over the 
ends of basins. 

 These high velocities occur under high flow conditions.  
 Short-circuiting causes particulate matter to be held in 

suspension and be transported through the tank. 
 Baffling can help break up the flow paths and can help 

control short-circuiting.
 Sedimentation tanks should not be loaded above tank 

design overflow rates.
 When dealing with chemical floc loading rates must be 

reduced
16

Sludge Treatment and 
Disposal

17

Volumes of Waste Sludge Produced

Amount of residuals produced is a function of:
 Raw Water Quality
 Facility Design 
 Flow
 Treatment Process Employed

– Lime plants generate 3 pounds of solids for 
every pound of hardness removed

– Small alum plants with flows of 0.5 to 1 MGD 
can generate several 100,000 gallons of alum 
wastes per year

18
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Raw Water Constituents that may 
Limit Disposal Options

 Excessively high or low pH;
 High total suspended solids (TSS);
 High total dissolved solids (TDS);
 High concentrations of heavy metals, 

including arsenic, lead, and aluminum;
 High concentrations of competing ions, 

including fluoride, sodium, sulfate,
chloride, and other salts concentrations; and,

 High concentrations of radionuclides and 
daughter products
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DISPOSAL ALTERNATIVES

 Disposal options will be limited by regulation, type of 
waste (liquid or solid, hazardous or non-hazardous) 
and the concentrations of contaminants in the waste

 Public law 92-500 restricts or prohibits the discharge 
of process wastes from water treatment plants. 
These wastes are considered industrial waste and 
under the National Pollutant Discharge Elimination 
System (NPDES) requires a permit to discharge to: 
– Land Disposal and Landfilling
– Deep Well Injection
– Discharge to POTW
– Surface Water Disposal
– Beneficial Reuse
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Off-site Disposal of Waste Sludge
 Regulations require monitoring of liquid wastes prior 

to off-site disposal for water quality indicators such 
as pH, turbidity, TDS, settleable solids and other 
harmful materials.

 Treatment of liquid waste streams prior to off-site 
discharge often include:
– Flow Equalization
– Brine Recycling
– pH Neutralization
– Settling and Gravity Thickening
– Evaporation
– Chemical Precipitation

21
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Processing of Liquid Sludge

22

Drying Bed

Filter Presses Evaporation and Drying

Thermal Processing
Mechanical Dewatering

Centrifuge filter press

There are a variety of options for thickening sludge. All 
reduce the volume of sludge and the cost of handling.

Effects of Concentrating
Chemical Sludge

Concentration 
(% solids)

Volume
Total 

(gallons)

Water 
Removed
(gallons)

2% 10,000 0

4% 5,000 5,000

8% 2,500 7,500

16% 1,250 8,750

32% 625 9,375

64% 312 9,688
23

The liquid from settled sludge is 
called “Supernatant”

Question: Calculate the theoretical detention time for a 
rectangular sedimentation basin. The basin is 80 feet long, 
30 feet wide, 10 feet deep, and treats a flow of 1.8 MGD.

Detention time = Volume / Flow
Volume = 80 ft x 30 ft x 10 ft

24,000 ft3
Flow = 1.8 MGD = 1,800,000 gal/day
DT (hrs) = 24,000 ft3 x  day        

1,800,000 gals

DT (hrs) = 2.4 hrs

x  7.48 gals
ft3

x   24 hrs
day
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Question: What is the maximum flow in MGD if the 
theoretical detention time is 2 hours for a basin that is 80 
feet long, 30 feet wide, 10 feet deep?

Flow= Volume / Detention Time
Volume, gal = 80 ft x 30 ft x 10 ft x 7.48 gals/ft3

= 179,520 gals 
DT (hrs) = 2 hrs
Flow =  179,520 gals

2 hrs
=  2,154,240 gals/day
=  2.15 MGD

x   24 hrs
day
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