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CLARIFIERS 

 

 

5.1 General Criteria 

 

5.1.1 Purpose 

 

Clarifiers (sedimentation basins, settling tanks) are designed to perform three (3) 

functions in a treatment scheme: 

 

A. Remove solids from liquids by sedimentation 

B. Remove scum from liquid by flotation 

C. Thicken solids for removal and further treatment 

 

Specific application of clarifier functions will be dependent upon the treatment 

process employed.  This chapter does not attempt to set criteria for all types of 

clarifiers.  If a unique clarifier is proposed, the design engineer shall submit 

operational and design data justifying its use. 

 

5.1.2 Number of Units 

 

Multiple units capable of independent operation shall be provided in all facilities 

where design flows exceed 250,000 gallons per day.  Otherwise, the number of 

units required shall satisfy reliability requirements (see Section 1.3.11). Facilities 

not having multiple units shall include other methods to assure adequate 

operability and flexibility of treatment. 

 

5.1.3 Arrangements 

 

Clarifiers shall be arranged for greatest operating and maintenance convenience, 

flexibility, economy, continuity of maximum effluent quality, and ease of 

installation of future units. 

 

5.1.4 Tank Configurations 

 

Consideration should be given to the probable flow pattern in the selection of tank 

size and shape and inlet and outlet type and location. 

 

5.1.5 Flow Distribution 

 

Effective flow measuring devices and control appurtenances (i.e., valves, gates, 

splitter boxes, etc.) shall be provided to permit proper proportion of flow to each 

unit (see Section 13.2.1). 
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5.2 Design Loading 

 

5.2.1 Primary Clarifiers 

 

Primary clarifier designs are primarily based upon surface overflow rate. The 

following criteria are recommended for design: 

 

Hydraulic Loading Rate  Surface Overflow Rate 

 

Average Design Flow   800-1200 gpd/sq. ft. 

Peak Design Flow   2000-3000 gpd/sq. ft. 

 

If  WAS is returned to the primary then 

 

Hydraulic Loading Rate  Surface Overflow Rate 

 

Average Design Flow   600-800 gpd/sq. ft. 

Peak Design Flow   1200-1500 gpd/sq. ft. 

 

Primary clarifier sizing shall be calculated for both flow conditions and the larger 

surface area derived shall be utilized.  A properly designed primary clarifier 

should remove 30 to 35% of the influent BOD. However, anticipated BOD 

removal for wastewater containing high quantities of industrial wastewater should 

be determined by laboratory tests and considerations of the quantity and 

characteristics of the wastes. 

 

5.2.2 Intermediate Clarifiers 

 

Surface overflow rates for intermediate clarifiers should be based upon the 

following criteria: 

 

Maximum 

Hydraulic Loading Rate  Surface Overflow Rate 

 

Average Design Flow      1000 gpd/sq. ft. 

Peak Design Flow      2500 gpd/sq. ft. 

 

5.2.3 Final Clarifiers 

 

Final clarifier designs shall be based upon the type of secondary treatment 

application used.  Surface overflow and solids loading rates shall be the general 

basis for clarifier designs.  Pilot studies of biological treatment is recommended 

when unusual wastewater characteristics are evident or when the proposed 

loading exceeds those noted in this section. 
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Table 5-1 depicts the criteria established for final clarifier surface overflow and 

solids loading rates.  In activated sludge systems, the surface overflow rate for 

final clarifiers should be based on influent wastewater flows and not include 

return activated sludge flows (RAS). Solids loading rate criteria assume sludge 

recycle is 100% of the average design flow and the design mixed  liquor 

suspended solids (MLSS) concentration. 

 

TABLE 5-1 

FINAL CLARIFIER DESIGN PARAMETERS 

 

 Maximum Surface  

Overflow Rate 

gpd/sq.ft. 

Solids Loading Rate 

lbm/day-sq.ft. 

   

Type of 

Process 

Average 

Design Flow 

Peak Design 

Flow 

Average 

Design Flow 

Peak Design 

Flow 

Trickling Filter 600 1200 25 40 

Activated 

Sludge 

800 

(600 for plants 

less than 1 

MGD) 

1200 30 50 

Extended 

Aeration 

400 1000 25 35 

Nitrification 400 800 25 35 

Pure Oxygen 700 1200 25 40 

  

 

5.2.4 Weir Loading Rates  

 

Weir loadings should not exceed 15,000 gallons per day per linear feet (gpd/li ft). 

 

5.2.5 Depth/Detention Time 

 

The sidewater depth (SWD) for clarifier designs associated with design surface 

overflow rates should dictate the hydraulic detention time of the clarifier.  For 

design purposes, the following criteria in Table 5-2 are established specific to 

clarifier application: 
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TABLE 5-2 

CLARIFIER DEPTH 

 

Type of Process Diameter [ft] Minimum Sidewater Depth [ft] 

   

*Primary - 8 

Trickling Filter - 10 

**Activated Sludge Less than 40 11 

 40-70 12 

 71-100 13 

 101-140 14 

 Over 140 15 

 

 

*The hydraulic detention time in primary clarifiers is not recommended to be greater than  

2.5 hours as a function of the surface overflow rate and SWD, since septic conditions 

resulting in poor performance and odor conditions can occur. 

 

**For rectangular-shaped clarifiers following activated sludge treatment, 

the recommended SWD shall be no less than 12 feet at the shallow end. 
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5.3 Design Details 

 

5.3.1 Inlets 

 

Inlets should be designed to dissipate the influent velocity, to distribute the flow 

equally in both the horizontal and vertical vectors, and to prevent short-circuiting.  

Channels should be designed to maintain an inlet velocity of at least one (1) foot 

per second at one-half the design flow.  Corner pockets and dead ends should be 

eliminated and corner fillets or channeling used where necessary.  Provisions shall 

be made for elimination or removal of floating materials in inlet structures having 

submerged ports. 

 

5.3.2 Submerged Surfaces 

 

The tops of troughs, beams, and similar submerged construction elements shall 

have a minimum slope of 1.75 vertical to 1 horizontal.  The underside of such 

structures should have a slope of 1 to 1 to prevent accumulation of scum and 

solids. 

 

5.3.3 Weir Troughs 

 

Weir troughs shall be designed to prevent submergence at 

maximum design flow, and to maintain a velocity of at least one (1) foot per 

second at one-half design flow. 

 

5.3.4 Freeboard 

 

Walls of clarifiers shall extend at least six (6) inches above the surrounding 

ground surface and shall provide not less than twelve (12) inches of freeboard. 

 

5.4 Sludge and Scum Removal 

 

5.4.1 Scum Removal 

 

Effective scum collection and removal facilities, including baffling ahead of the 

outlet weirs, shall be provided for all clarifiers.  Provisions may be made for 

discharge of scum with sludge; however, other provisions may be necessary to 

dispose of floating materials which may adversely affect sludge handling and 

disposal.  The unusual characteristics of scum which may adversely affect 

pumping, piping, sludge handling and disposal, should be recognized in the 

design.  Scum piping should be glass lined or equivalent.  Precautions should be 

taken to minimize water content in the scum. 
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5.4.2 Sludge Removal 

 

Sludge collection and withdrawal facilities shall be designed to assure rapid 

removal of the sludge.  Provisions shall be  

made to permit continuous sludge removal from settling tanks.  Final clarifiers in 

activated sludge plants shall be provided with positive scraping devices. Suction 

withdrawal should be provided for activated sludge plants designed for the 

reduction of nitrogenous oxygen demand. 

 

5.4.3 Sludge Removal Piping 

 

Each sludge hopper shall have an individually valved sludge withdrawal line at 

least six (6) inches in diameter if pumped and at least eight (8) inches in diameter 

if gravity flow is used.  This does not apply to air lift methods of sludge removal, 

as this should be determined by the sludge removal rate.  Static head available for 

sludge withdrawal shall be at least thirty (30) inches, as necessary, to maintain a 

three (3) feet per second velocity in the withdrawal pipe.  Clearance between the 

end of the withdrawal line and the hopper walls shall be sufficient to prevent 

"bridging" of the sludge. Adequate provisions shall be made for rodding or 

back-flushing individual pipe runs.   

 

***Air lift type sludge removal will not be approved for removal of primary sludges. 

 

5.4.4 Sludge Removal Control 

 

Sludge wells equipped with telescoping valves or other appropriate equipment 

shall be provided for viewing, sampling and controlling the rate of sludge 

withdrawal.  A means for measuring the sludge removal rate and sludge return 

rate shall be provided.  Sludge pump motor control systems shall include time 

clocks and valve activators for regulating the duration and sequencing of sludge 

removal.  Gravity flow systems should have back-up pumping capabilities. 

 

5.4.5 Sludge Hopper 

 

The minimum slope of the side walls shall be 1.75 vertical to 1 horizontal.  

Hopper wall surfaces should be made smooth with rounded corners to aid in 

sludge removal. Hopper bottoms shall have a maximum dimension of two (2) 

feet.  Extra-depth sludge hoppers for sludge thickening are not acceptable. 

 

5.5 Protective and Service Facilities 

 

5.5.1 Operator Protection 

 

All clarifiers shall be equipped to enhance safety for operators.  Such features shall 

appropriately include machinery cover lift lines, stairways, walkways, handrails and 

slip-resistant surfaces. 
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5.5.2 Mechanical Maintenance Access 

 

The design shall provide for convenient and safe access to routine maintenance items 

such as gear boxes, scum removal mechanisms, baffles, weirs, inlet stilling baffle area, 

and effluent channels. 

 

5.5.3 Electrical Fixtures and Controls 

 

Electrical fixtures and controls in enclosed settling basins shall meet the requirement of 

the National Electrical Code.  The fixtures and controls shall be located so as to provide 

convenient and safe access for operation and maintenance.  Adequate area lighting shall 

be provided. 

 

5.6 Operability, Flexibility, and Reliability 

 

5.6.1 Scum Removal 

 

5.6.1.1 A method of conveying scum across the water surface to a point of 

removal should be considered, such as water or air spray.  Baffles should be 

designed to ensure capture of scum at minimum and maximum flow rates. 

 

5.6.1.2 Facilities designed for flows of 0.1 MGD and greater should have 

mechanical scum removal equipment. 

 

5.6.1.3.Scum holding tanks may be provided, with a method of removing excess 

water. 

 

5.6.1.4 Large scum sumps should have a mixing device (pneumatic, hydraulic, or 

mechanical) to keep the scum mixed while being pumped. 

 

5.6.1.5 Manual scum pump start-stop switches should be located adjacent to scum 

holding tanks. 

 

5.6.2 Overflow Weirs 

 

5.6.2.1 Since closely spaced multiple overflow weirs tend to increase hydraulic 

velocities, their spacing should be conservative. 

 

5.6.2.2 Center-feed, peripheral draw-off clarifiers shall not have the overflow weir 

against the clarifier sidewall.  Weir placement shall be 1/10 diameter or greater 

toward the center. 

 

5.6.2.3 The up-flow rate shall not be greater than the surface overflow rate at any 

location within the solids separation zone of a clarifier. 
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5.6.2.4 Overflow weirs should be of the notched type; straight edged weirs will 

not be approved. 

 

5.6.2.5 Overflow weirs shall be adjustable for leveling. 

 

5.6.3 Unit Dewatering 

 

5.6.3.1 The capacity of dewatering pumps should be such that the basin can be 

dewatered in 24 hours; eight hours is preferable. 

 

5.6.3.2 The contents of the basin should be discharged to the closest process 

upstream from the unit being dewatered that can accept the flow. 

 

5.6.3.3 Consideration shall be given to the need for hydrostatic pressure relief 

devices to prevent flotation of structures. 

 

5.6.4 Hydraulics 

 

5.6.4.1 Lift/pump stations located immediately upstream of secondary clarifiers 

shall have flow-paced controls to reduce shock loadings. 

 

5.6.4.2 Square clarifiers with circular sludge withdrawal mechanisms shall be 

designed such that corner hydraulic velocities do not cause sludge carry-over. 

 

5.6.5 Sludge Removal 

 

5.6.5.1 When two or more clarifiers are used, provisions shall be made to control 

and measure the rate of sludge withdrawal from each clarifier. 

 

5.6.5.2 Consideration should be given to removing activated sludge from the 

effluent end of rectangular clarifiers. 

 

5.6.5.3 Consideration shall be given to chlorination of return activated sludge and 

digester supernate.  Sufficient mixing and contact time should be provided. 

 

5.6.6 Other Design Considerations 

 

5.6.6.1 Designs should consider the possible need for future modifications to add 

chemicals such as flocculants. 

 

5.6.6.2 A method of foam control should be considered for all inlet channels and 

feed wells in activated sludge systems. 


