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Introductions

• How many operate secondary clarifiers?

• Do you have more than one clarifier?

• Do you ever have to adjust RAS?

Thank you for your service to the Water Environment!
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Presenter’s experience

• Wastewater Plant Operator
• Manufacturer’s Representative
• O&M Manager Water/Wastewater Facilities
• Consulting and Support as Waterdude 

Discovered the benefits of using SPA in 2013
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Check in…
How many of you have used the State Point Analysis ?
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Learning Objectives
• Understand secondary clarifier 

operation.

• Understand clarifier mass balance 

• Acknowledge the State Point 
Analysis as an operational tool.

• Know where to get to more 
information.
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Agenda for today’s training

• Clarifier Components

• Clarifier Operation

• Return Activated Sludge Controls

• State Point Analysis (SPA) as an 
Operational Tool

• Where to find more information

• Questions
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Wastewater Treatment Plant- Overview

Preliminary 
Treatment

Primary 
Treatment

Secondary 
Treatment

Tertiary 
Treatment

Disinfection

Solids 
Handling
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Clarifier Components
• Focus on circular clarifiers

• Common components

• Sludge removal systems

• Optimization components
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Clarifier – Suction Header
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Clarifier – Scraper Blade
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Clarifier – Spiral Blade
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Clarifier – Draft Tube
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Clarifier Optimization

Density Current 
Baffle

Dual 
Skimmer

Energy 
Dissipating Inlet

Full Radius 
Skimmer

Stilling 
Well
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Density Current Baffle
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Energy Dispersing inlets and feed wells

A Circular Baffle Directs Flow

Center Baffle
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Energy Dispersing Inlets and feed wells



Typical Scum Removal



Automated Ducking Skimmer with 
Automated scum trough
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Clarifier Operation – Success Factors

• The secondary or final clarifier is one of the most important unit processes and 
often determines the capacity of a WWTP.

• Clarification is a solids separation process, which results in the removal of 99 
percent or more of the suspended solids (biological floc) received from the 
activated sludge system.

• Unless the biological material in the mixed liquor can be separated from the clean 
water, it is likely that both the BOD and TSS limits will be violated.

• The separated solids are transported to the bottom of the clarifier and removed as 
return activated sludge (RAS).
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Clarifier Flow 
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Clarifier Operation – Know your design parameters.
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Clarifier – Factors affecting Performance

• Hydraulic Loading 
• Detention Time
• Surface Overflow Rate

• Solids Loading 
• Nutrient Removal 
• Solids Removal Rate 
• Sludge Setting Characteristics
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Clarifier Monitoring
• Clarifier Effluent

• BOD/TSS

• Sludge Blanket
• Blanket Depth
• Consider developing a profile

• Return Activated Sludge (RAS)
• Return Rate of Flow
• Concentration (TSS)

• Waste Activated Sludge (WAS)
• WAS Flow
• Concentration (TSS)

Additional Testing:

• Mixed Liquor Suspended 
Solids (MLSS)

• Settleometer

• Sludge Volume Index

• Chemical Addition

• Nutrients
Always be mindful of sampling locations and practices
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Return Activated Sludge Control
It’s all about “Mass Balance” or “Solids Balance”

Whatever goes in will come out… or  Pounds in = Pounds out

Your trying to maintain solids in the Activated Sludge System while maintaining 
quality effluent out of the clarifier.

Improper RAS pumping could result in negative process impacts:

• Insufficient MLSS concentrations in the bioreactor

• Septic Conditions/De-Nitrification

• Solids overload resulting in solids in the effluent

Remember Conditions Change –
Clarifier operation requires consistent monitoring and effective process control strategies 26



Let’s talk about RAS flow

RAS too low
overload
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Aeration Basin Clarifier

Q + R

(MLSS)

Q = 
(Flow In)

W = (WAS)

R = (RAS)

Eff. TSS

Clarifier Mass Balance
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Clarifier Mass Balance
Calculate what is entering the clarifier:

(Influent Q + RAS Q)* MLSS* 8.34 lb./gal

(1.5mgd+ .60mgd)* 2,500 mg/l* 8.34 lb/gal.= 43,795 lbs. 

Calculate what is exiting the clarifier: RAS rate 40%

(RAS Q * RASS * 8.34 lb./gal.)+( Effluent Q * Eff. TSS * 8.34 lb./gal.)

(0.60 mgd *8,000 mg/l * 8.34 lb./gal.) +(1.5mgd * 5 mg/l*8.34)=

40,032 lbs.+63 Eff. lbs. + 3,000 WAS lbs. = 43,095

Ratio in vs. out = 1.01
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Optimizing Return Sludge Pumping

• Strategies to optimize RAS pumping include:

• RAS flow control (fixed or ratio)

• Blanket level control

• Control based on sludge settling characteristics

• Control based on solids flux theory
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STATE POINT ANALYSIS
Introduction
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Introduction to SPA

The State Point Analysis (SPA) is a practical tool that can be 
used to perform a "what if" analysis based on site specific 
data.

It enables Operators to examine clarifier behavior under 
various flow and loading scenarios.

Utilizing the SPA Operators can predict impending problems 
early, implement corrective measures in a timely fashion, and 
adapt to upstream changes in the biological process.

State point analysis can be used to determine if a secondary 
clarifier is overloaded, critically loaded, or underloaded with 
respect to both its clarification and thickening capacities.
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So, when is State Point Analysis useful to 
Operators?

Hydraulic Loading Changes 
Inflow and Infiltration effecting influent flows

Activated Sludge Settling Characteristics Change
Sludge Volume Index (SVI) increases or decreases
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State Point Analysis
• Evaluates clarifier capacity utilizing a mass balance approach

• Data required:
• Flow rate
• Underflow rate
• Clarifier area
• Mixed liquor concentration
• Settling properties

• Is not an “all in one” solution. Does not consider sludge blanket elevation 
or volume of solids in clarifier.

• As the name implies, this is a measurement of a particular “state”.
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These become 
“Inputs” in the SPA 

tool



Solids Flux
Solids Flux describes the movement of solids through a clarifier.

The state point analysis plot requires a settling solids flux curve. The 
curve shows graphically the relationship between solids flux and 
suspended solids concentration.

Typical ways to obtain the solids flux curve:

1) Perform site specific settling tests to calculate the flux curve.

The settling solids flux curve is developed based on the results of 
settling tests conducted on the mixed liquor. More information 
regarding the development of settling solids flux curves can be 
found in WERF (2009) and Metcalf & Eddy(2003).

2) Utilize existing solids flux data developed by industry experts.
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State Point Analysis - definitions

36



0

5

10

15

20

25

30

35

40

0 5 10 15

So
lid

s 
Fl

ux
 (l

b/
ft2

-d
)

Solids Concentration (g/L)

State Point Analysis
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reflects the solids flux. How 
fast solids pass through the 
volume.
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“X” axis or horizontal line is the solids 
concentration in grams/liter, which is 
milligrams per liter divided by 1,000.
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Overflow Line – Slope equals the overflow rate. 
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Underflow or Thickening Line 
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Settling Flux Curve 
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State Point – Must be inside of 
flux curve for clarification to be 
successful
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State Point Analysis for Operations 

Dr. Eric Wahlberg, Brown & 
Caldwell – Internet Version CH2M For Oak Loge WWTP
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Remember, seldom will only one input parameter change.

Plant Data:

Influent Q =  3.0 MGD
RAS =  30%
MLSS =  2,000 mg/l

2 each 90 ft Dia. 
Clarifiers

SVI = 160 mL/g



Examples -

• It is important to practice using the tool BEFORE you need it. 

• Examples only change one data point at a time. 

• Return Activated Sludge (RAS) is flow paced as a percentage of the influent flow.

• Three Examples:
• Hydraulic
• Settling Characteristic
• Solids Loading
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Example 1– High Flow Storm Event

Steady State – 2 MGD
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Storm event increases flow to 6 MGD



Example – High Flow Storm Event, cont.

Storm Flow increases to 9 MGD Second Clarifier added at 9 MGD
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Example 2: High SVI

Steady State SVI 160 mL/g SVI Increases to 260 mL/g
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Option 1 – Add Second Clarifier

SVI 260 mL/g Second Clarifier Added
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Option 2 - Increase RAS

SVI 260 mL/g Increased RAS from 30% to 67%
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Option 3 – Decrease MLSS
MLSS 2000 mg/l MLSS 1500 mg/l
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Example 3- Solids Loading Increase

MLSS at 2000 mg/l MLSS increases to 3000 mg/l
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Option 1 – Increase RAS Rate

RAS Rate 30% RAS Rate 67%
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Option 2 – Add Second Clarifier

MLSS at 3000 mg/l Second Clarifier Added

55



Option 3 – Reduce SVI

SVI at 160 mL/g SVI Reduced to 100 mL/g
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SPA Tool - allows Operator to test 
outcomes before implementing

57



MORE INFORMATION
State Point Analysis Resources
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Water Environment Research Foundation
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www.maine.gov/dep/water/wwtreatment/
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Review

• Clarifier components make a difference 

• Maintaining a mass balance in your clarifier is important

• The State Point Analysis is a tool Operators can use

• There is a lot of good State Point Analysis information available.
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Mark Walter, Operations Specialist
markw@waterdudesolutions.com

971.413.4126

Questions?

mailto:markw@waterdudesolutions.com
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