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OPTIMIZING RAS RATE, STATE POINT 
ANALYSIS, AND MORE ENERGY MATH
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We Operate Multi-Million Dollar Facilities with 
Someone Else’s Money

[insert Break slide]



Let’s Cut to the Chase

“You can make good wine with good 

grapes, you can make bad wine 

with good grapes, but you can never 

make good wine with bad grapes.”



In the Business of Treating Wastewater 
with the Activated Sludge Process

“You cannot have good effluent 

quality without good sludge quality.”



To Talk About RAS Flow, We Need to Talk About 
the Secondary Clarifier

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

RAS



Why We Care: Low-Head-High-Flow RAS 
Pumps Require Big Electric Motors



Influent Effluent

Aeration Basin
Secondary 

Clarifier

QRAS

Air

WAS

TSSRAS

Two Reasons for Confusion Around RAS Flow 
(QRAS) and RAS TSS Concentration (TSSRAS)



To remove settleable solids 

(biomass).

1. Thickening is NOT a Process Objective 
of the Secondary Clarifier 



SSV30 = 290 mL/L

SSV60, SSV120

not much different

Activated Sludge Does Not Appreciatively
Settle/Thicken/Compact More After 30 min



Measure MLSS on Sample 
Used In Settleometer Test 

MLSS = 2,150 mg/L

1000 mL/L



SSV5

500 mL/L



SSV30

250 mL/L



SSV30

MLSS × 1,000
MLSS30 =                      

MLSS30 = Sludge Blanket TSS Concentration 
After 30 min In Settleometer



Calculate MLSS30

250 mL/L

MLSS30 = 8,600 mg/L



250 mL/L

TSSRASmax = 8,600 mg/L

For All Intents and Purposes, MLSS30 is Max 
Possible RAS Concentration (TSSRASmax)



250 mL/L

Compaction is a sludge 
quality characteristic, 
not a function of the 
secondary clarifier

TSSRASmax = 8,600 mg/L

Thickening is NOT a Process Objective 
of the Secondary Clarifier 



2. QRAS Controls TSSRAS NOT the Other 
Way Around

Influent Effluent

Aeration Basin
Secondary 

Clarifier

QRAS

Air

WAS

TSSRAS



TSSRAS ≈ (1 +             ) × MLSS
QRAS

Q
TSSRAS

Solids Mass Balance Around Secondary 
Clarifier Gives This Result



TSSRAS ≈ (1 +                       ) × (2,000 mg/L)
0.54 Mgal/d

1.2 Mgal/d

Q = 1.2 Mgal/d

QRAS = 375 gal/min = 0.54 Mgal/d

MLSS = 2,000 mg/L

Example

TSSRAS ≈ 6,444 mg/L

A Mass Balance is FUNDAMENTAL

it Must Be True; it is Non-Negotiable



TSSRAS ≈ (1 +             ) × MLSS
QRAS

Q

=
Q

QRASr

Some Plants Have Proportional RAS Flow Control 
(r is Constant) 



r
TSSRAS ≈ (1 +       ) × MLSS

1

TSSRAS is a Fixed Multiple of MLSS and Does 
NOT Change with Q and QRAS



0.85
TSSRAS ≈ (1 +        ) × (3,500 mg/L)

1

r = 85% = 0.85

MLSS = 3,500 mg/L

Example

TSSRAS ≈ 7,618 mg/L

A Mass Balance is FUNDAMENTAL

it Must Be True; it is Non-Negotiable



So, What Should My RAS Flow be



1. Higher RAS flows than necessary 
waste electricity (and ratepayer money)

2. Due to turbulence in the secondary clarifier, 
high RAS flows can deteriorate performance 
by increasing TSSSCE

Two Reasons to Run QRAS as Low as Possible



TSSRAS ≈ (1 +             ) × MLSS
QRAS

Q
TSSRAS

This Shows TSSRAS Concentration Increases 
With Decreasing QRAS



250 mL/L

Suggested Here TSSRASmax = MLSS30, 
Calculated Using SSV30 from Settleometer  

TSSRASmax = 8,600 mg/L

Compaction is a sludge 
quality characteristic, 
not a function of the 
secondary clarifier



≈ (1 +              ) × MLSS
QRASmin

Q
TSSRASmax

Resulting Equations
Set Eqns. 1 and 2 Equal, Solve for QRASmin

(Eqn. 1)

SSV30

MLSS × 1,000
TSSRASmax = (Eqn. 2)



QRASmin =                           × Q

Optimum RAS Flow (QRASmin) or Percentage 
(rmin) Fixed by Extent of Compaction

1,000 – SSV30

SSV30

1,000 – SSV30

SSV30rmin =  



Good Sludge Quality Saves Ratepayer Money
HUGE!

SSV30 (mL/L) rmin (%)
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INTRODUCTION TO STATE POINT ANALYSIS



Introduction to State Point Analysis



The State Point Is At the Intersection 
of the Two Operating Lines

State point



The Line Going Up From Left to Right 
is the Overflow Rate Operating Line

Slope = Q/A



The Slope Changes With Changes in Flow (Q) 
and Online Clarifiers (A)

Increasing flow



The Slope Changes With Changes in Flow (Q) 
and Online Clarifiers (A)

Decreasing flow



The Slope Changes With Changes in Flow (Q) 
and Online Clarifiers (A)

Fewer clarifiers



The Slope Changes With Changes in Flow (Q) 
and Online Clarifiers (A)

More clarifiers



Line Going Down Left to Right is Bottom 
Underflow Rate Operating Line (BUR)

-BUR = QRAS/A



The Slope Changes With Changes in QRAS

Increasing RAS flow



The Slope Changes With Changes in QRAS

Decreasing RAS flow



This is Important

Underloaded

Overloaded



The Two Lines Intersect 
at the MLSS Concentration

MLSS concentration



Underflow Rate Operating Line Intersects x-axis 
at TSSRAS (when passing below curve)

RAS TSS 
concentration



And the y-axis at Solids Loading Rate 

(regardless where it is relative to curve)

SLR on clarifier



The Settling Flux Curve is Defined 
by Sludge Settleability 

Settling flux curve



The Settling Flux Curve is Defined
by Sludge Settleability 

Decreased settling



An Extremely Powerful Tool
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Sludge Quantity (MLSS) and Quality (SVI) 
Have Huge Impact on Capacity
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It’s Elementary My Dear Watson: Minimize 
Sludge Quantity, Maximize Sludge Quality
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Final Takeaways to Save Energy 
in the Liquid Treatment Train

1. Remove as much as possible in the primaries

2. Implement SRT control following guidelines 
given (best sludge quality!)

3. Optimize, by minimizing, RAS flow

4. Know the statistical accuracy of all data 
used to make process control decisions



State Point Exercise





Distance from 
diffuser to water 
surface in feet 
divided by 2.31 = 
minimum header 
pressure in PSIG 
to form a bubble.

Header Pressure



Aeration Savings & the Fact Sheet



Exercise - Aeration Pressure

Energy
Efficiency



1. How much energy is saved if this 50 hp blower’s 
discharge pressure is reduced from 7 psig to 5.5 psig?

kWh/year

2. What if it’s a 150 hp blower, and the pressure is lowered 
from 10 psig to 9.5 psig. What percentage of energy 
is saved?

%

3. If a 75 hp blower is turned down from 11 psig to 9 psig, 
how much money is saved 
(if energy costs 6¢ per kWh)?

$ /year

4. If a 40 hp blower is turned down from 8 psig to 7 psig, 
how much energy is saved, and what percentage 
does that represent?

kWh/year %



DO Residual Aeration Tool



1. What percentage of energy could be saved if an aeration basin 
holding 25oC mixed liquor lowered its DO residual from 2 mg/L 
to 1 mg/L?

%

2. If a plant is running 200 hp of blowers, and it has 59 oF mixed 
liquor, how many kWh/y of energy might it save by lowering
its DO from 3 mg/L to 1 mg/L?

kWh/year

3. In b) how much cost is saved (at $0.06/kWh)? $ /year

4. How much total money can be saved if a plant running 100 hp 
of blowers in 20 oC mixed liquor reduces their DO residual from 
5 mg/L to 1 mg/L?

kWh/year

5. Your plant runs (on average) what total horsepower of blower?
What is the approximate temperature of your plant’s mixed liquor? 
What is the DO residual setpoint at your plant?

hp

oF

mg/L

6. How much total money is saved if your plant reduces 
DO residual to 1 mg/L?

$ /year
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