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Agenda

• Math Basics

• pH as a function of decimal logarithm

• Gallons to Pounds

• Cubic Feet to Gallons

• Average and Weighted Average

• Cubic Feet to Pounds

• Area of Square

• Area to Volume to Weight

• Flow Conversions

• Area of Triangle and Circle

• Volume of Basic Shapes



Expected Learning Outcomes

• Attendees will be given fundamental math skills 

for water and wastewater operators.

• Attendees will be provided basic skills for 

applying arithmetic functions.

• Attendees will be provided basic skills as a 

foundation to more advanced process control 

concepts and calculations.



Introduction

• Basic math skill training is using Joanne 

Kirkpatrick’s training manuals.

• Joanne was a “training officer” with the State 

Water Resources Board – Sacramento, 

California.

• Now she is Joanne Kirkpatrick Price and her 

current publications are available from Amazon.

https://www.amazon.com/Joanne-Kirkpatrick-Price/e/B001KIRFJA

https://www.amazon.com/Joanne-Kirkpatrick-Price/e/B001KIRFJA


pH and the pH scale (from YSI Website)

• The term "pH" originates from Latin and is an 

acronym for "potentia hydrogenii" - the power of 

hydrogen. The pH scale is commonly used to 

represent hydrogen ion activity.

• On the pH scale, pH values below 7 represent acidic 

solutions (hydrogen ion activity greater than 

hydroxide ion activity) while values above 7 represent 

basic solutions. At pH = 7, hydrogen ion and 

hydroxide ion activity are equal (Table 1).



pH using the decimal point (from YSI website)

Table 1: Hydrogen ion and hydroxide ion activities on the pH scale



Gallons to Pounds
Applying decimals



Cubic Feet to Gallons
Applying decimals 



Average
Arithmetic Mean



Weighted Average
Weighting the average greatest frequency of numbers



Weighted Average

Weighted average by flow & concentration:

40 MGD Effluent @ 10 mg/L BOD5

80 MGD Stream Flow @ 3 mg/L BOD5

40 MGD * 10 mg/L = 400 mg/L MGD

80 MGD * 3 mg/L  =  240 mg/L MGD

400 mg/L MGD + 240 mg/L MGD =    640 mg/L MGD

40 MGD + 80 MGD  120 MGD

= 5.3 mg/L

Combining flow streams 



Conversions:  Cubic Feet to Pounds

Assuming water temperature at 20 degrees C

Specific Gravity is 1.  The density of a substance compared to a liquid 

(water). Less than 1, floats, more than 1 sinks. 

1 cf of water weighs 62.38 lbs (7.48 * 8.34)



Area of Square/Rectangle
Length x Width



Area to Volume to Weight

Volume adds a third dimension to area (height)

1 cubic ft of water weighs 62.38 pounds

Area of cubic foot is 12 inches x 12 inches = 144 square inches.

Each square inch has 0.433 pounds of pressure.

62.38 lbs / 144 square inches = 0.433 psi

Weight of 1 cf of water



Flow Conversions
Units of Flow by Diagram



Flow Conversions
GPD to CFS



Area of a Triangle



Area of Circle
Using Diameter



Area of Circle

A = πr2

Pi is rounded to 3.14 for our session

Radius is ½ of the diameter

Area of 7 ft diameter circle is:

(3.14) * (3.5 ft) * (3.5 ft) = 38.5 sf

(0.785) * (7 ft) * (7 ft) = 38.5 sf

Using Radius



Rectangle Representative Surface
Volume of Tank



Circle Representative Surface

Volume of Cylinder



Circle Representative Surface
Volume of a Cone



Circle Representative Surface
Combine Cylinder and Cone for Tank Volume



Math is Your Friend: Aeration Process Concepts and Math Calculations
April 11, 2018

https://www.kwwoa.org/


Expected Learning Outcomes

• Attendees will be review math skills for 

wastewater operators to control a secondary 

treatment aeration process.

• Attendees will review applying arithmetic 

functions for process control performance 

insight.

• Attendees will be provided more advanced 

process control concepts and calculations.



Agenda

Aeration Process 

Calculations:

• SVI

• Solids Inventory

• Mean Cell Residence Time

• Aerobic SRT

• Gallons to WAS using 

MCRT

• Organic Loading Rate

• F/M Ratio

• Detention Time

• Treatment Time



Aeration Process Calculations



Sludge Quality

An example of a SVI calculation.  Assume a MLSS concentration of 2,600 

mg/L and, during a settleometer test, the sludge settled to 230 ml/L after 30 

minutes.  SVI determined in aeration.

Sludge Volume Index



Solids Inventory
Biological Solids in Aeration and Clarification



Mean Cell Residence Time
Solids in Secondary Treatment divided by wasted and effluent (if significant) 



Mean Cell Residence Time
Solids in Secondary Treatment divided by wasted and effluent (if significant) 



Aerobic SRT
Aerobic portion (aeration) of Secondary Treatment divided by Solids Lost/Wasted



How much do I waste?

Control by…….

1. Aerobic SRT – assuming nitrification is a compliance 

objective, using the aerobic volume of the biomass will 

provide the critical biomass concentration based on tank 

volume, temperature and biomass concentration.  Those 

three (3) conditions must be taken into consideration when 

adjusting for treatment. 

2. Nitrification is the controlling the MLSS concentration if 

biological phosphorus removal and total nitrogen control 

are necessary.

3. Nitrifiers are temperature sensitive, slow growing and 

dictate MLSS and number of basins online 

4. Dictates the Aerobic SRT required



Nitrification Requirements

▪ Key Factors:
1. Slow growth requires adequate aerobic SRT

2. DO typically > 2 mg/L

3. pH 6.8 - 7.5 S.U.

4. Target effluent alkalinity of 75 mg/L as CaCO3
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Nitrification Requirements, Solids Retention Time 

(SRT)

▪ Key Performance Indicator for Nitrification

▪ Aerobic SRT maintains adequate Solids Inventory
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Gallons to Waste using MCRT

Select the MCRT (Sludge Age)



Organic Loading
Expressed as Pounds of BOD5 per 1,000 cf of aeration



F/M Ratio

• The use of the F/M Ratio is based on the concept that the amount 

of organic matter (food) entering the process directly affects the 

growth rate of the microorganisms.

• It is desirable to keep a definite ratio between the incoming food 

(F) and the microorganisms (M).  If too many or too few 

microorganisms are present for the amount of food entering the 

plant, operating problems may occur affecting effluent quality, 

sludge quality and settling.

• The term "ratio" is a key concept.  If a person who weighed 200 

pounds ate 10 pounds of food today.  The ratio of food to weight 

would be 10 pounds to 200 pounds or 10/200 which equals 0.05. 

A concept more than a control method



F/M
BOD5 Load (lbs) compared to microorganism mass (lbs)



Detention Time

The amount of time that the wastewater is in the aeration basin is 

calculated by dividing the volume of the aeration basin by the influent 

flow rate.

Aeration holding time for influent flow rate



Treatment Time
Actual time return sludge and influent flows are in aeration basin



Questions

Dan Miklos

dmiklos@hazenandsawyer.com


