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USING THE CHAT FUNCTION………

WHO IS YOUR FAVORITE SUPERHERO….AND 

WHY????

This meeting is being recorded (both audio and video)
 

If you do not consent to being recorded, please let the meeting moderator know ASAP 

and we will facilitate your participation in another way or adjust our procedure.

Recording
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Using Zoom!

3

Mute yourself! 

Have a question? 

Use the chat feature.

Controls accessed at the bottom

Access Chat at the bottom

Note: We will NOT be recording this workshop

Rename yourself 

“Name (Company)”

Right click on your picture or 3 dots 

OR

Controls accessed at the right after 

clicking ‘Participants’ at bottom.

VIRTUAL WASTEWATER INPLT

SESSION 2

MOVING DAY - BOD & Pumping
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Thank You to Our Sponsor!

Thank You to Our Participants!

17. Which processes are automatically controlled at the facility?
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Today’s Agenda

Intros & Welcome

Follow the BOD

Pumping Systems Part 1 - Head

Break

Pumping Systems Part 2 - Curves

Energy Maps

Wrap-up

Q&A
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Plant Process Electricity Use Overview

Derived from data from Focus On Energy WWOA 49th Annual Conference, October 7, 2015 presentation by Joseph Cantwell, PE

Aeration
54%

Wastewater Pumping
14%

Lighting & Buildings
8%

Chlorination
0%

Belt Press
4%

Screens
0%

Gravity Thickening
0%

Anaerobic Digestion
14%

Grit
2%

Clarifiers and RAS
4%

Electricity Requirements for Activated Sludge Wastewater (Non-UV)

Aeration

Wastewater Pumping

Lighting & Buildings

Chlorination

Belt Press

Screens

Gravity Thickening

Anaerobic Digestion

Grit

Clarifiers and RAS

Where Does Most of the “Treatment” Occur?

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester
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5 Mgal/d Used to be Economy-of-Scale Cutoff 

for Anaerobic Digesters

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

5 Mgal/d
250 mg BOD/L

BOD Load to Plant

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d
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Assume 33% BOD Removal in Primary Clarifier

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

The Remaining BOD Goes to the Aeration Basin

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d
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Assuming a Yield of 0.6 lb Biomass (measured as 

BOD) per lb BOD…

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

0.6 lb BOD
lb BOD

0.6 lb BOD
lb BOD

…Means 4,191 lb BOD/d Must be Removed 

in the WAS

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

15

16



9

0.6 lb BOD
lb BOD

Nearly ¾ of the Influent BOD Ends Up in the 

Digester

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

73%

0.6 lb BOD
lb BOD

Difference Between These is 2,794 lb BOD/d

Where Does That BOD Go?

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d
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0.6 lb BOD
lb BOD

Not the Effluent

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

~
4

0
0

 lb
 B

O
D

/d

0.6 lb BOD
lb BOD

~2,394 lb BOD/d Respired as CO2 at Tremendous 

Oxygen and Energy Expense

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

CO2
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0.6 lb BOD
lb BOD

All BOD (VS) is not Created Equal

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

73%

0.6 lb BOD
lb BOD

An Optimized Primary Clarifier is an 

Optimized Plant = Least Cost Operation

Cl2

Aeration basin
Primary 
clarifier

Secondary 
clarifier

Anaerobic 
digester

10,425 lb BOD/d

33% BOD

3,440 lb BOD/d

6,985 lb BOD/d

4,191 lb BOD/d

OPTIMIZE
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Homework (Assume:  PI = 10,425 lb BOD/d, 

Yield = 0.6 lb BOD/lb BOD, Eff = 400 lb BOD/d)

Primary 

clarifier BOD 

removal (%)

BODPS 

(lb BOD/d)

BODPE

(lb BOD/d)

BODWAS

(lb BOD/d)

BODRESPIRED

(lb BOD/d)

BODPS/BODWAS

23

33 3,440 6,985 4,191 2,394 0.82

43

53

Anaerobic Digestion (tied with Wastewater 

Pumping) is Second Largest Electricity User

Derived from data from Focus On Energy WWOA 49th Annual Conference, October 7, 2015 presentation by Joseph Cantwell, PE

Aeration
54%

Wastewater Pumping
14%

Lighting & Buildings
8%

Chlorination
0%

Belt Press
4%

Screens
0%

Gravity Thickening
0%

Anaerobic Digestion
14%

Grit
2%

Clarifiers and RAS
4%

Electricity Requirements for Activated Sludge Wastewater (Non-UV)

Aeration

Wastewater Pumping

Lighting & Buildings

Chlorination

Belt Press

Screens

Gravity Thickening

Anaerobic Digestion

Grit

Clarifiers and RAS
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Practice Problem Set 2, Question 4

Anaerobic Digester Mix Pump 3A  pumps 1,175 gal/min 

against a total dynamic head of 48 ft. It was designed to 

run continuously. From the manufacturer’s literature, the 

pump is 74% efficient and the motor is 92% efficient. The 

average cost of electricity is $0.1012/kWh. The CPO 

conducted a study and found no deterioration in 

performance—measured in terms of VSR, gas production 

and gas composition—when turning the mix pump off for 

20 minutes every 30 minutes (i.e., 10 min on, 20 min off). 

Calculate the annual electrical cost savings realized with 

this new operation, ignoring demand charges.

This Is What I’m Talking About

Anaerobic Digester Mix Pump 3A  pumps 1,175 gal/min 

against a total dynamic head of 48 ft. It was designed to 

run continuously. From the manufacturer’s literature, the 

pump is 74% efficient and the motor is 92% efficient. The 

average cost of electricity is $0.1012/kWh. The CPO 

conducted a study and found no deterioration in 

performance—measured in terms of VSR, gas production 

and gas composition—when turning the mix pump off for 

20 minutes every 30 minutes (i.e., 10 min on, 20 min off). 

Calculate the annual electrical cost savings realized with 

this new operation, ignoring demand charges.
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The CPO’s Study Would Not Have Been Possible if 

the Digester Performed Like This

0
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V
S

R
 (

%
)

Typical of municipal practice

An Interesting Problem Because TDH is 

All Friction Head (more to come)

Meter

1,175 gal/min

TDH = 48 ft

$0.1012/kWh
0.740.92
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A Bit of History: Papplewick Pumping Station

Nottinghamshire, England

1882-84 until 1969

2 ea. 140 hp engines 

Supplied by James Watt & Co.  

Abbey Pumping Station

Leicester, England

1891 - 1964

4 ea. 200 hp by Gimson & Co.

12-19 RPM    4,170 GPM
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What does 200 hp look like today?

Can anyone estimate the power requirement?

kW =  0.75 * HP    =  0.75 * 200 = 150 kW   
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PUMPING SYSTEMS PART 1

33
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Suction Lift (hs)

Suction Lift (hs)

When the supply is below 

the centerline of the pump.

Distance (in feet) from the 

center line of the pump to the 

level of liquid to be pumped.

DEFINITION

Suction Head (hs) 

When the supply is above 

the centerline of the pump.  

Distance (in feet) from the 

center line of the pump to the 

level of liquid to be pumped.

Suction Head (hs)

DEFINITION
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Total Head (H)

Discharge 

pressure

Discharge 

pressure

Suction 

Head (hs)

Suction Lift (hs)

2.31 feet per psi

With Suction Lift

Total Head= Discharge Pressure (ft) + hs (ft) 

With Suction Head 

Total Head= Discharge Pressure (ft) – hs (ft)

DEFINITION

Teaching Pumping Math to Operators
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Centrifugal Pump Power

To save energy

• Decrease Flow

• Decrease Head

• Increase Efficiency

• Decrease Run hours

BHP
Brake Horsepower

(the power required by pump)

Q Flow (gal/min)

H Total Head (ft)

s.g. Specific gravity (1.0 for water)

ηp Pump Efficiency

3960 Conversion Factor  
𝐺𝑎𝑙 ∗𝐹𝑡

min∗𝐻𝑃

𝐵𝐻𝑃 =
𝑄 ∗ 𝐻 ∗ 𝑠. 𝑔.

3960 ∗ 𝜂𝑝
Opportunity 

Register 

Alert!!!

Centrifugal Pump Motor Power

MotorPower kW = MotorPower hp ∗
𝟎. 𝟕𝟒𝟔 kW

hp

motor

BHPPower
hpMotorPower



)(
)( =

BHP Brake Horsepower 

ηmotor Motor Efficiency (0-1.0) 

This is what you pay for!
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Opportunity Register

Energy

Efficiency

…
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PUMPING SYSTEMS PART 2 - CURVES

46
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=

3960

.. HQgs
BHP

Reading Pump Curves

If the pump has a 11” impeller diameter, is pumping water, and is operating 

at 500 gpm, what are the other operating conditions (H, BHP, η)?

H= 100 ft

η =  57%

BHPBHP 2.22
57.03960

100500
=




=

Reading Pump Curves (continued)

If the pump has a 7.375” impeller diameter (D), and is operating at 280 gpm, 

what are the other operating conditions (H, BHP, η)?

H= 1300 ft

η = 69%

BHP = 133 bhp
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[insert Break slide]BREAK
Until 6 after the hour

PUMPING SYSTEMS PART 2 – CURVES

CONTINUE..
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Examples of system curves for three different systems 

RMJG-EMC-10 57

7”

7-1/4”

Flow Rate, GPM

System Curve

Pump Curves

Pump and System Curves

Static Head
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What affects head loss the most?

Total Dynamic Head = Static Head + Head Loss

Head loss is most sensitive to changes in diameter

Exercise - Design Engineer for a Day!

Energy

Efficiency
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LET’S DRAW!

▪You get to design a new pump station. 

▪Wet well water elevation is 820 feet.

▪Discharge point elevation is 860 feet.

▪ Static head = ? 

Static Head

Energy

Efficiency
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Design flow is 350 GPM, and the pipe friction 
loss is estimated as follows: 

100 GPM = 1 foot 

200 GPM = 5 feet

300 GPM = 15 feet

400 GPM = 30 feet

500 GPM = 50 feet

62

Let’s Draw!

Static Head = 40 feet

63

Let’s Draw!

Flow 

(gpm)

Static Head 

(ft)

Friction 

Head 

(ft)

System 

Curve Head 

(ft)

0 40 0 40

100 40 1 41

200 40 5 45

300 40 15 55

400 40 30 70

500 40 50 90
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Let’s Draw!

Flow 

(gpm)

Static Head 

(ft)

Friction 

Head 

(ft)

System 

Curve Head 

(ft)

0 40 0 40

100 40 1 41

200 40 5 45

300 40 15 55

400 40 30 70

500 40 50 90
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Let’s Draw!
Flow 

(gpm)

Static 

Head 

(ft)

Friction 

Head 

(ft)

System 

Curve 

Head (ft)

0 40 0 40

100 40 1 41

200 40 5 45

300 40 15 55

400 40 30 70

500 40 50 90
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System Curve

Flow 

(gpm)

Static 

Head 

(ft)

Friction 

Head 

(ft)

System 

Curve 

Head (ft)

0 40 0 40

100 40 1 41

200 40 5 45

300 40 15 55

400 40 30 70

500 40 50 90

Pump Selection
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Draw the pump curve: 

0 GPM = 92 feet 

100 GPM = 90 feet

200 GPM = 85 feet

300 GPM = 75 feet

400 GPM = 60 feet

500 GPM = 40 feet
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Now We Pick a Pump
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System Curve and Pump Curve Intersection?

Pump should run 
at ~370 GPM and 
65 feet.

What Power Will It Require?

Pumping Power Equation

Q 370 GPM

H 65 feet

s.g.
1.0 

(we’re pumping water)

𝐵𝐻𝑃 =
𝑠. 𝑔.∗ 𝑄 ∗ 𝐻

3960 ∗  𝜂
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The pump we’ve selected has the following 
efficiency points: 

0 GPM = 0%

100 GPM = 30%

200 GPM = 50%

300 GPM = 60%

400 GPM = 50%

500 GPM = 30%

77

How Efficient is our Pump?
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Pump Curve

Pump should run 
at ~370 GPM and 
65 feet and 

54% efficiency.

What Power Will It Require?




=

3960

.. HQgs
BHP

11.2 hp x 0.75 kW = 8.4 kW
hp

Pumping Power 

Equation

Q 370 GPM

H 65 feet

s.g. 
1.0 

(we’re pumping water)

η 54% (0.54)

BHP 11.2 hp
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How Much Will It Cost To Run?

81

8.4 kW = 8.9 kW into motor

**Assume continuous operation

8.9 kW x ______** hrs = _______kWh

_______ kWh x $0.06 = $______

8,760 78,000

78,000 4,680
           year      kWh       year            

                  year                   year            

0.94

Use 94% motor efficiency

You install the pump, and 

determine that it’s actually 

running at 450 GPM

𝐵𝐻𝑃 =
𝑠. 𝑔.⋅ 𝑄 ⋅ 𝐻

3960 ⋅ 𝜂

Pumping Power 

Equation

Q 450 GPM

H ______ feet

s.g. 
1.0 

(we’re pumping water)

η ______%

BHP
_____ x 0.75 = ____ 

kW

Uh oh . . .
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Pump Curve Pump should run 
at ~370 GPM 
and 65 feet and 
54% efficiency.

Pumping 

Power 

Equation

Q 450 GPM

H

η ______%

50 feet

40

Pumping Power Equation

Q 450 GPM

H 50 feet

s.g. 1 (we’re pumping water)

Pump 

Efficiency η
40%

BHP

84

Quick Power Check

BHP =

𝐵𝐻𝑃 =
𝑠. 𝑔.∗ 𝑄 ∗ 𝐻

3960 ∗  𝜂

450 gpm*50 feet

      3960 * 0.40
= 14.2 HP
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Pumping Power 

Equation

Q 450 GPM

H 50 feet

η 40%

BHP 14.2 HP

85

Quick Power Check

Motor Output = BHP * 0.75 kW
             hp

= 14.2 hp*0.75 kW
                            hp

Motor Input =
Motor Output kW
Motor Efficiency

= 11.3 kW

= 10.6 kW

= 10.6 kW
    0.94
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Pump Curve

Pump runs at 350 
GPM, 68 feet, 
and 57% efficiency. 
10.5 BHP, 8.4 kW 
input to motor.

22 feet of friction head 
from control valve
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100% OPEN

30% 70%

87

Throttled Valve

Valve is throttled back 
to reduce the flow.
System curve changes 
with valve position. 

50%
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Pump Curve

Slow pump to 78% 
speed for 350 gpm

Full Speed

Reduced Speed
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Pump Curve
Slow pump to 78% 
speed for 350 gpm
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Pump Curve

22 feet of friction 
head eliminated 
by slowing pump 
to 78% speed.

Pump runs at 350 GPM, 

46 feet, and 50% efficiency.

8.1 BHP, 6.7 kW input to 
motor.
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91

System Curves: with VFD Operation

100% VFD Speed
95% VFD Speed

85% VFD Speed100% 
Valve 
Position

100% VFD Speed
95% VFD Speed
85% VFD Speed

Example of system curve for 
open loop system:  
System curve is at 100% 
valve position. VFD speed is 
adjusted to reduce the flow. 

Summary

92

Condition
Flow 

(GPM)

Head 

(Feet)

Input Power 

(kW)

Annual Cost 

(@ $.06 /kWh)

Designed 370 65 8.9 $4,680

Installed 450 50 11.3 $5,940

Throttled 350 68 8.4 $4,420

Add VFD 350 46 6.7 $3,520
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Summary

93

Condition
Flow 

(GPM)

Input Power 

(kW)
GPM / kW

kWh/MG 

Pumped

Designed 370 8.9 42 401

Installed 450 11.3 40 420

Throttled 350 8.4 42 400

Add VFD 350 6.7 52 319

Family of Curves

• Each curve is 

100 RPM step

• VFD’s are not 

a “cure all”
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http://www.pge.com/includes/docs/pdfs/mybusiness/energy

savingsrebates/incentivesbyindustry/agriculture/industrial_

guidebook.pdf

Oversize Motors Cost You $$

Top 10 Energy Savings Opportunities

1. Minimize loads Decrease flow

2. Use your best part load option Increase efficiency

3. Turn it off Decrease run hours

4. Minimize pressure drops Decrease head

5. Optimize pressure settings Decrease head

6. Keep idling time to a minimum Decrease run hours

7. Right technology Increase efficiency

8. Right size equipment
Increase efficiency, decrease flow,

 decrease head

9.
Remove barriers to more 

efficient setpoints

Increase efficiency, decrease flow,

 decrease head

10. Make the most of your controls
Increase efficiency, decrease flow,

 decrease head
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This Photo by Unknown Author is licensed under CC 

BY-SA-NC

This Photo by Unknown Author is licensed under CC 

BY-NC-ND

Closing

SEE YOU NEXT WEEK!

Homework: 
1. Complete the table

2. Add to your opportunity register

107

108

https://iteachu.uaf.edu/quizzes/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://creativecommons.org/licenses/by-nc-sa/3.0/
https://debshoganteaching.wordpress.com/2020/04/27/microsoft-forms-business-quizzes/
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/3.0/
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