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Wastewater Math 
and Excel Equations



How to Write Equations in Excel

• Writing Formulas Using:
– Sum, Average, Round

• Freeze Panes
– Easier viewing in large spreadsheets

• Creating Trend Graphs
– Allows for Viewing Trends in Large Sets of 

Data
• Examples in Excel for Each Upcoming 

Problem Set



Reading Plans and Calculating Tank 
Dimensions

• Calculate the total 
volume, in million gallons 
(MG), for aeration tanks 
and secondary clarifier

• Calculate weir length for 
secondary clarifiers

• Conversion: 1 cubic foot = 
7.48 gallons (divide by 1 
million to get MG!)

• Total Number of:
• Aeration Tanks: 4
• Secondary Clarifiers: 4

• Refer to handouts for 
aeration tank and secondary 
clarifier plan and section 
view

• Dimension Formulas: 

– 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝑆𝑆𝑆𝑆𝑆𝑆 = π∗𝐷𝐷2

4
𝑜𝑜𝐶𝐶 𝜋𝜋 ∗ 𝑅𝑅2

• Excel: =pi()*D^2/4 or =pi()*R^2

– 𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶,𝑆𝑆𝑃𝑃 = 2π𝑅𝑅 𝑜𝑜𝐶𝐶 𝜋𝜋𝜋𝜋
• Excel: =2*pi()*R or =pi()*D

– 𝑅𝑅𝑃𝑃𝐶𝐶𝑃𝑃𝐶𝐶𝑅𝑅𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶, 𝑆𝑆𝑆𝑆𝑆𝑆 = 𝐿𝐿 ∗𝑊𝑊
• Excel: =L*W

– 𝑃𝑃𝑃𝑃𝐶𝐶𝐶𝐶𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐶𝐶,𝑆𝑆𝑃𝑃 = 2𝐿𝐿 + 2𝑊𝑊
• Excel: =2*L+2*W



Plans and Tank Volume Worksheet



Food to Microorganism Ratio (F:M)

Problem:
Refer to April MRO Sheet 1 on laptops
What is the F:M Ratio for April 
5th, 2015?

Excel Formula: 
=(Qww*BOD)/(VAB*MLVSS)

• 𝑆𝑆:𝑀𝑀 = 𝑄𝑄𝑤𝑤𝑤𝑤∗𝐵𝐵𝐵𝐵𝐷𝐷
𝑉𝑉𝐴𝐴𝐴𝐴∗𝑀𝑀𝑀𝑀𝑉𝑉𝑀𝑀𝑀𝑀

– 𝑄𝑄𝑤𝑤𝑤𝑤: wastewater flow to 
activated-sludge process, 
MGD

– BOD: wastewater BOD 
concentration, mg/L

– 𝑉𝑉𝐴𝐴𝐵𝐵: total liquid volume of 
biological reactors in 
service, MG

– MLVSS: mixed liquor 
volatile suspended solids 
concentration in bio-
reactor, mg/L



F:M Worksheet



Mean Cell Residence Time
• Mean Cell Residence Time 

(MCRT)
• Days that a microorganism stays 

in the activated sludge system 
before it is wasted.

• Longer MCRT = Higher MLSS = 
More Bug Food

• Problem:
• What is the MCRT for April 

10th? 
Refer to April MRO Sheet 2

Excel: =(MLVSS*8.34*Vtotal)/(WASlbs+TSSlbs)

• 𝑀𝑀𝐶𝐶𝑅𝑅𝑆𝑆 =
𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑖𝑖𝑖𝑖 𝑀𝑀𝑆𝑆𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆

𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑀𝑀𝑆𝑆𝑀𝑀𝐿𝐿𝑖𝑖𝑖𝑖𝑆𝑆 𝑀𝑀𝑆𝑆𝑀𝑀𝑆𝑆𝑆𝑆𝑆𝑆 𝑃𝑃𝑆𝑆𝑃𝑃 𝐷𝐷𝑀𝑀𝑆𝑆

• Or,
𝑀𝑀𝐿𝐿𝑉𝑉𝑆𝑆𝑆𝑆 ∗ 𝑉𝑉𝑇𝑇𝑇𝑇𝑆𝑆𝑀𝑀𝑆𝑆

𝑄𝑄𝑊𝑊𝐴𝐴𝑀𝑀 ∗ 𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆𝑆𝑆/𝑀𝑀 + (𝑄𝑄𝐸𝐸𝐸𝐸𝐸𝐸 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆/𝑀𝑀)

– MLSS: Mixed liquor suspended 
solids, mg/L

– Vtotal: Total volume of bioreactors 
in service, MG

– QWAS: Waste activated sludge 
flow, MGD

– WASmg/L: Waste activated sludge 
concentration, mg/L

– QEff: Total effluent flow rate, MGD
– TSSmg/L: Total suspended solids 

concentration, mg/L



MCRT Worksheet



Mixed Liquor Control Strategy & 
Sludge Wasting

• Problem:
• Using the MCRT method, how 

much sludge would need to be 
wasted (lbs/day) in order to 
lower the MCRT to 25 days 
based on where the MCRT is 
on April 5th?

• Refer to MRO Sheet  2 & 3
Formula:

𝑊𝑊𝑊𝑊𝑆𝑆𝑆𝑆𝑙𝑙/𝑆𝑆𝑀𝑀𝑆𝑆 =
𝑀𝑀𝐿𝐿𝑉𝑉𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆/𝑀𝑀 ∗ 5.8 ∗ 8.34

𝑀𝑀𝐶𝐶𝑅𝑅𝑆𝑆𝑆𝑆𝑀𝑀𝑆𝑆
− 𝐸𝐸𝐸𝐸𝐸𝐸 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑙𝑙/𝑆𝑆𝑀𝑀𝑆𝑆

5.8 – volume of aeration tanks
8.34 – conversion factor MGD*mg/l to lbs/day

• Control Strategy
– F:M

• Waste sludge varies depending 
on influent BOD concentrations

• If expecting high influent BOD, 
operators can build up sludge 
inventory

– MCRT
• Constant amount of sludge is 

wasted to maintain a target 
MCRT

• Most common due to it being 
the easiest to maintain

– Constant MLSS
• Waste based on changes in 

activated sludge growth rate
• Works well for smaller WWTP’s 

(minimal lab analysis)



Sludge Wasting Worksheet



Chemical Phosphorus Removal
• Problem for Groups 1-3:

• How many pounds of Alum 
would be needed to reduce 
phosphorus down to 0.7 
mg/L?

• Problems for Groups 4-5:
• How many pounds of Ferric 

would be needed to reduce 
phosphorus down to 0.7 
mg/L?

• Above assumes a 1.0 mg/L limit but 
should be conservative

• Refer to April MRO Sheets 1 & 2
• Influent P = 7.4 mg/L
• Effluent P = 2.4 mg/L

• Phosphorus Removal 
Chemicals:

– Aluminum Sulfate (Alum)
• 0.87 Alum to 1.0 Phosphorus 

Ratio
– Assuming no other reactions

– Ferric Chloride
• 1.8 Ferric to 1.0 Phosphorus Ratio

– Assuming no other reactions

• Where to add chemical?
– After Primary Clarification

• Could be utilized as a feed point in 
conjunction with a feed point before final 
clarification when surges in P are 
expected in the waste stream

• Can overfeed and negatively affect 
biomass in aeration

– Before Final Clarification
• Knowledge of phosphorus treated 

during aeration so more accurate and 
preferred feed location for chemical P 
treatment.



Chemical Phosphorus Worksheet



Conversion Factors

1 Cubic Foot = 7.48 Gallons

Conversion from mg/L to Lbs:
𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑜𝑜𝑅𝑅 𝐺𝐺𝐶𝐶𝐶𝐶𝐶𝐶𝑜𝑜𝑅𝑅𝐺𝐺

𝜋𝜋𝐶𝐶𝐷𝐷
∗
𝑃𝑃𝑅𝑅
𝐿𝐿
∗

3.78 ∗ 106𝐿𝐿
𝑀𝑀𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑜𝑜𝑅𝑅 𝐺𝐺𝐶𝐶𝐶𝐶𝐶𝐶𝑜𝑜𝑅𝑅𝐺𝐺

∗
𝐿𝐿𝐿𝐿

453,592.4 𝑃𝑃𝑅𝑅
= 8.34

𝐿𝐿𝐿𝐿
𝜋𝜋𝐶𝐶𝐷𝐷



Questions?

Thank you for attending!!

Cindy Fort, PE
cfort@Structurepoint.com

Troy Casey, EI
tcasey@Structurepoint.com

Presentation is available at: www.Structurepoint.com

mailto:cfort@Structurepoint.com
mailto:tcasey@Structurepoint.com
http://www.structurepoint.com/
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MONTHLY OPERATION REPORT
ACTIVATED SLUDGE TREATMENT PLANT MONTH OF Apr-15

BYPASS NOTICE RAW PRIMARY
OVERFLOW GIVEN INFLUENT EFFLUENT
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Surface Area, SFT: 9,750.0             6,361.7        
4/1/2015 WE 0.00 7.444 12 7.7 272 14818 545 29690 27.0 185 10078 190 10351 Depth, FT: 19.95 14.9
4/2/2015 TH Rain 1.34 X X 10.403 14 7.7 192 12006 845 52841 24.1 134 8379 130 8129 Volume, CFT: 194,512.5        94,789.7     
4/3/2015 FR Rain 0.13 8.483 17 7.4 143 8255 240 13855 25.2 96 5542 90 5196 Volume, MG: 1.45 0.71
4/4/2015 SA 0.00 7.658 12 7.5 143 7561 405 21415 17.8 116 6134 130 6874 # of Each: 4 4
4/5/2015 SU 0.00 7.352 11 7.6 355 20222 305 17373 19.6 322 18342 170 9684 Total Volume, MG: 5.82 2.84 0.10
4/6/2015 MO Rain 0.04 6.682 13 7.6 295 11731 515 20479 28.4 173 6879 170 6760
4/7/2015 TU Rain 0.11 6.902 15 7.7 178 7715 250 10836 26.0 150 6501 110 4768
4/8/2015 WE Rain 0.59 X X 8.374 14 7.4 132 8062 205 12520 24.1 75 4581 125 7634
4/9/2015 TH Rain 0.61 X X 12.416 16 7.4 242 20035 370 30633 22.7 193 15979 425 35186

4/10/2015 FR Rain 0.20 X X 10.076 14 7.5 99 6834 105 7248 14.3 81 5591 60 4142
4/11/2015 SA 0.00 8.456 20 7.4 168 9242 635 34932 22.9 145 7977 185 10177
4/12/2015 SU 0.00 9.378 13 7.7 244 16416 505 33976 20.0 195 13119 245 16483
4/13/2015 MO Rain 0.01 5.570 16 7.6 173 6595 385 14677 22.5 123 4689 200 7624
4/14/2015 TU 0.00 7.086 14 7.8 127 7143 275 15467 30.8 166 9337 180 10124
4/15/2015 WE 0.00 7.714 13 7.7 211 9232 300 13125 33.8 142 6213 135 5906
4/16/2015 TH Rain 0.08 7.176 14 7.6 148 6362 170 7307 33.6 124 5330 140 6018
4/17/2015 FR 0.00 7.904 16 7.7 163 9025 195 10797 25.0 151 8361 110 6091
4/18/2015 SA 0.00 6.552 18 7.6 247 11239 495 22524 37.7 194 8828 250 11376
4/19/2015 SU Rain 1.03 X X 10.494 14 7.6 315 23964 505 38419 20.2 163 12401 145 11031
4/20/2015 MO Rain 0.24 7.666 14 7.7 262 15265 505 29423 19.3 185 10779 230 13401
4/21/2015 TU 0.00 6.784 12 7.8 225 11512 625 31979 27.8 103 5270 180 9210
4/22/2015 WE Rain 0.22 7.722 12 7.8 199 11085 330 18382 25.5 113 6294 165 9191
4/23/2015 TH 0.00 7.534 12 7.8 7.4 180 7832 425 18492 34.1 124 5395 90 3916
4/24/2015 FR Rain 0.01 8.668 15 7.7 242 13966 505 29145 27.9 137 7907 135 7791
4/25/2015 SA Rain 1.02 X X 10.432 13 7.6 290 20880 675 48599 19.0 322 23184 435 31320
4/26/2015 SU 0.00 9.932 12 7.7 165 10655 575 37132 11.1 164 10591 145 9364
4/27/2015 MO 0.00 8.208 13 7.7 128 6676 245 12779 18.6 131 6833 160 8345
4/28/2015 TU 0.00 7.150 14 7.7 187 10189 690 37595 22.8 166 9045 460 25063
4/29/2015 WE 0.00 8.208 13 7.7 187 9924 390 20696 29.7 126 6686 95 5041
4/30/2015 TH 0.00 9.326 14 7.7 135 7413 155 8511 26.9 123 6754 100 5491

AVERAGE: 0.19 1.844 8.258 14 7.6 7.44 202 11395 412 23362 24.6 154 8767 180 10390
MAXIMUM: 1.34 12.416 20 7.8 7.44 355 23964 845 52841 37.7 322 23184 460 35186
MINIMUM: 0.0 5.570 11 7.4 7.44 99 6362 105 7248 11.1 75 4581 60 3916
No. OF DATA: 30 30 30 30 1 30 30 30 30 30 30 30 30 30
* IF THERE IS NO TERTIARY UNIT (HAS SECONDARY ONLY), USE THE FINAL EFFLU  COMMENTS FOR THE MONTH: (I.e. major repairs, breakdowns, process upsets and their causes, etc. in plant treatment process bypass)

PERCENT REMOVAL C.B.O.D S.S NH3 PHOS. PERCENT CAPACITY: 67.09%
PRIMARY TREATMENT: ##### 56.5% n/a n/a PLANT DESIGNED FLOW 10 MGD
SECONDARY TREATMEN n/a n/a n/a n/a
TERTIARY TREATMENT n/a n/a n/a n/a
OVERALL TREATMENT: ##### 98.4% 99.1% 68.3%

O&M Seminar Calculations
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