Opening

Monday, November 10, 2025 3:29 PM

This course is designed to walk operators through some of the basic math they will be completing at the WWTP.
We will be covering

¢ Area and Volume

* Force

e Flow Rate

e Work and Power

* Means

* Flow meter Calibration

¢ DMR Calculations

e Detention Time

e Chemical Feed Rates and Dosages

Resources
https://www.epa.gov/compliance/math-wastewater-operators
Larry gives insight on how to calculate your electric bill and more practical tips

Sacramento State Water Programs Manual
https://www.owp.csus.edu/operator-training/courses/correspondence-courses/wastewater-courses/#/

Minnesota Pollution Control Agency
https://www.pca.state.mn.us/sites/default/files/wg-wwtp8-02.pdf

Chlorine Dosage Rates
https://www.waterboards.ca.gov/drinking_water/programs/districts/docs/sonoma/naocl examples.pdf
https://www.youtube.com/watch?v=Y-vMuwflspU

There are lots more. Talk to your local board about resources which can prepare you for your local exam.
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https://www.epa.gov/compliance/math-wastewater-operators
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Rounding

Monday, November 17, 2025 2:38 PM

e 5and up-round up
¢ 4 and down round down
¢ |f we measured or calculated it, we keep it!

How big is my keyboard?
e Approximately?

e Exactly? /A//j}{/ M}g /g

e What we need!

N

A= (4%l $4ut =) §0 a 59

&L
A= I5.d X 5{5 g gg,& g ),@mp
T%F. 0 g
é}fﬂcﬂ/g
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Poll Question #1

Thursday, November 13, 2025 8:04 AM

What is the surface area and volume of a digester that is 20ft in diameter? And 12 feet deep?
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Pressure
Monday, November 3, 2025 10:37 AM

Pressure (p) is a type of force (F). Specifically a concentrated force. The general equation is p = F/A.
Examples are

¢ |bs per square inch, psi

e Lbs per square foot, psf

e Atmospheres, atm

Imagine you stand inside a 1ft square tile. The force you are exerting is your weight per sf. | weigh 200lbs. My force
would be 200psf. Does not matter how tall | am. It is the weight or F per area.

Water weighs 62.4lb per cubic foot. What is its PSI 7 qu(/ 3/‘{1 %%2 - 4 L. “/ /A/
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Head

Monday, November 3, 2025 11:18 AM

Head is the amount of fluid above your point of reference.

What does this mean?
¢ We know that one cubic foot of water is 0.433 psi. That means for every 1ft of Head is also 0.433psi or 62.4psf

asurements on land. What happens if we are underwater?

e So far we have been thi&

<~

Ip 13l REMEMBER WE Ao The LElGHr up
5 ANDAPPLY T AT g Botion o7 TiE
Lol
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Force (cylinder)

Monday, November 3, 2025 11:55 AM

Now let's combine things.
* If we rearrange our equation for pressure, p from p=F/A to F=p X A A f: :];, ‘D\ A,.P = F
o 0 .

e p=Wy,xH

e A=mnr? Zl
e W, =62.4lb/cf

e H=Depth-A-B

Final equation
F= Wwxnr?x (Depth —A —B)

‘/:’A
24 # ]| f o

T Tk Wy \h

SIS 6aub . a-lofi-a¢t )
i

—
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Force (rectangular)

Monday, November 3, 2025 12:50 PM

Now let's combine things.
¢ |f we rearrange our equation for pressure, p from p=F/A to F=p X A
e p=W,xH
e A=LxWxH
e W, =62.4lb/cf
e H=Depth-A-B

Final equation
F= WyxLxW x Hx (Depth —A —B)
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Velocity

Monday, November 3, 2025 12:56 PM

In physics, velocity is the speed and direction something is going. Typically in wastewater the direction is given. For
example we pump from here to here. Wastewater is flowing from here to the effluent point. So we will focus more on
the speed even though we will use the term Velocity.

Velocity is measured in Distance per time. This is mi/hr, ft/s, etc.

Let's say | want to drive from Atlanta to Miami. It is approximately 665 miles. It takes me 9 hours to get there. What is
my velocity? '

665 miIes/9 hours = 74 mi/hr - the directio
—_— _—— aRSe——

M = Q%W SOWZL
qlhes T
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Flow Rate

Wednesday, November 12, 2025 9:19 AM
Now we have an understanding of Volume, Head, Pressure, Velocity, and now we come to Flow Rate.

Flow Rate is simply the amount of fluid that passes a certain point in a given amount of time. To calculate it we take the
velocity component and multiply by the area component.

The symbol for Flow is Q and the equation for flow is Q=Ax V.

R—
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Flow Rate

Wednesday, November 12, 2025 9:47 AM

We need to buy a pump for a pump station.

Let's take a moment to learn about pumps
https://youtu.be/U8iIWNaDuUek?si=51E4LzinaB7MhKNQ&t=252 (4:14 -> 5:55)
https://www.youtube.com/watch?v=m3i 5xP9PYU

So we know, we need to know the flow rate and the amount of head required before we can select a pump.

We measured our wet well, and it is 6 ft in diameter and 20 ft deep. This 20ft is our starting head! There are

three pipes from the sewer system that feed it. What is the minimum flow rate the pump needs to have to

prevent the pump from overflowing? (%LS} WE ME AcsSUmIng po FRCTION 4D PUMPING TO
THG (6P 07 THE Well)

First we need to understand the diurnal pattern (https://www.adsenv.com/sewersociology/)

FIGURE 2: Weekday and Weekend Diurnal Patterns

Weekends

Flow Quantity (MGD)

o L— 1 | | | b | | [
0 3 6 9 12 15 18 21 24

Time
Why is this important to sizing our pump? We need to know what the maximum flow rate is so we don’t overflow
our tank!

Wastewater Math Page 20


https://youtu.be/U8iWNaDuUek?si=51E4LzinaB7MhKNQ&t=252
https://www.youtube.com/watch?v=m3i_5xP9PYU
https://www.adsenv.com/sewersociology/

Flow Rate Area

Wednesday, November 12, 2025 10:20 AM

We go to our wet well on the weekend around 9AM and bring a long stick and a stopwatch.
Since Q = Ax V let's start with calculating area.

Our wet well is 6 feet in diameter. So our area is:
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Flow Rate Velocity

Wednesday, November 12, 2025 10:49 AM

Next lets tackle our Velocity. Remember velocity(V) is distance per time.
We stick our pole or stick into the wet well at the water's surface. Five minutes later we pull it out and see the water
level roseigffi /UOTC DQ}{/\) # @/ﬂGQﬂM ’//0 HTLP

VISPALI 22 THE PRORLTIM ’

Since Velocity = Distance / Time we have:

ok o

S M L
So our flow rate Q =Ax V 77} WS : SM/M
Q:’%QQ*% = 5éﬁl{7@?fﬁ% |
Miw M min

There are 7.48gal per CF. So our Flow in Gal per minute is:
Seak | Rufal
o el
L

To get the right pump we need to grab our catalogue and order a pump with a flow rate of (‘{9064 at 20ft of Head
right? Not quite. Let's learn about Work and Power to see what we are missing. MWD
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Day 2 Reminders

Thursday, November 20, 2025 7:55 AM

For clarity - there are 7.481 gallons of water in 1 cu ft
Density is 8.34Ib/gal or 62.4 Ib/ cu ft - we are not accounting for solids
¢ For those who must know sludge is denser than freshwater, and its density will vary; It will be
around 8.74lb/gal. It can be even heavier if it is old activated sludge.
¢ If you use the actual density of RAS in calculations, your answers will be marked wrong on almost
any exam.
e Work and Power
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Work & Power

Wednesday, November 12, 2025 12:32 PM

Flow rate is not the only thing we need to size our pump. Pumps do not turn themselves. They require motors. To know
what size motor, we need to know how much work needs to be done by the pump.

Let's get an understanding of the concept of work. Work is simply the Force, F applied over a Distance, d
| weigh 200lbs. | go up a flight of steps 8ft. | have done 1,600 ft Ibs of work.

Notice those units. Just like a torque wrench!

20 years ago, | didn’t weigh 200Ibs, but let's say | did. 20 years ago | could go up the steps in 4 seconds, one day it may
take me a solid 240 seconds or 4 minutes. _
?c

P =W /t. We established the work done is 1,600 ft Ibs

NOR
I @(Sb»@'\y :

Yoo
//@ kootelo [l
a40 < 3

(N {1
£ SAME LoRK DOME FASTER REDUIRES MORE POLITR

MQQK 20015 . ngL
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4 s
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Horse Power

Wednesday, November 12, 2025 2:17 PM

So we know how to calculate Work and Power, but where does horsepower come from? It comes from the need to
relate electricity to work. In the 1700s when electricity was being marketed to the masses, we needed a way to describe
the amount of work electricity does in terms everyone understood. In the 1700's most work was done by horses.

By definition 33,000ft Ibs in@ 1HP period ¥ /Hﬁ) - O’q—q S;L KM ,/7[5

K//ONA

Let's convert my race to the top of the steps into HP.

qaaw b0 94/)600% _lbp ey —;W
< 7N M 55,090 potfs

Now let's find out how much HP | neet to get the water out of the wet well.
HP = Q (gal/min) x H (ft) x\8.34Ib/gal x 1HP/33,000 ft—Ib/mﬁ

~ %’5‘@@ oUs MP ejdATIOVJ AR ze JQCBUQCDTO
q. 34 @(@&/Mm)' H(ﬂ)

3960
If you would like to see how friction loss due to valves, elbows, etc impact HP check these video out
https://www.youtube.com/watch?v=kEVew9C3mv4&t=3s
https://youtu.be/U8iIWNaDuUek?si=qxT3s6BosabJjalu&t=411 (6:51 -> 13:04)
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Efficiency

Wednesday, November 12, 2025 2:53 PM

In an ideal world that HP would be all we need to maintain the level in our wet well. However in this world there
are things which suck energy away from our systems. Sound, vibrations, and heat being primary among them.

Motor Horsepower Water Horsepower

Brake Horsepower

10

Slides 7-17
Water, HP = (Q, GPM) (H,ft)(8.34 Ib/gal)(HP/33,000ft Ib/min)

We have to supply more HP to overcome these things....well how much?
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Pump Horsepower

Hp = Flow rate (gpm) x Head (ft)
3960

A pump is needed to deliver 2,000 gpm
against a head of 20 ft. What hp is required
for the pump?

2000 gpm x 20 ft/3960 = 10.1 hp



Pump Efficiency

* The ratio of total energy output to total
energy input, expressed as %

 |f a pump is needed to deliver 500 gpm
against a total head of 100 ft and the

pump has an efficiency of 80%, what hp
must be supplied to the pump?

Hp =500 gpm x 100 ft= 15.8 hp vs 12.6
3960 x 0.80




Horsepower and Efficiency

Horsepower can be expressed as Motor HP (or
Input HP), Brake HP (or Shaft HP) and Water HP.

Motor Horsepower Water Horsepower

Pump

Brake Horsepower

10



Horsepower and Efficiency

Efficiency is defined as output divided by input:
Motor Eff. (%) = 212¢ %%« 400

MO tOT' HP Motor Horsepower Water Horsepower
Motor Pump

Wa’ter HP * 1 OO Brake Horsel304

Brake HP

Pump Eff. (%) =

Water HP
Motor HP

Wire-to-Water Eff. (%) = 100

All efficiencies will be less than 100%
11



Horsepower and Efficiency

Motor Efficiency (%) = Brake HP/Motor HP x 100
=8 HP/10 HP x 100 = 80% = 0.8

Water HP =6
Motor HP = 10 Motor Pump

Brake HP = 8

12



Horsepower and Efficiency

Pump Efficiency (%) = Water HP/Brake HP x 100
6 HP/8 HP x 100 = 75% = 0.75

Water HP =6
Motor HP = 10 Motor Pump

Brake HP = 8

13



Horsepower and Efficiency

Wire-Water Efficiency (%) = Water HP/Motor HP x 100 = 6
HP/10 HP x 100 = 60% = 0.6

Water HP =6
Motor HP = 10 Motor Pump

Brake HP = 8

14
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Calculating Horsepower from
Flow, Head, and Efficiency

Water hp = Flow (gpm) x Head (ft)
3,960
Brake hp = Flow (gpm) x Head (ft)

3,960 x Pump Efficiency

= Flow (gpm) x Head (ft)

3,960 x Pump Efficiency x
16



Example HP Problem

Find the motor horsepower for a pump station with the
following parameters:

Motor efficiency = 94.3%
Pump efficiency = 74%
Total head = 20 ft

Flow =426 gpm

Motor hp = 426 gpm x 20 ft
3,960 x 0.74 x

vs Brake HP = 2.91bhp vs Initial Water hp = 2.15whp

17



Arithmetic Mean

Wednesday, November 12, 2025 3:23 PM

We all know what an arithmetic mean is. This is typically what we learn in school.
Simply the sum of all the numbers divided by the number of numbers.

A
AVEQME = /]_ZAL. _ (ﬂl»rfgg +42,,,4ﬂ)
4 (';& /1
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Geometric Mean
Wednesday, November 12, 2025 3:38 PM

The Geometric mean is used for calculating the average of e.Coli or Fecal Coliform results. We use the geometric mean
because microorganisms multiply. Anytime you want an average of anything that multiplies a geometric mean must be
used.

WOTE RoD 15 Hrdmg fic

N+ 1, £0, - b e Man BECAUSE oF THE Loc wsiilc

S of PHT o7 e AERASED

3

g

3lei\‘a?‘\\\3 = ('\)IXNQNN‘@>
a\of,__———aw - ép\&pgx‘\sgmﬁ)ﬁ P Né@)
p\“\\r‘} "’\NQ_Q

SN
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Mean Examples

Thursday, November 13, 2025 8:44 AM

Effluent Characteristic

Effluent Limitation

30-Day
Average a

7-Day

Average a

Daily
Maximum a/

Flow, mgd

4.0

N/A

N/A

BODs, mg/L. (Kg/day) b/

30 (454)

45 (681)

N/A

Total Suspended Solids, mg/L. (Kg/day) b/

30 (454)

45 (681)

N/A

E. Coli, No./100 mL

126

252

N/A

Dissolved Oxygen, mg/L, Minimum ¢

N/A

N/A

5.0c¢c

Ammonia, Total (as N), mg/L

See Table |

See Table 1

See Table |

AT g0 RePoriiag JALUES, REPORT 7w AcrysL IALIES
M[ASZ/KCD 5g/f/d |F //ﬁﬁ/t/ A)?O/Cﬁfzqﬁfﬂ THAN V@Jk

pEemT Limir !
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Effluent Characteristic Frequency Sample Type a/

Total Flow, mgd b/ Continuously Recorder

Total BODs, mg/L. ¢/ 2/Week
Total Suspended Solids, mg/L ¢/ Composite

E. coli, n0o./100 mL Grab

Oil and Grease, visual d
Ammonia Nitr{}gen. Total, mg/L Composite

Practical
Quantitation
Limits, ug/L g/




Effluent Limitation

30-Day 7-Day Daily
Effluent Characteristic Average a/ Average a/ Maximum a/

BODs, mg/L (Kg/day) b/ 454 45 (681)

Total Suspended Solids, mg/L (Kg/day) b/ 30 (454, 45 (681)
E. Coli, No./100 mL
Dissolved Oxygen, mg/L, Minimum ¢/

Ammonia, Total (as N), mg/L




[EESTED) —

Mon | 2-Jan] 40.6|
Tue | 3dan[

Wed | 4l
Thu | sanfl 57.1]
_-

weskyave] |3
s

_—l

Mon [30uan[ | 56 |IMonthly Average 31044
Tue | 3lan) ~ [Round___ 310

ue
Wed | 1-Feb| |

Thursday Feb 2 value not used
- Y

Above monthly Average BOD limit
of 30 mg/L

in January monthly average because it
-- was collected in February
WeskiyAve.| |23




1st Week 2nd Weelk

Sun 1-Jlan 8-Jan

2-lan  40.6 9-Jan 46.

Mon | 2
Tue 3-Jan 10-Jan
ed 4-Jan 11-Jan
Thu 5-Jan| 57.1] 12-Jan| 50.5
Fri 6-lan 13-Jan
WeeklyAve. | | agas] weekly Ave.| g
Round

5th Week
Mon  [23Jan| 7. Mon | 30-an|

2-Feb

5th weekly average reported
sat | 28Jan| | sat | a-rep| NN February because last day of
weeklyave. | || 5. weeklyAve. |  |[ 23.8ff weekly average was in Februa




weive ] | w8

2nd Weelk

‘.I'l."lea-lea-lvzl'ur Ave,




Poll Question #2

Thursday, November 13, 2025 9:17 AM

gLO M 571”(/
What is the-Arithimretic Mean of the following numbers 25, 200, 45, 300, 62, 2, 150, 1

—

)
N/Qigx 1R X 4G x $°0 X2 ~d x| G0 |

%
(267200 xq& 4 300 R M2 kD)) %

= 23,8
he GEomE TR mEpn 15 ALWAYS SMAULR. THAN THT
A THMETIC MLAN,
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Flow Meter Calibration

Thursday, November 13, 2025 10:18 AM

When the EPA comes out sometimes we will check the calibration of your automatic flow meter. We do this by
comparing your physical flow meter measurement to your digital flow meter measurement.

The first step is to make sure your flume, weir or other device is installed correctly and appropriate for the volume of
flow we are measuring. le a 40' rectangular weir would not be appropriate for measuring 10s of gallons of flow. The flow

over the weir would be too small to accurately measure.

M - M L lodo = °/o CRRoR | T 'OZ
QVUCS Actuek
WOTE: L (£ CTRONIC MEASUR §MTDT SHOJLD
psie  piamee BL CHEIED A ADIUSTED B ATHIRD
mEARERMNE N M EassREMELT 160 @4@7‘7 AT LEAST OUCT § YEAR,

?Z«Aﬁgmo@ W E ASUREM E T
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DMR Calculations

Thursday, November 13, 2025 11:49 AM

Reference: https://floridadep.gov/sites/default/files/helpful-tips-completing-dmrs-%20July%202020.pdf
https://www.reddit.com/r/Wastewater/comments/1fa5zce/how does the lbs formula make sense/

We understand how to calculate Flow and we know when to do a Geometric Vs. Arithmetic Mean. Both of these
elements are critical to completing our DMR accurately.

Our lab results are measured and given to us. These are the values which go onto your DMRs under the concentration
section. Typically values are reported in grams and kilograms per Liter. If you need to conduct or have questions about
any laboratory test please reach out to your state lab and/or reference the latest edition of Standard Methods.

Since flow is general measured in units of MG the equation for Daily Load is

Q(MGD) x Concentration(mgéll:z x 8.34lb/ga @ <
mg

Q(MGD) x Concentration( ) x 3.785kg/g3| g/d

You say Cornell, these units don't work out! Let me show you.

THE TRUATION HAs BEEO S/PLIFIED For. ConlENEIXE, MARE SIRT G4a) EMER
THE Vw75 AS RGPUIRED By THE cOuurion
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DMR Calculation

Thursday, November 20, 2025 7:25 AM

Your lab analyzes for BOD three days a week. Results come back as follows. What is the average weekly loading of BOD
. . M
to the receiving stream?

Flow MGD | BOD mg/L ® coss ?,'5"{
Mon 1.9 197 LY % }67(0 L %.34 = Q‘ ﬁ‘/&“f)
Wed 2.1 210 —

Fri 1.5 180 ééﬁwé
Average| |, 8 /6%;

LOADING = @(W\qﬂ ¥ C/DME“‘WWW<%) . 34 lb

L aﬁ“(
Q) =1, 8 Md
Concesdvudhon = [96MmG
L
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Hydraulic Retention Time (HRT)

Thursday, November 13, 2025 11:42 AM

=Volume / Flow

SAME AS MCRT ~
Ly TANK/ Flow Out MEAS CELL RETENT 00 TG
E— BASIN — \
J . NOTE : SLUDGE RETENTIGL TIME (SKT)
Peadies Basin Deferstiod fue (S DIFEEREIT, HRT /5

THE LawssTz oF TmE WATER
1S lw THE 575%/1/\.

Q= 1. gMD

%\ Ne = ( 000 ﬁg% @ouuff;&
v - ) 10§ HOURS

L (W) ) e o stmer
6 .3 mME < T U YN 000, 000 g0
A(}MM g/mééc 2 é)ﬂ% %@wa@ 7120 O §7gé0ﬂ6 Mﬂc 70/17 %%C/Qr‘/}&//@‘

I REALIT AcTIVATTD SLUDGT SUULD g mo THE BHSIN Frém §—§ nours Fok
O PLTTE TR EATIMENT.
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Clarifier - Weir Overflow Rate

Thursday, November 13, 2025 12:31 PM

Flow / Length of weir. Target is 10-20k GPD/FT
——
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Concentration

Monday, November 17, 2025 5:56 PM

The amount of something in a given space. We have all been affected by shrink -flation.
We understand we have less product per container - or the concentration went down!
Think chicken nuggets in the bag. Their used to be a whole Ib of pasta in the box, now it is slightly less.

What is a PPM?
1mg/L = 1ppm
In fraction form,@ppm =1/1,000,000 _——

In decimal form, 1 ppm = 0.000001
In percent form, 1 ppm = 0.0001 %

Many of you are having liquid or powder chemicals delivered. On the delivery sheet it is going to tell you what the

QO QDDO|

6”“513 GHO. © o0}

concentration is.
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Concentration

Monday, November 17, 2025 6:11 PM

Ultimately

weight (or volume) of solute

weight (or volume) Of_% %

If 25 Ib of chemical is added to 400 Ib of water, what is the % strength of the solution by WEIGHT?

R gslb
[0S\ b+LoQ)%

100

If 25L of chemical is added to 400 L of water, what is the % strength of the solution by VOLUME?
(%V/V) 3SL
Q5T 4R,

If 25mg of chemical is in/

(%W/V)

48l

~

of water, what is the % strength of the solution by weight?
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Feed Rate

Monday, November 17, 2025 6:15 PM

Most of us are getting a liquid or gaseous chemical which we are feeding into our plant. We need to know how many
mL/min to feed. To find this out we use the equation

Feed Rate (mL/min) = [) x Dose (mg/L) x Q.3785])/ [Concentration w/v %
£ UE 0385 |esioe Lon “
We UE D bEGLSE we wols s (Ph por MGD

Water flow is 35 gpm and chlorine solution strength is.0.7% NaOCI (w/v). What is the chemical feed rate (mL/min)
needed to achieve a chlorine residual of 1.3 mg/L as CI2?

I VAN o)
_ESC\M\ 5. b”ﬂ%if% 22\“’%

% M0

—_———

MGo - (ﬁ\\%fv\ g < |, 000,004 < l& Vo
o

| Mg W J\ GO
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Chemical Dosage

Monday, November 17, 2025 5:16 PM

Chemical Dosage and Feed Rate

Chemical dosage and feed rate problems are
typically solved by using the Pounds Formula. The
Pounds Formula has three common forms

Mass (Ibs./day) = Flow (MGD) » Dosage (mg/L) » 8.34

Mass (Ibs.) = Volume (MG) * Dosage (mg/L) » 8.34

Feed Rate (Ibs./day) = Flow (MGD) * Dosage (mg/L) * 8.34
Chemical Purity (%)
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Poll Question #3

Monday, November 17, 2025 5:51 PM

Determine the pounds per day of chlorine used if a treatment plant is treating 2.25 MGD with a chlorine dosage rate of
1.20 mg/L.

]}l = @ {mqd) + DOSE M3/, ) - .34

= 2.ASMED LA gy - €.%Y

= &9,5?_&)
déy
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