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Understand the purpose of primary and 
secondary clarifiers

Identify a clarifier that is performing well

Identify and understand how to correct a 
poorly-performing clarifier

Perform common clarifier math problems and 
understand how they apply to clarifier operation



 Types of waste removed
 How a clarifier works
 Common math problems
◦ Removal efficiency
◦ Detention time
◦ Hydraulic loading—surface overflow rate
◦ Hydraulic loading—weir overflow rate
◦ Solids loading rate
◦ Sludge withdrawal rate
◦ Power costs



Solids

1: Physical

2: Biological

S: Phys/Chem

BOD

1: Biological

2: Physical

S: Chemical

Pathogens

1: Chemical

2: Physical

S: Biological

KEY:
1 = main contaminant removal process
2 = supplemental removal process
S = sometimes-used process



Total 
Solids

Dissolved Solids
(very little removal)

Total Suspended 
Solids

(50 – 75% rem.)

Floatable Solids (Scum—
Fats, Oils, Grease (FOG), plastics, 

trash)

Settleable Solids
(90-95% rem.)Biochemical 

Oxygen Demand

(25-40% rem.)

Example of primary clarifier removals:



BOD SS



BOD SS

Soluble BOD

Particulate BOD



BOD SS

Inert SSBiodegradable SS



BOD SS

BOD targeted in 
clarifiers!



 Typically located after preliminary treatment
(e.g., headworks—screening, grit removal)

 Designed to remove settleable TSS and 
floatable solids

 These solids have high organic concentration 
(energy!) and can be sent to an anaerobic 
digester

LINK TO ANAEROBIC DIGESTION: SLUDGE 
PRODUCTION VALUES FROM A PRIMARY 

CLARIFIER COULD BE USED TO ASK 
QUESTIONS ABOUT DIGESTER 

PERFORMANCE!



 Located after a biological process such as a 
trickling filter or activated sludge

 Used to separate microorganism solids 
(mixed liquor suspended solids) from the 
low-BOD effluent

 Secondary clarifier concentrates the solids as 
return activated sludge (RAS) for re-use in the 
biological process
◦ You covered this earlier in activated sludge….



Influent raw 
wastewater with 
solids flow into 

tank, velocity 
slows 

significantly

Scum (FOG, floatables) 
float to the top of the tank 
and are collected and send 
to solids handling process

Primary sludge is 
thickened and sent 
to solids handling 

process

Primary effluent 
and suspended 
solids that don’t 
settle or float 
leave the tank in 
the effluent

Settleable solids settle 
out of the water with 
slow water velocity



Activated sludge is 
introduced to the 
secondary clarifier

Sludge settles to the 
bottom of the clarifier

Return Activated Sludge 
(RAS) – recycled to aeration 
basin

Waste Activated 
Sludge (WAS) is 
sent to solids 
processing



 Efficiency is a measure of how effective a 
process is at removing contaminants

𝑬𝑬𝑬𝑬𝑬𝑬 = 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑰𝑰𝑪𝑪−𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑶𝑶𝑶𝑶𝑪𝑪
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑰𝑰𝑪𝑪

𝒙𝒙 100



 Influent TSS concentration 200-300 mg/L
 Influent BOD concentration 500-700 mg/L

 TSS removal efficiency is about 50-75%
 BOD removal efficiency is about 25-40%
 Settleable solids removal efficiency is 90-95%

 But only if the water stays in the tank for long 
enough to allow material to settle! 



What is the TSS removal efficiency of a 
primary clarifier if the Influent TSS measures 

250 mg/L and the clarifier Effluent TSS 
measures 83 mg/L?  Is this clarifier 

performing efficiently?
𝑰𝑰𝑪𝑪−𝑶𝑶𝑶𝑶𝑪𝑪

𝑰𝑰𝑪𝑪
𝒙𝒙 100

𝟐𝟐𝟐𝟐𝟐𝟐−𝟖𝟖𝟖𝟖
𝟐𝟐𝟐𝟐𝟐𝟐

𝒙𝒙 100

𝟏𝟏𝟏𝟏𝟏𝟏
𝟐𝟐𝟐𝟐𝟐𝟐

𝒙𝒙 100

66.8%

TYPICAL TSS 
REMOVAL = 50-75%

This clarifier is 
performing within the 
parameters of normal 
operation for a 
conventional primary 
clarifier!



 Detention time is the average amount of time 
that a drop of water or contaminant molecule 
spends in the clarifier

𝑫𝑫𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪 𝑪𝑪𝑪𝑪𝒕𝒕𝑪𝑪 =
𝑻𝑻𝑪𝑪𝑪𝑪𝑻𝑻 𝑽𝑽𝑪𝑪𝑽𝑽𝑶𝑶𝒕𝒕𝑪𝑪

𝑰𝑰𝑪𝑪𝑬𝑬𝑽𝑽𝑶𝑶𝑪𝑪𝑪𝑪𝑪𝑪 𝑭𝑭𝑽𝑽𝑪𝑪𝑭𝑭 𝑹𝑹𝑪𝑪𝑪𝑪𝑪𝑪

 Units are time (hours, days, etc.)

 If there is short-circuiting, not all of the water is 
meeting the theoretical detention time!



 When calculating detention time, make sure 
that the volume units and the time units
match:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝑇𝑇𝐷𝐷 (𝐷𝐷𝐷𝐷 𝑠𝑠𝐷𝐷𝑠𝑠𝐷𝐷𝐷𝐷𝑠𝑠𝑠𝑠) =
𝑉𝑉𝐷𝐷𝑉𝑉𝑉𝑉𝑇𝑇𝐷𝐷 𝐷𝐷𝑜𝑜 𝐷𝐷𝑡𝑡𝐷𝐷𝑡𝑡,𝑔𝑔𝑡𝑡𝑉𝑉
𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 𝑅𝑅𝑡𝑡𝐷𝐷𝐷𝐷,𝑔𝑔𝑡𝑡𝑉𝑉/𝑠𝑠

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝑇𝑇𝐷𝐷 (𝐷𝐷𝐷𝐷 𝑇𝑇𝐷𝐷𝐷𝐷𝑉𝑉𝐷𝐷𝐷𝐷𝑠𝑠) =
𝑉𝑉𝐷𝐷𝑉𝑉𝑉𝑉𝑇𝑇𝐷𝐷 𝐷𝐷𝑜𝑜 𝐷𝐷𝑡𝑡𝐷𝐷𝑡𝑡, 𝑠𝑠𝑜𝑜
𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 𝑅𝑅𝑡𝑡𝐷𝐷𝐷𝐷, 𝑠𝑠𝑜𝑜𝑇𝑇

NOTE: You can always calculate the 
detention time in one time unit and 
use dimensional analysis to convert to 
another unit!





What is the detention time in hours of a 1,500,000 
gallon clarifier receiving a flow of 12.5 MGD?
 Make volume units consistent:

𝑉𝑉𝐷𝐷𝑉𝑉𝑉𝑉𝑇𝑇𝐷𝐷 = 1,500,000 𝑔𝑔𝑡𝑡𝑉𝑉 ×
1 𝑀𝑀𝑀𝑀

1,000,000 𝑔𝑔𝑡𝑡𝑉𝑉 = 1.5 𝑀𝑀𝑀𝑀

 Use detention time formula:

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷𝑇𝑇𝐷𝐷 =
𝑇𝑇𝑡𝑡𝐷𝐷𝑡𝑡 𝑉𝑉𝐷𝐷𝑉𝑉𝑉𝑉𝑇𝑇𝐷𝐷
𝐼𝐼𝐷𝐷𝑜𝑜𝑉𝑉𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹

𝐷𝐷𝑇𝑇 =
1.5 𝑀𝑀𝑀𝑀

12.5 𝑀𝑀𝑀𝑀𝐷𝐷
= 0.12 𝑠𝑠𝑡𝑡𝑑𝑑𝑠𝑠

 Convert units to hours:

𝐷𝐷𝑇𝑇 = 0.12 𝑠𝑠𝑡𝑡𝑑𝑑𝑠𝑠 ×
24 ℎ𝐷𝐷𝑉𝑉𝑜𝑜𝑠𝑠

1 𝑠𝑠𝑡𝑡𝑑𝑑
= 𝟐𝟐.𝟖𝟖𝟖𝟖 𝒉𝒉𝑪𝑪𝑶𝑶𝑪𝑪𝒉𝒉



A measure of hydraulic loading (how much 
water is being processed through the 
clarifier)

Measured as the influent flow rate divided by 
the total available surface area of your 
clarifier(s), also known as Surface Loading 
rate. Typical SORs are between 800 – 1,200 
gpd/ft2

Hydraulically overloading or exceeding the 
SOR causes solids to be washed out in the 
effluent and incomplete treatment. 

SOR = Influent flow
Tank Surface Area

Influent flow gallons / day

Typical units = 𝑔𝑔𝑎𝑎𝑎𝑎/𝑑𝑑
𝑓𝑓𝑓𝑓2



IF SOR IS TOO HIGH:
• Reduce the flow into the clarifiers (e.g., equalization)
• Put more clarifiers in service—increases total surface 

area

ALSO AFFECTS DETENTION TIME:
• High flow rate means that the detention time will be 

shorter as well
• For proper clarifier operation, we need to maintain a 

long enough detention time to allow for settling, but 
not so long that the oxygen is depleted and the 
clarifier goes septic

• Target = 1-3 hours



What is the surface overflow rate (gals/day/ft2) of a 
rectangular sedimentation tank measuring 125 ft by 

25 ft with a daily flow of 5 MGD?
 Calculate surface area of tank:
𝐴𝐴𝑜𝑜𝐷𝐷𝑡𝑡 = 𝑉𝑉𝐷𝐷𝐷𝐷𝑔𝑔𝐷𝐷ℎ × 𝐹𝐹𝐷𝐷𝑠𝑠𝐷𝐷ℎ = 125 𝑜𝑜𝐷𝐷 25𝑜𝑜𝐷𝐷 = 3,125 𝑜𝑜𝐷𝐷2

 Convert flow to gallons per day:

𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 =
5 𝑀𝑀𝑀𝑀
1 𝑠𝑠𝑡𝑡𝑑𝑑

×
1,000,000 𝑔𝑔𝑡𝑡𝑉𝑉

1 𝑀𝑀𝑀𝑀
= 5,000,000

𝑔𝑔𝑡𝑡𝑉𝑉
𝑠𝑠𝑡𝑡𝑑𝑑

 Calculate SOR:

𝑆𝑆𝑆𝑆𝑅𝑅 =
𝐼𝐼𝐷𝐷𝑜𝑜𝑉𝑉𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹

𝑇𝑇𝑡𝑡𝐷𝐷𝑡𝑡 𝑆𝑆𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡𝑠𝑠𝐷𝐷 𝐴𝐴𝑜𝑜𝐷𝐷𝑡𝑡
=

5,000,000 𝑔𝑔𝑡𝑡𝑉𝑉𝑠𝑠𝑡𝑡𝑑𝑑
3,125 𝑜𝑜𝐷𝐷2

= 𝟏𝟏,𝟏𝟏𝟐𝟐𝟐𝟐
𝒈𝒈𝒈𝒈𝒈𝒈
𝒉𝒉𝑬𝑬



A rectangular primary sedimentation tank (100 ft x 20 ft) is 
operated at a depth of 12.5 ft. What flow (expressed in MGD) can 
be treated in that tank without exceeding an SOR of 1000 gpd/sf?

• Find surface area:
𝐴𝐴𝑜𝑜𝐷𝐷𝑡𝑡 = 100𝑜𝑜𝐷𝐷 × 20𝑜𝑜𝐷𝐷 = 2,000 𝑠𝑠𝑜𝑜

• Use algebra to solve SOR formula for a flow rate:

𝑆𝑆𝑆𝑆𝑅𝑅 =
𝐼𝐼𝐷𝐷𝑜𝑜𝑉𝑉𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷 𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹
𝑆𝑆𝑉𝑉𝑜𝑜𝑜𝑜𝑡𝑡𝑠𝑠𝐷𝐷 𝐴𝐴𝑜𝑜𝐷𝐷𝑡𝑡

1,000
𝑔𝑔𝑔𝑔𝑠𝑠
𝑠𝑠𝑜𝑜 =

𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹
2,000 𝑠𝑠𝑜𝑜

𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 = 2,000,000 𝑔𝑔𝑔𝑔𝑠𝑠
• Convert to MGD:

𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 = 2,000,000
𝑔𝑔𝑡𝑡𝑉𝑉
𝑠𝑠𝑡𝑡𝑑𝑑 ×

1 𝑀𝑀𝑀𝑀
1,000,000 𝑔𝑔𝑡𝑡𝑉𝑉 = 𝟐𝟐𝑴𝑴𝑴𝑴𝑫𝑫

NOTE:
The depth of the 
tank was not used!



 Another measure of hydraulic loading on the 
clarifier

 Expressed in terms of the total length of overflow 
weirs on the clarifier
◦ Rather than the surface area, as in SOR

 Typical value = 5,000-15,000 gpd/ft

 A high WOR means that the water flow velocity 
over the weir is too high which might carry solids 
over the weir and onto the next process

𝑾𝑾𝑶𝑶𝑹𝑹 =
𝑰𝑰𝑪𝑪𝑬𝑬𝑽𝑽𝑶𝑶𝑪𝑪𝑪𝑪𝑪𝑪 𝑭𝑭𝑽𝑽𝑪𝑪𝑭𝑭

𝑻𝑻𝑪𝑪𝑪𝑪𝑪𝑪𝑽𝑽 𝑾𝑾𝑪𝑪𝑪𝑪𝑪𝑪 𝑳𝑳𝑪𝑪𝑪𝑪𝒈𝒈𝑪𝑪𝒉𝒉
𝑇𝑇𝑑𝑑𝑔𝑔𝐷𝐷𝑠𝑠𝑡𝑡𝑉𝑉 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝑠𝑠 =

𝑔𝑔𝑔𝑔𝑠𝑠
𝑜𝑜𝐷𝐷



Rectangular tanks with parallel effluent launders:

𝑊𝑊𝐷𝐷𝐷𝐷𝑜𝑜 𝑉𝑉𝐷𝐷𝐷𝐷𝑔𝑔𝐷𝐷ℎ = 𝑉𝑉𝐷𝐷𝐷𝐷𝑔𝑔𝐷𝐷ℎ 𝐷𝐷𝑜𝑜 𝑉𝑉𝑡𝑡𝑉𝑉𝐷𝐷𝑠𝑠𝐷𝐷𝑜𝑜 × (𝐷𝐷𝑉𝑉𝑇𝑇𝑛𝑛𝐷𝐷𝑜𝑜 𝐷𝐷𝑜𝑜 𝑠𝑠𝐷𝐷𝑠𝑠𝐷𝐷𝑠𝑠 𝐷𝐷𝑜𝑜𝐷𝐷𝑜𝑜𝑜𝑜𝑉𝑉𝐷𝐷𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔)

FL
O

W

= Length X 4

FL
O

W

= Length X 6

Le
ng

th

Width



Width

Rectangular tanks with perpendicular weir placement:

𝑊𝑊𝐷𝐷𝐷𝐷𝑜𝑜 𝑉𝑉𝐷𝐷𝐷𝐷𝑔𝑔𝐷𝐷ℎ = 𝐹𝐹𝐷𝐷𝑠𝑠𝐷𝐷ℎ 𝐷𝐷𝑜𝑜 𝑠𝑠𝑉𝑉𝑡𝑡𝑜𝑜𝐷𝐷𝑜𝑜𝐷𝐷𝐷𝐷𝑜𝑜 × (𝐷𝐷𝑉𝑉𝑇𝑇𝑛𝑛𝐷𝐷𝑜𝑜 𝐷𝐷𝑜𝑜 𝑠𝑠𝐷𝐷𝑠𝑠𝐷𝐷𝑠𝑠 𝐷𝐷𝑜𝑜𝐷𝐷𝑜𝑜𝑜𝑜𝑉𝑉𝐷𝐷𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔)
FL

O
W

= Width

FL
O

W

FL
O

W

= 2 X Width = 4 X Width

Le
ng

th



A primary clarifier is 20 feet wide, 60 feet long, and has a SWD of 12 
feet. The clarifier has two effluent troughs across the width that 
allow the water to flow over both sides of each trough.  The average 
flow to the clarifier is 0.65 MGD.  Calculate the weir overflow rate for 
this clarifier.

FL
O

W

W𝑶𝑶𝑹𝑹 = Influent flow 𝑔𝑔𝑔𝑔𝑑𝑑
total weir length 𝑓𝑓𝑓𝑓

 Convert flow to MGD:

𝐹𝐹𝑉𝑉𝐷𝐷𝐹𝐹 =
0.65 𝑀𝑀𝑀𝑀

1 𝑠𝑠𝑡𝑡𝑑𝑑
×

1,000,000 𝑔𝑔𝑡𝑡𝑉𝑉
1 𝑀𝑀𝑀𝑀 = 650,000 𝑔𝑔𝑔𝑔𝑠𝑠

 Calculate total weir length:

𝑊𝑊𝐷𝐷𝐷𝐷𝑜𝑜 𝑉𝑉𝐷𝐷𝐷𝐷𝑔𝑔𝐷𝐷ℎ = 4 𝑠𝑠𝐷𝐷𝑠𝑠𝐷𝐷𝑠𝑠 ×
20 𝑜𝑜𝐷𝐷
𝑠𝑠𝐷𝐷𝑠𝑠𝐷𝐷 = 80 𝑜𝑜𝐷𝐷

 Calculate WOR:

𝑊𝑊𝑆𝑆𝑅𝑅 =
650,000 𝑔𝑔𝑔𝑔𝑠𝑠

80 𝑜𝑜𝐷𝐷 = 𝟖𝟖,𝟏𝟏𝟐𝟐𝟐𝟐
𝒈𝒈𝒈𝒈𝒈𝒈
𝑬𝑬𝑪𝑪



 Unlike SOR, SLR doesn’t measure the amount 
of water (gallons) but the weight of solids 
(lbs) applied to the clarifier

 Otherwise, it’s calculated similar to SOR

 Typical value = 25-30 lbs/d/sf
 Peak day value = 30-50 lbs/d/sf

𝑺𝑺𝑳𝑳𝑹𝑹 =
𝑷𝑷𝑪𝑪𝑶𝑶𝑪𝑪𝒈𝒈𝒉𝒉 𝑪𝑪𝑬𝑬 𝒉𝒉𝑪𝑪𝑽𝑽𝑪𝑪𝒈𝒈𝒉𝒉 𝑪𝑪𝒈𝒈𝒈𝒈𝑽𝑽𝑪𝑪𝑪𝑪𝒈𝒈 𝑪𝑪𝑪𝑪 𝑪𝑪𝑽𝑽𝑪𝑪𝑪𝑪𝑪𝑪𝑬𝑬𝑪𝑪𝑪𝑪𝑪𝑪

𝑻𝑻𝑪𝑪𝑪𝑪𝑻𝑻 𝒉𝒉𝑶𝑶𝑪𝑪𝑬𝑬𝑪𝑪𝑪𝑪𝑪𝑪 𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪

𝑇𝑇𝑑𝑑𝑔𝑔𝐷𝐷𝑠𝑠𝑡𝑡𝑉𝑉 𝑉𝑉𝐷𝐷𝐷𝐷𝐷𝐷𝑠𝑠 =
𝑉𝑉𝑛𝑛𝑠𝑠/𝑠𝑠
𝑠𝑠𝑜𝑜



Calculate the Solids Loading Rate for a clarifier 
with a 22 ft radius and a depth of 8.5 feet, and 

receives a flow of 1,450,000 gallons per day with a 
suspended solids concentration of 3400 mg/L.

• Calculate clarifier surface area:
𝐴𝐴𝑜𝑜𝐷𝐷𝑡𝑡 = 𝜋𝜋𝑜𝑜2 = 3.14 × 22 𝑜𝑜𝐷𝐷 2 = 1,519.76 𝑜𝑜𝐷𝐷2

• Calculate percent solids:

%𝑇𝑇𝑆𝑆 =
3,400𝑇𝑇𝑔𝑔𝐿𝐿

10,000
= 0.34% 𝑇𝑇𝑆𝑆

• Calculate pounds per day of solids applied to clarifier:
𝑉𝑉𝑛𝑛𝑠𝑠
𝑠𝑠

=
1,450,000 𝑔𝑔𝑡𝑡𝑉𝑉

1 𝑠𝑠𝑡𝑡𝑑𝑑
×

8.34 𝑉𝑉𝑛𝑛𝑠𝑠
1 𝑔𝑔𝑡𝑡𝑉𝑉

×
0.34 𝑉𝑉𝑛𝑛𝑠𝑠 𝑇𝑇𝑆𝑆

100 𝑉𝑉𝑛𝑛𝑠𝑠 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷
= 41,116

𝑉𝑉𝑛𝑛𝑠𝑠
𝑠𝑠

• Calculate SLR:

𝑆𝑆𝐿𝐿𝑅𝑅 =
41,116 𝑉𝑉𝑛𝑛𝑠𝑠𝑠𝑠

1,519.76 𝑜𝑜𝐷𝐷2
= 𝟐𝟐𝟏𝟏.𝟏𝟏

𝑽𝑽𝒍𝒍𝒉𝒉
𝒈𝒈
𝒉𝒉𝑬𝑬



 The sludge that collects at the bottom of a 
clarifier typically collects in a sump

 If given enough time to settle, the sludge is 
concentrated to typically 3-7% total solids by 
weight

IF YOU PUMP TOO MUCH:
 Thin sludge (mostly water) gets passed on to 

solids treatment processes and overloads them 
with water

IF YOU PUMP TOO LITTLE:
 Sludge starts to break down and produce gas
 Sludge blanket builds up higher and higher
 Eventually, sludge starts escaping over the 

effluent weirs



𝑆𝑆𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷
= 𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑉𝑉 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 𝐷𝐷𝑜𝑜 𝑠𝑠𝐷𝐷𝑉𝑉𝐷𝐷𝑠𝑠𝑠𝑠 𝑔𝑔𝑉𝑉𝑉𝑉𝑠𝑠 𝐹𝐹𝑡𝑡𝐷𝐷𝐷𝐷𝑜𝑜 𝐷𝐷𝐷𝐷 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷 𝑇𝑇𝐷𝐷𝑚𝑚𝐷𝐷𝑉𝑉𝑜𝑜𝐷𝐷

𝑇𝑇𝐷𝐷𝐷𝐷𝑡𝑡𝑉𝑉 𝑠𝑠𝐷𝐷𝑉𝑉𝐷𝐷𝑠𝑠𝑠𝑠 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 = 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 ×
%𝑇𝑇𝑆𝑆
100

OR

%𝑇𝑇𝑆𝑆 =
𝐷𝐷𝐷𝐷𝐷𝐷𝑡𝑡𝑉𝑉 𝑠𝑠𝐷𝐷𝑉𝑉𝐷𝐷𝑠𝑠𝑠𝑠 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷
𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷 𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷

× 100

You can also calculate %TS from a solids concentration:

%𝑻𝑻𝑺𝑺 =
𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪𝑪,𝒕𝒕𝒈𝒈𝑳𝑳

𝟏𝟏𝟐𝟐,𝟐𝟐𝟐𝟐𝟐𝟐



Primary sludge is pumped to an anaerobic digester 
10 minutes every hour at a rate of 360 GPM. An 
operator tested the primary sludge at 5.6% TS. 

Calculate the how many lbs/day TS was removed? 

• Calculate total weight of sludge pumped per day:

𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 𝐷𝐷𝑜𝑜 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷 =
360 𝑔𝑔𝑡𝑡𝑉𝑉
1 𝑇𝑇𝐷𝐷𝐷𝐷 ×

10 𝑇𝑇𝐷𝐷𝐷𝐷
1 ℎ ×

24 ℎ
1 𝑠𝑠 ×

8.34 𝑉𝑉𝑛𝑛𝑠𝑠
1 𝑔𝑔𝑡𝑡𝑉𝑉 =

720,576 𝑉𝑉𝑛𝑛𝑠𝑠 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷
𝑠𝑠

• Calculate total weight of solids in this sludge:

𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 𝐷𝐷𝑜𝑜 𝑠𝑠𝐷𝐷𝑉𝑉𝐷𝐷𝑠𝑠𝑠𝑠 =
720,576 𝑉𝑉𝑛𝑛𝑠𝑠 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷

1 𝑠𝑠𝑡𝑡𝑑𝑑
×

5.6 𝑉𝑉𝑛𝑛𝑠𝑠 𝑇𝑇𝑆𝑆
100 𝑉𝑉𝑛𝑛𝑠𝑠 𝑠𝑠𝑉𝑉𝑉𝑉𝑠𝑠𝑔𝑔𝐷𝐷

𝐹𝐹𝐷𝐷𝐷𝐷𝑔𝑔ℎ𝐷𝐷 𝐷𝐷𝑜𝑜 𝑠𝑠𝐷𝐷𝑉𝑉𝐷𝐷𝑠𝑠𝑠𝑠 = 𝟒𝟒𝟐𝟐,𝟖𝟖𝟐𝟐𝟐𝟐
𝑽𝑽𝒍𝒍𝒉𝒉 𝑻𝑻𝑺𝑺
𝒈𝒈



 Tips to remember (from the formula sheet):



MOTOR PUMP

motor hp
electrical hp brake hp water hp

𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜 𝐷𝐷𝑜𝑜𝑜𝑜 =
𝑛𝑛𝑜𝑜𝑡𝑡𝑡𝑡𝐷𝐷 ℎ𝑔𝑔
𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜 ℎ𝑔𝑔

× 100 𝑃𝑃𝑉𝑉𝑇𝑇𝑔𝑔 𝐷𝐷𝑜𝑜𝑜𝑜 =
𝐹𝐹𝑡𝑡𝐷𝐷𝐷𝐷𝑜𝑜 ℎ𝑔𝑔
𝑛𝑛𝑜𝑜𝑡𝑡𝑡𝑡𝐷𝐷 ℎ𝑔𝑔

× 100

MOTOR EFFICIENCY PUMP EFFICIENCY

OVERALL EFFICIENCY

𝑆𝑆𝑜𝑜𝐷𝐷𝑜𝑜𝑡𝑡𝑉𝑉𝑉𝑉 𝐷𝐷𝑜𝑜𝑜𝑜 =
𝐹𝐹𝑡𝑡𝐷𝐷𝐷𝐷𝑜𝑜 ℎ𝑔𝑔
𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜 ℎ𝑔𝑔

× 100 = 𝑀𝑀𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜 𝐷𝐷𝑜𝑜𝑜𝑜 ∗ (𝑃𝑃𝑉𝑉𝑇𝑇𝑔𝑔 𝐷𝐷𝑜𝑜𝑜𝑜)



 For the sludge pumping scheme analyzed before, if the 
required whp is 2.7 hp, the pump efficiency is 70%, the motor 
efficiency is 95%, and the cost of power is $0.15/kWh, how 
much does it cost to run the sludge pump for 1 year?

BRAKE HORSEPOWER:

𝑛𝑛ℎ𝑔𝑔 =
𝐹𝐹ℎ𝑔𝑔

𝑔𝑔𝑉𝑉𝑇𝑇𝑔𝑔 𝐷𝐷𝑜𝑜𝑜𝑜 =
2.7 ℎ𝑔𝑔
70% = 3.86ℎ𝑔𝑔

MOTOR HORSEPOWER:

𝑇𝑇ℎ𝑔𝑔 =
𝑛𝑛ℎ𝑔𝑔

𝑇𝑇𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜 𝐷𝐷𝑜𝑜𝑜𝑜 =
3.86ℎ𝑔𝑔

95% = 4.06ℎ𝑔𝑔

POWER USE = 4.06ℎ𝑔𝑔 0.746 𝑘𝑘𝑘𝑘
1 ℎ𝑔𝑔

10𝑚𝑚𝑚𝑚𝑚𝑚
1 ℎ𝑟𝑟

24 ℎ𝑟𝑟
1 𝑑𝑑

365 𝑑𝑑
1 𝑦𝑦𝑟𝑟

= 265,319.38 kWh

COST = 265,319.38 𝑡𝑡𝑊𝑊ℎ $0.15
𝑘𝑘𝑘𝑘ℎ

= $𝟖𝟖𝟑𝟑,𝟏𝟏𝟑𝟑𝟖𝟖
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