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Outline

• Disinfection: the destruction of pathogens

• Guidelines for pathogen reduction

• What is CT?

• How do we get C?

• How do we get T?
• Calculating volume of a reservoir
• Calculating theoretical detention time (TDT)
• Baffling Factors

• Log Credits

• Q&A
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Primary and Secondary Disinfection

• Focused on destroying pathogens – the microorganisms that 
make people sick
• Bacteria, Viruses, Protozoa (like Giardia and Cryptosporidium)

• Primary Disinfection:  Treating all the pathogens in the water at 
the treatment facility

• → Sometimes chlorine, sometimes UV, sometimes ozone

• Secondary Disinfection:  Making sure pathogens don’t regrow, 
and continue to treat the water in the pipes going to people’s 
homes

• → Maintaining a chlorine residual
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Target Pathogens
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Image References:

Virus: Jennings and Parks (MDPI, 2022)

Bacteria: Database Centre for Life Science (DBCLS)

Protozoa: Centers for Disease Control and Prevention

Viruses

Bacteria

Protozoa

https://www.mdpi.com/1999-4915/15/1/161
https://commons.wikimedia.org/wiki/File:Escherichia_coli_by_togopic.png
https://www.cdc.gov/parasites/crypto/index.html


Guidelines for pathogen reduction

Surface Water*

• 4-log (99.99%) reduction of viruses

• 3-log (99.9%) reduction of Giardia and Crypto (protozoa)

• 0 detectable E. coli, total coliform, and fecal coliform (bacteria)

Ground Water

• GARP**: 4-3-2-1-0 rule

• GARP-viruses only: 4-log reduction of viruses
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*Also, 2 forms of treatment (e.g., filtration + disinfection) and <1 NTU of turbidity

**Ground Water At Risk of containing Pathogens



Effectiveness of Disinfectants
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What is CT?

How effective a disinfectant is depends on both the 
concentration of the disinfectant (C) and the amount of 
time it’s in contact with the water (T):
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C = concentration of the disinfectant

T = contact time between the disinfectant and the water

C × T = CT = a constant value required to achieve a 

specific level of disinfection for a pathogen.



CT values are determined for a specific
pathogen

• For example, the table below shows CT values for 3-log 
removal of Giardia:
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Note: 

Temperature 

and pH affect 

the CT values!



How Free Chlorine varies with pH
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7.6

HOCl is a more effective 

disinfectant than OCl-

So, chlorine is more 

effective at lower pH 

values where HOCl is 

predominant 

−+= +⎯⎯⎯ →+ OClOHOHHOCl pKa
3

6.7
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Higher 

temperatures 

generally lead 

to more 

effective 

disinfection

Notice how 

the required 

CT values are 

lower when 

the water 

temp is higher:

So as pH gets 

higher, we 

need more CT 

(more 

disinfection) 

for the same 

log removal:



How do we get C?

When calculating CT, the value of C is the concentration of 
the disinfectant at the outlet of the contact tank. 
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Measure C here

Why do we measure C there?  

Because, the concentration of disinfectant (e.g., free chlorine) decreases as it reacts in the 

contact tank. Measuring at the outlet gives us a conservative estimate of the concentration 

in the tank. 

Take a water sample and measure the 

amount of free chlorine (e.g., using the DPD 

method). Determine the concentration in 

mg/L.  



How do we get T?

First, let’s think about how the disinfectant is in contact with 
the water (and the pathogens in it):
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How do we get T?

The time (T) that the disinfectant is in contact with water 
can be determined in a couple of ways:

1. Get the t10 from a residence time distribution curve

2. Use the Flow rate, Volume of the contact basin and a 
Baffling Factor
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What’s a t10?
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When you add water to a contactor, it doesn’t flow perfectly 
through the system in single-file order, like this: 

This is called “Ideal Plug Flow”. In reality, some water can bypass 

the normal flow path and short-circuit the contact tank, leaving 

the outlet earlier than we want. 



What’s a t10?
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A residence time distribution (RTD) curve can tell you the 
different amounts of time water spends in the contact tank: 
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The RTD tells you the 

range of contact times 

within the tank.

So which time should you 

use?
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T = t10 from the RTD
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To be on the safe side, the contact time T is taken as the time the first 

10% of the water passes through the contactor (known as t10).  This 

should be provided by the manufacturer.

t10

(28 min)



What if we don’t have an RTD and 
the manufacturer doesn’t give us 
any information on the t10?
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You can estimate it using a Baffling 
Factor (BF)



Baffling Factor Method

1. Calculate the volume of the contact basin (V)

2. Measure the peak hourly flowrate through the 
contact basin (Q)

3. Calculate the Theoretical Detention Time (TDT)
• This could also be called the Theoretical Retention Time (TRT), 

or Ideal Retention Time.

4. Determine the Baffling Factor (BF) using the BF 
Table

5. Calculate T by multiplying the TDT by the BF
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1. Calculate the Volume of Contactor
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Volume of 

cylinder:

Volume of 

rectangular 

basin:

V = lhw



2. Measure flow rate (Q) to contactor

• Use a flow meter to read the flowrate

• Use the peak hourly flowrate for the calculation 
• Try to always use the “worst case scenario”
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3. Calculate the Theoretical Detention 
Time (TDT)

TDT = V/Q

Example:

A chlorine contactor with serpentine baffles has a volume 
of 250 m3 and the peak hourly flow rate is 2 m3/min.  The 
chlorine residual is 0.8 mg/L. 

What is the TDT?
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𝑇𝐷𝑇 =
𝑉

𝑄
=
250 𝑚3

2
𝑚3

𝑚𝑖𝑛

= 125 𝑚𝑖𝑛𝑢𝑡𝑒𝑠



4. Baffling Factor (BF)
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Example:

A chlorine 

contactor 

with 

serpentine 

baffles has a 

volume of 250 

m3 and the 

peak hourly 

flow rate is 2 

m3/min.  The 

chlorine 

residual is 0.8 

mg/L. 



5. Calculate T
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𝑇 = 𝑇𝐷𝑇 × 𝐵𝐹

𝑇 = 𝑇𝐷𝑇 × 𝐵𝐹 = 125 𝑚𝑖𝑛 × 0.7 = 87.5 𝑚𝑖𝑛

Example:

A chlorine contactor 

with serpentine 

baffles has a volume 

of 250 m3 and the 

peak hourly flow rate 

is 2 m3/min.  The 

chlorine residual is 

0.8 mg/L. 

What is the CT?

𝐶𝑇 = 𝐶 × 𝑇 = 0.8
𝑚𝑔

𝐿
× 87.5 𝑚𝑖𝑛 = 70

𝑚𝑔𝑚𝑖𝑛

𝐿



Log Credits

We calculated that the CT in the previous example is:
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𝐶𝑇 = 70
𝑚𝑔𝑚𝑖𝑛

𝐿

Remember that CT table for 3-log removal of Giardia?  Let’s say pH is 6.5 and 
temperature is 0.5 °C.  What is the required CT value?



Log Credits

So, the required CT for 3-log removal of giardia is 172 mg min/L  
and our chlorination tank is giving us a CT of 70 mg min/L.

How many giardia removal log credits do we get for our chlorine 
tank?
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𝐿𝑜𝑔 𝐶𝑟𝑒𝑑𝑖𝑡𝑠 =
𝐶𝑇𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑
𝐶𝑇𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

× 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝐿𝑜𝑔 𝑅𝑒𝑚𝑜𝑣𝑎𝑙

𝐿𝑜𝑔 𝐶𝑟𝑒𝑑𝑖𝑡𝑠 =
70

𝑚𝑔 𝑚𝑖𝑛
𝐿

172
𝑚𝑔 𝑚𝑖𝑛

𝐿

× 3 𝐿𝑜𝑔 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 1.2 𝐿𝑜𝑔 𝐶𝑟𝑒𝑑𝑖𝑡𝑠



Example

You are targeting a CT value of 90 mg.min/L for 4-log removal of 
Viruses.  

You take a sample at the outlet of the contact tank and 
measure the chlorine residual to be 1.5 mg/L.  

You measure the water flow rate to be 2 m3/min.  

The contact basin volume is 300 m3.   

The contact basin has a baffle at the inlet and some baffles 
inside.      

What is the calculated CT value?  How many Log Credits have 
you achieved?  
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You are targeting a CT value of 90 mg.min/L for 4-log 
removal of Viruses.  

You take a sample at the outlet of the contact tank and 
measure the chlorine residual to be 1.5 mg/L.  

You measure the water flow rate to be 2.25 m3/min.  

The contact basin volume is 300 m3.   

The contact basin has a baffle at the inlet and some baffles 
inside.      

What is the calculated CT value?  How many Log Credits 
have you achieved?  

C

Q
V

𝑇𝐷𝑇 =
𝑉

𝑄
=

300 𝑚3

2.25
𝑚3

𝑚𝑖𝑛

= 133.33 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑇 = 𝑇𝐷𝑇 × 𝐵𝐹 = 133.33 𝑚𝑖𝑛 × 0.5 = 66.67 𝑚𝑖𝑛

𝐶𝑇 = 𝐶 × 𝑇 = 1.5
𝑚𝑔

𝐿
× 66.67 𝑚𝑖𝑛 = 𝟏𝟎𝟎

𝒎𝒈𝒎𝒊𝒏

𝑳

𝐿𝑜𝑔 𝐶𝑟𝑒𝑑𝑖𝑡𝑠 =
100

𝑚𝑔𝑚𝑖𝑛
𝐿

90
𝑚𝑔 𝑚𝑖𝑛

𝐿

× 4 𝐿𝑜𝑔 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 = 4.44 𝐿𝑜𝑔 𝐶𝑟𝑒𝑑𝑖𝑡𝑠



Summary

• How effective a disinfectant is depends on both the concentration of the disinfectant (C) 

and the amount of time it’s in contact with the water (T)

• CT = C×T

• C should be measured at the outlet of the contact tank

• T is the amount of time the first 10% of water leaves the contact tank (t10) according to the 

RTD

• If you don’t know t10, you can estimate it using:

• Volume of the contact tank (V)

• Peak flow rate (Q)

• Baffle Factor (BF)

• Look up the CT required to achieve target log removal for a pathogen

• Compare the calculated CT for your system with the required CT to determine how many 

log credits your system has achieved.

29Questions?


