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Introduction
We have spent a number of days presenting the problems I did at a Math for Operators workshop at the 
recent Annual Conference of the Pacific Northwest Clean Water Association (PNCWA). We are done with 
those now, so we return today to the original format of Problem of the Day where you can see each step 
taken in solving typical wastewater math problems using “the railroad track.” At lot of California operators 
currently are hearing back from the State Water Resources Control Board, Office of Operator Certification 
on the outcome of the exams taken in October. Many are reporting back to us how useful the railroad 
track is in doing certification exam math questions. As wastewater treatment professionals, I can’t 
emphasize enough how important certification is. WasteWater Technology Trainers (WWTT) offers a 
number of review classes to help you pass the next exams, which are scheduled for April 11, 2015 (http://
wastewatertechnologytrainers.com/).

For those of you who may be new to WWTT’s Problem of the Day, we insert a page break before and 
after the problem statement so you can print it without looking at the solution. See what you can do to 
solve the problem before looking at the solution.

WWTT’s approach to problem solving is not to have you memorize a bunch of formulas and piecharts. 
What we recommend is being very specific how things are labeled and then using units to tell you how to 
do the problem. With practice, it really is that simple.
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Problem of the Day
A small wastewater treatment plant discharges a flow of 25,000 gpd. Chlorine is being fed at the rate 
of 6.5 lb/day. The chlorine residual is found to be 6.4 mg/L. Find the chlorine demand.
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Discussion
This is obviously a chlorine dose-demand-residual question. All these problems have to be started with 
understanding the relationship between dose, demand and residual, which is one equation you should 
memorize:

 Dose = Demand + Residual

From this simple equation, two other equations are derived:

 Demand = Dose − Residual

and

 Residual = Dose − Demand

While the demand is the amount of chlorine used to achieve disinfection, in order to ensure the demand is 
met, maintaining a certain residual after so many minutes of contact time is often a regulatory 
requirement. Regardless of how much chlorine is dosed, what the demand is, or how much residual there 
is after the given contact time, the process objective of chlorination is to reduce the number concentration 
of indicator organisms (total coliforms, fecal coliforms, or E. coli) to required levels.

Solution
The second equation given above tells us how to calculate the chlorine demand when we know the dose 
and the residual:

 Demand = Dose − Residual

Unfortunately, in order to subtract two numbers (or add them), they must have the same units. Chlorine 
dose is given in lb Cl2/d and residual is given in mg Cl2/L. Therefore, the first step in this problem is to 
convert the dose to “dose concentration” since we’re given flow. This is what I call a “reverse pounds-per-
day calculation,” because we know lb/d and have to convert to mg/L. So we start the railroad track out 
with the units we want in our interim answer, mg Cl2/L, between heavy vertical lines followed by an equals 
sign and the blank track.

Problem of the Day: A small wastewater treatment plant discharges a flow of 25,000 gpd. Chlorine is 
being fed at the rate of 6.5 lb/day. The chlorine residual is found to be 6.4 mg/L. Find the chlorine demand.

Problem information summary, specifically labeled:
• Plant flow = 25,000 gal/d
• Chlorine dose = 6.5 lb Cl2/d
• Chlorine residual = 6.4 mg Cl2/L
• Calculate: chlorine demand in mg Cl2/L.
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 mg Cl2
=

L
=

When calculating concentration, in mg/L or ppM, in any problem, the railroad track is always started out 
with the conversion factor, M∙mg/L. Doing so puts mg and L, required in the answer, in the railroad track, 
as shown in bold.

 mg Cl2
=

M∙mg

L
=

L

What WWTT recommends to do next is to get the unit, Cl2, needed in the answer in the railroad track. 
While Cl2 shows up in the units on chlorine residual in the list above, we haven’t gotten to the residual yet. 
So the only other place that the unit, Cl2 shows up is in 6.5 lb Cl2/d, the dose rate. This is entered next in 
the railroad track.
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 mg Cl2
=

M∙mg 6.5 lb Cl2  

L
=

L d

So we have all the units in the railroad track that we need in the answer, mg, Cl2 and L. But we also have 
M, lb and d that we need to cancel. I am going to cancel d with the plant flow rate because that is the only 
other place that d shows up.

 mg Cl2
=

M∙mg 6.5 lb Cl2 d

L
=

L d 25,000 gal  

Now we have M, lb and gal to cancel. The conversion factor 1,000,000 gal/Mgal (in shorthand, 106 gal/
Mgal) is used to cancel the Ms. We also cancel gal but we still have a gal left over.

 mg Cl2
=

M∙mg 6.5 lb Cl2 d 106 gal

L
=

L d 25,000 gal Mgal

The final step is to cancel lb and gal with the density of water.

 mg Cl2
=

M∙mg 6.5 lb Cl2 d 106 gal gal

L
=

L d 25,000 gal Mgal 8.34 lb

The arithmetic gives the dose concentration:

 6.5 x 1,000,000 ÷ 25,000 ÷ 8.34 = 31.2 mg Cl2/L.

The final step in the problem is to subtract the residual from the dose to calculate demand.
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being fed at the rate of 6.5 lb/day. The chlorine residual is found to be 6.4 mg/L. Find the chlorine demand.

Problem information summary, specifically labeled:
• Plant flow = 25,000 gal/d
• Chlorine dose = 6.5 lb Cl2/d
• Chlorine residual = 6.4 mg Cl2/L
• Calculate: chlorine demand in mg Cl2/L.

 Demand = Dose − Residual

 Demand = 31.2 mg Cl2/L − 6.4 mg Cl2/L

 Demand = 24.8 mg Cl2/L.

Happy calculating!
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