TEACHER PAGES
Ravensford Chlorine Dosing: The Pounds Formula in Action
Lesson plan · Grade 9 · Math
A 45-minute grade 9 lesson at the fictional Ravensford plant, using the pounds formula and demand-plus-residual to find a chlorine dose and daily feed rate.
	Time
	45 minutes

	Prep
	Low prep

	Materials
	• Printed student handout
• Calculators

	Answer key
	At the end of this document

	License
	Public domain (CC0). Copy, edit, and share freely, without attribution.



Objectives
1. Students will calculate chlorine feed in pounds per day using the pounds formula.
1. Students will find chlorine demand as the dose minus the measured residual.
1. Students will solve for the dose that leaves a target residual in the water.

Standards
HSN-Q.A.1 (Common Core Math): Use units as a way to understand problems and to guide the solution of multi-step problems; choose and interpret units consistently in formulas; choose and interpret the scale and the origin in graphs and data displays.
How this material addresses it: The lesson carries mg/L, MGD, and the 8.34 constant through the pounds formula so the chlorine feed lands correctly in pounds per day.
HSA-CED.A.1 (Common Core Math): Create equations and inequalities in one variable and use them to solve problems. Include equations arising from linear and quadratic functions, and simple rational and exponential functions.
How this material addresses it: In handout item 3 students solve the one-variable equation dose equals demand plus residual for the dose that leaves a target residual.
Vocabulary
Disinfection: Disinfection is the step that kills or disables germs in water so it is safe to drink. Water plants usually disinfect with chlorine, ultraviolet light, or ozone.
Also: chlorine demand, dose, residual, pounds formula, MRDL
Teacher overview
The fictional Ravensford plant adds chlorine to kill germs, but part of the chlorine is used up reacting with material in the water before any is left to protect the water downstream. Operators plan for this with two ideas: the pounds formula for how much chlorine to feed, and chlorine demand, the part the dose loses before a residual remains. This lesson builds both. A common misconception is treating the residual as the whole dose; the dose must cover the demand first and still leave the residual behind.
Procedure
Hook (5 min): Ask students why adding "just enough" chlorine to kill germs at the plant might leave none at the far end of town. Take a few ideas, then introduce chlorine demand as the chlorine used up along the way.
Direct instruction (12 min): State the two tools for the fictional plant: feed in pounds per day = dose in mg/L, times flow in MGD, times 8.34, and chlorine demand = dose minus residual. Model one worked example on the board: at a 4 MGD flow and a 2.5 mg/L dose, feed = 2.5 times 4 times 8.34 = 83.4 pounds per day. This example is teacher-modeled only; students solve different numbers on the handout.
Guided practice (11 min): With a partner, students work handout items 1 through 3, computing a feed, finding a demand, and solving for a dose that leaves a target residual. Circulate and confirm they add demand and residual to get the dose.
Independent practice (12 min): Students complete handout items 4 through 7 on their own: recomputing feed at the new dose, scaling feed to a higher flow, checking the residual against the chlorine MRDL, and explaining why a residual is kept.
Closure and formative check (5 min): As an exit ticket, each student answers on a card: if demand is 1.0 mg/L and the operator wants a 0.5 mg/L residual, what dose is needed? Collect and scan for 1.0 plus 0.5 = 1.5 mg/L. If more than a third miss it, reteach demand plus residual before the next class.
Differentiation
Support
Give students the two rules on a reference card with the 8.34 constant and the flow already filled in for item 1, so they multiply one step at a time. Provide the demand-plus-residual sum set up for item 3.
Extension
Ask students to find the dose that would leave a 2.0 mg/L residual at the item-2 demand, then the feed that dose needs at 4 MGD, and to check whether that residual still stays within the MRDL.
ELL supports
Pre-teach "dose," "demand," and "residual" with a bar picture: a full bar for the dose, a used-up piece for demand, and the leftover piece for residual. Provide a sentence frame for item 7: "A residual keeps the water safe as it ___ to homes."
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Student Handout
Ravensford (a fictional plant) disinfects with chlorine. Use these facts: feed in pounds per day = dose in mg/L, times flow in MGD, times 8.34; chlorine demand = dose minus residual; the chlorine MRDL is 4.0 mg/L.
1. The plant treats 3 MGD and doses chlorine at 2.0 mg/L. Find the chlorine feed in pounds per day.

1. After contact, the residual is 0.8 mg/L. Find the chlorine demand.

1. The operator wants a 1.5 mg/L residual and the demand is 1.2 mg/L. Find the dose needed.

1. At the item-3 dose and the 3 MGD flow, find the new feed in pounds per day.

1. Flow rises to 5 MGD at the same item-3 dose. Find the feed in pounds per day.

1. Is the item-3 target residual of 1.5 mg/L within the chlorine MRDL of 4.0 mg/L?

1. Explain why the operator doses enough to meet the demand and still leave a residual, instead of only meeting the demand.
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ANSWER KEY · FOR TEACHERS
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1. Answer: 50.04 lb/day. 2.0 mg/L times 3 MGD times 8.34 = 50.04 pounds per day.
1. Answer: 1.2 mg/L. Demand = dose minus residual = 2.0 minus 0.8 = 1.2 mg/L.
1. Answer: 2.7 mg/L. Dose = demand plus residual = 1.2 plus 1.5 = 2.7 mg/L.
1. Answer: 67.55 lb/day. 2.7 mg/L times 3 MGD times 8.34 = 67.554, about 67.55 pounds per day.
1. Answer: 112.59 lb/day. 2.7 mg/L times 5 MGD times 8.34 = 112.59 pounds per day.
1. Answer: Yes. The 1.5 mg/L residual is below the 4.0 mg/L MRDL, which limits the chlorine remaining in the water rather than the dose.
1. Answer: The demand is chlorine used up in the water, so a dose that only meets demand leaves nothing behind. A residual keeps protecting the water as it travels through the distribution system to the last home.
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