TEACHER PAGES
Why Water Mains Break: Renewing Calderwood's Aging Pipes
Reading passage · Grade 11 · Science
A grade 11 informational passage on why buried water mains fail and how a fictional utility uses leak detection and asset management to renew them.
	Time
	35 minutes

	Prep
	No prep

	Materials
	None

	Answer key
	At the end of this document

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



Objectives
1. Students will identify the main reasons buried water mains deteriorate and fail.
1. Students will explain how leak detection and asset management guide pipe-renewal decisions.

Standards
RST.11-12.7 (Common Core ELA): Integrate and evaluate multiple sources of information presented in diverse formats and media (e.g., quantitative data, video, multimedia) in order to address a question or solve a problem.
How this material addresses it: Question 4 asks students to combine the passage's prose with the quantitative By the Numbers figures to explain where investment is most needed, the integration of text and data this standard requires.
HS-ESS3-4 (NGSS): Evaluate or refine a technological solution that reduces impacts of human activities on natural systems.
How this material addresses it: Questions 5 and 6 evaluate leak detection and asset-managed pipe renewal as engineered solutions that reduce the loss of treated water, the solution evaluation this standard names.
Vocabulary
Water hammer: Water hammer is the loud bang in pipes when moving water is stopped too suddenly, like slamming a door. The shock can be strong enough to crack pipes.
Asset management: The practice of keeping track of everything a utility owns, like pipes and pumps, and planning the smartest times to fix or replace each one. It helps spend repair money wisely.
Non-revenue water: Water that a utility treats and pumps but never gets paid for. Most of it escapes through leaks in old pipes, and some is lost to broken meters or theft.
Also: distribution main, corrosion, acoustic leak detection
Teacher overview
Most of a water system is invisible, buried under streets, so the public rarely thinks about the pipes until one bursts. This passage explains why water mains fail and how a fictional utility decides which pipes to replace first. It gives students a science-and-engineering reason to care about a topic that is usually treated as a budget line, and it pairs the story with national figures they can reason from.
Differentiation
Support
Provide a labeled diagram of a buried main showing corrosion, a crack, and a leak sensor on a hydrant, and let students answer questions 1 and 2 by pointing to and labeling the diagram before writing.
Extension
Have students write a short paragraph arguing how a utility should explain a rate increase for pipe renewal to residents, using the passage's figures on break frequency and investment need as evidence.
ELL supports
Pre-teach "main," "corrosion," "water hammer," "leak detection," and "asset management" with simple visuals and short definitions. Allow the literal questions (1, 2, and 3) to be answered with short phrases rather than full sentences.
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Passage
Turn on a tap, and the water arrives through a distribution main, a buried pipe that may be older than the houses around it. Calderwood Water Utility is a fictional city system, but its problem is a common one. Much of its network was laid generations ago, and those pipes are now nearing the end of their working lives. The utility's engineers spend much of their time on a question that has no easy answer: which pipe should we fix before it fails?
Pipes fail for several reasons, and most of them build up slowly. Metal pipes corrode, meaning they slowly react with water and soil and lose strength until a weak spot gives way. The ground itself moves. Soil swells when it is wet and shrinks when it dries, and in cold climates the freeze-and-thaw of winter pushes and pulls on the pipe. Pressure adds another strain. When a large valve or pump shuts quickly, the moving water slams to a stop and sends a shock wave through the pipe, a surge that engineers call water hammer. Add decades of ordinary age, and a small flaw can grow into a break.
Across the country, these failures add up. Estimates suggest a water main breaks somewhere in the United States roughly every two minutes. Each break spills treated water that a plant already spent energy and chemicals to clean, and it can drop the pressure in nearby pipes. Utilities try to keep pressure in a normal range of about 40 to 80 psi, and most rules require that it never fall below about 20 psi. That floor matters for safety, because if the pressure inside a pipe drops too low, dirty groundwater can be pushed in through cracks, a problem called intrusion. Pressure that is too high, on the other hand, stresses every joint and speeds the next break.
Calderwood cannot dig up and replace every old pipe at once. The cost would be enormous, and the streets would be torn up for years. Instead, the utility practices asset management, a planning approach that treats the pipe network as a set of assets to be tracked, scored, and renewed on a schedule. Engineers record each pipe's age, material, break history, and the consequences if it were to fail. A pipe under a hospital route with a history of breaks ranks higher than a quiet pipe that has never leaked. The goal is to fix the right pipe first, before it becomes an emergency, rather than simply reacting to the last break.
To find trouble early, crews use acoustic leak detection. A small leak underground makes a faint hissing sound that travels along the pipe. Sensitive microphones placed on hydrants and valves can pick up that sound and help crews locate a leak within a few feet, often before any water reaches the surface. Catching leaks early cuts down on non-revenue water, the treated water a utility produces but never bills because it escaped from the system first.
The scale of the national need is large. A federal assessment estimates that about $625 billion in drinking-water investment is needed over twenty years, and roughly two-thirds of that is for distribution pipes rather than treatment plants. That balance runs against a common assumption that the treatment plant is where most spending goes. In fact the miles of buried pipe, largely hidden and easy to ignore, are where most of the money must go. National report cards reflect the strain. In 2025 the American Society of Civil Engineers graded the country's drinking water a C- and its wastewater a D+.
For a utility like Calderwood, the lesson is that renewal is steady, ongoing work rather than a single project. Every year the utility replaces a share of its oldest and riskiest pipe, listens for leaks, and updates its rankings. Done well, this quiet routine keeps clean water flowing and keeps the next break from becoming the day the neighborhood has no water at all.
By the numbers (United States):
1. A water main breaks roughly every two minutes.
1. About $625 billion in drinking-water investment is needed over twenty years.
1. Roughly two-thirds of that need is for distribution pipes.
1. ASCE 2025 grades: drinking water C-, wastewater D+.

Questions
1. According to the passage, what grade did the 2025 ASCE report give United States drinking water, and what grade did it give wastewater?




1. The passage lists several reasons water mains break. Name three of them.






1. Why does the passage say Calderwood cannot simply dig up and replace every old pipe at once?






1. Using the "By the numbers" figures together with the passage, explain why distribution pipes, rather than treatment plants, are where most of the investment need lies.






1. The passage says utilities keep pressure between about 40 and 80 psi and never below about 20 psi. Explain how staying in that range protects water quality.






1. Explain how acoustic leak detection and asset management let a utility "fix the right pipe first" instead of waiting for breaks.
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1. Answer: A C- for drinking water and a D+ for wastewater. The passage states the American Society of Civil Engineers gave these 2025 grades, and the By the Numbers list repeats them.
1. Answer: Any three of: corrosion of metal pipes, ground movement from wet-and-dry or freeze-and-thaw soil, pressure surges known as water hammer, and ordinary old age. The passage names each as a cause of failure.
1. Answer: Because replacing everything at once would cost an enormous amount and would tear up the streets for years. The passage gives both the cost and the disruption as reasons the utility must prioritize instead.
1. Answer: The By the Numbers figures show roughly two-thirds of the $625 billion need is for distribution pipes, and the passage explains that the miles of buried pipe, not the plant, are where most of the money must go. Combining the figure with the passage shows the pipes dominate the need even though people picture the plant as the heart of the system.
1. Answer: Keeping pressure high enough (not below about 20 psi) stops dirty groundwater from being pushed into the pipe through cracks, an intrusion that would contaminate the water. Keeping it from going too high (above about 80 psi) avoids stressing joints and causing more breaks, so the 40 to 80 psi range protects both safety and the pipe.
1. Answer: Acoustic leak detection finds small leaks early by their sound, before a break reaches the surface, and asset management ranks pipes by age, material, break history, and consequences of failure. Together they let the utility repair the highest-risk pipe before it fails, rather than only reacting after a break happens.
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