TEACHER PAGES
Measuring the Tullis River in February: Winter Stream Gaging
Reading passage · Grade 10 · English Language Arts
A grade 10 informational passage following a hydrologic technician through a winter discharge measurement under ice, with six comprehension questions and a key.
	Time
	40 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 explain the difference between a stage reading and a discharge measurement.
1. Students will describe how ice cover changes the measurement procedure.
1. Students will write an explanation of the gaging process using details from the passage.

Standards
RST.9-10.3 (Common Core ELA): Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.
How this material addresses it: Questions 3 and 4 require students to trace the discharge procedure in order and to account for the ice-cover special case the passage defines, explaining why each step changes under ice.
W.9-10.2 (Common Core ELA): Write informative/explanatory texts to examine and convey complex ideas, concepts, and information clearly and accurately through the effective selection, organization, and analysis of content.
How this material addresses it: Question 6 asks students to organize at least three details from the passage into a written explanation of how a stage reading becomes a published discharge figure.
Vocabulary
Key words: discharge, stage, rating curve, vertical, cross section, hydrologic technician
Teacher overview
Stream gaging is one of the few water jobs students can watch from a bridge, and it makes the idea of a measured number concrete. This passage follows a fictional technician through a winter discharge measurement and explains why the river's height alone does not tell anyone how much water is moving. It also lays out the several education paths that lead into this work, which suits a class discussing career options alongside informational reading.
Differentiation
Support
Provide the passage with the open-water procedure already broken into numbered steps in the margin, so question 3 becomes a matter of explaining the steps rather than finding them. Offer a two-column chart headed Open Water and Under Ice for question 4, and allow questions 1 and 2 to be answered in two sentences each.
Extension
Ask these students to write the field note Krohn would leave for the next crew after a summer flood moves a gravel bar into the measuring section. The note must state what changed, what it means for the rating curve, and what the next crew should do first.
ELL supports
Pre-teach stage, discharge, velocity, cross section, and auger with a labeled diagram showing the bridge, the gage house, the ice, and one vertical with its depth and velocity marked. Read the fourth paragraph aloud while students follow, and provide a sentence frame for question 1: "Stage tells you ___, while discharge tells you ___."
Extensions
Have students look up the current stage for a gaged river near their school, then write a short paragraph on what they can and cannot conclude from that number alone. Students interested in the work can compare the posting for a technician position with the posting for a hydrologist position and list the differences in required education.

Water for Schools · waterforschools.org · Public domain (CC0)	Page 
Name	   Date	
Measuring the Tullis River in February: Winter Stream Gaging
Grade 10 · English Language Arts
Passage
The gage house on the Tullis River is a steel box the size of a phone booth, bolted to a concrete pier below the county road bridge. Inside, a sensor records the height of the water every fifteen minutes and sends the reading to an office ninety miles away. That height is called the stage. It is the number most people see when they look up a river online, and by itself it does not answer the question anyone actually wants answered, which is how much water is going by.
Delia Krohn is a hydrologic technician, and turning stage into discharge is her job. Discharge is the volume of water passing a point in a given time. The relationship between stage and discharge is written as a rating curve, a graph that converts one to the other. A rating curve is not permanent. A flood can scour the streambed or drop a gravel bar in the channel, and afterward the same stage carries a different amount of water. The only way to know is to go measure the river directly and compare the result to what the curve predicted. Krohn and her partner do that about eight times a year on this reach, and the February trip is the one nobody volunteers for. The measurement rests on a single rule, which is that discharge equals area multiplied by velocity, and the rest of the procedure exists to get reliable values for those two quantities.
In open water, the bookkeeping goes like this. The crew stretches a tagline across the channel and records the width, which at the Tullis bridge is about sixty-two feet. They divide that width into roughly twenty-five sections, none of which should carry more than a small share of the total flow. At each dividing line, called a vertical, they lower a weighted current meter, record the depth, and measure velocity at six-tenths of the depth below the surface. In deeper water they take two readings, at two-tenths and eight-tenths, and average them. Each section then has an area and an average velocity, and multiplying the two gives that section's discharge. Adding the sections together gives the discharge of the river.
Ice changes almost every step. In February the Tullis carries a lid of ice eight to fourteen inches thick, so there is no tagline stretched over open water and no wading. The crew walks the ice with a powered auger and cuts a hole at every vertical. Depth is measured from the bottom of the ice rather than from the surface, because the ice occupies part of the channel and no water flows through it. Velocity readings run lower than they would in summer, since the underside of the ice drags on the water the way the streambed does from below. Slush that collects under the ice, which the crew calls frazil, can block part of the channel and move overnight.
Those conditions make winter numbers less certain than summer ones, and the record says so. Winter discharge at many stations is published as an estimate, and the agency marks it that way. The measurement Krohn made in February came to 214 cubic feet per second, and to give a sense of scale she notes that one cubic foot per second equals 448.8 gallons per minute, a standard conversion used across the field. The rating curve had predicted a somewhat higher figure, so the curve was shifted for the season.
The reason anyone pays for a person to stand on a frozen river with an auger is that other decisions depend on the number. A reservoir operator downstream chooses release rates from it. A flood forecast uses the record to judge how the basin responds to rain. Water rights accounting between irrigation districts is settled with it. A fish biologist arguing that a stretch of river runs too low in late summer needs a defensible measurement rather than an impression.
The path into this work is not a single one. Some technicians start with a high school diploma and learn the equipment through a training program and years of field seasons. Many hold an associate degree in a technical field, and a large share come in with four-year degrees in geology, geography, or environmental science. Hydrologists who design the monitoring networks and write the models usually hold graduate degrees. Krohn took the two-year route, then finished a bachelor's degree at night over six years, and says the field seasons taught her more about rivers than any course did. The work rewards patience with cold hands, careful arithmetic, and the habit of writing down what happened even when it makes the day look bad.
Questions
1. According to the passage, what is the difference between stage and discharge?






1. Why does a rating curve need to be checked by direct measurement rather than used indefinitely?






1. Explain how the crew arrives at a single discharge figure for the whole river from measurements taken at separate verticals.






1. The February trip is made on ice. Describe two ways the ice changes the measurement procedure, and explain why each change is necessary.






1. The passage says winter discharge is published as an estimate. Using details from the passage, explain why the winter number carries more uncertainty than a summer one.






1. Write a paragraph of six to eight sentences explaining to a reader who has never seen a gage how a river's height becomes a published discharge figure. Use at least three details from the passage.
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1. Answer: Stage is the height of the water surface, recorded automatically every fifteen minutes. Discharge is the volume of water passing the point in a given time, which is what downstream users need and what stage alone cannot supply.
1. Answer: Because the channel changes. The passage explains that a flood can scour the streambed or leave a gravel bar, after which the same stage carries a different amount of water, so the curve has to be tested against direct measurements.
1. Answer: The crew divides the width into about twenty-five sections and measures depth and velocity at each vertical. Each section's area is multiplied by its average velocity to give that section's discharge, and the section discharges are added together to give the river's total.
1. Answer: Any two of the following, with a reason. The crew augers a hole at each vertical instead of stretching a tagline across open water, because there is no open surface to work from. Depth is measured from the bottom of the ice rather than the water surface, because the ice fills part of the channel and no water moves through it. The crew must account for lower velocities and for frazil slush, because the underside of the ice slows the water and the slush can block part of the channel and shift overnight.
1. Answer: The ice slows the water in ways that vary from day to day, and frazil slush can move overnight and change the open part of the channel between visits. The passage also notes that the rating curve had to be shifted for the season, which shows that the usual stage-to-discharge relationship does not hold under ice.
1. Answer: A paragraph of six to eight sentences using at least three details, such as the sensor recording stage every fifteen minutes, the rating curve that converts stage to discharge, the periodic direct measurements that test the curve, the rule that discharge equals area times velocity, the division of the width into verticals, and the seasonal shift applied to the curve. Do not credit paragraphs that describe only the sensor and stop.
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