
Week 1: Campus Walk 

Attempts at Integrating Quantitative Activities in
“Rivers and Streams” Lab for Introductory Geology at CSU Chico

Stop 2: Big Chico Creek at Bidwell Bridge (Mark this as “Stop 2” on your map) 
2. Use your compass to determine the direction that Big Chico Creek flows through campus: 
 
 
3. Where does the water in Chico Creek come from?  
 
 
 
4. What main river does Big Chico Creek flow into?  
 
 
 
5. Where does the water flow to from there? 
 
 
 
 
6. What is an approximate size range of clasts in the stream bed? 
 
 
 
7. Compare the clast sizes on the outside of the bend of the creek versus clast size on the inside of the 
bend in the creek. What does the size of the clasts tell you about the shape of streams and sediment 
transport? What does this tell you about the water in the stream? 

Week 12: Pre-work 

The Need The Set-up The Attempt
Rachel Teasdale, Department of Geological & Environmental Sciences, CSU Chico

Print and complete this homework assignment in order to prepare yourself for the streams lab. 
You must have this completed in order to attend the lab. Fill in the table on the last page with the 
data completed in questions below. Bring both completed pages completed to lab during week 13
Start this homework early so if you have questions you can go to your TA’s office hours for 
help. There will NOT be time in class to complete the homework. 
 
1.Calculate the stream velocity using the measurements during lab 1 in August (Campus Walk 

lab) when a stick floated 50’ downstream in 29 seconds (show all work and be sure your units 
are in ft/s): 

8. The water of Big Chico Creek usually contains about 100 parts per million of dissolved solids.  
In other words, every million tons of water contains 100 tons of dissolved rock and mineral 
material, including calcium, sodium, iron, and magnesium. If every million tons of water 
contains 100 tons of dissolved rock, how many tons of dissolved solids is carried by Big Chico 
Creek in a year? 
_______________________________ ton/yr of dissolved solids 
 
 
 
 
 
In lab, we will plot these values along with new calculations to compare the velocity of Big 
Chico Creek in different seasons as well as the energy of the creek based on the size of particles 
that are carried, eroded, and deposited by the creek over time. 
 
Complete the table below for all August values. We will complete the calculations for November 
in lab together.  

Stream Properties Units January Values April Values 
(to be completed in class) 

Width ft   

Depth ft   

Velocity ft/s   

Velocity mi/hr   

Velocity m/s   

Discharge ft3/s   

Discharge ft3/day   

Largest eroded 
particle  (in lab) mm   

Largest transported 
particle (in lab) mm   

1 foot = 12 in; 2.54 cm = 1 in; 0.6 km = 1 mi 

STREAM GRADIENT 

The velocity of a stream is obviously influenced by how steeply its channel bed is sloped, which is referred to as the 
channel’s gradient.  Gradient, in essence, is the same as the slope (rise / run) of the river.  We can use this relationship to 
create a formula for gradient: 
  
 Gradient = Change in Elevation (ft.) 
                     Change in Distance (mi.) 
 
When calculating a stream’s gradient on a map, it is important to follow a few guidelines: 
• Find two places where topographic contours cross the stream.   
 REMEMBER:   CONTOUR LINES “V” UPSTREAM! 
• Note the elevations of the two contour lines; subtract the smaller from the larger to get the change in elevation. 
• Measure the distance between the two contours by following all the curves in the stream to get the change in distance. 

Fig 9.3, Lutgens & Tarbuck , 8th Edition

The Introduction to Physical Geology laboratory exercises are in the midst 
of a “redesign” phase. New and revised activities must comply with a 
variety of factors including scheduling, multiple sections (up to 18 separate 
lab sessions), multiple instructors (graduate student TA’s), a variety of skill 
levels in science and math (Freshman-Senior grade level students, 
including some with college level math, and some without) and a wide 
range of experiences in geology (e.g. rock climbers, avid kayakers, and 
urbanites without interest or experiential background in outdoor pursuits). 

http://www.delta.dfg.ca.gov/afrp/photos/BigChico.jpg

Overarching Goals for Content:
• Students collect and synthesize data 
from a local stream
• Students use quantitative reasoning 
skills to synthesize and compare data 
sets collected from different locations and 
in different seasons.

Ancillary Goals for Skills:
• Students collect, complete algebraic 
calculations and graph data
• Students build quantitative reasoning 
skills
• Students collaborate in data collection & 
making interpretations

The Rivers and Streams activities are among the first to be redesigned with overarching goals for 
content and ancillary goals for skills building. 

The wide range of student quantitative skills can be addressed in a series of three activities associated 
with stream flow that are shown below. The set of activities reinforce the use of calculations and graphs 
and also provides the opportunity to compare data sets collected approximately 12 weeks apart. By 
using data sets collected over the course of several semesters, these activities will be useful for 

considering seasonal stream variations and in distinguishing normal vs. extreme flow 
conditions.

Three activities shown below were designed with the following considerations:
1.Students need more experience using quantitative methods (multiple activities)
2.Students need to understand data collection techniques and limitations
3.Students need to synthesize data in tables and graphs to understand the significance of data sets

Week 1: The first data collection activities introduce the idea of collecting and using 
data & set the stage for quantitative activities in the course. Students use pace a 
distance and determine stream velocity of Big Chico Creek, on campus. 
Week 9: Students go on a fieldtrip upstream of campus to examine the geology and 
collect stream flow data.
Week 12: Students complete pre-work to preview the types of calculations to be 
completed in the “Rivers & Streams” lab activities. Pre-work gives students the 
opportunity to seek extra help prior to the lab activity.
Week 13: Students return to Big Chico Creek to collect stream flow data.

3. There are 7.48 gallons in a cubic foot of water. How many gallons of water will flow past the 
place where you are standing along the creek in one 24-hr period? 
  

4. Many rivers in California supply water to people for drinking and other domestic uses. The 
average person uses 200 gallons of water per day. If we diverted all of the water flowing in Big 
Chico Creek at the Bidwell Amphitheatre, how many people could we supply with water every 
day? Show all your calculations. 
 
 

One of two fieldtrips visit the Bidwell Park, 
upstream of campus along Big Chico 
Creek (in circle at right). Along with 
examining the geology of the park, 
students also collect stream flow data.

Date   /   Time    RIV STG    FLOW   TEMP W   BAT VOL   
(PDT) FEET  CFS  DEG F  VOLTS  

06/22/2006 11:00 5.56 51 70.4 13.5
06/22/2006 12:00 5.56 51 71.8 13.1
06/22/2006 13:00 5.56 51 73.0 13.0
06/22/2006 14:00 5.56 51 73.8 12.8
06/22/2006 15:00 5.55 49 74.2 13.1
06/22/2006 16:00 5.56 51 74.4 12.9
06/22/2006 17:00 5.55 49 74.3 12.9
06/22/2006 18:00 5.55 49 74.1 12.8
06/22/2006 19:00 5.56 51 73.4 12.8
06/22/2006 20:00 5.56 51 72.5 12.8
06/22/2006 21:00 5.56 51 71.3 12.8
06/22/2006 22:00 -- -- -- --
 http://cdec.water.ca.gov/river/sacto-creeks2.html

floating 
orange (or 
stick/pinecone)

The Campus Walk introduces a variety of topics in a “preview” format for future labs. This lab is 
graded, but is general enough that students who add the course late are able to survive later 
topics. The activities also gives students the sense of the rigor of the course and the first set of 
(simple!) quantitative experiences. Measurements
are collected for Big Chico Creek, on campus 
(dashed square on map at right).

As an introduction to the diverse field of geology you will be taking a geologic tour of the campus. Your instructor will 
guide you along the way as you collect important data. Fill in the data tables and answer the questions as you explore 
the campus. 
 
Stop 1: North side of Physical Sciences Building (Mark this as “stop 1” on your map) 
Introduction to Pace and Compass Methods: You can determine the length of your pace and then use a compass to navigate 
through unknown terrain. Along with the use of a map, you can orient yourself and traverse from one point to another using 
pace and compass methods (also known as orienteering). 
 

1. Your Pace: 
Determine your pace by counting the number of steps it takes you to travel 100 feet (taped off outside the Physical Sciences 
Building). Do this 3 times and then find your average pace using the table below: 
 
a. Determine your pace: 

Distance: # steps Pace = 100 feet /# steps (units in feet/step) 
100 feet   
100 feet   
100 feet   

 Avg # =  
 
b. Fill in the rest of the table so you know how many paces it will take you to travel the distance listed: 

 
Distance: # steps 
10 feet  
20 feet  
50 feet  
200 feet  

 
c. Measure the width of the Physical Sciences building along the western/eastern wall:      

9. Stream Velocity: Pace off 50 feet along the bank of the stream. Make sure both endpoints have a 
good view of the creek. In teams designated by your TA, determine the velocity of the stream using the 
floats provided by your TA. Use the table below to mark the time it takes for the float to travel 50 feet, 
then calculate the velocity by rearranging the equation:  

Distance = rate * time 
a. Rearranged Equation:  

 
  

b. Velocity Table: 
Distance Time Velocity  

50 ft   
50 ft   
50 ft   

10. What is the average stream velocity?  Show your work, include units.  
(Record this value on page vii for your homework): 
 
 
 

http://www.williams.edu 

The Compass: 
A compass is the instrument used for mapping the orientation of geologic 
structures as well as land navigation. 
To take a bearing (direction from one point to another), 
• hold the compass level 
• align the sight line with the object on which you are taking a bearing 
• turn the dial to orient the alignment (N) needle and the red end of the magnetic 

needle 
• read the bearing, double check the alignment, and record the correct bearing. 
 
d. Use your compass to take a bearing from the NW corner of the Physical 
Sciences Building to the south edge of the bridge that crosses Big Chico Creek 
towards Holt Hall. What is the direction of that bearing?  
 
 
e. Use your pace and compass to determine the distance and direction from the NE 
corner of the Physical Sciences Building to the south edge of the bridge that 
crosses Big Chico Creek to Bidwell Mansion (Bidwell Bridge). Record the 
information below: 
 
Distance:      Bearing: 
 
 
 

Stop 3: Piezometer  
With your TA, measure the depth to the Water Table: 
11.  Depth to water table __________ feet; and in    m. 
 
12.  Elevation of piezometer above sea level __________ feet; and in   m. 
 
13.  Calculate the elevation of water table in feet above sea level. __________.  
 
 
 
14.  Predict whether the depth to the water table will change over the next 3 months and how. 
 
 
 

100’

Students use their pace to 
determine the distance (in 
this case students use a 
measuring tape to check) , 
then find the average time it 
takes the object 
(orange/stick/pinecone) to 
float that distance.

d=r*t
one of few equations 

one must know!

2. Stream Discharge (Q)  
Calculate the stream discharge of Big Chico Creek in August using the velocity calculated above 
and the representative measurements of the stream shown below (show all work below and make 
sure your units are in ft3/s): 
 

5. Water weighs about 62.4 lb/ft3.  What is the weight of water that is flowing down Big Chico 
Creek every second? (Hint: use the discharge you calculated previously, show all work) 
_______________________________ lb/s  
    

 
6. There are 2000 lb. in every ton.  Convert your answer into tons/sec (show all work). 
 
_______________________________ ton/s 
 

7. Assuming that the present creek flow represents a year-round average, how many tons of 
water flow through Big Chico Creek in a year?  Hint:  There are 31,536,000 seconds in a year. 
(show all work) 
    
_______________________________ ton/yr (tons of water per year) 
 

Week 9: Fieldtrip 

Pre-work activities give students a 
review of a) concepts (hopefully 

covered) in lectures and b) calculations used to 
describe stream flow. Pre-work also gives students the 
opportunity to seek help with calculations from their 
TA’s before the Rivers & Streams Lab.

Use the Chico, CA quadrangle to answer the following questions: 

8. Determine the gradient (in ft/mile) of Big Chico Creek between the following two locations:   

• where the 225-foot contour line crosses the creek (i.e. where the creek takes a major bend a few inches from the 
northern edge of the map, below the word “Vallambrosa”). 

• where the 200 foot contour line crosses the creek about an inch west of the word “Big” of “Big Chico Creek” (for 
those familiar with Bidwell park, this location is just east of 1-mile recreation area (not marked on the map).   

Show the numbers you used for your calculations; carry through all units. 
 
 STREAM EROSION AND DEPOSITION 

 
From the homework, it is obvious that Big Chico Creek carries an incredible amount of dissolved solids from the 
mountains to the ocean.  But it carries an even greater quantity of weathered rock particles including mud, sand, and gravel. 
Your next task is to analyze the sizes of particles than can be transported and eroded by Big Chico Creek today. We will do 
this using the Hjulstrom diagram shown below. 

 
12. First, convert the velocity of Big Chico Creek that you determined today from ft/sec to cm/sec. (Hint, you will need to 
convert feet  cm and you know that 2.54 cm = 1 in) 

13. Using this velocity and the Hjulstrom diagram below, determine the transportation and erosion capabilities of Big 
Chico Creek today.   

 
 
 a. Largest size particle that could be eroded by Big Chico Creek today: _______________ mm 
 
 
 b. Largest size particle that could be transported by Big Chico Creek today:  

________________mm 
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STREAM MEASUREMENT 
 
The most important property of a stream is its discharge – that is, how much water does it carry 
and how quickly does it carry it? The discharge of a river or stream is the volume of water that 
passes a point over a specific period of time. Discharge is generally reported in cubic feet per 
second or cubic meters per second. The amount of water that a stream discharges can be 
determined from the size of the stream and the velocity of the water moving through it. In 
equation form, 
 
 Q = w * d * v 
 
where  Q = discharge 
 w = width of stream 
 d = depth of stream 
 v = velocity of stream 
 
 

1. In groups assigned by your instructor, measure the width, and depth of the creek and 
record your measurements in the table of your homework assignement.   

2. Sketch the cross-sectional profile of Big Chico Creek below: 
 
 
 
 
 
 
 

Stream width and depth 
3.  What is the width of the creek along this cross-section? 
 
 
4.  Do you think the creek has a constant width upstream and downstream?  How could you 

make the width measurement more accurate if you noticed that the width of the channel 
varied significantly upstream and downstream? 

 
 
 
5.  Is the depth of the creek constant along the cross-section? In order to calculate discharge, we 

need a single, representative depth, so we use the average.  Calculate the average depth along 
this stream profile. 

Week 13: Rivers & Streams 

Stream Velocity 
6. There are a number of ways to measure the velocity of a stream, some of which require rather 
sophisticated equipment. We took velocity measurements at the beginning of the semester by 
timing how long it took a stick to travel a 50-ft distance.  The stream’s energy may have changed 
since that time, so, we will compare measurements from week 1 to this week. Enter those values 
into the blanks below. 
 

50 feet in __________________ seconds 
50 feet in __________________ seconds 
50 feet in __________________ seconds 

50 feet in __________________ seconds
50 feet in __________________ seconds

 
a.  Average: 50 feet in _____________________ seconds  
 
b.  Calculate the average stream velocity, in ft/sec: ________________________ ft/s (also record 
this in the homework table). 

Check your work to make sure your answer has the right units (ft3/s). Also record this value in 
the homework table. 

c.  You now have measurements for width, depth, and velocity of Big Chico Creek. Calculate the 
discharge using the formula given above: Q = w * d * v.  Show all work with units for every 
step.

After completing pre-work, practice calculations, and 
determining their pace in previous activities, students 
are prepared to collect another stream data set and 
compare new and previous data. As this activity is 
used in additional semesters, labs will incorporate data 
from previous semesters, so that data collections will 
include: Late August, October, December, January, 
March, and May measurements.

Template for graphing data 
(left) & log-based Hjulstrom 
diagram improve quantitative 
skills.

7. U se the grid below to construct a graph below that shows the velocity of Big C hico C reek  in  
January (dashed line) versus the velocity of the creek in April (dashed line) . Be sure to fill in  the 
units for each axis of the graph. A s a class, you will decide the unit divisions for each axis, be 
sure to label these on you r graph.  
 

Time 

(solid line)

Sample data for 
Big Chico Creek, 
California (Dept. 

Water Resources)
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