
   

 The Mission of  

Wyoming Stream Team  

is to promote awareness and 

stewardship of Wyomingôs water 

resources through  

education and responsible data 

sharing. 

 
Wyoming Stream Team:   WST is a state-wide monitoring program, based at Teton 

Science Schoolsô Teacher Learning Center, focusing on stream habitat and water quality.  

This educational program assists students, educators, volunteers and community 

members to collect data for use by students, local communities and the Wyoming 

Department of Environmental Quality.  The program is an extension of the water quality 

monitoring workshops conducted by Teton Science Schools since 1993.  Data collected 

by schools and other groups is entered into an accessible, on-line database.  Results are 

also used by DEQ as a screening tool to detect threats to stream health.   

 

What We Monitor:  

Every teacher has a unique way of fitting stream monitoring into their curriculum, so the 

spectrum of projects ranges from simple to extensive. Water chemistry forms the base of 

our testing protocols; then teachers incorporate physical, macroinvertebrate, and 

vegetation data according to their needs.   

 
Water Quality Data Collected: 

Required: 

Temperature 

pH 

Turbidity 

Conductivity 

Alkalinity  

Dissolved Oxygen (DO) 

 

Optional: 

Nutrients (orthophosphates and nitrates) 

Fecal Coliform & E. Coli (simultaneous) 

 

Physical Data Collected: 
Stream Width, Depth 

Velocity 

Discharge 

Substrate 

 

 

 

 

Biological Data Collected: 

Macroinvertebrates 

Riparian Vegetation 

 

 

 
The following program manual was adapted from the Utah Stream Team Program Manual, Utah State 

University Extension. 
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Unit I.  Introduction 
 

 

This section provides an overview of the Wyoming Stream Team program.  Youôll also find 

information on how to use the manual and a short description of each of the units and sections 

within. 

 

Sections 
    1. Introduction to the Wyoming Stream Team  

 

    2. Whatôs in the Manual 
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I -1.  Introduction to the Wyoming Stream Team 

 
The Wyoming Stream Team is a state-wide monitoring 

program funded by the Wyoming Department of 

Environmental Quality and based at the Teton Science 

Schoolsô Teacher Learning Center. 

 

The Wyoming Stream Team is an educational program 

that assists students and educators collect data on 

stream sites from around the state.  Data is used by 

students, local communities and the Wyoming 

Department of Environmental Quality to assess 

threats to stream health.   

 

Data are entered into an on-line database and can be viewed and downloaded 

by participants from around the region.   

 

The program includes on-site and annual educator trainings, site visits by 

Conservation Research Center staff, monitoring equipment and access to 

additional resources necessary to conduct stream monitoring.   

 

Every educator has a unique way of fitting stream monitoring to their needs, 

be they driven by curriculum, community concern for water body health 

or the desire for a creative way to engage and excite students.  The 

spectrum of stream monitoring programs range from simple to extensive; 

stream monitoring can occur annually, creating a long term data set, or as 

often as weekly to detect subtle changes caused by weather and 

alterations in land use.   

 

Why do we care about water quality monitoring?  
 

 

WATER is one of the most abundant and important substances on 

Earth.  Water comprises over 70% of the Earthôs surface and 50 

to 80% of every living organismôs weight ï it truly connects all 

living things.   Each of us ï student, bird, farmer, plant ï depends 

on the same global water-centered system.  Within this system 

our lives depend on the small volume of fresh water.   

 

In Wyoming there are 

more than 116,398 miles 

of streams and rivers.  

As of 2004 only 5877 or 

5% of those miles had 

been assessed.  Our 

monitoring can help in 

this effort.  
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Fresh, clean, drinkable water constitutes only one half of one percent of all the Earthôs water (if 

you filled a bucket with 100 liters of water, 98 liters would be saltwater, 2 liters would be 

fresh, and only 60 milliliters of that fresh supply would be drinkable).  We depend on our 

streams and rivers to deliver much of this drinking water, as well as provide for irrigation for 

agriculture, recreation and other uses.  Many animals and plants could not live without clean 

river water.  

 

Humans are the only species with the ability to manage water resources.  With this ability comes 

an important responsibility to understand and protect streams and rivers.  A vital tool for such 

action is WATER QUALITY MONITORING.  

 

What is water quality monitoring? 
Did you ever wonder how we get information on the conditions of our streams?  How do we 

determine if a water body is healthy enough to provide drinking water, recreation, irrigation 

and still support fish and other wildlife?  Water quality monitoring provides the answers in 

the form of scientific data. 

  

We collect scientific data using several parameters.   
The Wyoming Stream Team manual will help you sample the following water quality properties.  

You may choose to incorporate all of them into your program or just one or two.  We ask that 

at a minimum, parameters of temperature, pH, turbidity, conductivity, alkalinity and 

dissolved oxygen be determined at each site.  

 

Physical properties affect the environments that aquatic plants and animals live in.  

¶ turbidity ï sediment and other material carried in the water  

¶ temperature ï the heat energy of the water  

¶ stream discharge ï the amount and speed of the water  

¶ stream shape ï the structure of the channel banks and bottom  

¶ substrate ï materials comprising the stream bottom 

 

Chemical properties influence how healthy water is for aquatic plants and animals and for 

humans.   

¶ pH - the acidity of the water 

¶ Alkalinity ï the buffering ability of the water 

¶ Dissolved oxygen ï oxygen in the water that supports aquatic life 

¶ Conductivity ï how well a water sample conducts electricity; can be an estimate for total  

dissolved solids 

 

Biological properties determine the types and amounts of life in and around the stream.   

¶ the riparian zone ï the area alongside the stream that provides food and shelter for life in the 

stream and on land  

¶ macroinvertebrates ï aquatic organisms are an important link in the food chain 

¶ Bacteria ï high levels of Fecal coliform and E.coli indicate water potentially harmful to 

humans 
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The information that we collect helps us: 
¶ determine the overall health of our stream, 

¶ understand our streams and their role in the watershed,    

¶ identify specific water quality problems, 

¶ and, most importantly, take wise action to improve or protect the water quality of our stream. 

  

Why are students and teachers getting involved in the 

monitoring effort?  
Through the hands-on experience of water quality monitoring, students further their 

understanding of water resources in Wyoming.  Just as important, students grow and learn 

from the experience.  Water quality monitoring is also a powerful educational tool.  Use this 

program to meet Wyoming State Standards, teach in an interdisciplinary manner, provide 

meaningful content and activities, expose students to new learning environments and much 

more.   

 

Through the Wyoming Stream Team program students will:  
¶ understand the relevancy of their studies, 

¶ gain confidence in their ability to positively influence their local environment, 

¶ learn the importance and rewards of serving their community, 

¶ develop skills to become better decision makers, 

¶ realize that learning is FUN! 

 

 

ñThe educational benefits of monitoring spread out in circles to a wider and wider 

community, beginning with the student volunteers and then extending to friends,  

neighbors, businesses, elected officialséò 

- Volunteer Monitor, 1994 

 

How do we monitor water quality? 
We investigate in the classroom. 

Students need to understand ñwhyò they are monitoring. We can help them see the relevancy of 

their investigations by presenting ñbig pictureò concepts such as The Water Cycle, 

Watersheds and the Clean Water Act.  Within these large concepts students can then identify 

areas of interest, such as Aquatic Life or Water Chemistry, to pursue.  They can even design 

their own monitoring program to address their interests.  

 

The classroom also provides a great place to prepare for field exercises.  Practicing data 

collection procedures (e.g., sampling the acidity of household substances) and reviewing safe 

and ethical monitoring techniques are important for success in the field. 

 

After we return from the field we reflect on our findings as well as our collection techniques. 

Classes are encouraged to present and share their data via the internet. 
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We study water across the curriculum. 
The Wyoming Stream Team facilitates the study of water in all major discipline areas. Computer 

graphing, creative writing and public decision making are just a small sampling of the areas 

students can explore through the program.  

 

We get wet! 

At the stream site, students collect scientific data. They may conduct a variety of chemical tests, 

collect and identify aquatic organisms, measure the stream shape and flow and assess riparian 

vegetation.  

 

The structure of the monitoring exercises depends on the individual goals and resources of the 

group.  Some groups may opt to take only a few measurements; some may run every test.  

Some groups may visit their site only once during the year while others may visit once a 

month or even once per week.    

 

We develop community projects. 

Many groups choose to take action based on what theyôve learned.  For example, if a group 

discovers significant bank erosion, they may return to the site to work with a specialist to re-

vegetate and stabilize the banks.  Some groups take the opportunity to educate others in their 

community about water quality.  They may present their findings to the city council or start a 

community water education program.  Wyoming Stream Team emphasizes action based on 

unbiased scientific information. 

 

Thanks for being involved! 
The Wyoming Stream Team is glad youôve decided to join the water quality monitoring effort.  

Ahead of you is an exciting opportunity to make a difference ï for your streams, your 

students and your community.  
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Check it out é 
Let these icons be your guide.  
 

 
 

 

 
 

  

    

 

 

 
 

 
 

 

I -2.  Whatôs in the Manual 

 
 

The Wyoming Stream Team (WST) is a flexible educational tool able to meet a wide range of 

instructional goals and settings.  An earth science class may spend 2 weeks investigating 

water quality and work through the manual from start to finish.  A social studies class may 

simply want to look at Water Laws for a day and use only that section.  

 

This manual also accommodates educators with a wide range of experience and knowledge 

levels.  Those familiar with water quality monitoring may wish to skip over some sections. 

Less experienced teachers may actually desire more information (if so, consult the 

ñresources for further investigationò, access the Wyoming Stream Team website 

http://wyomingstreamteam.org, or contact the Teacher Learning  Center for additional 

information).  To decide which units will be most helpful for you take a few minutes to 

familiarize yourself with the manual.   
 
 

Unit I:  Introduction  
 

Section 1. Introduction  - an overview of Water Quality Monitoring and the WST program.  
 

Section 2. Whatôs in the Manual 

 
 

Unit II:   Designing Your Program  
Every class and teacher operates in a unique environment.  Read through the sections of this unit 

in sequence to design a water education and 

monitoring program that meets your 

individual needs. 

 

Section 1. Suggested Instructional Strategies ï 

teaching philosophy and strategies. 

 

Section 2.  Interdisciplinary Study ï cross-

curricular connections.   
 

 

Unit III:  Field Prep  

This unit will help you to plan and organize field 

activities. Be sure to consult this section well 

in advance of your field day. 

 

Section 1.   In the Field ï answer your questions 

about where, what, when and how to sample.   

 

Section 2.  Organizing Your Group ï facilitate 

efficient field exercises.  

 

Hereõs an exciting 

monitoring idea.  
 

Donõt forget about this. 

Find out how things work  

here in Wyoming.  

Whoa.  Donõt miss this 

important information.    
 

 

Hereõs a fun way you 

can help protect your 

local stream.  

http://wyomingstreamteam.org/
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Each of the physical, chemical and 

biological properties sections contains: 

¶ key terms ï these bolded, underlined 

terms are defined in the Glossary 

¶ background information  

¶   information to help interpret your    

    findings 

¶ resources for further investigation  

¶  directions and data sheets for field    

    monitoring [Appendix 5 compiles   

    them into one area for easy access] 

 

Section 3.  Field Behavior ï learn to sample in an ethical manner.   

 

Section 4.  Sampling Safely ï reduce unnecessary risk for students and volunteers.   

 

Section 5.  Before You Go ï obtain permission, connect with other monitoring groups and 

natural resource specialists, and develop community support. 

 

Section 6.  The Wyoming Stream Team Monitoring Kit ï lists equipment, materials and 

information on borrowing a free kit. 

 

 

Unit IV:  Field Investigation  
This unit guides you through a water quality monitoring investigation of your local stream.   

 

Section 1.  General Stream Survey 

¶ Weather 

¶ Surrounding land use 

¶ Water appearance and smell 

 

Section 2.  Physical Properties 

¶ Stream flow 

¶ Stream shape 

¶ Temperature 

 

Section 3.  Chemical Properties 

¶ pH 

¶ Dissolved oxygen 

¶ Turbidity 

¶ Conductivity 

¶ Alkalinity  

¶ Nutrients (nitrate, ammonia, phosphorus) 

¶ Fecal Coliform 

 

Section 4.  Biological Properties 

¶ Macroinvertebrates 

¶ The Riparian Zone 

 

 

Unit V:  Post-Field Activities  
 

Section 1.  Illustrating Your Data ï chart and graph your data. 

 

Section 2.  Reflecting on Your Data ï interpret your data and data collection techniques.  

 

Section 3.  Stewardship ï act on your findings and making a difference. 
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Unit VI:  Wyoming Water Information   
These sections provide the ñbig pictureò that will help students understand why they are 

monitoring. 

 

Section 1.  Water Cycle ï describes universal processes. 

 

Section 2.  Watersheds ï describes regional processes. 

 

Section 3.  Water Pollution ï examines the types, sources and effects of water pollution. 

 

Section 4.  Water Laws ï discusses legal aspects concerning water quality. 

 

Appendix 1:  Contacts and Resources ï investigate further and find monitoring 

assistance.   

 

Appendix 2:  Purchasing Supplies ï prices and ordering information for monitoring 

equipment and supplies. 

 

Appendix 3:  Conversion Chart ï convert monitoring units.   

 

Appendix 4:  Glossary ï all key terms (bolded) are defined here. 

 

Appendix 5:  Data Sheets ï contains the most simple data sheet for basic data collection 
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Unit II.  Designing Your Program 
 
 

Every class and teacher operates in a unique environment.  This unit is designed to 

meet your  individual needs for a water quality education program. 

 

Sections 

1. Suggested Instructional Strategies 

 

2. Interdisciplinary Study 
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Interdisciplinary 

Instruction and Service 

Learning (Stewardship) 

represent additional 

Constructivist Learning  
Principles. These are 

discussed in Units II -2. 

and V-3., respectively.  

II -1. Suggested Instructional Strategies 
 

 

Defining Your Goals and Objectives 
What do you want to accomplish? 

The nature of your water quality monitoring program depends on which learning objectives you 

identify for your program.  Begin this process by asking yourself and your students, ñWhat do 

we want to accomplish through water education and water quality monitoring?ò  To increase 

their motivation and sense of ownership for the program, include students in the planning 

process.    

 

Important considerations 

The following considerations will help you further define your program plan.  

 

¶ Developmental level ï Students of every developmental level can appreciate their 

surroundings, increase their understanding of science and take action.  Developmental level 

will only influence how you facilitate these processes. 

 

¶ Time ï Consider the number of field trips you can take over the course of the school year and 

the time allotted per trip. These will be important factors when you select a stream site. 

Remember to account for  pre-field preparation and post-field data processing. 

 

¶ Influences within your watershed ï Familiarize yourself with the land use, soils and 

vegetation of your watershed. You may want to use monitoring to form an understanding of 

these processes and how they affect your stream.  

 

¶ Interdisciplinary curriculum connections ï Consult the ñInterdisciplinary Studyò section for 

help connecting the Wyoming Stream Team program with other teachers and disciplines. 

 

¶ State Standards and Objectives ï Consult the ñWyoming State Standardsò to identify 

requirements you will meet through your monitoring program. 

 

Learning Principles 
The Wyoming Stream Team follows Constructivist learning principles. Included among these 

principles are Learner-Centered Instruction, Cooperative Learning, and Holistic Learning.  

 

Constructivism  

Constructivist learning theory recognizes that each of us 

constructs our own, unique understandings of the world 

by synthesizing new information with previous 

understandings.  Real learning (internalizing and 

applying new information) will occur only when the 

student finds meaning and relevance for the new 

information.  Old methods of lecture and recitation can 

help students pass tests by memory, but they often fail to 

support long-term learning.  Several techniques for 

promoting constructivism (learner-centered instruction, 

cooperative learning, and holistic learning) follow.   
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The National Science 

Teachers Association has 

called for reform in schools 

that includes òhands-onó 

experimentation and 

learner -generated 

questions, investigations, 

hypotheses and models.  

Learner-centered instruction 

Learning improves when the students: 

¶ Take responsibility for learning. 

¶ Examine new material in ways that interest and inspire them. 

¶ Express their points of view while valuing those of others. 

¶ Develop autonomy. 

 

These learner-centered techniques help students build the attitude, confidence and skills 

necessary for life-long learning.   

 

The Wyoming Stream Team offers many opportunities to 

apply learner-centered instruction, such as: 

¶ Allow students to identify water quality issues in their 

community that are of concern or interest. 

¶ Help students to determine what courses of action to take 

on an issue. 

¶ Guide students through a research design process based 

on the identified issue(s).  

¶ Work with students to develop a stewardship project 

based on their findings. 

 

Cooperative learning 

Through cooperative learning experiences, students appreciate diversity in knowledge and 

opinions. Cooperative learning also increases achievement, provides peer support while 

reducing social and academic anxiety, and fosters the skills and attitudes required for 

collaborative work in all disciplines.  The Wyoming Stream Team provides an excellent 

format for cooperative learning.  Classes can work as a single group to identify topics of 

interest, plan a stewardship project and assess their program.  Small groups are well suited for 

monitoring individual stream sections and sharing findings with peers. ñOrganizing Your 

Group,ò Unit III-2, will help you plan a cooperative learning experience in the field. 

 

Holistic learning 

Presenting discrete bits of information without context does little to foster critical thinking skills 

and conceptual understanding.  Use the Wyoming Stream Team materials to help your 

students gain a holistic understanding of stream ecosystems and water quality by presenting 

information under the umbrella of larger, unifying concepts.  Students should see the 

common threads that connect water and water quality concepts with all aspects of the natural 

world and our everyday lives.   

 

Action-orientation 
Helping students to positively affect their surroundings increases their: motivation for learning, 

sense of personal responsibility, and likelihood of participating in future environmentally 

responsible behavior.  Read more about taking action in the Stewardship section, V-3.  

 

Interdisciplinary  learning 

When students integrate disciplines in the study of water quality, they see that water quality and 

science in general is relevant to all aspects of their lives.  This helps decrease much of the 

abstractness that science holds for many students.  Read more about Interdisciplinary 

Learning in Section II-3.   
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The combined benefits of constructivist teaching reach far beyond the topic of water quality.  If 

facilitated properly, students acquire a process for life-long learning:  they are more likely to 

identify issues of importance to themselves, their community and the environment; they will 

possess the knowledge and skills needed to investigate those issues; and, they will have 

greater motivation to act on their findings.  This process for life-long learning transcends the 

topic of water quality: it empowers students to positively affect themselves and their 

community. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resources for Further Investigation 
Project Integration and Visualization Tool (PIViT) ï This software program, available on the 

web, will help you to graphically design concept maps. Available free at 

http://www.umich.edu/~pbsgrough/PIViT.html 

 

ñMapping for Understanding: Using Concept Maps as Windows to Studentôs Minds,ò by Donna 

Dorough and James Rye.  The Science Teacher.  January, 1997.  pp. 37-41.  Provides 

practical information on how to create and evaluate student concept maps. 

 

ñClarify with Concept Maps,ò by Joseph Novak.   The Science Teacher.  October, 1991. pp. 45-

49.  Details much of the learning theory behind concept maps. 
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òThe concept of water may be one of the 

most integral of all concepts related to 

life and the earth and thus is critical to 

achieving an understanding of the 

complexity and interrelatedness of earth 

systems.  Without water, life as we know 

it would not exist.  If education is to 

move into an integrated and holistic 

mode, we must seek clear examples of 

concepts that can be used to bridge the 

so-called traditional disciplines such as 

biology, chemistry, social studies, 

mathematics and art.  Water provides 

such an example.ó   
 

- M. Brody, ñDevelopment of a 

Framework for Water Education,ò 

1995. 

 
-  Michael Brody, òUnderstanding Pollution 

Among 4th , 8 th , and 11th  Grade Students.ó 

II -2. Interdisciplinary Study  
 

Through interdisciplinary study, the Wyoming Stream Team 

program can help students understand the significance 

of water in all aspects of life.  Interdisciplinary study 

carries many added rewards. Students: 

 

¶ understand the relevance of subjects that often seem 

abstract; 

¶ see how different subject areas fit together;  

¶ gain enthusiasm for school-related work; and 

¶ increase their level of achievement. 

 

This section facilitates an interdisciplinary study of water 

quality. The chart below shows how various exercises 

can integrate the topic. Next, you will find two 

strategies for organizing an interdisciplinary field 

program.  Consult ñResources for Further 

Investigationò to find more information on 

interdisciplinary study.  

 

 

Making the Connections 
 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Science 
¶ science as inquiry 

¶ riparian/aquatic ecology 

¶ connecting different 
science disciplines 

¶ biology, chemistry, 
ecology  

Language Arts 
¶ water news articles 

¶ letters to decision-
makers 

¶ water literature 

Social Studies 
¶ history and 

geography of the 
watershed 

¶ water law (state 
and federal 
regulations) 

 

Visual Arts 
¶ stream mapping 

¶ watershed model-
making and 
mapping 

¶ stream picture 
collage 

Math 
¶ data graphing 

¶ streamflow 
   calculations 

¶ unit conversions 

¶ measurements 

          

        Water Quality 
 

Adapted from: M.T. Denecour, Interactive Lake Ecology 
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        Read all about it!  
Produce a newspaper   

      about your local 

stream and its water 

quality -  the ñWillow 

Creek Timesò -  as a way to 

bring together separate 

investigations.  The 

exercise will strengthen 

writing and graphic arts 

skills and provide an 

excellent cooperative 

learning experience.  

 

How can I interconnect disciplines in the field? 
1)  Split Science - form a cooperative learning environment between different science disciplines.  

With this approach each science discipline in your school, 

such as biology, chemistry, earth science, and physics, 

focuses on water quality as it relates to their discipline.  

For example, biology students investigate 

macroinvertebrates and chemistry students sample 

nutrients.   The classes take turns teaching each other and 

emphasize the role each science discipline plays in 

forming a complete water quality picture. 

 

2) Rotation Station ï multiple classes visit the field together 

and rotate through stations.  Classes separate along a 

stream stretch and teachers rotate between classes and 

conduct lessons from their own disciplines.  For example 

a math teacher may work with groups to calculate stream flow while a fine arts teacher may 

lead a mapping exercise.  

  

 

Resources for Further Investigation 
Project WET - This curriculum and activity guide is an education program for educators and 

young people, grades K-12.  It facilitates and promotes awareness, appreciation, knowledge 

and stewardship of water resources through lessons that incorporate a variety of disciplines 

and environments, whole-body activities, laboratory investigations, discussion of local and 

global topics, and involvement in community service projects.  The guide is available to 

formal and informal educators through workshops.  Contact:  Project WET, 201 Culbertson 

Hall, Montana State University, Bozeman, MT  59717-0570, (406) 994-5392, fax: (406) 994-

1919, 

 

Sourcebook for Watershed Education ï The GREEN watershed education program is unique 

from other water quality monitoring programs because it emphasizes action-oriented and 

problem-solving approaches based on an interdisciplinary education.  The Sourcebook 

provides practical techniques and tools for planning, implementing, and assessing a program.  

Youôll also find dozens of lesson plans and a great reference list divided by discipline. 

Contact: Cole-Misch, Sally, Larry Price, and David Schmidt.  Sourcebook for Watershed 

Education. Global Rivers Environmental Education Network. Ann Arbor, MI. 1996. 
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Unit III.  Field Preparation 
 

Sections 
1. In the Field 

a. Where to Sample 

b. What to Sample 

c. How to Sample 

d. When to Sample 

 

2.  Organizing Your Group 

 

3.  Field Behavior  

 

4.  Sampling Safety 

 

5.  Before You Go 

 

6.  The Wyoming Stream Team Monitoring Kit 
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III -1.  In the Field 

 
Planning is essential to successful field monitoring.  Before launching into the ñnuts and boltsò of data 

collection, be sure you have clearly identified goals.  Knowing why you want to monitor will 

largely determine where, what, how and when you monitor.  

 

This unit will help you to consider the science and logistics of your study and avoid common 

mistakes.   

 

¶ The ñIn the Fieldò guidelines that follow offer general help for organizing your field 

monitoring.  They compliment the specific sampling directions found in Section IV- 

Field Investigation.  Be sure to consult both sets of guidelines before conducting your 

tests. 
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           If you suspect a point -  

            source of pollution or 

contaminants in your area, 

contact the Department of 

Environmental Quality, but avoid 

sampling near the sources of 

potential pollution.  [Refer to the 

òResourceó appendix for contact 

information].  

           Visit your field site  

          before you begin 

monitoring with students.  

This will help ensure a 

more successful 

experience.  

Where to Sample        
1. Select a stream or streams 

¶ Involve your students in selecting a stream.  This will help foster a 

sense of ownership for the stream and the program.  

 

¶ The Wyoming Stream Team is specially designed to monitor 

flowing water - creeks and streams.  Ponds and wetlands offer 

rewarding monitoring experiences, too, but may require a few 

modifications in your approach.   

 

 

¶ Consider selecting a site that has not been previously monitored.  New sites add valuable data to the 

Wyoming Department of Environmental Qualityôs database. 

 

¶ If possible, locate a stream close to your school ï walking distance is ideal.  Close proximity allows 

for greater frequency and flexibility in monitoring, and less expense if you have to bus or carpool. 

 

 
2. Select a sampling site or sites 

Here is an opportunity to revisit your monitoring goals. 
 

¶ If you want to represent the water quality of the entire 

stream, sample a ñrepresentative section.ò  This section 

will have the common forms of vegetation, bank structure 

and stream shape representative of the entire stream. 

 

¶ If you want to investigate human impacts, such as heavy 

development, choose a site where you can compare an 

impacted area with an unaffected area.  For example, to 

isolate the affect of a potential impact, sample upstream 

of the activity (which will serve as a control site) and just 

downstream of the impact.  You may also want to sample a third site, farther downstream, to 

determine the range of the impact.  A nearby tributary can also serve as a control site. 

 

¶ Regardless of your goal, your sampling site should be accessible to everyone in your class and safe.  

 

3. Document your site    

Be sure to document your location so you can accurately report your sampling location and return to 

the same site for additional data collection.   

   

¶ If you donôt have a GPS unit, obtain a topographic map of your area.  Detailed 7.5 minute 

(1:24,000) ñquadò maps are recommended.  To obtain one, check with a local resource 

management agency or camping supply store.  You can also print quad maps through the US 

Geological Surveyôs web site - http://www.water.usgs.gov/ 

 

¶ Locate and clearly mark your site on the map.  Keep the map with your Wyoming Stream Team 

manual.  It will serve as a valuable teaching tool and also help future groups locate the site.   

 

 

http://www.water.usgs.gov/
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  Some of the 

soils in Wyoming are highly 

alkaline. These soils can 

cause higher pH in water. 

Streams that run through 

these regions may also 

experience natural bank 

erosion because of the 

loose soil and sparse 

vegetation.  How do you 

think this affects ba nk 

structure and turbidity 

levels? 
 

What to Sample 
Wyoming Steam Team provides the means for sampling several different measurements of the water 

itself and an array of physical and biological components of the stream and riparian area.  There are 

many possibilities for investigating even further.  Based on your goals, you may want to include all 

or just some of these measurements.  The questions below will help you decide what to sample. 

 

How much time do you have? 

If your field time is short you can limit the scope of your sampling to only the mandatory parameters, 

pH, temperature, dissolved oxygen, turbidity, alkalinity, and conductivity.  Your areas of interest or 

concern will largely determine which parameters to include. 

 
Do you want to explore aquatic life? 

Exploring the macroinvertebrates in the stream is exciting for students of all ages, and is an excellent 

activity for younger students.  Macroinvertebrates are an interesting way to introduce the concept 

of ñfood chainsò and offer great opportunities to study animal behavior. 

 

Do you want to investigate human influences? 

You may choose to monitor the effects of a particular land use in your watershed.  Consult the 

ñWatersheds ï Land Useò section for help identifying and 

sampling land use impacts.  

  
Do you want to investigate natural influences? 

Research the geology and vegetation around your stream and 

watershed.  Your region may have naturally high levels of 

certain minerals which affect water quality.  Soil types 

and vegetation affect the physical nature of your stream.  

 

Your students can look at the variability in water quality that 

exists within a single site.  Compare samples from riffles, 

eddies, backwaters, shaded areas or exposed areas.  You 

may also find interesting differences above and below a 

beaver dam. 

 

 

Do you want to investigate the relationship between 

different water quality parameters? 

Sample several different parameters and determine if or how they relate to each other.  For example, 

turbidity often increases with stream flow while alkalinity concentrations may decrease. Sample 

flow, turbidity and alkalinity several times over an extended time period and graph the data 

together to help illustrate relationships.   
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          Most chemical tests  

          must be run within 

30 minutes of collection.  

Nitrate and phosphate 

samples may be brought 

back to the classroom for 

testing if analyzed within 

24 hours.  (Keep samples 

cool and in a dark pla ce.) 
 

How to Sample        
Answer the questions below to determine ñhowò you will collect your samples. 

 

Are you collecting chemical samples? 

¶ Collect your sample from an area where water is moving at a 

moderate pace. Avoid backwaters (unless you want to compare 

flowing and still water). 
 

¶ Collect your sample from just below the waterôs surface to avoid 

floating oils, scums and other materials that may alter your 

results. 
 

¶ Test water samples immediately after collecting or your results 

may change. 
 

 

Are you collecting physical or biological samples? 

For more diverse biological samples, sample from different parts of a stream, such as slow, pooled 

areas as well as fast running riffles. 

 

For the most representative flows, sample a straight stretch of stream with fairly even flow.  Avoid 

pools, stagnant areas or stretches where the stream flow has backed up.     

 

 

Do you want to increase your accuracy and precision? 

Accurate data are representative of the true value.   Keep in mind that the tests and measurements used 

in this program are simplified field methods which will never be as accurate as monitoring with 

professional equipment and methods.  You can increase the confidence in your results, however, by 

taking several measurements and averaging these. 

   

The precision of the data represents how well you can repeat the same measurement.  Your precision 

increases when multiple measurements become more consistent and close to each other.  To 

increase precision, have students practice the tests ahead of time, and take care to follow directions 

carefully and consistently.  Be as consistent as possible in how, when, and where you sample to 

accurately assess trends in water quality. If you stray considerably in these areas, make a note of it 

on your data collection sheet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Hall in Cummins and Wilzbach 
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               Compare early  

               morning samples 

to late afternoon samples 

to find differences in pH, 

temperature and dissolved 

oxygen values. Consult the 

background information 

for each parameter in Unit 

IV to find out why.  

               Be aware of the   

              added safety  

              issues that 

accompany high spring 

streamflows.  If high flows 

are a concern, sample in 

the late summer and fall 

when flows are lower.  

When to Sample         
The only rule for when to sample is: whenever you can.  Sample as often as you can or when your 

schedule allows for it.  Sampling once a year is far better than not sampling at all.  To help you 

determine when to sample consider how water quality changes in the following ways. 

 

Daily changes  

Samples taken at different times of the day may yield different 

results. Changes in stream flow, air temperature, shading and the 

photosynthetic activity of aquatic plants affect chemical 

properties of water.  

 
Seasonal changes 

Nutrient levels may vary seasonally with changes in the abundance 

of aquatic plants (plants use up nutrients in the water).   

 

Spring runoff may increase nitrate levels, stream flow, and turbidity.   

 

Macroinvertebrate populations also vary in abundance and types across seasons.  Youôll find the 

greatest diversity in the spring and fall, and easier collecting in the fall (when water levels are 

low).   

 

Sample once each season to see how water quality changes over the 

course of the year.   
 
Special events 

High runoff events, such as spring snowmelt, may offer different 

results than other times of the year.  Look for lower pH levels 

and higher turbidity. 

 

If you wish to monitor the effects of human actions on water 

quality, monitor before, during and after the action. For 

example, if your class is interested in the effects of a 

construction project on turbidity in a nearby stream, measure turbidity in the stream before, 

during, and after the project. 

 
Long-term trends 

Long-term trends will provide better insight into the health or functioning of your stream than one-

time readings.  Choose time(s) of year that is easiest for your group to get to the field.  Try to 

return each consecutive year at that time. 
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III -2. Organizing Your Group  

  
 

What factors will influence how you organize your group? 
 

What you would like your students to gain from sampling?   
In some programs each student samples many different parameters. In other programs students 

specialize in one or two parameters and then share their findings with the rest of the class. 

 

How much stream do you want to study?   
If you wish to monitor as much of a stream as possible (and you have enough adult supervisors) 

spread separate monitoring groups over a longer distance. 

 

How much equipment do you have?   
More equipment allows you more flexibility.  For example, you may choose to create specialized 

sampling teams, such as a ñnutrients team,ò in which several students, with several test kits, 

take multiple samples of the same parameter.  

 

How prepared is your group?   
Proper classroom preparation allows groups more flexibility in the field; students can operate in 

autonomous groups (with an adult along for safety) and can run more tests in the same amount 

of time.  

 

How large is your group?   
If you have few students (about 10 or less) then you may want to work together in a single group. 

Larger groups will find it more effective to split-up to avoid distractions and minimize impact. 

 

How much time? How many students will you need? 

These estimates are based on an eighth-grade skill level, assume practice sampling has occurred, 

and include any time needed to perform calculations on the ñData Collection Sheets.ò   

 
Activity  Time required (min) # persons required 

                  

                                           

Stream flow 45 4 

                         Channel pattern 2 1 

Physical    Stream shape   Substrate type 15 3 

                                           

                                           

                         Riffle/run/pool¹ 15 3 

Temperature 2 1 

                       

                       

Chemical²  

                       

                       

Turbidity 5 1 

Alkalinity  5 1 

Conductivity 2 1 

pH 5 1 

Dissolved oxygen 10 1 

                                                         

 

 Biological  

                                      

                                           

Macro- 

invertebrates               

Collect and look 40 2 

EPT/PTI 60+ 3 or more 

                       

Riparian         

Greenline 30 2 

Canopy cover³ 30 2 

Ground cover 35 2 
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The 6 plan will take 2 

to 3 hours to 

complete, depending 

upon your groupsõ 

abilities and 

preparation.  

¹ The riffle/run/pool ratio can be measured at the same time as the pebble count with no additional persons.  

Estimate 20 minutes to complete both activities if done together. 

² The chemical tests must sit for various periods of time.  Students can perform other activities while waiting. 

³ The canopy cover can be measured at the same time as the greenline with no additional persons.  Estimate 40 

minutes to complete both activities if done together.   

 

What roles will your students assume?  

Below is one example of an organizational plan.  This plan divides groups into six-person teams.  

Each person on the team has a unique role.  In this plan, all the Wyoming Stream Team water 

chemistry parameters are sampled, as well as stream flow and macroinvertebrates. 

 

Consider the following points, whether you follow this plan or create your own. 

¶ Students should clearly understand their role before reaching the field. 

¶ Students should be held accountable for completing their tasks. 

¶ Give students a choice in the role they assume.  This is a great planning exercise and further 

increases motivation for the program.   

¶ Have students switch roles on each subsequent visit. 
 

Team leader 

- Makes sure team members know and accomplish their tasks. 

- Makes sure the group stays focused and on schedule. 

- Reads sampling directions aloud and makes sure they are followed.  

- Conducts alkalinity test. 

Assistant team leader 

- Assists in measuring the length intervals.  

- Assists in measuring width of the stream. 

- Double-checks all measurements. 

- Helps with stream velocity test. 

Recorder 

- Holds the notebook and records all information on ñData Collection Sheets.ò 

- Makes sure group agrees on all results. 

- Conducts temperature tests. 

- Helps identify macroinvertebrates. 

Wader  
- Measures depth of stream to determine cross-sectional area. 

- Assists with velocity test. 

- Collects Dissolved Oxygen sample. 

- Assists with macroinvertebrate sampling and identification. 

- Conducts turbidity test. 

Timer/measurer 

- Carries stopwatch and times velocity test. 

- Carries tape measure and measures distances 

- Assists with measuring width of stream 

- Conducts pH and conductivity test. 

Equipment keeper 

- Helps carry tub with all equipment in it. 

- Distributes equipment. 

- Returns supplies and equipment to the tub; ensures all equipment is accounted for. 

- Conducts dissolved oxygen test. 
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 III -3. Field Behavior    
 

Volunteer water quality monitoring is a great tool for building appreciation and respect for our natural 

resources.  Consider whether the actions of the entire group ï teachers, students, volunteers ï work 

towards this goal.  Give careful thought to the following: 

 

How can we help the wildlife and resources of our site?  

Groups of people, both small and large, have the potential to impact the aquatic and terrestrial 

environment in a short amount of time. Follow these guidelines to lessen your impact. 

 

¶ Choose a site with well-vegetated banks. Avoid bare or unstable banks to minimize erosion. 

¶ Avoid monitoring during particularly wet weather. Wet soils and plants are easily disturbed. 

¶ In the summer, if the water is low, the stream bed may be the best route for walking.  The  

      vegetation on the banks will thank you for it! 

¶ Replace rocks and logs that have been overturned ï these are homes for many critters.  

¶ Handle organisms gently. Theyôll appreciate being returned quickly to their homes. 

¶ Place aquatic organisms directly into water-filled containers for study.  Keep the containers shaded    

      so the sun doesnôt heat the water to harmful levels.  

¶ Look for fish spawning areas ï redds.  Redds are round or elliptical areas of clean gravel about 1-3  

      feet long. They provide great opportunities for discussion but avoid walking near them. 

 
What should we know about collecting live samples? 

Consider the impact of collecting (permanently removing) macroinvertebrates or other animals and 

plants from the site. Removal of a few items may have a minimal effect on the environment.  

However, students learn from the respect leaders show for each individual creature.  Discuss the 

following aspects of collecting with students. 

 

¶ Disturb animals as little as possible.  The best place to learn about them is in their natural 

environments. 

¶ Encourage your students to investigate freely but collect only with a purpose.  Collecting should 

support instruction or other meaningful activities.  

¶ Ask students to help decide whether and what to collect. 

¶ Collect only specimens that are abundant.  Talk with your local Wyoming Department of 

Environmental Quality or Game and Fish office (contact information in ñResourcesò Appendix) to 

find out if there are any rare or endangered species in or near your stream. 
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III -4. Sampling Safety 
 
Kids and water are a natural combination.  To ensure the two mix well, consider the 

following guidelines before going to the stream site. 
 

How do I manage my group in the field? 

¶ Have an adult supervisor accompany each separate group, with six students or less 

per adult.  

¶ Keep a good line of communication between groups at all times (e.g., stay within hearing distance). 

¶ Be aware of medical considerations. 

¶ Make sure each group has ready access to first aid.   

¶ Know which students are allergic to bee stings and how to handle a reaction. 

¶ Know the causes and early warning signs of hypothermia and heat exhaustion. 

 
What are potentially hazardous conditions? 

¶ Be aware of steep, slippery banks.  Holes, vertical banks and other hazards can be especially 

difficult to see when the banks are very heavily vegetated.  

¶ Scout the area for dangerous trash such as broken glass, rusted wire or metal scraps.  Flag areas to 

avoid, if necessary. 

¶ Scout the area for poison ivy, poison oak and stinging nettles.  Make sure everyone in the group can 

identify these plants.  

 

When is it unsafe to enter the stream? 

¶ Moving water is deceptively dangerous.  Donôt let students enter water over their knees or water that 
is moving very fast (more than 1 foot per second).   

¶ If you suspect your stream is seriously polluted, contact your local County Health Department or 

Department of Environmental Quality office to determine if your stream is safe for student 

monitoring. 

¶ Never sample during a lightning storm and beware of sudden storms higher in the watershed which 

could produce flash floods. 

¶ Students should not enter the stream without proper clothing (waders, or good wading shoes and a 

change of clothing). 

¶ Never let students enter water if enough adult supervisors are not present. 

 
What are the chemical safety guidelines? 

¶ Avoid contact between chemicals and eyes, nose and mouth.   

¶ You may wish to wear latex gloves and goggles when conducting chemical tests. 

¶ After handling chemicals, wash hands thoroughly.  Use lots of water, and avoid no-water cleaners.  

¶ Deposit all sample solutions in designated plastic, screw-top waste bottles (you will find these in 

your monitoring kit).  Flush this waste down the school sink or any sink that drains to a municipal 

waste water treatment facility.  NOTE: The solutions remaining from the tests can be mixed together 

without the risk of explosion or the forming of toxic gases.  
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If your sampling site is located 

on public land (e.g., U.S. Forest 

Service, Bureau of Land 

Management) notify t he 

appropriate management agency.  

Agencies can provide you with 

important information, such as 

the latest conditions of your site 

or other interesting sites to 

monitor.  They many also be able 

to send a ranger or biologist to 

speak with your group . 

III -5. Before You Goé 
     

Connecting with other groups 
Consider the advantages of working with groups involved in water 

  quality management, wildlife (especially fish), agriculture or other 

 natural resource issues in your area.  Contact your local Game and Fish Office,  

 Conservation District, non-profits, etc. to participate in your sampling.     

 

¶ If these groups are conducting their own monitoring, you may be able to join in their efforts and increase 

the information for that stream.   

¶ The data collected by these groups provide a means for checking 

the accuracy of your own data.  

¶ Even if none of these groups monitors your stream they may still 

be able to provide you with valuable information on the stream 

or watershed, such as potential threats to the stream.  Water 

Quality Specialists can work with your students to design 

appropriate ways to monitor these threats. 

¶ Many of these groups look for opportunities to send speakers  

      out into the community.  Ask if a specialist can come talk with  

        your class. 

¶ A list of Wyoming groups, with their contact information, can  

       be found in the ñResourcesò Appendix.  

¶ The internet is a great place to learn about other monitoring 

efforts. Groups to contact include: 

¶ Federal Resource Management Agencies   

  (Environmental Protection Agency, U.S. Forest Service, USGS) 

¶ State Resource Management Agencies (Wyoming Division Environmental Quality, Wyoming 

Game and Fish) 

¶ Non-government organizations (Audubon Society, Trout Unlimited) 

¶ Your local university or University of Wyoming Cooperative Extension agent.  

 

If monitoring on private property,  

¶ Always obtain permission from the landowner ahead of time.  

¶ Let the owner know when you will be on their land and what your group will be doing.  The owner may 

be interested in joining your activities.  

¶ After monitoring, follow up with a thank you phone call or note from the class.  The landowner may be 

interested in receiving a copy of the data your class collected.  

 

Developing community support for your program 

Community exposure can be an important part of your program. 

¶ It increases awareness of the need to protect our water resources.   

¶ It may help to strengthen administrative support for your program.   

¶ It may assist you in locating and obtaining funding for your monitoring program.  

 

Contact your local newspaper and radio station a week before you head for the field.  You may also want to 

create interest in your program through newsletters, a web site, or by posting announcements at the library 

or other public meeting places. 
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III -6. Wyoming Stream Team Monitoring Kit  

 
Obtaining Your Kit  

The Wyoming Stream Team monitoring kits contains the supplies required to conduct all the tests and 

measurements covered in this manual.  You can also borrow a Wyoming Stream Team monitoring kit from 

the Teacher Learning Center of Teton Science Schools.  Some schools and organizations in your area may 

already have kits and be willing to share.  Check with your local school district office and the monitoring 

organizations listed in the ñResourcesò Appendix.  Many of these materials are inexpensive and easily 

obtained.  You may wish to purchase some of these supplies to allow greater flexibility in your monitoring 

program.  Refer to the ñPurchasing Suppliesò Appendix for approximate prices and purchasing 

information.  

 

Materials required for any monitoring:  

Wyoming Stream Team notebook  

calculator 

stopwatch (or watch with second hand) 

pair of chest waders or hip boots (optional)   

  

Materials required for physical stream monitoring 

tape measures  
 

Materials required for water chemistry monitoring  

water collection bottles       

chemical waste bottles 

latex gloves 

safety glasses 

field thermometer 

pH Test Kit 

turbidity tube 

Dissolved Oxygen Test Kit 

Alkalinity Test Kit 

Conductivity meter 

 

Biological (Macroinvertebrate) Monitoring  

kick nets 

plastic pans/ice cube trays 

magnifying lenses 

transfer pipettes 

collection vials 

dissecting forceps 

identification cards, keys 
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Monitoring Kit Check List:  
 

 Before After   Before After  

General Kit Supplies:   Biological Monitoring Supplies:   

1 Wyoming Stream Team notebook   kick net   

2 garbage bags   plastic pan (13 İôô x 10ôô)   

1 pair chest waders   plastic magnifiers    

1 calculator   transfer pipettes   

   glass collection vials   

Physical Monitoring Supplies:   dissecting forceps    

1 tape measure   Laminated macro ID cards   

2 ping pong balls, oranges      

      

Water Chemistry Supplies: 

1 turbidity tube   4 latex gloves    

1 pH Test Kit   1 pair safety glasses   

1 field thermometer   2 collection bottles   

1 conductivity meter   1 waste bottle   

      

Dissolved Oxygen Kit, containing:      
1 bottle Manganous Sulfate Solution   1 Alkalinity Test Kit, containing:    
1 bottle Alkaline Potassium Iodide 

Azide 
  1 titration tube   

1 bottle Sulfamic Acid Powder   1 bottle of BCG-MR Indicator Tablets   
1 bottle Sulfuric Acid, 1:1   1 reading titrator   
1 bottle Thiosulfate   1 bottle of Alkalinity Titration Reagent B   
1 bottle Starch Indicator Solution   1 End point color indicator card   
1 spoon, 1.0g, plastic      
1 direct reading titrator      
1 glass test tube with cap      
1 glass water sampling bottle, 60 mL       
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Each monitoring section contains the 

following information:  

¶ Background information, including 

definitions, why we care about that 

measurement, and what might make 

it change over time.  

¶ A simple overview of the monitoring 

method  

¶ Information to help you interpret 

your results  

¶ Resources for further investigation  

¶ Directions for sampling in the field  

¶ Data collection sheets  

Unit IV.  Field Investigation    
 
This unit guides you through a water quality monitoring investigation of your local stream.  You 

may choose to investigate one or all of the parameters in the following sections.   

 

The sections for each parameter contain background information to help you understand and 

interpret your results.  Specific field directions and data sheets are printed on separate pages 

to let you copy these easily to take with you when you sample.  

 

Sections 
1.  General Stream Survey  
The general stream survey helps you identify basic information about the site location, the 

sampling date and conditions, and any insights into activities in the area that might affect 

water quality. 

 

2.  Physical Properties 
Physical measurements help you understand the movement of water through the stream and how 

the streamôs watershed influences the flow and general functioning of the stream.  These 

physical properties are especially important in evaluating the quality of fish habitat. 

 

a. Stream Flow 

b. Stream Shape 

c. Physical Data Collection Sheet 

 

3.  Chemical Properties 
Chemical measurements help us understand 

whether or not a streamôs water is polluted.  

The sections also explain how the different 

pollutants affect our uses of the streams.  

 

a. pH  

b.  Dissolved Oxygen 

c.  Alkalinity   

d.  Turbidity 

e.  Temperature 

f. Conductivity 

g. Nitrogen (Nitrates and Ammonium) and 

Phosphates 

h. Fecal Coliform 

 

 

4.   Biological Properties  
The plants and animals found near and in a stream help us understand whether or not the stream is 

polluted, how changes in the watershed may be influencing the stream, and how the stream 

and its community is changing over time. 

 

a. Macroinvertebrates 

b. Riparian Vegetation
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IV -1.  General Stream Survey           
 

A general stream survey is a good place to start your field investigation.  It will provide some 

basic information on your stream, such as appearance and smell, that suggest a potential 

problem.  Information on the streamôs surroundings (land use) may provide clues to the 

source of a water quality problem.  Other observations, such as weather and time, will help 

you interpret your water quality data when you return to the classroom and help you compare 

data collected on different dates.  

 

Filling out the ñGeneral Stream Survey Informationò  
The following information and directions will help you understand the information requested in 

the General Stream Survey.  NOTE: If you take separate sets of data (e.g., sample once in the 

morning and once in the afternoon) fill out a different data sheet for each set. 

 
Site and Sampling Date Information 

 

Stream Name: Name of stream. 

 

Site Location and Legal Site Description:  The ñstream sectionò runs from the furthest upstream 

sampling station to the furthest downstream sampling station.  Be detailed in your 

description.  Document the location as if you were describing it to someone who had never 

been there before.  The following steps will help you determine and document a precise 

location.  

 

1. Locate and mark your stream section on a 7.5' (1:24,000 scale ) topographic map (available 

at sporting goods stores or from the U.S. Geological Survey on-line at 

http://www.water.usgs.gov/).  

2. Obtain latitude and longitude or UTMs of your location from a GPS unit.  

3. Write directions to your stream section from a main access point or road.  Include the 

county in which the stream is located. 

4. Describe the stream section.  Include the furthest upstream and downstream locations.  

For example, ñThe stream section begins at the downstream side of the bridge and runs 

150 yards downstream to the cottonwood stand.ò 

5. Include any other significant identifying landmarks or features.  

 

Watershed ï The name of the major watershed in which your stream section is located (e.g. Snake 

River, Powder/Tongue River, Upper Green River, Missouri Headwaters, Upper Yellowstone, 

Bear River, Salt Lake, Big Horn, White/Yampa, Missouri/Little Missouri, Cheyenne, 

Niobrara, North Platte, South Platte). 

 

Date: Include day, month and year. 

 

Time: List the beginning and ending times (e.g., 10:30 am ï 1:00 pm).  

 

Elevation: Height above sea level. Obtain from a GPS unit or a topographical map. Include unit 

of measurement (ft or m).  

 

Organization and Collectors: Name of school / group monitoring and names e of group members 

with their monitoring roles in parentheses. 

http://www.water.usgs.gov/
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Weather Conditions: 

Air temperature ï Use the field thermometer to record the air temperature.  Take the temperature 

in the shade. 

 

Today:  Choose the one category that best represents the weather while you sampled. 

 

Past 24 hours ï Choose all categories that apply to the weather over the past 24 hours.  Past 

weather will affect volume of flow, turbidity, temperature, and other factors in your stream.  

If a weather event was an unusual one, your results may be unusual, too. 

 

Water and Watershed Information  

 

Water appearance 

Water appearance is often the most obvious water quality indicator that people notice.  However, 

it is not a precise indicator of stream health and is best considered in combination with other 

data you will collect.  Healthy streams may range from clear to brown.  Unhealthy streams 

are often crystal clear.  The following are common stream colors and possible causes. 

 

Clear ï Usually associated with healthy waters.  However, clear waters may be polluted with 

colorless substances.  Very clear water without any living organisms may indicate a severe 

pollution problem. 

 

Multi -colored sheen ï A heavy sheen may indicate floating oil from dumping or run-off from 

sewers, roads and parking areas.  A light sheen may result from the natural breakdown of 

vegetation.  Iron oxidizing bacteria also produce  

 

Foamy ï If foam is fairly thin ï less than 6 inches high ï and grayish it may be the result of 

natural oils, soil particles and pollen.  Heavy foam (more than 6 inches off the surface of the 

water) may be the result of detergents or animal waste runoff.  

 

Muddy / Cloudy ï May result from high amounts of sediment and indicate erosion upstream.  

Consider stream type and location, amount of sediment, recent storms, or seasonal events 

such as snowmelt.  

 

Brown ï Often results from decaying organic matter in the stream.  Streams that drain wetlands 

may be stained a very dark brown. 

 

Green ï Slightly greenish water results from the presence of microscopic plants or algae and 

usually indicates healthy conditions.  Deep green, or pea soup color, often results from an 

overabundance of algae (phytoplankton).  Heavy nutrient loads from fertilizers (agriculture, 

golf courses, lawns), animal waste (feeding operations) and poor sewage treatment often 

promote heavy amounts of algae.  

 

Orange / Red ï May indicate runoff from mines or oil wells; may result naturally from drainage 

through soils rich in iron or tannins.  

Milky ï This color may indicate pulp or paper manufacturing discharge, a dairy operation or 

natural sediments. 

 

Scummy ï May result from floating algae or decaying plant material. 

 

Other ï What other colors do you see?  Be specific. 
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Water Smell 

Smell is another useful, but limited, tool that should be considered in combination with other 

indicators.  Below are some common smells that result from both healthy and unhealthy 

waters. 

 

Sulphurous (rotten egg) ï A sulphurous smell which often indicates sewage or animal waste 

pollution.  Anaerobic (without oxygen) decomposition processes and minerals delivered from 

sulphur springs also give off this smell. 

 

Chlorine ï May result from heavy chlorination of treated sewage. 

 

Sewageï May indicate raw sewage 

 

Petroleum ïMay indicate influx of oil (point or non-point contamination). 

 

Chemicalï May indicate influx of chemicals (point or non-point contamination) 

 

Noneï  no distinct smell 

 

Other ï Smell another odor?  Make a note. 

 

Dominant and Secondary Land Uses 

Land uses around your stream and throughout your watershed can have both positive and 

negative effects on your water quality. 

 

Factories ï Industrial facilities and others may represent a direct, or point-source of pollution.  

Point source pollution can be sewage, chemicals or heated water.  

 

Pavement ï Paved surfaces and roof tops (malls, stores, parking lots) donôt allow water to 

infiltrate into the soils.  Pollutants on these surfaces (oil, antifreeze, sediment) often wash 

directly into streams.  

 

Agriculture ï Farm lands have the potential to deliver sediment, nutrients and pesticides to 

streams.  Some irrigation practices in areas such as the Colorado River Basin wash salts from 

the soil and increase salinity levels in rivers and streams.  

 

Logging ï Silvicultural activity (logging) often increases runoff and sediment and nutrient supply 

to the stream.  

 

Grazing ï Overgrazing can potentially deliver organic matter and nitrates to the stream.  

Excessive grazing of the riparian zone may damage vegetation, causing increased erosion and 

loss of shading by woody plants. 

 

Homes ï Fertilizers and pesticides applied to lawns often find their way into local streams during 

rain storms.  Faulty septic tanks may increase bacteria levels and nutrients in streams.  Oil 

and household chemicals are other common impacts. 

 

Mining ï Various forms of mining may lower pH, increase heavy metal concentrations and 

sediment loads, and decrease streamflows. 
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Coal Bed Methane ï Water discharged from coal bed methane extraction  can have higher salinity 

and sodium levels.  

 

Recreationalï Unpaved roads and associated road cuts and trails created by off-road vehicles can 

be significant sources of sediment to streams. 

 

Wildlands ï Healthy, well-vegetated woodlands and fields stem the flow of nutrients and organic 

matter to streams.   

 

Waste treatment plants ï Plants that treat sewage and other polluted water often release water 

containing high concentrations of nutrients.   

 

 

Present Upstream: 

 

Irrigation diversionï diverting water from a stream to be used for irrigation reduces discharge 

 

Road crossings- culverts can influence stream flow and velocity        

 

Damï influences stream discharge and velocity        

 

 Irrigation returnï water returning to a stream from agricultural areas can influence the chemical 

composition discharge and velocity        

 

 Channelizationï straightening of stream channels can result in changes to velocity         

 

Beaver damï influences stream discharge and velocity        

 

 Fish migration barriersï impedes ability of fish to move upstream         

 

Fish habitat structuresï affect types of fish found in stream         

 

Otherï list unnamed structures upstream that could influence stream flow 

 

Point Sources of Pollution: pollution resulting from discharges into receiving waters from any 

discernible confined and discrete conveyance such as a pipe, ditch or sewer. 

 

Non-Point Sources of Pollution: pollution sources that are diffuse and do not have a single point 

of origin. Examples include run-off from agriculture, forestry and construction sites.
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General Stream Survey 

 
STREAM NAME:                   

 

SITE LOCATION: _______________________________________WATERSHED:       

 

LEGAL SITE DESCRIPTION:  
UTM:  Northing _________Easting_________  or  Latitude:  N _________   Longitude: W __________ 

 

DATE:                               TIME:                          ELEVATION:                

 

ORGANIZATION AND COLLECTORS:         

 

WEATHER CONDITIONS:     AIR TEMPERATURE: ______°C 

     Today:      Sunny     Overcast     Intermittent Rain     Steady Rain     Heavy Rain     Snow      

     Past 24 Hours:    Sunny     Overcast     Intermittent Rain     Steady Rain     Heavy Rain     Snow 

        

WATER AND WATERSHED INFORMATION :  Circle what best applies.  Others that apply 

can be underlined. 

Water Appearance:        clear        multi-colored sheen        

foamy        muddy        brown        green        orange/red        

milky         scummy       other_____________________ 

Water Smell:        Sulphurous (rotten-egg)        chlorine        

sewage        petroleum        chemical        none        

other__________________________________________ 

Dominant Land Use:        factories        pavement        

agriculture        logging        grazing        homes        mining        

coal bed methane        recreational        wildlands         

waste treatment plant   other________________________ 

Secondary Land Use:        factories        pavement        

agriculture        logging        grazing        homes        mining        

coal bed methane        recreational        wildlands         

waste treatment plant     other_______________________ 

Present Upstream:       irrigation diversion        road crossings        

dam        irrigation return        channelization        beaver dam        

fish migration barriers        fish habitat structures        

other____________________________________________ 

Point Sources of Pollution:___________________________ 

__________________________________________________ 

Non-Point Sources of Pollution:  ______________________ 

__________________________________________________ 
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IV -2. Introduction to Physical Monitoring  

 
Over the course of a year, the flow of a stream may vary from almost a trickle to a raging flood.  These 

varying flows help to shape the streamôs channel.  Changes in physical characteristics can also occur over 

the length of your stream.   

 

Investigate the many natural influences that account for changes in the physical characteristics of your stream. 

Then determine how these changes influence your streamôs water chemistry and the plants and animals 

that live in and around your stream.   

 

You can also combine your physical monitoring findings with what you have learned about watersheds and 

the water cycle to determine what influences humans are having on your stream.  

 

This chapter helps you investigate the physical characteristics of your stream by providing background 

information and sampling directions for the following: 
 

Sections 
a. Stream Flow 

 

b. Stream Structure 
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Stream flow types  
Streams which flow throughout 

the year are called perennial  

streams .   Small streams, often 

those in the upper portions of a 

watershed, may be intermittent  - 

they do not flow constantly 

throughout the year (usually only 

during the  rainy season or spring 

runoff).   In some areas of 

Wyoming, especially the drier 

regions, ephemeral  streams are 

dry most of the year, flowing 

only for brief periods after 

extreme precipitation events.   

 

 

IV -2a. Stream flow 
 
 

 

 

 

 

 

 

 

 
What is stream flow? 
Stream flow, or discharge, is the amount of water that flows 

past a specific point in a stream over a specific period of 

time.  The two components of stream flowï velocity (how 

fast the water is moving) and volume (the amount of water in 

the stream) combine to determine the energy of the water.  A 

waterôs energy greatly affects the shape of the stream as well 

as its biological and chemical characteristics.  

 

What natural influences affect stream 

flow? 
Climate 

Weather patterns have the greatest influence on stream flow.  

Areas with higher precipitation produce streams with greater 

average volume.  The Teton or Bighorn Ranges receive more 

precipitation than the desert areas of Wyoming and so its 

streams are more numerous and, on average, have higher flows.  

 

Season 

Stream flow varies throughout the year.  Many rivers in Wyoming are fed by snow melt, and have their 

highest flows in the spring and early summer.  Streams in southwestern Wyoming may also have very 

high flows in the fall due to ñfall monsoonsò in that region.  A lower and more constant ñbase flowò 

occurs year round, fed primarily by water slowly draining into streams from the soils of the riparian areas 

and upper watershed.   

 

Watershed 

If all other factors, such as precipitation, are the same, stream volume will increase as the size of the watershed 

increases.  This is why higher stream orders, which have larger watersheds, carry greater volumes of 

water.  

 

Sinuosity 

Most stream channels curve naturally, although some curve more than others.  This curving pattern, called 

meandering , slows the water down and reduces its energy.  Channelized, or straightened, streams have 

higher velocities and greater erosive power.  Refer to section Stream Shape, section IV-2b, for more 

information. 

 

 

Key Terms  

base flow  flood plain  storm runoff  

channelized  intermittent    stream flow   

climate  meandering      stream order   

discharge  peak flow  volume 

ephemeral perennial    
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Friction   
Material in the stream ï substrate, vegetation, and downed wood ï create friction which decreases velocity.  

Larger substrate, such as cobbles and boulders, create more friction than fine-grained sediment such as 

mud and silt.  Riparian vegetation decreases the velocity of flood waters.  
 

 

Groundwater will contribute to stream flow if the stream channel is lower 

than the water table (the top of the groundwater), known as a gaining 

stream.  During winter months, when precipitation is frozen, groundwater 

may be the only source of a streamôs water.  If the stream channel site is 

above the water table, water will exit the channel and reduce stream flows, 

known as a losing stream.    

 

Vegetation 

The roots and litter of riparian and upland vegetation intercept and slow 

surface runoff.  This helps to regulate (spread out over time) the delivery of 

water to the stream.  Without this regulating effect, stream flow will reach 

higher-than-normal levels during storms and increase erosion and threaten 

property.  Upland vegetation also regulates water delivery to a stream. 

 

What human influences affect stream flow? 
Dams 

In order to store water and produce hydroelectric power, dams often 

change the natural timing and patterns of downstream river flows.  

Dams release water gradually over time, which eliminates natural 

flood cycles.  

 

The loss of flood cycles has many impacts on the floodplain below.   

 Floods deposit sediments and nutrients back onto the floodplains 

and therefore help maintain healthy riparian areas.  Floods create backwaters which are important habitat 

for young fish.  Some trees require flooding before their seeds can begin to grow.  Cottonwoods have 

become scarce in many riparian areas because flooding no longer occurs.   

 

Channelization 

The natural bends in a stream help to slow water down.  When we channelize, or straighten, a stream we 

increase velocity and erosion of the stream banks.  Channelization also reduces the diversity of habitats 

such as pools in a stream, necessary for fish and other aquatic life.   
 

Land Use 

Land use throughout the watershed can affect stream flow.  Construction, logging, grazing, draining of 

wetlands and farming may alter water delivery to a stream.  Urban development can have major impacts 

on stream flows.  Impermeable surfaces, such as roads, parking lots and buildings, reduce the ability of 

water to soak back into the ground.  Instead, the water runs off the land, causing increased flooding 

immediately after a storm or after snow melts.  Summer flows, however, are often reduced because less 

water has soaked into the ground.  Runoff over these ñhardò surfaces also introduces more pollutants 

directly into the streams.   

       How do sinuosity, obstructions and friction combine to affect the velocity of a high mountain 

stream?  Small, high mountain streams are often filled with obstructions, such as boulders and trees, and 

have large rocky stream beds.  These two factors combine to slow the water.  However, these streams are 

usually steep and fairly straight, which produces high velocity.  Since slope (or gravity) has the greatest 

influence on velocity, we find relatively fast water in high mountain streams. 
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Whatõs an acre- foot?  
We measure large volumes of 

water, such as a streamõs 

annual flow, in acre-feet .  

Wat er piled 1 foot high across 

a football field equals 1 acre -

foot or 326,000 gallons.  This 

is enough water to supply a 

family of five for one year!  

 

 

 

 

Many fish require both high- and low-

flow stages.  The cutthroat trout, the only 

native trout in Wyoming, requires floods 

to fill backwaters for spawning and low 

flows for other life processes.  Dams, 

which smooth-out the variance of flow, 

have helped other, non-native trout out-

compete the native cutthroat.   

 

Why do we care about stream flow? 
Water quality  

Stream velocity and flow affects turbidity  and dissolved oxygen (D.O.) concentrations. 

¶ High-velocity streams are more erosive and suspend sediments for a longer time, leading to greater 

turbidity.   

¶ Turbulent, fast-moving streams are better aerated and therefore have higher concentrations of dissolved 

oxygen.  

¶ Greater volume maintains cooler temperatures.  

 

Aquatic life 

Different stream flows create different habitats for aquatic organisms.  Some organisms, such as the mayfly 

nymph, need highly oxygenated, swift flowing waters.  Others, such as mosquito larvae, require still 

water.  To protect the native species of a stream or river it is important to maintain natural stream flow 

levels. 

 

The riparian zone 

Overbank flow of water is essential for the health of 

the riparian zone.  Without these flows riparian 

vegetation loses important supplies of water, 

nutrients and sediment.   
 

Humans 

Although regular flooding occurs in natural streams, 

they can be costly and dangerous events for 

humans.  Each year in the United States, about 

100 people lose their lives to floods.  

 

Hydrologists can predict the stream flow that will 

result from a storm of a specific size. They can 

then recommend if evacuation is necessary 

during a flood event and can recommend how far back from the river to build in the first place.  Land use 

changes in the watershed change historic patterns of water flow and challenge our ability to predict the 

size and extent of major floods.   

 

Water Storage 

Most dams and reservoirs store water for industry, agriculture and cities.  The amount and timing of stream 

flow determines how much water should be stored in the reservoirs.  In Wyoming, peak stream flows 

occur in May and June, while the highest demands for water occur in 

July and August.  Spring runoff is stored and then released to meet 

water demands throughout the year.  

Hydrologists predict annual stream flows which determine the amount of 

water reservoirs need to store.  When the states of Wyoming, Utah, 

Nevada, Colorado, New Mexico, Arizona, and California divided up 

the water of the Colorado River in 1922 ï The Colorado River 

Compact ï hydrologists overestimated the annual flow of the river.  

Instead of the correct average annual flow of 13 to 15 million acre-

feet, they estimated a flow of 17 million acre-feet.  As a result, too 

much water was allocated to each state.  Major issues arise when 

each state wants to use its entire allotment of water.   
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How do we measure stream flow?       
This section provides background information that will help you measure stream flow.  It accompanies the 

ñStream flow Sampling Directionsò (found at the end of this section), which provide step-by-step 

directions and a list of the time, persons and materials needed. 

 

Preparation 

1. Before sending students out, determine whether water depth is low enough for them to wade safely across 

the stream (water should not reach above the studentsô knees if it is flowing more than 1 foot per second).  

If it is not safe you have these options: 

 a.    Choose another site.  

b. Delay measuring until water levels drop. 

c. Obtain flows from another source.  Accurate, up-to-the-hour information on stream flow for many 

larger streams is available from the U.S. Geological Survey ï www.ga.water.usgs.gov 

2. If you will be taking in-stream measurements in cold water or cool weather, be sure students have waders.  

Regardless of temperature be sure students have a change of clothing and are wearing close-toed shoes 

when wading. 

3. Make sure your students practice and know the sampling procedures before entering the field.  This will 

ensure a successful field experience.  Use flags or markers to create a model stream in your schoolyard.  

 

Measuring stream flow 

To calculate stream flow you will need to determine average velocity (measured in feet per second ï ft/s) and 

the average area of the cross-section of the stream (measured in square feet ï ft
2
).  Multiply velocity and 

area to find stream flow.  Stream flow is measured in cubic feet per second (cfs).  
 

 

 

 

 

 

Velocity                                                          

Velocity is determined by timing how long it takes an object (ping pong ball, orange, tennis ball) to travel 50 

feet along your stream section. 

 

Area 

Area is determined by measuring the cross-sectional area of the stream (width multiplied by average depth). 

 

Accuracy 

To increase accuracy take more measurements and average them.  If you want to ensure the accuracy of your 

measurements or compare your sampling techniques to those of a professional, contact the Teacher 

Learning  Center of the Teton Science Schools, the U.S. Geological Survey (USGS) or the Wyoming 

Department of Environmental Quality (WDEQ).  They can provide you with their data, explain 

differences in technology and methods, and may even join you in the field!  Contact information is 

provided in the ñResourcesò Appendix. 

 

How do we interpret our results?                                      
 

Regulations 

Minimum instream flow requirements are set by water management agencies to maintain enough water in a 

stream for fish or other aquatic wildlife populations.  These requirements are usually set in areas where 

water withdrawals for irrigation, power, and municipal uses such as drinking water affect stream flow 

 

Stream flow = velocity (ft/sec) X area (ft
2
) 

 

 = ft³/sec (cfs) 

http://www.ga.water.usgs.gov/
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levels. Check with the Wyoming State Engineerôs Office  http://seo.state.wy.us/ to see if any minimum 

flows have been established for your stream.  
 

Water Quality  

Stream flow data can help you interpret your chemical monitoring data.  Graph your nutrient concentrations 

alongside your stream flow data.  You may see higher concentrations during low flows because high flows 

may dilute chemical concentrations.  However, during high flows, the total amount of a chemical may 

actually increase (even though the concentration is lower).  To check for this, multiply the chemical 

concentration by the regular flow and then by the high flow.  Which total amount of nutrients is greater?  

 

Also, check for relationships between stream flow and dissolved oxygen (DO).  Low DO may coincide with 

low flows that leave the water stagnant.  DO concentrations during turbulent high flows will probably 

elevate.  

 

Hydrographs 

If you have collected stream flow data on a regular basis (every hour, day, week), graph the data as a 

hydrograph.  This will help you to see seasonal changes in your stream.   
 

Resources for further investigation 
 

Wyoming Water Resources Data System ï  http://www.wrds.uwyo.edu/ The Water Resources Data System 

is a clearinghouse of hydrological and climatological data for the State of Wyoming. Funded from an 

allocation from the Wyoming Water Development Commission, the System offers a wide range of 

products and services to its users. As of 01 September 2001, the State Climatologist Office has been 

combined with WRDS in order to better integrate the functions of these two environmentally related 

disciplines. 

 

U.S. Geological Survey ï Water Science for Schools ï The USGS web site offers information on many 

aspects of water, along with pictures, data, maps, and an interactive center where you can give opinions 

and test your water knowledge.  You can also link to USGS real-time flow data for rivers and streams in 

Wyoming. www.ga.water.usgs.gov/edu/ 

 

Wyoming Department of Environmental Quality (WDEQ) ï The WDEQ is responsible for monitoring and 

maintaining the stateôs water resources, as outlined in the Clean Water Act.  They also maintain water 

supply and land use data for each watershed in the state. 
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If your stream is too deep to wade 

into disregard the following 

directions.  You can obtain accurate, 

up-to -the -hour data from the US 

Geological Survey ð 

www.ga.water.usgs.gov 

Time  ð 45 minutes  

Persons - 4 

Materials:  

¶ Measuring tape (at least 50 feet)   

¶ 8 surveyorõs flags 

¶ stopwatch or watch with a second hand  

¶ float (ping pong ball, bobber, orange)  

¶ 2 sets of waders  

¶ Physical Data Collection Sheet  

 

      flow  

Stream Flow  
 

 

Step 1 - Measure length of stream section 
a. Choose a fairly straight section of stream.  

b. Use the tape measure to measure a 50 foot 

section.  Place flags at both ends (next to the waterôs edge). 

c. Record the length stream section as ñ50 feetò in Step 1 of the Physical Data Collection Sheet. 

 

Step 2 - Measure cross-section area  

a.  Measure width of stream section 
1. Stretch a tape across the stream between two flags. 

2.  Record your width in Step 2a of the Data Collection Sheet in inches. 

3.  Keep holding the tape measure between the two flags.  You will need it for the next step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b.  Measure average depth of stream section 

1. With the tape measure strung between the two zero ft flags, have a third person move one-fourth of 

the way across the width of the stream.  To find this distance divide your width by 4.  For 

example, if your stream is 20 feet, you would move 5 feet across. 

2. At this one-quarter mark, rest your yard stick on the stream bottom (do not dig) and record the 

depth in Step 2b of the Physical Data Collection Sheet.  Record depth in inches. 

3. Move the same distance out along your tape measure (you will now be one-half way across the 

stream).   

4. Record the second depth measurement in Step 2b. 

5. Record the depth at three-fourths of the way across the stream. 

6. Add the three depths and divide by three to get an average depth for your stream section. 

 

c.  Calculate cross-section area 

  1. Multiply the width times the depth.  You now have cross sectional area in square inches.  Divide 

that value by 144 for cross sectional area in square feet.  
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Step 3 ï Measure velocity 
a.   Calculate average travel time ï the time it takes an object to travel your 50 foot section 

 

1. Drop a floating object (ping pong ball, orange or 

grapefruit) in the main channel upstream of your 

zero flag.  Start the stopwatch when the object passes 

the zero flag (the ñstarting lineò). 

 

2. Yell to stop the clock when the object passes the 50 

ft flag (the ñfinish lineò). 

 

3. Collect the object and record the time on the data 

sheet. 

 

4. Repeat steps 1-3 two more times.  Throw out any 

tests where the float gets stuck in rocks or debris. 

 

5. Add all three travel times and divide by 3 to get an 

average.  Record on data sheet. 
 

b.  Calculate velocity 

 

1.  Divide stream section length by average travel time.  

This will give you velocity in feet per second 

(feet/sec). 
 

Step 4 ï Calculate stream flow  
a.  Multiply the average cross-section area times the average velocity to determine stream flow for your 

section. Your flow will be in cubic feet per second.  
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IV -2b. Stream Shape 
 

 

 

 

 

 

 
What is stream shape? 
Have you ever wondered why your streamôs channel (its physical structure) is shaped the way it is?  Did you 

know that its shape continually changes?  How do you think the stream channel affects water quality?  If 

you understand general patterns of streams, their physical characteristics, and the natural and human 

influences that affect them, you will be able to answer these questions, and more!  
 

Stream channel patterns 

Channels follow one of three basic patterns based 

upon the streamôs surrounding terrain. These 

patterns are described below and shown at the 

figure at right.   
 

Meandering ï A stream that meanders a lot (has a 

high degree of sinuosity) makes many, tight 

ñS-turns.ò  We often find meandering streams 

in valley bottoms with little slope.   

 

Straight ï Streams that run down steeper slopes 

may not meander much at all.  Their fast 

waters erode downward until they are often 

confined by a deep, narrow channel of 

bedrock.  Look for streams like this in 

Wyomingôs Mountains.  

 

Braided ï Braided stream channels continually 

split and re-join. Loose bed material and sparse 

vegetation allow these channels to move great 

distances across flat, broad valley floors.  

               

Erosion and Deposition 

The processes of erosion and deposition cause 

stream channels to constantly change. 

 

Erosion  
Flowing water wears down or washes away soil 

and rock.  We call this process erosion.  Higher 

velocity waters are more erosive ï they have 

more energy to pick up and move materials in the stream channel.  The figure below shows us that most 

erosion in streams occurs on the outside of bends where velocity is fastest.  

 

Deposition  
When sediment is eroded from one area of a stream it must be deposited in another.  The figure below shows 

that deposition occurs where water moves slowly, such as the inside of a bend.  

Key Terms 
erosion   pool       sediment         thalweg 
friction   riffle       sinuosity 
glide   run       substrate  
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I. Thalweg  
Water, like all moving 

objects, wants to go in 

a straight line.  Why 

then does it bounce 

across the channel as 

shown in this diagram?  

Well, water actually 

does move in straight 

line - itõs the channel 

that bends. If we 

follow the thalweg  -  

waterõs path of 

greatest  

velocity -  we see that it 

travels in a straight line 

until it meets a bend. 

The thalweg then 

bounces off and heads 

straight for the next 

bank. This bouncing 

pattern slows the water 

down which decreases 

erosion.  
   

 

Physical characteristics of a stream channel 

A stream contains riffles, runs and pools, illustrated below. 

These different areas provide diverse habitats for fish 

and other aquatic life.  The relative proportions of these 

different habitats in a stream are one way to determine 

how healthy the stream is.  
 

Riffles ï Water that moves over a shallow area of cobbles 

and gravel creates a riffle .  These well-oxygenated, fast 

moving waters provide habitat for macroinvertebrates 

and spawning fish.  

 

Runs ï A run , or glide, is a length of a stream with smooth 

water and slow to medium velocity. Runs are good areas 

for fish to feed and travel. 

 

Pools ï A pool  is a deep area of fairly still water which 

creates refuges for fish to hide in and to rest from the 

current.  Pools provide unfrozen habitat for aquatic life 

during the winter and also act as natural pollution filters. 

Some pollutants, such as suspended solids, settle out of 

the water and down to the bottom of pools.  

 

Obstructions ï Objects in the channel, such as rocks and 

large woody material ï fallen trees and limbs ï create 

pools downstream. The turbulence they create mixes oxygen into the stream and the intricate spaces 

between tree trunks, limbs, and roots provide protection for fish.  

 

Islands ï Islands form as rocks in the channel snag sticks and leaves which then trap sediment. The trapped 

sediment supports hydrophilic, or water-loving, vegetation.  An island soon develops and reduces 

turbidity.  Islands also provide important habitat for fish, waterfowl and water dependent mammals, such 

as otters.  

 

Side Channels ï Every stream and river has a main stem ï the primary path for water flow.  Many streams 

also have side channels that enter and leave the main stem. These side channels are usually created by 

floods which scour paths outside the main stem. The steady water flows, rich riparian zones, and 

protective nature of side channels make great waterfowl nesting areas and fish nurseries.   
 

 

What natural influences affect stream shape? 
The natural influences described below determine the shape of a stream and how often it changes.  Velocity is 

a shaping force ï it determines the power of water to erode areas of the stream channel.  Friction , which is 

created by substrate (the material that makes up a stream channel) and r iparian  vegetation resist the 

erosional power of water.  

 

Velocity  
Faster water has more energy and is able to move more sediment of larger sizes. Once the sediment is 

suspended in water it acts like a sandblaster, further increasing the waterôs erosional power.  
 

Friction   
Water does not move smoothly down its channel. Anything that contacts water ï the streambed, logs and 
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Source ï ñVolunteer Stream Monitoring: A Methods Manual;ò EPA, Nov. 1997
   Figure [ ] 

 
 
 
 
 
 

The ability of water to suspend sediment depends on its 

velocity.  To demonstrate this concept, place sediments of various 

sizes in a see-through container with a lid (clear 2 - liter plastic bottles 

work well).  Add water and swirl.  All the particles will be suspended at 

first.  But, as the velocity slows, the particles will begin to fall to the 

bottom in sequence (largest first).  When you are finished you will 

have a visual example of the relationship between waterõs velocity and 

its abilit y to suspend and carry sediment.  

SUBSTRATE  

 
Bedrock (solid rock) 
 
Boulder >12ò (anything larger 
than a volleyball) 
 
Cobble 3ï12ò (golf ball to 
volleyball size) 
 
Gravel 1/4ï3ò (pea size to golf 
ball size) 
 
Sand <1/4ò (smaller than a pea 
but large enough to be seen 
with the naked eye) 
 
Silt/clay (individual particles 
very hard to see with the naked 
eye) 

 
 

 

 

 

 

 

 

 

 

sticks, and even wind ï causes friction and slows the water down.  

 

Substrate  

Faster water moves larger substrate ï the material that makes up a streamôs channel. This is why we find 

boulders and cobbles in steep, high-velocity mountain streams; smaller particles, such as sand and silt, are 

carried away and deposited in low-gradient, slow-moving sections. Why might you find boulders in a 

valley bottom stream?  Think about changes in velocity that come with floods. 

 
A streamôs velocity also varies across the channel. As the fast, outside bend erodes the bank the inside bend 

builds up.  This is why channels with small, easily-eroded substrate will move back and forth across their 

floodplains, like ña snake in a bed.ò  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Riparian vegetation 
The tough, tangled roots of rushes, sedges, shrubs and trees provide 

structure to streambanks.  This reduces soil loss to the stream. Sticks 

and logs that fall in the water make the channel more complex. 

Vegetation also creates friction and decreases stream velocity. 
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Tamarisk 

The banks of most streams and rivers in the Colorado River Watershed erode naturally.  However, 

tamarisk ð a widespread, non-native riparian plant ð is changing this.  Tamariskõs tough, tangled 

roots do a great job of anchoring streambanks.  This causes the w ater to erode the bottom of the 

channel (downcutting) instead of the sides.  The resulting deep, narrow channels increase water 

velocity, decrease important overbank flooding and inhibit formation of side channels and 

backwaters.  It also lowers the water table. Riparian and aquatic life suffers.  Many scientists are 

now studying ways to remove this invasive species from our river banks.  

Changing channel shape 
resulting from loss of riparian 

vegetation 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

What human influences affect stream shape? 
Human activities can influence the bank structure of the stream, the amount of material that enters a stream, or 

the amount of water in a stream.  Our actions can take affect anywhere in the watershed. 

 
Upland impacts 

Activities that affect the delivery of water and sediment to a stream affect stream shape.  Development, 

logging, mining, grazing and even hiking or biking can destroy upland vegetation which in turn causes 

more water and sediment to drain directly into a stream, rather 

than soaking into the groundwater.  Short bursts of high-volume 

water increase erosion and form deep, narrow channels.  The 

increased sediment delivered to a stream may cover normally 

rocky channels with fine sediment and organic matter.  
 

 

Riparian impacts 

The roots of rushes, sedges, shrubs and trees provide structure to 

stream banks and reduce erosion.  These well-vegetated banks 

are often steep or overhanging (many sandy riparian areas are 

exceptions).  Without the anchoring of riparian vegetation, the 

stream banks may erode and the channel may widen and become 

shallower, as shown at right.  The resulting channel shape 

increases water temperature, which can decrease dissolved 

oxygen concentrations  

 

Channel alterations 

Many streams in urban and agricultural areas have been straightened, 

deepened or diverted into concrete channels, often for flood 

control purposes or to deliver water to other areas.  These 

alterations: 

¶ simplify the physical characteristics of the channel, 

¶ reduce habitat for aquatic life 

¶ increase water velocity and erosion.   

¶ concrete channel beds increase water temperature which 

  decreases dissolved oxygen concentrations. 

 

Dams 

Dams, by design, reduce downstream flooding.  Without the high 

flows and increased sediment carried by a flooding river, 

backwaters and side channels canôt form, beaches and riparian zones fail to receive essential supplies of 

sediment, and aquatic life suffers because nutrient-rich sediments remain trapped in the upstream 

reservoir.   
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Rocky channel 
filling with silt 

 
 

Why do we care about stream shape? 
Stream shape has a significant effect on water quality.  Straightening of streams causes higher rates of erosion 

which in turn can have many impacts: 

¶ Stream banks may slump, causing the loss of someoneôs property.  

¶ Excess, unwanted sediments may be deposited downstream, on fish spawning beds and in 

macroinvertebrate habitat. 

¶ Flood intensity downstream may increase.  

¶ Turbidity (cloudiness of water) may also increase.  

 

Stream shape affects water temperature, because deep, narrow channels are not warmed as quickly by the sun.  

Aquatic habitat is also affected by stream shape because streams with many different physical 

characteristics provide more habitat for aquatic communities.   

 

Each stream has unique physical properties due to its location and the nature of the surrounding watershed.  

Some streams may be naturally sinuous and turbid; others may be straight and clear.  However, if natural 

or human influences cause a streamôs shape to change, water quality will likely change as well.  When this 

happens, the aquatic life that has adapted to the old conditions may not be able to adjust to new ones.   For 

example, some macroinvertebrates, such as caddisfly larvae, require small stones to build their protective 

cases.  If silt and fine sediments, such as silt, cover the bottom, no building material is available for the 

caddisfly larva.  The entire aquatic food chain may, in turn, be disrupted. 

 

How do we monitor stream shape?                                                                  
There are many aspects to stream shape and therefore, many ways to measure shape and changes in shape.  

The directions, provided at the end of this section, will help you to determine your streamôs channel 

pattern, substrate and riffle/run/pool ratio.   

¶ Channel pattern describes the general path the stream takes as it moves across the land. 

¶ Substrate tells us what types of material make up the channel. 

¶ Riffle/run/pool ratio tells us what types of habitats are present in the stream, and which are the 

dominant habitats.  

 

How do we interpret our results? 
Just as we look at the chemistry and biology of a stream, we can also assess 

trends in channel pattern, substrate and riffle/run/pool ratios.  These changes 

will tell us a lot about the current and future health of our stream.   

 

We cannot say that a certain stream shape is necessarily ñgoodò or ñbad.ò  Each 

stream has its own assemblage of physical characteristics.  However, aquatic 

life that has adapted to the physical nature of a stream and the accompanying 

water quality may suffer if changes occur.  This is why we monitor to 

establish long term trends in stream shape.  Read below to find out how. 

 
Channel Patterns 
Straightening (channelizing) is a common change we see in channel pattern.  The 

causes and effects are described earlier in this section.  If you suspect your 

stream has been straightened, examine historic flow data (consult with the 

Wyoming Department of Environmental Quality or US Geological Survey) to 

see if abnormally high flows are resulting.  
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Channel Shape 
Downcutting ï heavy stream bottom erosion ï is another common change we see in stream shape.  

Downcutting results from abnormally high flows that scour the channel away.  It may also result from 

changes in the riparian zone such as tamarisk invasion, as previously discussed.  Downcutting lowers the 

water table, leaving riparian communities ñhigh and dry.ò  High, steep banks and dead or dying riparian 

vegetation may be a clue that your stream is downcutting.  

 

Substrate 
The dominant substrate in your stream may change naturally from larger to smaller particles (e.g. from gravel 

to silt) as the steepness of the stream (and therefore itôs ability to carry large substrate) changes.  Erosion 

in your watershed may also be sending too much sediment to your stream.  This may result from 

development of the watershed (logging, grazing or other activities).  Consult your local Soil Conservation 

District office for information.  Bank erosion from a lack of riparian vegetation can also fill a channel with 

fine sediment. 

 

NOTE:  A stream with one uniform substrate type will support fewer types of organisms than a stream with a 

wide variety of substrate types.  

 

Riffle/run/pool ratio  
If the ratio of riffles to runs to pools is fairly even, then the diversity of aquatic habitat is high and aquatic life 

will benefit.  Abnormally high peak flows, often due to watershed impacts, will increase the number of 

runs and decrease overall structural diversity.   

 

 
Resources for further investigation 
Stream Channel Reference Sites: An Illustrated Guide to Field Techniques by the U.S. Forest Service.  

This manual provides an excellent introduction to basic physical sampling techniques, including cross-

sections, longitudinal profiles, and pebble counts. Free copies are available from: Publications, USDA 

Forest Service, Rocky Mountain Station, 3825 E. Mulberry, Ft Collins, CO 80524, (970) 498-1719.                           

 

A View of the River by Luna Leopold. This classic book by Americaôs most renowned hydrologist draws 

together all the pieces of river behavior. Although there are lots of charts and graphs, the material is 

presented in a very understandable fashion.  Harvard University Press. 

 

Water Science for Schools ï This U.S. Geological Survey (USGS) web site offers information on many 

aspects of water, along with pictures, data, maps and an interactive center where you can give opinions 

and test your water knowledge. The site also offers real-time hydrologic data (e.g., stream flows). 

http://ga.water.usgs.gov/edu/ 
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Substrate sizes  
 
Bedrock (solid rock) 
 
Boulder >12ò (anything larger than a volleyball) 
 
Cobble 3ï12ò (golf ball to volleyball size) 
 
Gravel 1/4ï3ò (pea size to golf ball size) 
 
*Sand <1/4ò (smaller than a pea but large 
enough to be seen with the naked eye) 
 
*Silt/clay (individual particles very hard to see 
with the naked eye) 
 
* If having trouble determining the difference 
between silt and sand, pick up a handful of 
sediment.  Silt will feel smooth, like mud.  Sand 
will feel rough. 

Time  ð 2 minutes  

Persons - 1 

Materials  ð  

¶ Physical Data Collection Sheet  

Time  ð 15 minutes 

Persons ð 3 (or more)  

Materials  ð  

¶ Physical Data Collection Sheet  

¶ rulers  

Stream Shape   
                            

Stream channel pattern 
Determine your streamôs channel pattern with the help of 

the Physical Data Collection Sheet.  

  

¶ Check the box next to the pattern that best describes 

the overall channel shape of your stream section. 

 

¶ The fifth  selection is an ñunnaturalò channel shape ï it has been altered by humans.  Include any 

altered channels, regardless of shape, in this category.  

 

 

Substrate types 
Determine the percentage of each type of substrate in your 

stream by doing a ñpebble count.ò  Follow the procedure 

below to perform a pebble count.  

 

¶ To simplify calculating percentages, take exactly 50 

samples.  Two students can count pebbles (each one 

counts 25) while one student records data on shore. 

¶ Record your totals on the Physical Data Collection Sheet. 

 

 

Procedure 

1. When instructed by the Recorder, have the Pebble 

Counters take one step into the stream towards the 

opposite bank. 

2. After that step, reach down and touch the sediment 

at the tip of your toe.  Important:  do not look at 

the stream bottom while doing this, as this may 

bias your choice. 

3. Pick up the sediment and measure the intermediate 

(mid-length) side with a ruler (in inches).   

4. Tell the length to the Recorder.  Make a mark next 

to the correct substrate size in column A of the 

Physical Data Collection Sheet.  Refer to the 

ñSubstrate Sizesò table for help. 

5. Repeat this until you reach the other shore.  Then 

take 30 steps upstream and return back across the 

stream.  Continue until 50 samples are recorded.   

6. Calculate the percentage of each substrate type. 

 1)   Add up the marks for each row in column A.  

Write these totals in column B. 

2) Multiply the number in column B by ñ2ò and record in column C.  This will give you the percent 

of each substrate type.  For example, if you recorded 31 cobbles then, (31 X 2) = 62.  This means 

that 62% of the substrate in your stream section are cobbles.   
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Time  ð 15 minutes 

Persons ð 3 

Materials  ð  

¶ Physical Data Collection Sheet  

 

Riffle/run/pool ratio  
The riffle/run/pool ratio is a measure of the kinds of habitat in 

your stream for fish, macroinvertebrates and other aquatic 

life. 

 

Notes 

¶ Use the figure below to help you correctly identify pools, riffles and runs.  Practice identifying in the 

field before sampling. 

 

¶ The ñRiffle/Run/Pool Procedureò can be done at the same time as the ñSubstrate Sampling 
Procedure.ò  Record both measurements each time you take a step across the stream. 

 

 

Procedure 

1. Walk along the edge of your stream, using even paces.  Stop after each step and look across the 

stream.  Determine whether the stream is a riffle, pool or run at this point in the river.  Note:  If there 

are several habitat types, choose the most common type.  

2. Mark the correct habitat type in column A on the Pool/Run/Riffle chart on the Physical Data 

Collection Sheet.  

3. Continue for exactly 50 paces (this simplifies calculating the percentage).   

4. Add your marks for each row in column B.   

5. Multiply the number in Column B by 2 to find the percentage of pools, runs and riffles in the stream. 

For example, if you sampled 31 riffles then 31 X  2 = 62.  This tells you that 62% of your stream section 

consists of riffles.    
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Physical Characteristics Data Sheet 

STREAMFLOW  
 

Date:___________________        Recorder:______________________________ 
 

Step 1   -  length of stream section                                feet 
 

       

Step 2  - cross-section area (width x  depth)  

a)  width   ______  (inches)          

 
 
 
 
 
 

 

 

 

 

  

 Step 3  ï velocity  

a) travel times          

          1. ________ (sec) 
       2.  _________ (sec) 

+3.   _________ (sec) 
=     _________  (sec)   

 

÷ 3  = ________ average  
    travel time (s) 

 
Step 4 ï stream flow 

     
          

 

 

 

 

 

 

 

 

 

  

b . AV         b)  depth  1. ________ (inches) 
    2.  _________ (inches) 

         +  3.  _________ (inches) 

                      =   _________  (inches) 

                  ÷ 3  =  _______   (inches) 
 

      ___  c)    cross section area  
 
  ____         __________ width   (inches) 

 

        x     _________ depth (inches) 

 

        =   ______ (square inches)   ÷   144  

 

       =              cross section area  

        (square feet)  

 

 

 

 

 

b)  velocity 

          _____________ length (feet)  

                  ÷  _____________ average travel time (sec) 

 

       =                            velocity (feet/sec)  

 

      _________ cross section area (square feet)  
 

            X  _____________ velocity (feet/sec)  

 
  =                    stream flow (feet³/sec)  
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Physical Characteristics Data Sheet 

STREAM SHAPE 
 

Channel Pattern  
  _____   _____            _____  _____    _____ 

 

Substrate Type  

Substrate type 
A. Record each  

observation 

B. Total number of 

observations 

C. Percent substrate 

type (column B x 2) 

Silt (individual particles very 

hard to see with the naked 

eye) 

 

 

 

  

 

Sand 1/4ò (smaller than a pea 

but large enough to be seen 

with the naked eye) 
 

 

 

  

Gravel ıò ï 3ò (pea size to 

golf ball size) 

   

Cobble 3ò ï 12ò (golf ball to 

volleyball size) 

   

 

Boulder >12ò (anything 

larger than a volleyball) 

 

   

Bedrock (solid rock)    

 

Riffle/Run/Pool Ratio 

Feature A. Number of 

observations 

B. Total number of 

observations 

C. Percent feature 

type (column B x 2) 

Riffle   

 

 

  

Run  

 

 

  

Pool 
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PPMõs and PPBõs ? 

In the Chemical Properties 

Unit you will sometimes see 

chemical concentrations 

described as ppm (parts per 

million) and ppb (parts per 

billion).  These terms indicate 

the amount of chemical 

relative to the amount of 

material in which the chemical 

is contained (usually, water).   

A part per million equals one 

milligram per liter (mg/L).  A 

part per billion equal s one 

milligram per 1000 liters.  

Visit òA Drop in the Bucket,ó 

in the Water Pollution section, 

for more information on these 

units.  

IV -3.   Introduction to Chemical Monitoring  
 

 

Most substances in nature are ñsolubleò in water ï water dissolves them.  Consequently, streams with 

ñpureò water (free of impurities) do not occur in nature.  The amounts and types of impurities in the 

stream, whether they are natural or human-introduced, determine its chemical composition.   

 

By monitoring the chemical composition we can show, quantitatively, changes in water quality.  These 

changes may indicate disturbances in the watershed affecting the stream community.   

 

This unit explains: 

the meaning of different types of chemical tests; 

how to perform the chemical tests; and  

how to interpret the results of those tests.  

 

In this section, you will find information and sampling instructions for the following: 

pH 

Dissolved oxygen 

Turbidity 

Temperature 

Alkalinity  

Conductivity 

Nutrients  

Nitrogen (nitrate and ammonia) 

Phosphorus 

 

 

A note on ñdetection limitsò 

Tests for chemicals in water have limitations.  Below a certain 

concentration, a test cannot give you an accurate measurement of 

a chemical.  We call this threshold the detection limit.  A 

detection limit is listed for each chemical test method in the 

Wyoming Stream Team manual.  For example, the detection limit 

for phosphate is .02 mg/L. 

 

The values of some water quality tests are determined by color 

change.  If you cannot detect a color change in a test, report your 

result as ñless than the detection limit,ò not ñ0.ò  For example, if you get no color change when you 

do a phosphate test, report the results as ñ<0.02 mg/L.ò 

 

NOTE:  Your actual detection limit may vary from the one listed in the directions depending upon how 

careful you were in performing the test and how well you can distinguish different colors. 
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             The pH scale is  

             logarithmic ï each unit  

             change (e.g., from 7  to 6) 

in pH represents a 10 -fold 

change in the acidity of the 

water.  Water with a pH value of 

6 is ten times more acidic than 

water with a pH value of 7.  

Water with a pH value of 9 is a 

100-times more basic than water 

with a pH value of 7. The Richter 

Scale, which measures earth 

quakes, is another well -known 

logarithmic scale.  

IV -3a. pH         
 

 

 

 

 

 

What is pH?  
The pH of water is a measurement of how acidic or how basic 

the water is. We measure pH on a scale of 0 to 14.  

Distilled water, which has no impurities, is neutral and has 

a pH of 7.    

 

Many substances dissolve in water.  Sometimes when 

substances dissolve, they produce charged molecules called 

ions.  Acidic water contains extra hydrogen ions (H+).  

Acidic water has pH values between 0 and 7, zero being the 

most acidic.  Basic, or alkaline, water contains extra 

hydroxyl ions (OH-).  Basic water has pH values between 7 

and 14, 14 being the most basic. You might expect 

rainwater to be neutral.  In fact, it is somewhat acidic with a 

pH of 5 to 6.  This is due to the formation of carbonic acid as rain interacts with CO2. 

 

Look at the pH table below.  Notice that substances that are highly acidic or basic, such as battery acid and 

lye, are toxic to most organisms. Refer back to this chart when you interpret your pH sample values.   

                                Table IV-3. The pH Scale 
     Common substances              Biological effects     

   

Stomach acid  1  

Lemon juice   

 2  

   

Vinegar 3  

ACIDIC                                                                                                                                                                                  All fish die  

Soft drinks 4  

Tomatoes  Caddis and may flies die 

Carrots 5  

Normal rain  Salmon eggs and alevin die 

 6 Bass and trout begin to die 

Milk   Snails and tadpoles begin to die 

 7  

Human blood  Optimum for most fish 

Egg whites 8  

   

Baking soda 9  

  All fish die 

BASIC          10  

Ammonia   

 11  

   

Bleach 12  

   

Lye 13  

   

 14  

Key terms 
acidic   basic     neutral 
alkaline   buffer 
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 Limestone rock 

contains minerals which 

buffer streams.  This type 

of rock is found throughout 

central and northern 

Wyoming.  How do you 

think this might affect  the 

pH values of our streams?  

If you found low pH values 

(high acidity) would you 

want to investigate 

further?  
 

What natural influences cause the pH of our streams to change?  

 
Watershed effects 

Certain dissolved minerals, such as calcium carbonate, can combine 

with the extra hydrogen or hydroxyl ions that alter waterôs pH.  

When these minerals are present, the pH of the water doesnôt 

change as much when acids or bases are added to the water.  We 

call this buffered water.  Many soils in our part of the west 

contain these minerals.  When precipitation percolates these 

soils the minerals dissolve and the buffering quality is passed 

along to the water.  Some watersheds contain primarily rocks 

with few of these buffering minerals.  These watersheds, 

therefore, will produce poorly buffered water and any additional 

acid will change the pH of these waters. 

 

If you have pine or fir forests in your watershed, you may see a 

lower pH value for your stream.  The decomposing needles of 

these trees add to the acidity of soils and also influence the 

acidity of nearby streams.  

 

Water that enters your stream from the water table has had a chance to percolate through soil.  If the soil is 

buffered, and if ground water is your streamôs main source, then pH may be somewhat higher (7-8). 

 

Seasonal effects 

When precipitation falls through the air, it dissolves gases such as carbon dioxide, and forms a weak acid.  

Natural, unpolluted rain and snow is slightly acidic ï it has a pH between five and six. When snow 

melts rapidly it may not percolate through the soil before reaching the stream: soil minerals canôt 

buffer it.  At these times, the stream water may also be slightly acidic.  During autumn, decomposing 

leaves and needles in the stream may increase the acidity of the water.   

 

Daily effects 

When aquatic plants convert sunlight to energy during photosynthesis, they remove carbon dioxide from 

the water.  This can raise the pH of your stream.  Since photosynthetic activity occurs in sunlight 

expect the highest pH in your stream to occur in the early afternoon.  Lowest pH levels will occur just 

before sunrise.  

 

What human influences cause the pH of our streams to change? 
 

Polluted precipitation, also known as ñacid rain,ò increases the acidity of waters near many industrial or 

large urban areas.  The main contributors to acid rain are sulfuric acid (produced by coal burning 

industries) and nitric acid (produced by automobile engines).  In Wyoming, our buffering soils help to 

decrease the effects of acid rain. 

 

Dumping industrial pollutants directly into waters ï also known as point source pollution  ï can have 

intense and immediate effects.  

 

Mining may expose rocks to rain water and produce acidic runoff.  Mining drainage can therefore 

introduce acids into streams, and if the stream is poorly buffered the pH may quickly reach toxic 

levels.
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Why do we care about the pH of our streams? 
 

Animals and plants 

Most aquatic animals and plants have adapted to life in water with a specific pH and may suffer from even 

a slight change.   

 

Even moderately acidic waters (low pH) may reduce the hatching success of fish eggs, irritate fish and 

aquatic insect gills and damage membranes.  

 

Water with extremely high or low pH is deadly.  A pH below 4 will kill most fish and very few animals 

can tolerate waters with a pH below 3. 

 

Amphibians are particularly vulnerable, probably because their skin is so sensitive to pollutants.  Some 

scientists believe the recent drop in amphibian numbers around the world is due to low pH levels 

caused by acid rain.  

 

Other chemicals in the water 

A change in the pH of water can alter the behavior of other chemicals in the water.  The altered water 

chemistry may affect aquatic plants and animals.  For example, ammonia is harmless to fish in water 

that is not acidic.  But, as pH decreases ammonia becomes toxic.   

 

A lower pH will cause heavy metals such as cadmium, lead and chromium to dissolve more easily.  Many 

heavy metals become toxic when dissolved in water. 
  

How do we sample pH? 
We measure pH using a pH meter.  The test requires one student and takes 1 to 2 minutes.  If the meter 

cannot be dipped into the water safely, collect water with a bucket hung from a bridge or deck and 

then sample.  The pH of the collected water may change, so sample immediately.  

 

How do we interpret our results? 
Natural pH levels vary between 6.5 and 8.5, depending on the surrounding soil and vegetation.  

If your pH value falls out of this range ask your group these questions. 

 

Did we perform the test correctly?  Re-read the pH directions to ensure you sampled properly. 

Is it summer time?  Water containing many aquatic plants may have raised pH values on summer 

afternoons because of the plant photosynthesis. 

Does our watershed contain a lot of granite-like rock, dense conifer forests or acidic soil?  If so, you are 

likely to have relatively acidic waters. 

Does our stream have a lot of snow melt in it?  Remember, snow melt will lower pH values. 

If you answered ñnoò to these questions then take a look at your watershed.  Are there land use practices 

that might be affecting the pH of your stream?  Refer to the ñHuman Influencesò section for possible 

sources of abnormal pH.

  The allowable range of pH is 6.5 

to 9.0 in the State of Wyoming. 
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Resources for further investigation 
ChemTeam ï This web site provides information in all standard topics for students in high 

school chemistry. Youôll find a special section on acids, bases and pH. Contact: 
www.dbhs.wvusd.k12.ca.us/ChemTeamIndex.html 

 

Miami Museum of Science ï The pH Factor ï This web site introduces pH at the grade- and 

middle-school level, with fun lesson plans for teachers. Contact: www.miamisci.org/ph/ 

 

Project Aquatic Wild Education Activity Guide - Project Aquatic Wild is an interdisciplinary 

conservation and environmental education program emphasizing aquatic wildlife and the 

natural and human forces that affect them.  You will find several hands-on classroom and 

field activities that focus on pH. Contact: Project Wild, 707 Conservation Lane, Suite 305, 

Gaithersburg, MD 20878, (301) 527-8900 (p), (301) 527-8912 (f), email: 

info@projectwild.org, web: www.projectwild.org 

 

 

Bibliography 
Daugs, Don. The Comprehensive Water Education Book.  International Office for Water 

Education. Logan, UT. 1994 

 

Edelstein, Karen, Nancy Trautman, and Marianne Krasny. Watershed Science for Educators. 

Cornell University.  New York. No date. 

 

Environmental Protection Agency.  Volunteer Stream Monitoring: A Methods Manual (EPA 841-

B-97-003). Office of Water. Washington, DC.  1997. 

 

Federal Water Pollution Control Administration.  Water Quality Criteria.  US Government 

Printing Office.  Washington, DC. 1968. 

 

Mitchell, Mark, and William Stapp.  Field Manual for Water Quality Monitoring.  Thompson-

Shore Printers. Dexter, MI. 1994. 

 

Morton, Stephen D.  Water Pollution: Causes and Cures.  Mimir Publishers, Inc.  Madison, WI. 

1976. 

 

National Oceanographic and Atmospheric Administration.  ñTeacherôs Guide,ò  The Globe 

Project. www.globe.ngdc.noaa.gov/ 

 

United States Geological Survey. Water Science for Schools. 

http://ga.water.usgs.gov/edu/earthriversed.html. no date. 

 

 

 

 

 

 

 

http://www.dbhs.wvusd.k12.ca.us/ChemTeamIndex.html
http://www.miamisci.org/ph/
mailto:info@projectwild.org
http://www.projectwild.org/
http://www.globe.ngdc.noaa.gov/
http://ga.water.usgs.gov/edu/earthriversed.html


 

 

___________________________________________________________________________ 
Wyoming Stream Team                                                           Unit IV.  Field Investigation  

75 

pH  
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     Open a can of    

     warm soda -  

what happens?  You 

probably end up with a 

face full of foam, and 

the soda tastes flat.   

What happens when you 

open a cold  soda?  

Your face stays  dry 

and the soda tastes 

carbonated. The 

carbonation, or 

bubbles, in the soda 

comes from gas 

dissolved in the 

liquid.  Cold soda 

holds more gas than 

warm soda ï just like 

your  stream.  

 

IV -3b. Dissolved Oxygen    
 

 

 

 
 

What is dissolved oxygen? 
Did you ever wonder how the bugs and fish in the water 

breath?  We may look at the bubbles of oxygen in the 

water and think we have our answer.  But the oxygen that 

makes aquatic life possible does not form bubbles, nor is 

it the oxygen that is part of the H2O water molecule.  It is 

a separate O2 molecule that is dissolved in the water and 

invisible to our eyes.  

 

How does it get in the water? 
Oxygen dissolves in water in two ways.   

1) Atmospheric oxygen mixes into the stream in areas of 

turbulence, such as riffles . 

2) Aquatic plants release oxygen into the water during photosynthesis. 

 
 

What natural influences cause dissolved oxygen concentrations to 

change?  
Elevation 

The amount of oxygen in the atmosphere drops as elevation 

increases.  Since streams get much of their oxygen from 

the atmosphere, they too, will have less oxygen at higher 

elevations. 

 

Temperature 

The maximum amount of oxygen that can be dissolved in 

water is called its saturation concentration.  The 

saturation concentration decreases as water temperature 

increases. The following chart (Figure IV-7) shows the 

relationship between water temperature and dissolved 

oxygen concentrations at sea level.  At higher elevations, 

the entire line would be shifted down (less oxygen can 

dissolve at higher elevations).   

 

The dissolved oxygen concentration for your stream will vary 

throughout the year as temperatures rise and fall.  As 

ponds and standing water heat up and cool down on a 

daily basis, dissolved oxygen concentrations may also change throughout the day.   

 

 

             The oxygen                                    

             concentration of 

most healthy streams is 

between 6 and 12 oxygen 

molecules per one million 

water molecules.  By 

comparison, the 

atmosphere maintains a 

ratio of about one oxygen 

molecule out of five !  

 

Key Terms  

dissolved oxygen      percent saturation       respiration  

eutrophication          photosynthesis  
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Saltiness 

Salty water holds less oxygen than fresh water.  However, the water must be very salty ï as salty 

as ocean water ï for the oxygen level to be affected.  Do you think the Great Salt Lake can 

hold as much dissolved oxygen as a clear mountain stream?   

 

Turbu lence 

We already know that one way for oxygen to enter a stream is through the mixing of air and 

water in turbulent areas.  If your stream has rapids or riffles, how do you think the dissolved 

oxygen concentration will be affected?  If you said that it increases it, youôre right.   

 

More mixing creates more opportunity for oxygen to enter the stream.  In fact, if your stream is 

very turbulent, it may become supersaturated ï the dissolved oxygen concentration rises 

above the saturation level. 

  

In contrast, the deep portion of lakes or reservoirs may be so isolated from the atmosphere that 

the oxygen concentration drops to zero.  Lakes that freeze over in the winter are also isolated 

from the atmosphere and may lose all their oxygen.  Do you think aquatic life must adapt 

differently to a turbulent stream than a deep lake bottom? 

 

Aquatic Life  
Animals living in water use oxygen just as you and I do.  Bacteria also use oxygen when they 

decompose material.  This is why we see dissolved oxygen levels drop in a water body that 

contains a lot of dead, decomposing material.  

 

Vegetation 
Aquatic plants release oxygen as part of the photosynthetic process.  As photosynthesis speeds up 

and slows down with daily changes in sunlight, the amount of oxygen in the water changes, 

too.  Plants also use oxygen during respiration.  Streams with a lot of aquatic vegetation see 

wide daily fluctuations in dissolved oxygen levels.  

 

Riparian vegetation along the banks of a stream affects dissolved oxygen concentrations 

indirectly.  By shading the stream, vegetation maintains lower temperatures, allowing the 

water to hold more oxygen. 

Figure IV-7. The effect of temperature on dissolved oxygen ï note that warmer water can hold less oxygen  

Effect of temperature on dissolved oxygen
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How d o some aquatic animals survive 

without much oxygen?  

Some of them use hemoglobin.  

The job of hemoglobin, besides turning 

your blood red, is to carry oxygen.  

Animals with a lot of hemoglobin can use 

more of the oxygen that is in the water 

around them ð a handy trick if youõre living 

at the bottom of a lake.  You might find 

some of these critters in your sample.  

Look for red -colored macroinvertebrates , 

such as fly larvae and Daphnia (water 

fleas).  

What time of day would you expect to find low DO levels in your stream?  

Photosynthesis cannot occur without sunlight.  When the sun goes 

down, and photosynthesis stops, plants quit producing oxygen.  The 

plants and animals in the water, however, continue to use oxygen all 

night long.  Because of this, oxygen levels in your str eam drop 

through the night and reach their lowest point just before the sun 

rises.   

What human influences cause dissolved oxygen concentrations 

to change? 
Introduction of organic waste 

Microorganisms, such as bacteria, decompose organic waste.  Organic waste is anything that was 

once part of a plant or animal, such as leaves and manure.  Microorganisms use up oxygen in 

the decomposition process. If there is a lot of organic waste in the stream, then the 

microorganisms multiply and use more oxygen than can be replaced in the stream.  

 

Organic wastes may come from a variety of sources: 

¶ untreated sewage 

¶ runoff from dairies, feedlots and other agricultural operations 

¶ lawn clippings, top soil and other materials from around our homes 

 

Land uses 

Land uses throughout the watershed can increase the temperature of streams and introduce excess 

organic material.  Both impacts result in lower-than-normal DO concentrations.   

 

Land use impacts include: 

¶ Destruction of riparian areas from development or overgrazing.  Loss of riparian 

vegetation decreases shading and increases water temperature.  

¶ Land clearing activities such as construction or logging may send excess amounts of 

organic material into streams.  

 
Why do we care about dissolved oxygen? 
Animals  
All aquatic (and terrestrial) animals need 

oxygen.   

 

A change in oxygen concentration may affect 

the composition of aquatic communities.  

Many macroinvertebrate species depend on 

oxygen-rich water.  Without sufficient 

oxygen they may disappear, disrupting the 

food chain.  

 

Many fish require a specific range of oxygen 

concentrations.  ñWarmwaterò fish, such as 

carp and bass, can usually live with lower 

oxygen concentrations than ñcoldwaterò 

fish, such as trout. See Table IV-4. 
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Chemicals 

Oxygen concentration affects the behavior of other chemicals in the water.   

 

In the presence of oxygen some metals such as cadmium solidify and sink out of the water.  

Without oxygen, these solids may dissolve again into the water.  The dissolved forms of 

many of these metals are poisonous to animals. 

 

Nutrients change with oxygen as well.  Nitrogen forms shift, and phosphorus will solidify and 

sink in oxygen-rich waters.  Without oxygen, the phosphorus dissolves back into the water, 

and may overfertilize the lake.  

 

How do we sample DO? 
During this test stream water is mixed with chemicals in a small ampoule, which then change 

color depending on the amount of oxygen present in the water.  The entire test takes about 10 

minutes.  The concentrations may change after the water sample is collected, so measure the 

dissolved oxygen immediately after the water sample is taken.  

 

  
 

 

 
 

 

How do we interpret our results? 
Do you meet the Wyoming State criteria? 

The State of Wyoming has set minimum dissolved oxygen concentrations to protect fish and 

other aquatic animals.  These minimum concentrations vary according to the natural temperature 

of the stream.  Check with the Wyoming Department of Environmental Quality (contact 

information in the ñResourcesò Appendix) to determine if your stream is a ñcoldwater fisheryò or 

ñwarmwater fishery.ò  

Minimum Oxygen Concentrations Required for Common Fish 

 Minimum Summer 

Concentration 

(mg/liter) 

Minimum Winter Concentration 

(mg/liter) 

Pike 6.0 3.1 

Black Bass 5.5 4.7 

Black Crappie 5.5 1.5 

Yellow Perch 4.2 4.7 

Sunfish 4.2 1.4 

Black Bullhead 3.3 1.1 

The dissolved oxygen concentration may no t be the same in all 

parts  of  your stream.  Deep, still waters often have more 

dissolved oxygen near their surface than at the bottom.  Note the 

location of your sample (e.g. riffle, top of pooled - up area) to 

help you interpret your results.  

 

 

Table IV-4. Minimum oxygen requirements for common fish 
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Resources for further investigation 
Streamkeepers Field Guide: Watershed Inventory and Stream Monitoring Methods by Tom 

Murdoch, Martha Cheo, and Kate OôLaughlin (2
nd

 Edition).  Section on understanding 

watersheds, conducting field inventories, water quality monitoring programs, keys to plant 

and animal life, methods of analyzing and presenting your data and how to effect changes in 

attitude and policy.  The manual is adaptable for use by students ages 12-adult.  The 

companion video also available. Contact: The Adopt-A-Stream Foundation at the Northwest 

Stream Center, 600-128th Street SE Everett, WA 98208-6353 (425)316-8592; Fax: 425-

3381423; Email: aasf@streamkeeper.org; www.streamkeepers.org  

 

ñThe Volunteer Monitor: The National Newsletter of Volunteer Water Quality 

Monitoring.ò  This bi-annual EPA publication addresses all aspects of water quality 

monitoring, including those specific to school and youth groups.  The Spring 1997 edition 

(vol. 9, no. 1) addresses DO and DO sampling.  Back issues are available on the internet.  

Contact: www.epa.gov/volunteer/spring97 
 

 

Bibliography  
California State Water Quality Control Board.  Water Quality Criteria. State Water Quality 

Control Board, Sacramento, CA. 1963. 

 

Edelstein, Karen, Nancy Trautman, and Marianne Krasny. Watershed Science for Educators. 

Cornell University.  New York. No date. 

 

Environmental Protection Agency.  Volunteer Stream Monitoring: A Methods Manual. Office of 

Water. EPA 841-B-97-003. 1997. 

 

Renfro, Stacy. ñDissolved Oxygen and Temperature: The Stories You Can Tell,ò The Volunteer 

Monitor. Vol. 11, No. 2, Fall 1999. 

 

Williams, Robert.  Rivers Curriculum Guide: Biology. Dale Seymour Publications.  White Plains, 

NY. 1998. 

mailto:aasf@streamkeeper.org;
http://www.streamkeepers.org/
http://www.epa.gov/volunteer/spring97


 

 

___________________________________________________________________________ 
Wyoming Stream Team                                                           Unit IV.  Field Investigation  

82 



 

 

___________________________________________________________________________ 
Wyoming Stream Team                                                           Unit IV.  Field Investigation  

83 

Dissolved Oxygen Test Kit 
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Many large rivers  in 

Wyoming are naturally very 

turbid.  The loose, sandy 

soils add a lot of sediment to 

the stream.   What other 

factors cause our large 

rivers, such as the Green to 

be so turbid?  Look at the 

òNatural Influencesó section 

for help with your answer.  

IV -3c. Turbidity  
 

 

 

 

 

 

 

What is turbidity?  
If youôve ever visited the Colorado River you were probably able to see only about 30 

centimeters (~1 ft) beneath the waterôs surface.  On the other hand, if you visit some lakes in 

Alaska, you will see 30 meters (100 ft) below the surface!  The amount of material suspended 

in the water ï soil (sediment), microorganisms, pollution ï affects how deeply light can 

penetrate.  We call this material suspended solids.  The Colorado River has more suspended 

solids in it than the Alaskan lakes and so light cannot penetrate as deeply.  The degree to 

which light penetration is blocked by suspended solids is called turbidity.  

 

Turbidity tells us how much material is suspended in the water.  Common types of suspended 

solids include small pieces of soil, plant material, industrial waste, and microorganisms.  Any 

natural or artificial process that places suspended matter in water causes turbidity.  

 

What natural influences cause the turbidity of our stream to 

change? 
The types of material that form the stream channel affect the turbidity of the water.  For example, 

if a stream channel runs through hard basalt bedrock, less erosion will occur than if the 

channel is composed mainly of loose soil.   

 

Smaller streams carry sediments eroded from the surrounding area, 

and from their banks and streambeds.  Larger rivers, which are 

generally wider, slower and more exposed to the sun, may 

contain many microscopic plants that also increase turbidity. 

 

Seasonal weather patterns will alter turbidity.  Both spring snow 

melt and rain increase runoff, which generally increases 

turbidity. 

 

Plant root systems, both in the riparian zone and throughout the 

watershed, help keep soil out of the stream which reduces 

turbidity.  Dramatic natural events, such as forest fires, floods or wind storms, may destroy 

plants, resulting in erosion. 

 

What human influences cause the turbidity of our stream to 

change? 
Bank stabilization helps reduce erosion and turbidity.  We can improve bank stability by 

maintaining healthy riparian vegetation or installing reinforcements such as wire wrap or 

boulders. 

 

Key terms  
nephelometric turbity units (NTUs)       turbidity 
Secchi disk             turbidity tube 
suspended solids 
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In pools and slower moving, larger rivers, activities that introduce nutrients (plant food) to a 

stream will increase microscopic algae production and increase turbidity. 

 

Any activity that increases erosion in a stream will increase turbidity (e.g. road building, 

development and overgrazing in riparian zones and dredging or deepening channels). 
 

Why do we care about turbidity? 
If a streamôs turbidity increases beyond natural levels, it loses its ability to support life that has 

adapted to those levels.   

 

Suspended solids prevent sunlight from reaching aquatic plants that grow on the stream bottom.  

Without light, photosynthesis cannot take place, which may reduce the concentration of 

dissolved oxygen in the water.  Dissolved oxygen is necessary for the survival of fish and 

other aquatic life.  

 

Turbidity can raise the surface water temperatures of ponds and lakes because suspended 

sediment absorbs heat. 

 

Turbidity makes it difficult for fish to see their prey.  Heavy loads of suspended solids can also 

clog fish gills and filter-feeding devices of aquatic macroinvertebrates. 

 

As solid matter settles, it may cover and harm bottom-dwelling plants and animals and spawning 

beds.  Fish, such as trout, which lay eggs in redds, are particularly vulnerable to sediments in 

the stream.   

 

All streams have a natural level of turbidity.  While some forms of aquatic life need clear water to 

survive, other aquatic species are adapted to and thrive in high turbidity.  The Colorado River 

is very turbid, yet its waters hold abundant life. 

 

How do we sample turbidity? 
We measure turbidity of streams with a turbidity tube .  Fill the tube with stream water, then 

release the water until you can see the black and white disk at the bottom.  The depth in the 

tube to this point is recorded.  The test takes about 5 minutes.  

 

For ponds, wetlands or lakes, a Secchi disk is usually used.  This black and white disk is lowered 

into the water until it is no longer visible and that depth is recorded.  

 

How do we interpret our results? 
To compare our results with state standards, we need to convert the distance measured with the 

turbidity tube to standard turbidity units.  Because turbidity is usually measured with an 

instrument called a nephelometer, the turbidity unit is a NTUs (Nephelometric Turbidity 

Units).  The higher the turbidity (NTUs) the greater the amount of scattered light, or the 

cloudier the appearance.  Use the conversion chart on the back of the field directions.  
    

Standards for NTUs in Wyoming (Wyomingôs Standard is for an increase in turbidity over 

natural levels.  This increase may apply to one site over time or from one site to another at the 

same time).  
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Check with the Wyoming Department of Environmental Quality for an established natural level 

of turbidity for your water body.  If no level has been established, you can create a 

benchmark and then monitor for increases or decreases over time.  Be sure to note natural 

conditions or events that may affect your measurements at the time of sampling, such as 

spring melt or recent heavy precipitation. 

 

 

 

 

 

 

 

 

 

Resources for further investigation 
ñThe Volunteer Monitor: The National Newsletter of Volunteer Water Quality 

Monitoring.ò This bi-annual EPA publication addresses all aspects of water quality 

monitoring, including those specific to school and youth groups.  Youôll find plenty of useful 

information on turbidity and turbidity sampling.  Back issues are available on the internet. 

www.epa.gov/volunteer/spring97 
 

Water Pollution - This web site covers most major water pollution concepts in detail.  Youôll 

find an entire section on nitrogen and how to measure it.  Information is presented at a 

middle- to high school level. http://www.geocities.com/RainForest/5161/lab3.htm  
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In Wyoming :  

 

An increase of more than 10 NTUs over natural levels is 

considered unacceptable for:   Aesthetics , Warm -water 

fisheries , Coldwater fisheries , Drinking water  and Non-game 

aquatic life  

 

An increase of more than 15 NTUs over natural levels is 

considered unacceptable for:   Water -orient ed wildlife  

http://www.epa.gov/volunteer/spring97
http://www.geocities.com/RainForest/5161/lab3.htm
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Time  ð 2 minutes  

Persons - 1 

Materials  ð 

¶ Turbidity tube  

 

Turbidity  
 

Detection limit = 6 NTU 

 

Step 1 ï collect your sample 
 

Dip the tube into the water at your sampling 

site and fill to the top.  Be careful to 

sample flowing water and not the stream bottom. 

 

Step 2 ï Take your measurement (see figure below for help) 

 

Take your filled turbidity tube to a shaded spot.  If there is no shade around, use your body to 

block the sun from shining on the tube.  With your hand over the opening, shake the tube 

vigorously.  This will help to re-suspend any sediment that has settled to the bottom.  Look 

down through the tube toward the target disk on the bottom of the tube.  If the disk is visible, 

record the water level in centimeters (cm).  If the disk is not visible, slowly release water 

from the release valve, until the disk becomes visible.  Record the water level in centimeters 

(cm) on the Chemical Data Collection Sheet. 

 

Step 3 ï Convert from centimeters (cm) to turbidty units (NTUôs) 

 

Match your turbidity measurement in centimeters to the corresponding NTUs using the 

conversion chart on the back of this page.   Record on the Data Collection Sheet. 

 

 

 

   

                

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Look down into 
water from above 
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Turbidity Conversion Chart 

Distance from 

bottom of tube (cm) 
NTUôs 

< 6.25 > 240 

6.25 to 7 240 

7 to 8 185 

8 to 9.5 150 

9.5 to 10.5 120 

10.5 to 12 100 

12 to 13.75 90 

13.75 to 16.25 65 

16.25 to 18.75 50 

18.75 to 21.25 40 

21.25 to 23.75 35 

23.75 to 26.25 30 

26.25 to 28.75 27 

28.75 to 31.25 24 

31.25 to 33.75 21 

33.75 to 36.25 19 

36.25 to 38.75 17 

38.75 to 41.25 15 

41.25 to 43.75 14 

43.75 to 46.25 13 

46.25 to 48.75 12 

48.75 to 51.25 11 

51.25 to 53.75 10 

53.75 to 57.5 9 

57.5 to 60 8 

Over the top < 8 
        
 

¶ Wyoming standards state that an increase of more than 10 

NTUs is unacceptable for most waters.   

¶ This increase can be over natural levels or from one 

location to another nearby downstream location.    
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IV -3d. Temperature 

 

 
 
 

 

 

What is temperature? 
Have you ever put your hand in mountain stream in the spring?  How about a big lake or reservoir 

in late summer?  Why were the temperatures so different? Why does it matter to water 

quality?  Read below and find out. 

 

The temperature of water is a measure of how much heat energy the water contains. Temperature 

can be measured on many different scales.  In the U.S. we usually use the Fahrenheit scale.  

On the Fahrenheit scale, water freezes at 32 degrees and boils at 212 degrees.  Scientists 

usually use the Centigrade (or Celsius) scale.  Water freezes at 0 degrees C and boils at 100 

degrees C.   
 

Table IV-5.  Comparison of Celsius and Fahrenheit Temperature Scales. 

    Temperature Scales 

Celsius Fahrenheit   

100 212 Boiling point of water at sea level  

90 194       
80 176   
70 158   
60 140   
50 122   
40 104 38̄ C (98.6 ̄F) ï  average human body temperature  
30 86   

20 68 Average room temperature  

10 50   

0 32 Melting (freezing) point of ice (water) at sea level  

-10 14   
-20 -4   
-30 -22   
-40 -40   
-50 -58 -50̄ C (-59̄ F) ï 2

nd
 lowest recorded temperature  

-60 -76     in continental U.S. (near Logan, UT)  
-70 -94   
-80 -112   

-90 -130 -67̄ C  (-89̄ F) ï lowest recorded temperature -   

-100 -148      Antarctica, July, 1983  
  

 

 
Converting Fahrenheit to Celsius Converting Celsius to Fahrenheit 

   C̄ = (5/9) x ( F̄-32)            F̄ = [(9/5) x C̄] + 32  

Key terms 
temperature   Centigrade 

Fahrenheit   Celsius 

warmwater fish   coldwater fish 
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What natural influences cause temperature to change? 
Your stream heats up from direct sunlight and from heat in the surrounding land and air. Water is 

different than almost any other substance on earth.  It takes a lot more heat energy to increase 

the temperature of water than it does to increase the temperature of the surrounding land and 

air. Thus, water heats up and cools off more slowly than air or land.  Water temperatures vary 

by: 

 

Geographic area     

The temperature of streams reflects the surrounding 

climate.  Streams in warm climates generally stay 

warm throughout the year while streams in colder 

climates tend to change more throughout the year.    

 

Seasons  
Water temperature changes as the air temperature 

changes throughout the seasons.  Your water body 

may freeze at the surface in the winter but be very 

warm during the summer.  

 

Source of the water  

Streams fed by snow melt will be very cold in the early 

spring and summer.  Streams fed by cold water 

springs may remain cool all year long.  Hot water 

springs may keep sections of a stream warm throughout the year.   

 

Channel shape  

Because stream water heats up from the sun and from contact with the warmer earth, a narrow, 

deep stream will be cooler than a wide, shallow stream, if all other factors are equal. 

 

Riparian shading 

A stream that receives a lot of shading from riparian vegetation will stay cooler than a stream that 

is more exposed to the sun. 

  

What human influences cause temperature to change? 
When the shade provided by riparian vegetation is removed, streams heat up faster.  If activities 

cause a stream channel to become shallower and wider, the stream will heat up faster.  Deep, 

narrow channels remain cooler.  Removing riparian vegetation may also lead to a wider and 

shallower channel which leads to increased temperatures.  The material on the stream bottom 

and banks affects water temperature.  A stream that travels through a concrete channel 

absorbs more heat than a stream travelling through a plant-filled meadow.  Industries (such as 

power plants) may discharge warm water into a stream.  

 

 

 

 

 

 

 

 

 The water in a  

  stream is constantly 

mixing.  Therefore, its 

temperature usually remains 

the same at all depths.  

However, if the water is moving 

very slowly, or pools -up in an 

area, you may find different 

temperatures at different 

depths.  Lakes and reservoirs 

often ch ange dramatically in 

temperature from the surface 

to the bottom.  

 
 

Because cold water is heavier than warm, it sinks below warm water in lakes.  You may feel this when 

you swim in a lake and dive below the warm surface water into COLD deeper water.  A funny thing 

happens to very cold water, however.  At about 4 degrees C (39 degrees F), fresh water becomes as 

heavy as it will get.  As it continues to cool it starts to get lighter again.  When water freezes, it is 

much lighter than liquid water (ice floats, right?).   Therefore, in a frozen lake, the water is coldest 

at the top (0 degrees C), and warmest at the bottom (4 degrees C).   In a summer lake, the water is 

warmest on the top and coldest at the bottom.  
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          In Wyoming, the maximum temperature 

allowed for warm water fisheries and aquatic wildlife is 27 ̄

C (81̄  F).  The maximum temperature allowed for cold 

water fisheries and aquatic wildlife is 20̄ C (68̄  F). 

Why do we care about temperature? 
Water temperature greatly affects aquatic organisms.  Most aquatic organisms ï 

macroinvertebrates, fish, amphibians ï are ñcold-blooded.ò  Their metabolism speeds up and 

slows down with the animalôs surrounding temperature.  Each organism has adapted to 

survive best at a given range of temperatures.  If the temperature changes too drastically, their 

metabolism will not function as well, decreasing their ability to survive and reproduce.  

 

The optimal temperature is not the same for all aquatic organisms.  For example, trout do best at 

temperatures below 22̄C while carp may do fine in temperatures as high as 28C̄.   We 

divide fish into coldwater fish (fish who require fairly cool temperatures) and warmwater fish 

(fish who can survive warmer water temperatures). 

 

Warmer water holds less dissolved oxygen than cold water.  Aquatic organisms may have trouble 

getting enough oxygen at very warm temperatures.  For example, 11 mg/liter of dissolved 

oxygen can dissolve in 10̄C water, while water at 30̄C can dissolve only 7.5 mg/liter. 

          

How do we sample temperature?  
Detailed sampling directions are included at the end of this section.  When measuring temperature 

with a field thermometer, we usually measure only the surface temperature of the water body.  

To measure the temperature of deep pools, attach your thermometer to a pole or stick, or 

attach a string and a weight to it.  If you cannot reach moving water safely from the shore, 

attach a string to the thermometer and lower it from the bank or a bridge into the water.  Be 

aware that the temperature below the surface may be different, especially if the water is still 

(turbulent water mixes and keeps temperature more uniform).   

 

How do we interpret our results? 
You can determine an appropriate stream temperature by looking at temperature criteria for fish.  

The State of Wyoming has established maximum water temperatures for both warm and cold 

water fisheries. Check with the Wyoming Department of Environmental Quality to determine 

the designation for your particular stream. 

  

For fish, there are two kinds of limiting temperatures ï they can survive exposure to warmer 

temperatures for short periods (hours) but require cooler temperatures over longer periods of 

exposure.  This may also vary according to the time of year and the life cycle stage of the fish 

species.  Reproductive stages (egg incubation and embryo development) are the most 

sensitive stages.  See Table IV-6 for the maximum temperatures for several common fish 

species.    
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Table IV-6 

Maximum temperatures for typical coldwater and warmwater fish 

Species 

Maximum average 

temperature for young fish 

to grow  (long term 

exposure) 1 

Maximum temperature for 

fish to survive (short term 

exposure) 2 

Maximum average 

temperature for successful 

incubation and hatching of 

eggs (long term exposure) 1 

Brook Trout 19ºC  (66ºF) 24ºC  (75ºF) 9ºC  (48ºF) 

Rainbow Trout 19ºC  (66ºF) 24ºC  (75ºF) 9ºC  (48ºF) 

Smallmouth Bass 29ºC  (84ºF) --- 17ºC  (63ºF) 

Largemouth Bass 32ºC  (90ºF) 34ºC  (93ºF) 21ºC  (70ºF) 

Bluegill 32ºC  (90ºF) 35ºC  (95ºF) 25ºC  (77ºF) 

Channel Catfish 32ºC  (90ºF) 35ºC  (95ºF) 27ºC  (81ºF) 

 

¹   This is based on maximum temperatures averaged over at least a week.  

²   This is based on maximum temperatures averaged over a few hours.  

 

                                                                                          Source: Volunteer Stream Monitoring: A Methods Manual 

 

Resources for further investigation 
Environmental Protection Agencyôs Volunteer Stream Monitoring: A Methods Manual - 

This 210-page manual takes the reader through an introduction to streams and watersheds 

then proceeds to offer in-depth, step-by-step approaches to monitoring a variety of water 

quality components.  You will find helpful background information on stream temperature.  

For a free copy of the manual, contact Alice Mayio at USEPA (4503F), 401 M St. SW, 

Washington, DC 20460; 202/260-7018; mayio.alice@epamail.epa.gov. Also available on the 

web: www.epa.gov/owow/monitoring/vol.html. 

 

Kentucky Water Watch ï This Kentucky Water Watch web site, administered by the State of 

Kentucky Natural Resource and Environmental Protection Cabinet, offers background 

information on all major water quality parameters, including temperature.  Youôll also find 

lots of other useful information to support classroom and field monitoring. 
www.state.ky.us/nrepc/water/wwhomepg.htm 

 

Water Conservation and Nonpoint Source Pollution ï This activity book features hands-on, 

minds-on activities for younger ages.  Several activities specifically address temperature 

concepts (in both indoor and outdoor settings). Contact: Your local County Cooperative 

Extension Office ï or ï Utah State University Extension, 1500 N 800 E, ASTE Dept, Utah 

State University, Logan, UT 84322-2300, 435/797-3389. extension.usu.edu/natres/wq/ 
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Time  ð 2 minutes  

Persons ð 1 
Materials ï  

¶ Thermometer  

          In Wyoming, the maximum temperature 

allowed for warm water fisheries and aquatic wildlife is 27 ̄

C (81̄  F).  The maximum temperature allowed for cold 

water fisheries and aquatic wildlife is 20̄ C (68̄  F). 

Temperature 
 

  

Step 1 
 

1.  Dip the thermometer into a moving part of 

      the stream or river. 

 

1. Wait for the temperature to stop changing  

(at least 1 minute).  

 

3.  Take the temperature of the stream at another location, up or downstream as far away  

      as possible, up to 1 mile.    

 

Step 2 

 

1.   Read the temperature and record on the data sheet.  Be sure to record  

      your temperature in degrees Celsius. 

 

Use the equations below to convert between degrees Celsius to degrees Fahrenheit. 

 

 

  

Converting Fahrenheit to Celsius: C̄ = (5/9)  x  (̄F - 32) 

 

Converting Celsius to Fahrenheit:   F̄ = [(9/5)  x  ̄C]  +  32 
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IV -3e.  Alkalinity 
 

What is alkalinity?  
The alkalinity of water is a measure of how much acid it can neutralize.  If any changes are made 

to the water that could raise or lower the pH value, alkalinity acts as a buffer, protecting the 

water and its life forms from sudden shifts in pH.  This ability to neutralize acid, or H
+
 ions, 

is particularly important in regions affected by acid rain.   

 

In water bodies with low alkalinity, when acid rain falls, it is not neutralized, so the pH of the 

water decreases.  This drop in the pH level can harm or even kill some of the aquatic 

organisms in the water body.   

 

Alkalinity should not be confused with pH.  pH of a solution is a measure of the concentration of 

acid, or H
+
 ions, in the water.  Alkalinity is the measure of the waterôs capacity to neutralize 

acid, or H
+
 ions, thereby keeping the pH at a fairly constant level.   

 

The alkalinity of surface water is primarily due to the presence of hydroxide, OH
-
, carbonate, 

CO3
2-
, and bicarbonate, HCO3

-
 ions.  These ions react with H

+
 ions by means of the following 

chemical reactions:  

OH
-
 + H

+
 Ą H20 

CO3
2-
 + H

+
 Ą HCO3

- 

HCO3
-
 + H

+
 Ą CO2 + H2O 

 

Most alkalinity in surface water comes from calcium carbonate, CaCO3, being leached from 

rocks and soil.  This process is enhanced if the rocks and soil have been broken up for any 

reason, such as mining or urban development.  Limestone contains especially high levels of 

calcium carbonate.   

 

Alkalinity is significant in the treatment of wastewater and drinking water, because it will 

influence treatment processes such as anaerobic digestion.  Water may also be unsuitable for 

use in irrigation if the alkalinity level in the water is higher than the natural level of alkalinity 

in the soil.   
 

Sources of Alkalinity 
¶ Leached from rock (limestone) 

¶ Leached from minerals (dolomite, calcite) 

¶ Leached from soil 

 

Expected Levels 
Alkalinity is reported in units of mg/L CaCO3, because the carbonate ion CO3

2-
, is its primary 

constituent.  For protection of aquatic life, the buffering capacity should be at least 20 mg/L. 

A range of 100 to 250 ppm for river water is considered normal.  If the alkalinity of water is 

too high, the water can be cloudy, which inhibits the growth of underwater plants.  High 

alkalinity raises the pH level, which in turn harms or kills fish and other river organisms. 

 

Summary of Method 
Alkalinity is measured using a LaMotte Alkalinity test kit.   
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Alkalinity Test Kit  

 












































































































































































































































































































