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The Mission of
Wyoming Stream Team
IS to promote awareness and
stewardship of
resources through

Siredam leaMm  education and responsible dat:
sharing.

Wyoming Stream Team: WST is a statevide monitoring program, based at Teton

Sci e nc e Téachér bearhisg&entdocusing 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 Environmenrt®uality. 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 accessiHlagatatabase. Results are

also used by DEQ assareening 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: Physical Data Collected:
Required: Stream Width, Depth
Temperature Velocity
pH Discharge
Turbidity Substrate
Conductivity
Alkalinity
Dissolved Oxygen (DO)
Optional: Biological Data Collected:
Nutrients(orthophosphates and nitrates) Macroinvertebrates
Fecal Coliform & E. Coli (simultaneous) Riparian Vegetation

The following program manual waslapted from the Utah Stream Team Program Manual, Utah State
University Extension.
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Unit |. Introduction

This section provides an overview of M&oming Stream Teapnr o gr a m. Youol |

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

Sections
1. Introduction to th&/yoming Stream Team

2 . What 6s i n the Manual

WYOMING

stream team

al so

Wyoming Stream Team Unit 1. Introduction



Wyoming Stream Team Unit 1. Introduction



|-1. Introduction to the Wyoming Stream Team

TheWyoming Stream Teamis a statevide monitoring
program funded by the Wyoming Department of
Wwyoming Environmental Quality and based at the Teton Science
S ¢ h o Te&cked Learnin@enter.

TheWyoming Stream Teamis 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.

stream team

Data a@e entered into an elme database and can be viewed and downloaded
by participants from around the region.

The program includes esite and annual educator trainings, site visits by
Conservation Research Center staff, monitoring equipment and azcess t
additional resourcesecessary 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 foa creative wayo engageand 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 se.

Why do we care about water quality monitoring?

In Wyoming there are
more than 116,398 miles WATER is one of the most abundant and important substances on
of streams and rivers. Eart h. Water comprises over 70% of
As of 2004 only 5877 or to 80% of every |iiMrulyegnnectsglani smoés w
5% of those miles had living things. Each of us student, bird, farmer, plaintdepands
been assessed. Our on the same global wateentered system. Within this system
monitoring can help in our lives depend on the small volume of fresh water.
this effort.
3
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Fresh, clean, drinkableat er constitutes only one half of
you filled a bucket with 100 lits of water, 98 liters would be saltwater, 2 liters would be
fresh, and on%0 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
agricuture, recreation and other usédany animals and plants could not live without clean
river water.

Humans are the only species with thdigbio manage water resourced/ith this ability comes
an importantesponsibilityto understand and protect streams and rivers. A vital tool for such
action iSWATER QUALITY MONITORING.

What is water quality monitoring?

Did you ever wonder how we get information on the conditions oftwaams?How do we
determine if a water bodg 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.

TheWyomng Stream Teammanual 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, alladind
dissolved oxygen be determined at each site.

Physical propertieaffect the environments that aquatic plants and dgilive in.
turbidity i sediment and other material carried in the water
temperaturé the heat energy of the water

stream disbargel the amount and speed of the water

stream shape the structure of the channel banks and bottom

substraté materials comprising the stream bottom

=A =4 =8 -8 =9

Chemical propertiesnfluence how healthwater is for aquatic plants and animals and for
humans.

pH - the acidity of the water

Alkalinity 7 the buffering ability of the water

Dissolved oxygefi oxygen in the water that supports aquatic life

Conductivityi how well a water sample conducts electricity; can be an estimate for total
dissolved solids

=A =4 =4 =4

Biological propertiesdetermine the types and amounts of life in and around the stream.

9 the riparian zoné the area alongside the stretimatprovides food and shelter for life in the
stream and on land

macroinvertebratek aquatic organismare an impdant link in the food chain

Bacteriai high levels of Fecal coliform and E.coli indicate water potentially harmful to
humans

il
il
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The information that we collect helps us:

i determine the overall health of our stream,

1 understand our streams and their role in the watershed,

1 identify specific water quality problems,

1 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 handsn experience of water quality monitoring, students further their
understandingfowvater resources in Wyoming. Just as important, studgate and learn
from theexperience. Water quality monitoring is also a powerful educational tool. Use this
program to meet Wyomin§tate Standardseach in an interdisciplinary manner, provide
meaningful content and activities, expose students to newrlganvironments anchuch
more.

Through the Wyoming Stream Teamrogram 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!

= =4 =8 =8 -9

ifiThe educational benefits of monitoring spreac
community, beginning with the student volunteers and then extending to friends,
neighborshbusi nesses, el ected official sébo

- Volunteer Monitor 1994

How do we monitor water quality?

We investigate in the classroom.

Students need to understand fiwhyo they are monit
theirinvestigationsbyms ent i ng fbi gsughiaxcThaWaerCyoleoncept s
Watersheds and the Clean Water Act.thivii these large concepts students can then identify
areas ofnterest, such as Aquatic Life @ater Chemistryto pursue. They can eveesign
their own monitoring program to address their interests.

The classroom also provides a great place to prepare for field exefeiseticing data
collection procedures (e.g., sampling the acidity of household substances) and reviewing safe
and ehical 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 wateracross the curriculum.

TheWyoming Stream Teafacilitates the study of water in all major discipline areas. Computer
graphing, create writing and public decisiomakingare just a small sampling of the areas
students can explore through fhregram.

We get wet!

At the stream site, students collect scientific data. They may conduct a variety of chemical tests,
collect and identify aquatic organismmeeasure the gtam shape and flow and assess riparian
vegetation

The structure of the monitoring exeses 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 yeaewatliiers may visit once a
month or even once peareek.

We develop community projects.

Many groups choose totake actiora s e d o n wh at For dxamplé, if &groupe ar ned .
discovers significant bank erosion, they may return to the site to work with a specialist to re
vegdate and stabilize the bankSome groups take the opportunity to educate others in their
community about water qualityThey may present their findings to the city council or start a
community water education progranyoming Stream Teaemphasizes aoin based on
unbiased scientific information.

Thanks for being involved!

TheWyoming Stream Teams gl ad youdbve decided to join the
Ahead of you is an exciting opportunity to make a differénfier your streams, your
students and your community.

P
siream feam
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|-2 . What 6s i n the Manua

TheWyoming Stream TeafWST) is aflexible educational tool able to meet a wide range of
instructional goals and settingén earth science class may spend 2 weeks investigating
water quality and work throughé manual from start to finistA social studies class may
simply want to lo& at Water Laws for a day and use only that section.

This manual also accommodates educators with a wide rangpeasfence and knowledge
levels. Those familiar with water quality monitoring may wish to skip over some sections.
Less experiencegdachers may actually desire more information (if so, consult the
iresvoufrere further investigationo, access t he
http://wyomingstreamteam.qrgr contact th&@ eacher LearningCenter for additional
information). To decide which units will be most helpful for you take a few minutes to
familiarize yourself with the manual.

Unit |: Introduction
Sectionl. Introduction - an overview of Water Quality Monitoring and the W&Bgram.

Section 2. What 6s in the Manual

Unit II: Designing Your Program
Every class and teacher operates in a unique environment. Read throsggtitres of this unit
in sequence to design a water education and

monitoring program that meets your Check |t out
individual needs. . .
Let these icons be your guide.

Section 1. Suggested Instructional Sategiesi o

teaching philosophy and strategies. OEO Herebs an exci
. L . monitoring idea.

Section 2 Interdisciplinary Study i cross

curricular connections.
Find out how things work

here in Wyoming.

Unit Ill: Field Prep

This unit will help youto plan and organize field Wh o a . Don &t
activities. Be sure to consult this section wel @ important information.
in advance of your field day.

Section 1 In the Field i answer your questions

aboutwhere what whenandhowto sample. Dondt forget

Hereds a fun
can help protect your
local stream.

Section 2. Organizing Your Group i facilitate
efficient field exercises.
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Section 3. Field Behaviori learn to sample in an ethical manner.
Section 4 Sampling Safelyi reduce unnecessary risk for students and volunteers.

Section 5. Before You Goi obtain permission, connect with other monitoring groups and
natural resource specialists, and develop community support.

Section 6. The WyomingStream TeaniMonitoring Kit i 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 Each of the physical, chemical and
I Surrounding land use biological properties sections contains:
' Water appearance and smell 1 key terms these bolded, underlined
terms are defined in the Glossary
Section 2. Physical Properties 1 background information
 Stream flow 1 information to help interpret your
1 Stream shape findings
I Temperature 9 resources for further investigation
1 directions and data sheets for field
Section 3. Chemical Properties monitoring [Appendix 5 compiles
T pH them into one area for easy access]
9 Dissolved oxygen
1 Turbidity
1 Conductivity
1 Alkalinity
1 Nutrients (nitrate, ammonia, phosphorus)
1 Fecal Coliform

Section 4. Biological Properties
1 Macroinvertebrates
1 The Riparian Zone

Unit V: Post-Field Activities
Section 1. lllustrating Your Data i chart and graph your data.
Section 2. Reflecting on Your Datai interpret your data and data collection techniques.

Section 3. Stewardshipi act on your findings and making a ditéeice.

Wyoming Stream Team Unit 1. Introduction



Unit VI: Wyoming Water Information
These sections provide the fibig pictured that
monitoring.

Section 1. Water Cyclei describes universal processes.
Section 2. Watershed$ describes regional processes.
Section 3. Water Pollutioni examines the types, sources and effects of water pollution.

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

Appendix 1. Contacts and Resourcesinvestigate furtheand find monitoring
assistance.

Appendix 2: Purchasing Supplies prices and ordering information for monitoring
equipment and supplies.

Appendix 3: Conversion Charti convert monitoring units.
Appendix 4: Glossaryi all key terms (bolded) are defined here.

Appendix 5: Data Sheets contains the most simple data sheet for basic data collection

Wyoming Stream Team Unit 1. Introduction
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Unit [I. Designing Your Program

Every class and teacher oprates in a unique environment.This unit is designed to
meet you individual needs for a water quality education program.

Sections
1. Suggested Instructional Strategies

2. Interdisciplinary Study

11
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Il -1. Suggested Instructional Strategies

Defining Your Goals andObjectives

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 your
we want to accomplistinrough water educaticmn d wat er qu adirfcrgasenoni t or i r
their motivation and sense of ownership for the program, include students in the planning
process.

Important considerations
The following considerations will help you further definaugprogram plan.

91 Developmental level Students of every developmental level can appreciate their
surroundings, increase their undersiagf science and take actiobevelopmental level
will only influencehow you facilitate these processes.

1 Time’i 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 accoufdr prefield preparation and podield dataprocessing.

1 Influences within your watershed 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.

1 Interdisciplinary curriculum connections Consul t the Al nterdisciplinai
help connecting th&/yomingStream Tearprogram with other teachers and disciplines.

1 StateStandards and ObjectivésC o n s u IWyominhgSe afie St andardso to i den
requirements you willneet through your monitoring program.

Learning Principles
TheWyomingStream Tearfollows Constructivist learning principles. Included among these
principles are Learne€entered Instruction, Cooperative Learning, and Holistic Learning.

Constructivism

Constructivist learning theory recognizes that each of us
constructs our own, unigue understandings of the worl
by synthesizing new information with previous
understandings. Real learning (internalizing and
applying new information) will occur only when the b .
student finds meaning and relevance for the new Constructivist Learning
information. Old methods of lecture and recitation can| Principles. These are
help students pass tests by memory, but they often fail taiscussed in Units Il -2.
support longterm learning. Several techniques for and V-3., respectively.
promoting constructivism (learneentered instruction,
cooperative learning, and holistic laarg) follow.

Interdisciplinary
Instruction and Service
Learning (Stewardship)
represent additional

|~
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Learner-centered instruction

Learning improves when the students:

1 Take responsibility for learning.

1 Examine new material in ways that interest and inspire them.
1 Express their points of view while valuing those of others.

1 Develop autonomy.

These learnecentered techniques help students build the attitude, confidence and skills
necessary for lifdong learning.

TheWyomingStream Tearoffers many opportunities to
apply learnercentered instruction, such as: The National Science

 Allow students to identify water quality issues in their | Teachers Association has
community that are of concern ioterest. called for reform in schools

9 Help students to deterngrwhat courses of actidatake | t hat i ncl uvdeé
on an issue. experimentation and

I Guide students through a research design process bagegarner -generated
on the identified issue(s). questions, investigations,

1 Work with students to develop a stewardship project | pynotheses and models.
based on their findings.

Cooperativelearning
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 attitudesddoui
collaborative work in all disciplines. ThW¥yomingStream Tearprovides 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. SmpH8 gre well suited for
monitoring individual stream sections and sharing findings with pge®r gani zi ng Your
Gr ou p, 0-2, Wilhhelp you glah a cooperative learning experience in the field.

Holistic learning

Presenting discrete bits of inforrat without context does little to foster critical thinking skills
and conceptual understandingse theWyomingStream Tearmaterials to help your
students gain a holistic understandingiméam ecosystems anater quality by presenting
information unérthe umbrella of larger, unifying conceptStudents 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 affectth surroundings increases theirotivation for learning,
sense of personal responsibiliandlikelihood of participating in future environmentally
responsible behavior. Read more about taking action in the Stewardship se&ion, V

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 stud&#ad more about Interdisciplinary
Learning in Section 1B.

14
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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 folldifig learning: they are more likely t
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 fotdifig learning transcends the
topic of water quality: it empowers students to positively affect themselves and their
community.

=
=]
=
@
=1
o

Resources for Further Investigation

Project Integration and Visualization Tool (PIVIllThis software program, available on the
web, will help you to graphically design concept maps. Available free at
http://www.umich.edu/~pbsgrouffPlViT.html

ot

Mapping for Understanding: Using Concept Maps ¢
Dorough and James Ry&he Science Teachedanuary, 1997. pp. 37l. Provides
practical information on how to create and evaluate student concept maps

ACl ari fy with ConcepiTheMaepce TeachdOgtobdrpl99.ph 45No v a k .
49. Details much of the learning theory behind concept maps.

Bibliography
American Association for the Advancement of Science, 18$hchmarks for Sciencdteracy.
Oxford University Press. New York.

Brown, Robert G., 1999. Middle School Social Studies and the Cognitive RevolLhien.
Clearing House72(6):32%#330.
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Il -2. Interdisciplinary Study

Through interdisciplinary study, th&yomingStream Team
program can help students understandsiprificance
of water in all aspects of lifelnterdisciplinary study
carries many added rewards. Students:

0The concept ylefonewfahe e 1
most integral of all concepts related to
life and the earth and thus is critical to
achieving an understanding of the
understand the relevance of subjects that often seefn complexity and interrelatedness of earth
abstract; systems. Without water, life as we know
see how different subject areas fit together; it would not exist. If education is to
gain enthusiasm for schelated vork; and move into an integrated and holistic
increase their level of achievement. mode, we must seek clear examples of
concepts that can be used to bridge the
so-called traditional disciplines such as
S biology, chemistry, social studies,
mathematics and art. Water provides

= =4 =4 =

This section facilitates an interdisciplinary study of water
quality. The chart below shows how various exercise
can integrate the topic. Next, you will find two
strategies for organizing an interdiscigliy field

program. Consufi Resources for Fusrutcrr]]e?n example.o
I nvestigationo to find norﬁ\/lérnofdoyrmaﬁtDieovneloonp
interdisciplinary study. Er amework for Wa

Making the Connections

Science
9 science as inquiry
11 riparian/aquatic ecology

Social Studies

1 history and
geography of the
watershed

1 water law (state
and federal
regulations)

Math
9 data graphing

1 connecting different
science disciplines

1 biology, chemistry,
ecology

Visual Arts

9 stream mapping

9 watershed model-
making and
mapping

9 stream picture
collage

="

Adapted from: M.T. Denecoulhjteractive Lake Ecology

Xy

0

9 streamflow
calculations

91 unit conversions
9 measurements

&

Water Quality

Language Arts
{ water news articles

9 letters to decision-
makers

i water literature

JUN
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How can | 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 schogt
such as biology, chemistry, earth science, and physics,
focuses on water quality as it relates to their discipline.
For example, biology students investigate
mac_roinvertebrates and chemistrydstots _sample ualty - the AWl oy
nutrients. The classes takeT turns t_ea_ch_lng each cher ahEreek Timasaavayto
emphasize the role each science discipline plays in bring together separate
forming a complete water quality picture. investigations. The

exercise will strengthen

2) Rotation Stationi multiple classes visit the field together | writing and graphic arts
and rotate through statis. Classes separate along a skills and provide an
stream stretchndteachers rotate between classes and | €xcellent cooperative
conduct lessons from their own disciplines. For examplg_'€2mMind experience.

a math teacher may work with groups to calculate stream flow watiitee arts teacher may
lead a mapping exer@s

Read all about it!
Produce a newspaper
about your local
stream and its water

Resources for Further Investigation

Project WET - This curriculum and activity guide is an education program for educators and
young people, grades-K2. It facilitates and promotes awareness, appreciation, knowledge
and stewardship of water resoes through lessons that incorporate a variety of disciplines
and environments, wholeody activities, laboratory investigations, discussion of local and
global topics, and involvement in community service projects. The guide is available to
formal and ifiormal educators through workshops. Contact: Project WET, 201 Culbertson
Hall, Montana State University, Bozeman, MT 597670, (406) 9946392, fax: (406) 994
1919,

Sourcebook for Watershed Educatiori The GREEN watershed education program is unique
from other water quality monitoring programs because it emphasizes-agtated and
problemsolving approaches based on an interdisciplinary education. The Sourcebook
provides practical techniques and tools for planning, implementing, and assessiggpenpr
Youdl | also find dozens of | esson plans and
Contact: ColeMisch, Sally, Larry Price, and David Schmidourcebook for Watershed
Education Global Rivers Environmental Education Network. Ann Arbor, MI96.

Bibliography
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Unit [ll. 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. TheWyomingStream Teanvionitoring Kit
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Il -1. Inthe Field

Planning is essentitd successful field monitoringBe f or e | aunchamd) b olttosa hef i

collection be sure you have clearly identified goak@owing whyyou want to monitor will
largely determinevhere what, howandwhenyou monitor.

This unit will help you to consider the sciencel dogistics of your study anavoidcommon
mistakes.

T The Aln the Fieldod guidelines thatd follow off e
monitoring. They compliment the specifgampling directionfound in Setion V-

Field Investigation.Be sure to consult bosets of guidelines before conducting your
tests.

‘va v ‘&
§17~),

) | L s L
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Where to Sample

1. Select a stream or streams

1 Involve yourstudents in selecting a streaffhis will help foster a @ Visit your field site
sense of ownership for the stream and the program. before you begin

monitoring with students.

1 TheWyoming Stream Teaisispecially designed to monitor This will help ensure a
flowing water- creeks and streams. Ponds and wetlands offgr more successful
rewarding monitoring experiences, too, but may require a fe} experience.
modifications in your approach.

1 Consider selecting a site that has not been previously mahitdlew sites add valuable data to the
Wyomi ng Department of Environment al Qualityods

1 If possible locate a stream close to your schib@lalking distance is ideal. Close proximity allows

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

2. Select a sampling site or sites
Here is an opportunity teevisit your moitoring goals

@ If you suspect a point -
1 If you want to represent the water quality of the entire source of pollution or
stream,sam| e a fr epr e sTainseddni ¥ @ontSnfhdntt ih your ared,

will have the common forms of vegetation, bank structy

. . '%ontact the Department of
and stream shape representative of the entire stream

Environmental Quality, but avoid
sampling near the sources of

1 If you want toinvestigate human impacts, such as heavy ) _
\ potential pollution. [Refer to the

development, choose a site where you can compare al
impacted area with an unaffected area. For example, fo® Resourceé append
isolate the affect of a potential impact, sample upstrearn information].

of the activity (which will serve as a contraley andjust
downstream of the impacou may also want to sample a third site, farther downstream, to
detamine the range of the impach nearby tributary can also serve as a control site.

1 Regardless of your goal, your sampling site shoulddoessibléo everyone in your class agsdfe.

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.

T 1 f you donét blaiaatepographEPnSp ofiyour drea. etailed 7.5 minute
(1:24,000) Aguado maps are recommended. To ob
management agency or camping supply store. You can also print quad maps through the US
Geol ogi cal i®uhtty/evwé.watex.eshs.gev/

1 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.
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What to Sample

WyomingSteam Tearprovides the means for samplisgveraldifferent measuments of the water
itself and an array of physical and biological componehthestream and riparian areghere are

many possibilities for investigating even furth&ased on your goals, you may want to include all

or just ®me of these measuremenie questions below will help you decide what to sample.

How much time do you have?

If your field time is short you can limit thesge of your sampling to only the mandatpgrameters,
pH, temperature,igisolved oxygen, turbidity, alkalinity, and conductivityof areas of interest or

concern will largely determine which parameters to include.

Do you want to explore aquatic life?

Exploring themacroinvertebratesin the stream is exciting for studenfsadl ages, and is an excellent

activity for younger studentdMacroinvertebrates are an interesting way to introduce the concept

of ifood chainso and of fer

Do you want to investigate human influences?

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

great opportunities

AWat eriftheds Used section
sampling land use impacts.

Do you want to investigate natural infuences?

Research the geology and vegetation around your stream
watershed. Your region may have naturally high levelg
certain minerals which affect water quality. Soil types

and vegetation affect the physical nature of your strearh.

Your studentgan look at the variability in water quality that
exists within a single site. Compare samples from rifflg
eddies, backwaters, shaded areas or exposed areas.
may also find interesting differences above and below
beaver dam.

hnd
of

-

S,
Y ou

or. help i1 dent.

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?

T

Do you want toinvestigate the relationship between
different water quality parameters?

Sample several different parameters and determine if or how they relate to eaclrotlexample,

turbidity often increases with stream flow while alkalinity concentrations magase. 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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How to Sample
Answer the questions below to determine Ahowo yc

Are you collecting chemical samples?
9 Collect your sample from an area where water is moving at a -
moderate pace. Avoid backwaters (unless you want to compgre must be run within

flowing and still water). 30 minutes of collection.
Nitrate and phosphate

T Collect your sampl e fr omavgidu $ tsampes ha9 e bréuhe Wwat er 0
floating oils, scums and other materials that may alter your back to the classroom for
results. testing if analyzed within

24 hours. (Keep samples

cool and in a dark place.)

Most chemical tests

"

1 Test water samples immediately after collecting or your result
may change.

Are you collecting physical or biological samples?
For more diverse biological samples, sample frafferént 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 had bpcke

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 accuraterasring 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 measurememecigaunr p
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 pessithow, 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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When to Sample

The onlyrule for when to sample isvhenever you canSample as often as you can oremhyour
schedule allows for itSampling once a ye#s far better than not sampling at allo help you
determine wherto sample consider how water quality changes in the following ways.

Daily changes

Samples taken at differenirtes of the day may yield different 2o COMpare early
results. Changes in stream flow, air temperature, shading anfl theH morning samples
photosynthetic activity of aquatic plants affect chemical to late afternoon samples
properties of water. to find differences in pH,

temperature and dissolved

Seasonal changes oxygen values. Consult the

Nutrient levels may vary seasonally with changes in the abundaryceackground information
of aquatic plants (plants use up nutrients in the water). for each parameter in Unit

IV to find out why.
Spring runoff may increase nitrate levels, stream flow, and turbidity.

Macroinvertebrate populations also vary in abundandeah y pes across seasons.
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.

Be aware of the

. added safety
Special events issues that

High runoff events, such as spring snowmelt, may offer different . :
. accompany high spring
results than other times of the year. Look for lower pH levelg .
streamflows. If high flows

and higher turbidity.
J Y are a concern, sample in

If you wish to monitor the effects of human actions on water the late summer and fall
quality, monitor before, during and after thatian. For when flows are lower.
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

Longterm trends will provide better insigimto the health or functioning of yostream than one
time readings.Choose time(s) of year that is easiestyfmur group to get to the fieldlry to
return each consecutive year at that time.
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Ill -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 parametarsl then share their findings with the rest of the class.

How much stream do you want to study?
If you wish to monior as much of a stream psssible (and you have enough adult supervisors)
spread separate monitoring groups over a longer distance.

How much equipment do you have?
More equipment alws you more flexibility. Foexample, you may choose to create specialized

sampling
take multiple samples of the same parameter.

How prepared is your group?
Proper classroom preparation allowswgws 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 wardrtotogether in a single group.
Larger groups will find it more effective &plit-up to avoid distractions and minimize impact.

t eams,

such

as a

How much time? How many students will you need?
These estimates are based on an eighdle skill level, assume practice gdimg has occurred,

Anutri

ent s

team, 0O

and include any time needed to perform cal
Activity Time required (min) | # persons required
Stream flow 45 4
Channel pattern 2 1
Physical Stream shape Substrate type 15 3
Riffle/run/pool* 15 3
Temperature 2 1
Turbidity 5 1
Alkalinity 5 1
Chemical? Conductivity 2 1
pH 5 1
Dissolved oxygen 10 1
Macro Collect and look 40 2
invertebrates EPT/PTI 60+ 3 or more
Biological Greenline 30 2
Riparian Canopy cover® 30 2
Ground cover 35 2
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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 tiBteidents 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 assme?

Below is one example of an organizational plan. This plan divides groups kterson teams.
Each persown the team has a unique role.this plan, all th&Vyoming Stream Team water
chemistry parameters are sampled, as well as stream flomasrdinvertebrates.

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

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

9 Students should be held accountable for completing their tasks.

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

increases motivation for the program.

1 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 follomedo 3 hours to

- Conducts alkalinityest.
Assistant team leader
- Assists in measuring the length intervals.
- Assists in measuring width of the stream.
- Doublechecks all measurements.
- Helps with stream velocity test.
Recorder
- Hol ds the notebook
- Makes sure group agrees on all results.
- Conducts temperature tests.
- Helps identify macroinvertebrates.
Wader

and

The 6 plan will take 2

complete, depending
upon your g
abilities and
preparation.

recorSchse ealsl. oi nf or mat i

- Measures depth of stream to determine esestional area.

Assists with velocity test.
Collects Dissolved Oxygen sample.

- Conducts turbidity test
Timer/measurer
- Carries stopwatch and times velocity test.

- Carries tapeneasure and measures distances

- Assists with measuring width of stream

- Conducts pHand conductivitytest
Equipment keeper

- Helps carry tub with all equipment in it.

- Distributes equipment.

Assists with maroinvertebrate sampling and identification.

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

- Conducts dissolved oxygen test
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1l -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 grotgachers, students, volunteénsork
towardsthis goal. Give careful thought to the fowing:

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 lesseimpagat.

Choose a site with wellegetated 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 beefterdute for walking. The

vegetation on the banks will thank you for it!

Replace rocks and logs that have been overturtieese are homes for many critters.

Handl e organisms gently. Theydl |l appreciate be
Place aquatic organisms directly into wdibed containers for study. Keep the containers shaded

so the sun doesndét heat the water to har mful I
1 Look for fish spawning aredsredds. Redds are round or elliptical areas of clean gravaliat3

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

=A =4 =4 = =4 =9

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 eacidiradiicreature Discuss the
following aspects of collecting with students.

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

9 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 abundardlk with your localWyoming Department of

Environmental Quality orGameand Fisif f i ce (contact information i

find out if there are any rare or endangered species in or near your stream.

= =
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Il -4. Sampling Safety

Kids and water are a natural combination. To ensure the two mix well, consider
following guidelines before going to the stream site.

How do | manage mygroup in the field?
9 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.

= =4 =8 =8 =9

What are potentially hazardous conditions?

91 Be avare of steep, slippery banks. Holes, vertical banks and other hazards can be especially
difficult to see when the banks are very heavily vegetated.

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

9 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?

f Moving water is deceptively dangerous. Donoét
is moving very fast (more than 1 foot per second).

9 If you suspect your stream is seriously polluted, contact your @Gmahty Health Department or
Depatment of Environmental Qualityffice to determine if your stream is safe for student
monitoring.

1 Never sample during a lightning storm and beware of sudden storms higher in the watershed which
could produce flash floods.

9 Students should not enter theestm without proper clothing (waders, or good wading shoes and a
change of clothing).

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

What are the chemical safety guidelines?

1 Avoid contact between chemicals and eyes, nose aathmo

1 You may wish to wear latex gloves and gogglé&mconducting chemical tests.

9 After handling chemicals, wash hands thoroughly. Use lots of water, and ave@terocleaners.

9 Deposit all sample solutions in designated plastic, stopwvaste boles (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 explosioor the forming of toxic gases.
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1l -5 . Before You Goé

Connecting with other groups

Consider the advantages of working with groups involved in water
quality managementyildlife (especially fish) agriculture or other
natural resource issues in your ar€ontact your local Game and Fish Office,
Conservation District, neprofits, etc. to participate in your sampling.

9 If these groups are conducting their own monitoring, you may be able to join in their efforts and increase
the information for that stream.
9 The daa collected by these groups provide a means for checking
the accuracy of your own data. If your sampling site is located
1 Even if none of 'Fhese groups monitors_ your stream they may $til public land (e.g., U.S. Forest
be able to provide you with valuable information on the streamgeyyice, Bureau of Land
or watershed, such as potential thedatthe stream. Water
Quiality Specialists can work with your students to design
appropriate ways to monitor these threats. _ : :
1 Many of these groups look for opportunities to send speakerg ~9€Mncies can provide you with
out into the community. Ask if a specialist can come talk witf| MPortantinformation, such as
your class. the latest conditions of your site
f  Alist of Wyominggroups, with their contact information, can | ©Or other interesting sites to
be found in the fAResour ces o mangop dhewdrany also be able
1 The internet is a great place to learn about other monitoring | to send a ranger or biologist to
efforts. Groups to contact include: speak with your group .
1 Federal Resource Management Agencies
(Environmental Protection Agency, U.S. Forest SeniteG3
i State Resource Management Agencies (Wyoming DiviEiorironmental Quality, Wyoming
Game and Fish)
1 Nongovernment organizations (Audubon Society, Ttdaolimited)
1 Your local university otJniversity of WyomingCooperative Extension agent.

Management) notify t he
appropriate management agency.

If monitoring on private property,

1 Always obtain permission from the landowner ahead of time.

1 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.

1 After monitoring, follow up with a thank you phone call or note frown ¢lass. 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.

1 Itincreases awareness of the need to protect our water resources.

1 It may help b strengthen administrative support for your program.

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

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

Obtaining Your Kit

TheWyomingStream Teammonitoring kits contaisthe supplies required to conduct all the tests and
measurements covered in this manual. Youatsmborrow aWyomingStream Teammonitoring kit from
theTeacher Learnin@enter of Teton Science SchaolSome schools and orgaaions in your area may
already have kits and be willing to shaf@heck with your local school district office and the monitoring

organi zations |l isted in the AResourceso Appendi X
obtained. You may wisto purchase some of these supplies to allow greater flexibility in your monitoring
progr am. Refer to the APurchasing Suppliesodo App
information.

Materials required for any monitoring:
Wyoming Stream Team ndieok
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 panéce cube trays
magnifying lerses
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 noteboc kick net
2 garbage bags plastic pan (13 |
1 pair chest waders plastic magnifiers
1 calculator transfer pipettes
glass collection vials
Physical Monitoring Supplies: dissecting forceps
1 tape measure Laminated macro I@ards
2 ping pong balls, oranges
Water Chemistry Supplies:
1 turbidity tube 4 latex gloves
1 pHTest 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 lodide 1 titration tube
Azide
1 bottle Sulfamic Acid Powder 1 bottle of BCGMR 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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Unit IV. Field Investigation

This unit guides you through a water quality monitoring investigation of your local stream. Y
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 mimssgarate 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 insigitts 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 streambs watershed influencesThedee f |l ow and
physical properties are especially important in evaluating the quality of fish habitat.

a. Stream Flow

b. Stream Shape L . .
c. Physical Data Colltion Sheet Each monitoring section contains the
following information:
3. Chemical Properties 1 Background information, including
Chemical measurements help us understand definitions, why we care about that
whet her or not a st r|leamdsremgrd, tindwhatimightnpke | || ut e d.
The sections also explain how the different it change over time.
pollutants affect our uses of the streams. 1 A simple overview of the monitoring
method
a. pH 91 Information to help you interpret
b. Dissolved Oxygen
c. Alkalinity your results o
d. Turbidity 1 Resources for further investigation
e. Temperature 1 Directions for sampling in the field
f. Conductivity 1 Data collection sheets
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 paynfluencing 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 streaisuch as appearance and sntledif suggest a potential
problem.l nf or mati on on the streamodecluestotheoundi ngs (
souce of a water quality problenOther 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 oeurtalt hSt rieGeerm Sur vey | nfor
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 afternoditlout a different data sheet for each set.

Site and Sampling Date Information
StreamName: Name of stream.

Site Location and Legal Site Descriptioh:the fistream sectiono runs from
sampling station to the furtheddwnstream 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 marlour stream section on a 7.5' (1:24,000 scale ) topographic map (available
at sporting goods stores or from the U.S. Geological Survéinemt
http://www.water.usgs.govj.

Obtain latitude and longitude or UTN$ your location from a GPS unit.

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.
Forexanp | e, AThe stream section begins at t
150 yards downstream to the cottonwood s

5. Include any other significant identifying landmarks or features.

wnN

Watershed The name of the major watershed in which ystueam sectin 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 Plgtte

Date Indude day, month and year.
Time: List the beginnin@nd ending times (e.g., 10:30 &rt:00 pm).

Elevation: Height above sea level. Obtain from a GPS unit or a topographical map. Include unit
of measurement (ft or m).

Organizatiorand Collectors: Namef school / group monitoring and namesf group members
with their monitoring roles in parentheses.

41

Wyoming Stream Team Unit IV. Field Investigation


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

Weather Conditions:
Air temperaturg Use the field thermometer to record the air temperature. Take the temperature
in the shade.

Today: Choose th@necategory that best represents the weather while you sampled.

Past 24 hour$ Choose all categories that apply to the weather over the pheugsl 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 istef 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. Unheaétagstr
are often crystal clear. The following are common stream colors and possible causes.

Cleari Usually associated with healthy waters. However, clear waters may be polluted with
colorless substances. Very clear water without any living organismadiegite a severe
pollution problem.

Multi-colored sheein A heavy sheen may indicate floating oil from dumping oraotfrfrom
sewers, roads and parking areas. A light sheen may result from the natural breakdown of
vegetation. lron oxidizing bacteria also produce

Foamyi If foam is fairly thini less than 6 inches highand grayish it may be the result of
natural oils, soil particles and pollehleavy foam (more than 6 inches off the surface of the
water) may be the result of detergents or animal waste runoff.

Muddy / Cloudyi May realt 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.

Browni Often results from decaying organic matter in the stream. Streamsaimaivetlands
may be stained a very dark brown.

Greeni 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 alggghytoplankton). 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 May indicate runoff from mines or oil wells; magsult naturally from drainage
through soils rich in iron or tannins.

Milky i This color may indicate pulp or paper manufacturing discharge, a dairy operation or
natural sediments.

Scummyi May result from floating algae or decaying plant material.

Otheri 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 (ptten egdi 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.

Chlorinei May result from heavy chtmation of treated sewage.

Sewagé May indicate raw sewage

Petroleuni May indicate influx of oil (point or nofpoint contamination).

Chemical May indicate influx of chemicals (point or nqoint contamination)

Noné no distinct smell

Otheri Smellanother 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 Industrial facilities and others may represent a direct, or4sountce of pollution.
Paint source pollution can be sewage, chemicals or heated water.

Pavement Paved surfaces and roof tops (mall s, stores
infiltrate into the soils. Pollutants on these surfaces (oil, antifreeze, sediment) often wash
directly into streams.

Agriculturei Farm lands have the potential to deliver sediment, nutrients and pesticides to
streams. Some irrigation practices ieas such as the Colorado River Basin wash salts from
the soil and increase salinity levels in rivers and streams.

Loggingi Silvicultural activity (logging) often increases runoff and sediment and nutrient supply
to the stream.

Grazingi Overgrazing an 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.

Homesi Fertilizers and pesticides applied to lawns often firedr 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 i Various forms of mining may lower pH, increase heavy metal coratems and
sediment loads, and decrease streamflows.
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Coal Bed Methané Water discharged from coal bed methane extraction can have higher salinity
and sodium levels.

Recreational Unpaved roads and associated road cuts and trails createdrbgidbf€hicles can
be significant sources of sediment to streams.

Wildlandsi Healthy, wellvegetated woodlands and fields stem the flow of nutrients and organic
matter to streams.

Waste treatment plantsPlants that treat sewage and other polluted waten oélease water
containing high concentrations of nutrients.

Present Upstream:

Irrigation diversiofi diverting water from a stream to be used for irrigatiestuces discharge

Road crossingsulverts can influence stream flow and velocity

Dani influences stream discharge and velocity

Irrigation returfi water returning to a stream from agricultural areas can influence the chemical
composition discharge and velocity

Channelizatioh straighteningf stream channels can resulichanges to velocity
Beaver daminfluencesstream discharge and velocity

Fish migration barrieisimpedes ability of fish to move upstream

Fish habitat structurésaffect types of fish found in stream

Otheii 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 ruoff 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 whatbest applies Othersthat apply

can be underlined.

Water Appearance: clear multicolored sheen Water Smell: Sulphurous (rotteregq) chlorine
foamy muddy brown green orangel/red | sewage petroleum chemical none
milky scummy other other
Dominant Land Use: factories pavement Secondary Land Use:  factories pavement
agriculture logging grazing homes mining agriculture logging grazing homes mining
coal bed methane recreational wildlands coal bed methane recreational wildlands
waste treatmerglant other waste treatment plan other
Present Upstream: irrigation diversion road crossin{ Point Sources of Pollution;
dam irrigation return channelization beaver d
fish migration barriers fish habitat structures Non-Point Sources of Pollution:
other
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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 streamds channel

the length of your stream.

Investigate tb many natural influences that account for changes in the physical characteristics of your stream.
Then determine how these changes influence your
that live in and around your stream.

You can also combe 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 byngrbaickground
information and sampling directions for the following:

Sections
a. Stream Flow

b. Stream Structure
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IV -2a. Stream flow

Key Terms

base flow flood plain storm runoff
channelized intermittent  stream flow
climate meandering  stream order
discharge peak flow volume
ephemeral perennial

What iS Stream ﬂOW’) Stream flow types

Stream flow, ordischarge isthe amount of water that flows Streams which flow throughout
past a specific point in a stream over a specific period of
time. The two components of stream flowelocity (how | streams. Small streams, often
fast the water is moving) anelume (the amount of water in those in th i ¢
the stream) combine to determine the energheftater. A 0s€ N Ihe Upper portions ofa

wateros energy greatly af f|&gsied pgyhe infermitenty - § ¢ he

as its biological and chemical characteristics. they do not flow constantly
throughout the year (usually only

during the rainy season or spring

the year are called perennial

What natural influences affect stream runoff). In some areas of
flow? Wyoming, especially the drier
Climate regions, ephemeral streams are

Weather patterns have the greatest influence on stream flow.| dry most of the year, flowing
Areas with higher precipitation produce streams with greafebnly for brief periods after
average volume. The Teton or Bighorn Ranges receive njoggtreme precipitation events.
precipitation than the desert areas of Wyoming and so its
streams are momumerous and, on average, have higher flows.

Season

Stream flow varies throughout the year. Many rivefd/yomingare fed by snow melt, and have their
highest flows in the spring andrBasummer. Streams in southwestévYgomingmay also have very
high flows in the fall due to Afall monsoonso in
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 highstream orders which have larger watersheds, carry greater volumes of
water.

Sinuosity

Most stream lsannels curve naturally, although some curve more than others. This curving pattern, called
meandering, slows the water down and reduces its enef@yannelized or straightened, streams have
higher velocities and greater erosive power. Refer to seSti@am Shape, section-Bb, for more
information.
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Friction

Material in the strear substrate, vegetation, and downed wobddreate friction which decreases velocity.
Larger substrate, such as cobbles and boulders, create more friction tkgnaified sediment such as
mud and silt. Riparian vegetation decreases the velocity of flood waters.

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 tree
have large rocky stream beds. These two factors combine to slow the water. However, these stre
usually steep and fairly straight, which produceshiglocity. Since slope (or gravity) has the greates
influence on velocity, we find relatively fast water in high mountain streams.

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

Losing Stream than thewater table (the top ofthe groundwater), known as a gaining

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

may be the onl y s olithecsteeanodhanmel sdetisr e a mo s
above the water table, water will exit the channel and reduce streas) flow

known as a losing stream.

Gaining Stream Water table 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, streamilidweach
higherthartnormal 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 hydraglepower, dams often ]
change the natural timing and patterns of downstream river flows
Dams release water gradually over time, which eliminates naturg
flood cycles.

The loss of flood cycles has many impacts on the floodplain below.
Floods deposit sediments and nutrients back onto the floodplain
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 grtianw®ods have
become scarce in many riparian areas because flooding no longer occurs.

Channelization

The natural bends insiream help to slow water dowkVhen we channelize, or straighten, a stream we
increase velocity aherosion of the stream esy 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 andarming 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 fltisedand, 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 t
directly intothe streams.
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Why do we care about stream flow?
Water quality
Stream velocity and flow affectarbidity anddissolved oxygen (D.O.foncentrations.

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

1 Turbulent, fasimoving streams are better aerated and therefore have higher concentrations of dissolved
oxygen.

1 Greater volume maintains cootemperatures.

Aquatic life

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

The riparian zone
Overbank flow of water is essential for the health d

Humans
Although regular flooding occurs in natural stream

Hydrologists can predict the stream flow that will | have helped other, nomative trout out-

nymph, need highly oxygenated, swift flowing waters. Others, such as mosquito larvae, require still
water. To protetcthe native species of a stream or river it is important to maintain natural stream flow
levels.

=2

the riparian zone Without these flows riparian
vegetation loses important supplies of water,
nutrients and sediment.

Many fish require both high- and low-
| flow stages. The cutthroat trout, the only

they can be costly and dangerous events for nat!ve trout in Wyoming, requires floods
humans. Each year in the United Staggout | 1O fill backwaters for spawning and low
100 people lose their lives to floods. ﬂOV_VS for other life processes. Dams,
which smoothout the variance of flow,

result from a storm of a specific size. They canf compete the native cutthroat.
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
changesn 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

Hydrologists predict annual stream flows which determine the amount@f st e r . such as

flow determines how much water should be stored in the reservoigydming, peak stream flows
occur in May and Junevhile the highest demands for water occur |
July and August. Spring runoff is stored and tredeased to meet What &8s afoota c .I
water demands throughoihe year. We measure large volumes of

water reservoirs need to store. When the states of Wyoming, Utdhgnnyal flow, in acre-feer .
Nevada, Colorado, New Mexico, Arizona, and California divided §pwat er piled 1 foot high across
the water of the Colorado River in 1922 he Colorado River a football field equals 1 acre -
Compact hydrologists overestimated the annual flow of the river| oot or 326,000 gallons. This
Instead of the correct average annual flow of 13 to 15 milliorr acrq s enough water to supply a
feet, they estimated a flow of hiillion acrefeet. As a result, too family of five for one year!
much water was allocated ¢ach state. Major issues arise when
eachstate 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
AStream fnlgowiJencpliionso (found at t heby®epd of t his
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 wadereagely
the stream (water should not reach above the stu
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. Accuratestoqphe-hour information on stream flow for many
larger streams is available from the U.S. Geological Surveyw.ga.water.usgs.gov
2. If you will be taking instream 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 weatoegidbses
when wading.
3. Make sure your students practice and know the samplinggures 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 (meastieed frer secontl ft/s) and
the average area of the cr@gstion of the stream (measured in square'l'fété). Multiply velocity and
area to find stream flow. Stream flow is measured in cubic feet per second (cfs).

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

= ft3/sec (cfs)

Velocity e 9
Velocity is determined by timing how long it takes aneaibj(ping ‘ball, orange, tennis padi travel 50
feetalong your stream section. 0
\,
Area :

Areais determined by measuring the crssstional 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, coheacthiie
Learning Center of the Teton Science Schools,th®. Geological Survey (USGS) or tiéyoming
Department of Environmental Quality (WDEQFhey can provide you with their data, explain
differences in technology and methods, and may even join you in the field! Contact information is
provi ded icne stoh eA pipReensdoi uxr.

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 affeter stream flow
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levels. Check withth&®Vy o mi ng St at e Btp:gsemstate.wybush se@ ff dny miremum
flows have been established for your stream.

Water Quality

Stream flow dat&an help you intgret 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 concentrationslowever, during high flowghetotal amout 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 relatiortsps 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 regutaid(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 Systern http://www.wrds.uwyo.edulhe Water Resources Data System
is a clearinghouse of hydrological and climatological data for the State of Wydrninded 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 integrétte functions of these two environmentally related
disciplines.

U.S. Geological Survey Water Science for School$ The USGS web site offers information on many
aspects of water, along with pictures, data, maps, and an interactive center wheregyee @pimions
and test your water knowledge. You can also link to USGS&irmalflow data for rivers and streams in
Wyoming www.ga.water.usgs.gov/edu/

Wyoming Department of Environmental Quality (WDEQ) i The WDEQ is responsible for monitoring and
mai ntaining the stateb6s water resourceswateras out |
supply and land use data for each watershed in the state.
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Stream Flow

) Time & 45 minutes
If your stream is too deep to wade Persons - 4
into disregard the following Materials:
directions. You can obtain accurate, f  Measuring tape (at least 50 feet)
up-to -the -hour data from the US T 8 surveyords flags
Geological Survey 0 9 stopwatch or watch with a second hand
WWW.ga.water.usgs.gov i float (ping pong ball, bobber, orange)
Step 1- Measure length of stream section 12 sets of wadlers :
a. Choose dairly straight section of stream. T Physical Data Collection Sheet
b. Use the tape measure to measure a 50 foot

section. Pl ace flags at both ends (next to the
c. Record the | ength stream section as A50 feetod in

Step 2- Measure goss-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 Steigiches
3. Keep holding the tape measure between the two flags. You wilitfeedhe next step.

£l 1/4 1/2 3/4

|
record |
depth here =

[

— o o]
-

TYYY T Ty Ty

b. Measure average depth of stream section

1. With the tape measure strung between the two zero ft flags, have a third person rdovetbrod
the way across the width of the stream. To find this distance digiglewidth by 4. For
example, if your stream is 20 feet, you would move 5 feet across.

2. At this onequarter markrestyour yard stick on the stream bottom (do not dig) and record the
depth in Step 2b of the Physical Data Collection Sheet. Record depth@s.

3. Move the same distance out along your tape measure (you will now {@lbmeay across the
stream).

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

5. Record the depth at thréeurths of the way across the stream.

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

c. Calculate crossection area

1. Multiply the width times the depth. You now have cross sectional area in square iDohds.
thatvalue by 144 for cross sectional area in square feet.
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Step 31 Measure velocity
a. Calculate average travel time' 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

zeroflag. Start the stopwatch when the object pasges drops object

the zero flag (the Astartin Iii_ne(‘)).
2. Yell to stop the clock when the object passes the 40 .ing 1

ft flag (the Afinish | |néo]). v stopwatch
3. Collect the object and record the time on the data s l ~——a—

sheet.

. A

4. Repeat steps-3 two moretimes. Throw out any —nr

tests where the float gets stuck in rocks or debris.
5. Add all three travel times and divide by 3 to get an e

average. Record on data sheet.

finishline J ™ ™0 TN = - ——
b. Calculate velocity T
AN

1. Divide stream section length by average travel timg. }

This will give you velocity in feet per second catches object

(feet/sec).

Step 4i Calculate stream flow
a. Multiply the average crossection 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

Key Terms

erosion pool sediment thalweg
friction riffle sinuosity

glide run substrate

What is stream shape?

Have you ever wondered why vydadue)isshdapedaehe wey & i<)d oa n n e |
know that its shape continually changgs8w do you think the stream channel affects water quality?
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 basgd plan view cross-section view
upon the streamds sulrrounding terrain. Thes|e
patternsare described below and shown at thg
figure at right.

Meandering1 A stream that meanders a lot (has|a

high degree of sinuosity) makes many, tight W—)’

A$ urns. o We often flin er gdstreams
in valley bottoms with little slope. meandering

Straight 1 Streams tht 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
Wyomi ngbs Mountai ns.

Braided i Braided stream channels continyall straight

split and rejoin. Loose bed material and sparse
vegetation allow these channels to move grept
distances across flat, broad valley floors.

Erosion and Deposition
The processes of erosion and deposition cause
stream channels to constigrchange.

Erosion

Flowing water wears down or washes away soil braided
and rock. We call this process erosidtigher
velocity waters are more erosivehey have
more energy to pick up and move materialthmstream channel. The figure belsiows 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 mds{plosited in another. The figure belshows
that deposition occurs where water m®eowly, such as the inside of a bend.
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Physical characteristics of a geam channel

A stream contains riffles, runsd pools, illustrated below
These different areas provide diverse habitats for fish
and other aquatic life. The relative proportions of thes
different habitats in a stream are one way tordates
how healthy the stream is.

Riffles T Water that moves over a shallow area of cobbles
and gravel createsriifle . These weloxygenated, fast
moving waters provide habitat faracroinvertebrates
and spawning fish.

Runsi A run, orglide, is a langth of a stream with smooth
water and slow to medium velocity. Runs are good arg
for fish to feed and travel.

Poolsi 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 uinozen habitat for aquatic life
during the winter and also act as natural pollution filter
Some pollutants, such as suspended solids, settle out
the water and down to the bottom of pools.

Obstructions i Objects in the channel, such as rocks and

I. Thalweg

i line of

maximum
velocity

deposition

erosion

erosion

deposition

4

of

large woody materiali fallen trees and limbk create

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
ine-itds the
that bends. If we
follow the thalweg -
waterds path
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.

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.

Islandsi Islands form as rocksithe channel snag sticks and leaves which then trap sediment. The trapped

sediment supportsydrophilic, or waterloving, vegetation. An island soon develops and reduces
turbidity. Islands also provide important habitat for fish, waterfowl and watendept mammals, such

as otters.

Side Channels’ Every stream and river has a main siethe 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 sour 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 describeddye determine the shape of a stream and how often it chahgéascity is
a shaping forcé it determines the power of water to erode areas of the stream ch&rinthn , which is
created bysubstrate (the material that makes up a stream channely ipadian 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 ac

Friction

ts |

ke a sandbl

aster

Water does not move smoothly down its channalthAing that contacts watérthe streambed, logs and
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sticks, and even wind causes friction and slows the water down.

Substrate

Faster water moves larger substiateh e mat er i al t hat makes up a strean
boulders and cobés in steep, highelocity mountain streams; smaller particles, such as sand and silt, are
carried away and deposited in lgradient, Bw-moving sectionsWhy might you find boulders in a
valley bottom stream? Think about changes in velocity that cdthdleods.

A streamdbs velocity also varies across the channel
builds up. This is why channels with small, easitgded substrate will move back and forth across their
fl oodpl ai ns,n lai kkeedia snake

Overhead and cross-section views of physical characteristics of a
stream channel

Figure [ ]

L . SUBSTRATE
Riparian vegetation

The tough, tangled roots nishes sedgesshrubs and trees provide Bedrock (solid rock)
structure to streambanks. This reduces soil loss to the stream. Sticks
and logs that fall in the water make the channel more complex. | Boulder>120 (anyt hi
Vegetation also ceges friction and decreases stream velocity. than a volleyball

Cobble3il20 (gol f b
volleyball size)

The ability of water to suspend sediment depends on its
velocity. To demonstrate this concept, place sediments of various Gravel 1/4i3060 (pea si
sizes in a see-through container with a lid (clear 2 -liter plastic bottles ball size)
work well). Add water and swirl. Allthe 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

Sand<1/ 40 (smal |l 4
but large enough to be seen
with the naked eye)

have a visual example of the relat
its abilit y to suspend and carry sediment. Silt/clay (individual particles
very hard to see with the naked
eye)
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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 canati&et 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 insir@aam, rather
than soaking into the groundwater. Short bursts of-habme
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 ofushes sedgesshrubs and trees provide structure to
stream banks and reduce erosion. Thesewegktated banks
are often steep or overhanging (many saighrian areas are
exceptions).Without the anchoring of ripariaregetation, the
stream banks may erode and the channel may widen and beq
shallower, as shown at rightThe resulting channel ape
increases water temperatunhich can decrease dissolved
oxygen concentrations

Channel alterations
Many streams in udn and agricultural areas have been straighter
deepened or diverted into concrete channels, often for flood
control purposes or to deliver water to other areas. These
alterations:
1 simplify the physical characteristics of the channel,
1 reduce habitat foaquatic life
1 increase water velocity and erosion.
1 concrete channel beds increase water temperature whid
decreases dissolved oxygen concentrations.

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

Changing channel shape
resulting from loss of riparian
vegetation

flows and increased sediment cadby a flooding river,

backwaters and side channels candét for m,
sediment, and aquatic life suffers because nutriehtsediments remain trapped in the upstream

reservoir.

beaches

Tamarisk

tamarisk 0 a widespread, non-native riparianplant i s changing this.

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

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

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

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

backwaters. It also lowers the water  table. Riparian and aquatic life suffers. Many scientists are
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Why do we care about stream shape?
Stream shape has a significant effect on water quality. Straightening of stae#sas higher rates of erosion
which in turn can have many impacts:
fStream banks may sl ump, causing the |l oss of s om
1 Excess, unwanted sediments may be deposited downstream, on fish spawning beds and in
macroinvertebrate habitat.
1 Flood intersity downstream may increase.
9 Turbidity (cloudiness of water) may also increase.

Stream shape affects water temperaturealmee deep, narrow channels arevaarmed as quickly by the sun.
Aquatic habitats also affected by stream shdqgzause streagwith many different physical
characteristics provide more habitat for aguatic 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 turbidy® may be straight and clear. However, if natural
or human influences cause a streambs shape to ch
happens, the aquatic life that has adapted to the old conditions may not be able to agjusitesn 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 dime 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 secti
pattern, substrate and riffle/run/pool ratio.

1 Channel pattern describes the general path the stream takes as it mus&thadand

9 Substrate tells us what types of material makehe channel

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

How do we interpret our results? Rocky channel
. . filling with silt
Just as we look at the chemistry and biology of a stream, we can also asses§ -
trends in channel pattern, substrate and riffle/run/pool ratios. These chapgeg).. . 2T ¥ W

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

We cannotsay thatacdrtm st ream shape is necegs
stream has its own assemblage of physical characteristics. However, aquatig
life that has adapted to the physical nature of a stream and the accompahyirgs
water quality may suffer if changes occur. sTtsi why we monitor to )
establish long term trends in stream shape. Read below to find out how.

| Loy goodo ol

Channel Patterns

Straightening (channelizing) is a common change we see in channel pattern
causes and effects are described earlier in this sectigonu Buspect your
stream has been straightened, examine historic flow data (consult with the
Wyoming Department of Environmental Quality or US Geological Survey) tp%: .
see if abnormally high flows are resulting. ‘-
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Channel Shape

Downcuttingi heavy stream btam erosiori 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. DgWowetts the
water table, |l eaving riparian communities HAhigh
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 the

in your watershed may also be sigdtoomuch sediment to your strearhis may result from
development of the watershed (logging, grazing or other activiti@shsult your local Soil Conservation
District office for information. Bank erosion from a lack of riparian vegetation carfifila 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 avethen 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 lllustrated Guide to Field Technigudsy the U.S. Forest Service.
This manual provides an excellent introduction to basic physical sampling technigues, including cross
sections, longitudinal profiles, and pebble couRtse copies are available from: Publications, USDA
Forest Service, Rocky Mountain Station, 3825 E. Mulberry, Ft Collins, CO 80524, (97Qy498

AViewofthe Riverby Luna Leopold. This c¢l| as shydologisbdrzaws by A me
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 School$ This U.S. Geological Survey (US} 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 offerstimal hydrologic data (e.g., stream flows).
http://ga.water.usgs.gov/edu/
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Stream Shape

Stream channel pattern

Det er mi

ne your streamds
the Physical Data Collection Sheet.

Check the box next to the pattern that best describe

the overall channel shape of your stream section.

Theifth sel ecti on i s an

clhTEn@ d2eéninutep at t er n  wi t |
Persons - 1
Materials &

> 1 Physical Data Collection Sheet

altered channels, regardless of shape, in this category.

Substrate types

t

he

Aiuitias beerualteseld By huntares.nimckide arsy h a p e

Determine the percentage of e:_:lch typelmissra}e in your Time 315 minutes

stream by doing a Apebbl (lPe?sgnélar&Eor'm%re) Foll ow he

below to perform a pebble count. .

Materials o

f To simplify calculating percentages, take exactly 50 T Physical Data Collection Sheet

samples. Two students can count pebbles (each one | 1 rulers

counts 25) while one student records datalmre.
1 Record your totals on the Physical Data Collection Sheet.
Procedure :
1. When instructed by the Recorder, have the PebljleSubstrate sizes

Counters take one step into the stream towards the .

opposite bank. Bedrock (solid rock)
2. After that step, reach down and touch the sedimenéouldeD 126 (anything larg

at the tip of your toelmportant: do not look at _

the stream bottom while doing this, as thismay | cophle3iz1 26 (gol f ball to

bias your choice. -
3. Pick up thesediment and measure the intermedidteGravel 1/4i30 (pea si ze to g

(mid-length)side with a ruler (in inches).
4. Tell the length to the Recorder. Make a mark nekt*'Sand<1/ 406 (smal l er than

to the correctgbstrate size in column A of the enough to be seen with the naked eye)

Physical Data Collection Sheet. Refer to the ) o ,

AiSubstrate Sizesodo tabl *S_llt/ | QnleWl@Hpé}S’[lqu very hard to see
5. Repeat this until you reach the other shore. Thef With the naked eye)

take 30 steps'upstrea'm and return back across the If having trouble determining the difference

stream. Continue until 50 samples areorded. between silt and sand, pick up a handful of
6. Calculate the percentage of each substrate type{ sediment. Silt will feel smooth, like mud. Sand

1) Add up the marks for each row in column A. | will feel rough.

Write these totals in column B.
2) Mul tiply the number in column B by fA206 and r

of each substrate typd-or 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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Riffle/run/pool ratio | [ ime 515 minutes
Theriffle/run/pool ratio is a measure of the kinds of habitat iff porsons 53
your stream for fish, macroinvertebrates and other aquatiqvlalterials 5

life.
1 Physical Data Collection Sheet

Notes
1 Usethe figurebelow to help you correctly identifyools riffles andruns  Practice identifying in the
field before sarmling.

T The ARiffl e/l Run/ Pool Procedureo can be done at t
Procedure. o Record both measurements each ti me
Procedure

1. Walk along the edge of your stream, using even paces. Stopaftestep 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/RuUfifRthart 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 armd iiifthe 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.

Figure [}

66

Wyoming Stream Team Unit IV. Field Investigation



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) C) cross section area
bydepth 1. (inches) ____ width (inches)
2. (inches)
3.

+ (inches)
(inches) X depth (inches)
+3 = (inches)

= __ (squareinches) — 144

1

= | cross section area
1
! ' (square feet)

Step 3 1 velocity

a)travel times b) velocity
1. (sec) length (feet)
2. (sec) + average travel time (sec)
+3. (sec) jm——————— _
- (sec) = | :velomty (feet/sec)
- 1
I
1
+3 = average o !

travel time (s)

Step 4 1 stream flow
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  \_ w V U U

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)

Sandl / @maller than a ped
but large enough to be seef
with the naked eye)

Gravell 630 (pea
golf ball size)
Cobble3 31206 (gol

volleyball size)

Boulder>1206 ( an
larger than a volleyball)

Bedrock (solid rock)

Riffle/Run/Pool Ratio

Feature A. Number of B. Total number of | C. Percent feature
observations observations type (column B x 2)

Riffle

Run

Pool

68

Wyoming Stream Team

Unit IV. Field Investigation




IV -3. Introduction to Chemical Monitoring

Mostsulst ances i n nat ur ewatmrdssolfes themu @ohsequenily nstreamastwihr
ties) do not occur
stream, whether they are natural or husmdroduced, determe its chemical composition.

Aipureo water (free of i mpuri

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

changes may indicate disturbances in the watershed affecting

This unit explains:
the meaning oflifferent types of chemical tests;
how to perform the chemical tests; and
how to interpret the results of those tests.

the stream community.

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

pH

Dissolved oxygen

Turbidity

Tempeature

Alkalinity

Conductivity

Nutrients
Nitrogen (nitrate and ammonia)
Phosphorus

Anoteonndet ection | imitso

Tests for chemicals in water have limitations. Below a certain
concentration, a test cannot give you an accurate measureme
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 |
for phosphate is .02 mg/L.

The values of someater quality tests are determingddmlor

PPM6s and PPBO&s

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

Nthoigram per liter (mg/L). A
part per billion equal s one
milligram per 1000 liters.

Miti sit oA Drop i
in the Water Pollution section,
for more information on these
units.

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

resul t as Nl ess than the dete

do a phosphate test, report

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

our

ction |Iimit,o
the results as

careful you were in performing the test and how well you can distinguish different colors.

69

Wyoming Stream Team

Unit IV. Field Investigation

(0]

not
n<0.

;
(



70

Wyoming Stream Team Unit IV. Field Investigation



IV -3a. pH

Key terms
acidic basic neutral
alkaline buffer The pH scale is
logarithmic T each unit
What is pH') change (e.g., from 7 to 6)

The pH of water is a measurement of raeidic or howbasic
the water is. We measure pH on a scale of 0 to 14.
Distilled water, which has no impurities,risutral and has

apH of 7.

Many substancedissolve in water. Sometimes when
substances dissolve, they produce charged molecules c
ions. Acidic water contains extra hydrogen ions (H+).
Acidic water has pH values between 0 and 7, zero being tH&
most acidic. Basic, or alkaline, water consaxtra

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
iIIf(S’O-times more basic than water
ith a pH value of 7. The Richter
Scale, which measures earth

hydroxyl ions (OH). Basic water has pH values between| 7auakes, is another well -known

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

logarithmic scale.

rainwater to be neutral. In fact, it is somewhat acidic with-a
pH of 5to 6. This is due to the formation of carbonic acid as rain itsesdtth CO.

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

Watershed effects
Certain dissolved minerals, such as calcium carbonate, can compine
with the extra hydrogen or hydroxyl ions that alter water p H. Limestone rock
When these minerals ar e pr e|scentaitsminetabwhichpp H [of t he
change as much when acids or bases are added to the wate[. piffr streams. This type
call this buffered water. Many soils in our part of the west of rock is found throughout
contain these minerals. When precipitation percolates these{ .ontral and northern
soils the minerals dissolve and the buffering quality is passed
along to the water. Some watersheds contain primarily rockg
with few of these buffering minerals. These watersheds,
therefore, will produce poorly buffered water and any additiof
acid will change the pH of these waters. If you found low pH values
(high acidity) would you
If you have pine or fir forests in your watershed, you may see a | want to investigate
lower pH value for your stream. The decomposing needles qf further?
these trees add to the acidity of soils and also influence the
acidity of nearby streams.

Wyoming. How do you
think this might affect  the
arPH values of our streams?

Water hat 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 s&.r eamds

Seasonal effects

When precipitation falls through ttaér, it dissolves gases such as carbon dioxide, and forms a weak acid.
Natural, unpolluted rain and snow is slightly acidit has a pH between five and six. When snow
melts rapidly it may nopercolatethrough the soil before reaching the stream:rediln e r al s c an ¢
buffer it. At these times, the stream water may also be slightly adididng autumn, decomposing
leaves and needles in the stream may increase the acidity of the water.

Daily effects

When aquatic plants convert sunlight to energyrduphotosynthesis, 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 fiacid rair-r
large urban areas. The main contributors to acid rain are swftid¢produced by coal burning
industries) and nitric acid (produced by automobile enginesjVyioming,our buffering soils help to
decrease the effects of acid rain.

Dumping industrial pollutants directly into watéralso known agoint sourcepollution i 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 geastytoxic
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 wate(low pH) may reduce the hatching success of fish eggs, irritate fish and
aguatic 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 bel@.

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 waer

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 cieases ammonlzecomes toxic.

A lower pH will cause heavy metals such as cadmium, lead and chromium to dissolve moreévisasjly.
heavy metals become toxic when dissolved in water.

How do we sample pH?

We measure pH usiregpH meter.The testrequires one student and takes 1 toidutes. If themeter
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 weinterpret 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? fead thegpH 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 gratike rock, dense conifdorests 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.

I f you answered fAinod to these questions then tak
that might be affecting the pH of your stream?
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 forfurther investigation

ChemTeami This web site provides information in all standard topics for students in high
school chemistry. Youol!l find a special sectior
www.dbhs.wvusd.k12.ca.us/ChemTeamindex.html

Miami Museum of Sciencel The pH Factori This web site introduces pH at the graded
middle-school level, with fun lesson plans for teachers. Contagi. miamisci.org/ph/

Project Aquatic Wild Education Activity GuideProject 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 sé¥eradson classroom and
field activities that focus on pH. Contact: Project Wild, 707 Conservation Lane, Suite 305,
Gaithersburg, MD 20878, (301) 53B00 (p), (301) 528912 (f), email:
info@ projectwild.org web: www.projectwild.org
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http://ga.water.usgs.gov/edu/earthriversed.himldate.

74
Wyoming Stream Team Unit IV. Field Investigation



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

pH

USE OF THE OCTET COMPARATOR

The Octet Comparator contains eight permanent
color standards. A test 3-:!'11[][!2' is inserted into the
openings in the top of the comparator. The sample can
then be c J'npdr"-:] to four color standards at onc e, and
the value read off the comparator. For optimum color
comparison, the comparator should be positio nc'd
between the o perator and a light source, so that th
light enters through the special light-diffusing screen
in the back of the omparator. Avo |:lu|n'-.~.|nt the
comparator against direct sunlight or an |rr"-|gu|ﬂr]1r
lighted background.

pH TEST PROCEDURE

.! E ﬁkhmum

Fill = beat tuibe- (024

ﬂﬁm%mhmﬂ dr-:ps-:f I.Nil

LaMOTTE COMPANY
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IV -3b. Dissolved Oxygen

Key Terms
dissolved oxygen  percent saturation

photosynthesis

respiration

eutrophication

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 andhink we have our answer. But the oxygen th
makes aquatic life possible does not form bubbles, nor|
it the oxygen that is part of thee® water molecule. Itis
a separate £molecule that iglissolvedin the water and
invisible to our eyes.

How does it get in the water?
Oxygen dissolves in water in two ways.

Eﬂ The oxygen

bt concentration of

jgnost 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

s

1) Atmospheric oxygen mixes into the stream in areag

rpolecule out of five!
(0] I

turbulence, such atfles.

2) Aquatic plants release oxygen into the water dupingtosynthesis

What natural influences cause dissolved oxygen concentrations to

change?
Elevation
The amount of oxygen in the atmosphere drops as elevatign Open a Cg” of
increases. Since streams get much of their oxygen fro MwhSrha op erY;%m\]( OSUO a-
the atr_nosphere, they too, will have less oxygen at hlgl‘elbrobably end up with a
elevations. face full of foam, and
the soda tastes flat.
Temperature What happens when you
The maximum amount of oxygen that can be dissolved in | opena cold soda?
water is called its saturation concentration. The Your face stays dry
saturation oncentration decreases as water temperature @d the soda tastes
increases. The following chart (Figure-®y shows the carbonated. The
. . ; carbonation, or
relationship between water temperature and dissolved bubbles, in the soda
oxygen concentrations at sea level. At higher elevatiofseomes from gas
the entire line would be shifted down (lesgygen can dissolved in the
dissolve at higher elevations). liquid. Cold soda
holds more gas than
The dissolved oxygen concentration for your stream will vgrywarm soda 7 just like
throughout the year as temperatures rise and fall. As | your stream.
ponds and standing water heat up and cool down on a
daily basis, dissolved oxygen concentrasiomay also change throughout the day.
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Effect of temperature on dissolved oxygen
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Figure IV-7. The effect of temperature on dissolved oxygen 1 note that warmer water can hold less oxygen

Saltiness

Salty water holds less oxygen than fresh water. However, the water must be vérasaajty
as ocean watérfor 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 thatitiecases it , youdre right

More mixing creates more opportunity for oxygen to enter the stream. In fact, if your stream is
very turbulent, it may beconmipersaturated the dissolved oxygen concentration rises
above the saturation level.

In contrastthe 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 aquaticUit adapt
differently to a turbulent stream than a deep lake bottom?

Aquatic Life

Animals living in water use oxygen just as you and | 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 plantgelease 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 durirggpiration. Streams with a lot of aquatic getation 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 héd more oxygen.
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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. Orgat@dsnanything 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 thanbeareplaced in the stream.

Organic wastes may come from a variety of sources:
I untreated sewage
1 runoff from dairies, feedlots and other agricultural operations
1 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 lovianrnormal DO concentrations.

Land use impacts include:
9 Destruction of riparian areas from development @rgsazing. Loss of riparian
vegetation decreases shading and increases water temperature.
9 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 How d o some aquatic animals survive
oxygen. without much oxygen?

Some of them use hemoglobin.

A change in oxygen concentration may affec{ The job of hemoglobin, besides turning
the composition of aquatic communities. | your plood red, is to carry oxygen.
Many macroinvertebrate species depend
oxygenrich water. Without sufficient
oxygen they may disappear, disruptthg
food chain.

OAnimals with a lot of hemoglobin can use
more of the oxygen that is in the water

around them dahandy trick i f
at the bottom of a lake. You might find

Many fish require a specific range of oxygen | Some of these critters in your sample.
concentrations. i yvhopkiewedt-aglpreyl micioiryeitebratesu.clh a's
carp and bass, can usually live with lowel such as fly larvae and Daphnia (water
oxygen concentrat.i TfleSs).t han ficol dwater o
fish, such as trout. See Table-&/
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Minimum Oxygen Concentrations Required for Common Fish
Minimum Summer Minimum Winter Concentration
Concentration (mg/liter)
(mg/liter)
Pike 6.0 3.1
Black Bass 5.5 4.7
Black Crappie 5.5 15
Yellow Perch 4.2 4.7
Sunfish 4.2 14
Black Bullhead 3.3 1.1

TablelV-4. Minimum oxygen requirements for common fish

Chemicals
Oxygen concentration affects the behavior of other chemicals in the water.

In the presencef oxygen some metals suak cadmium solidify and sink out of the water.
Without oxygen, thessolids 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 oxygenrich waters. Without oxygen, thEhosphorus 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 amourftaxygen present in the water. Tétire 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.

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.qg. riffle, top of pooled - up area) to
help you interpret your results.

How do we interpret our results?

Do you meet theWyoming State criteria?

The State ofWyominghas 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 th#yoming Department of Environmental glity (contact
information in the fAResourceso Appendix) to
Awar mwater fishery.o
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Resources for further investigation
Streamkeepers Field Guide: Watershed Inventornand Stream Monitoring Methods by Tom
Murdoch, Martha Ch e 0" Editom.dSedientoreund@standingg h| i n (2
watersheds, conducting field inventories, water quality monitoring programs, keys to plant
and animal life, methods of analyzing andgemating your data and how to effect changes in
attitude and policy. The manual is adaptable for use by students agéaltLl2The
companion video also available. Contact: The Add@itream Foundation at the Northwest
Stream Center, 66D28th Street SIEEverett, WA 982086353 (425)318592; Fax: 425
3381423; Emailaasf@streamkeeper.ongww.streamkeepers.org

AiThe Volunteer Monitor: Thteer WhizrtQualty a | Newsl etter
Monitoring. 0 Jahnuas 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 issuesaitable on the internet.
Contact:.www.epa.gov/volunteer/spring97

Bibliography
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Control Board, SacramentGA. 1963.
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DissolvedOxygen Test Kit

TEST PROCEDURE
PART 1 - COLLECTING THE WATER SAMPLE

PART 2 - ADDING THE REAGENTS

Immediately add

Rinse the Water Sampling Bottle
(0688-DO) with the sample water.

Remove the cap and allow the
bottle to fill.

Tightly cap the bottle, and
su%merge it to the desired depth.

//T/»)

Tap the sides of the bottle to
dislodge any air bubbles.

Remove the cap

. from the bottle. ‘Egﬁ_‘:;ﬁws Q
Be careful not to Sulfate Solurion
introduce air into the g (4167) AND
sample while adding Add 8 drops of
the reagents. *Alkaline

Potassium lodide
Azide (7166).

\(;7

Cap the bottle and mix
by inverting several
times. A precipitate will
form.

Allow the

"

to settle below
shoulder of the bottle.

recipitate

For Kit Code 7414:
Immediately use the 1.0 g
spoon (0697) to add one

level measure of *Sulfamic

Acid Powder (6286).

;I

For Kit Code 5860: g
Add 8 drops of

OR  *Sulfuric Acid, 1:1
(6141WT).

Cap and gently invert the bottle
to mix the contents until the
Te

At this point

NOTE: the sample has

been "fixed" and contact

Ez cipitate and the reagent
ve totall

B

Retrieve the bottle and make
sure that no air bubbles are

Replace the cap while the
trapped inside.

bottle is still submerged.

TEST PROCEDURE
PART 3 - THE TITRATION

Fill the titration De?_:'ess plunger
tube (0608) o the = of the Titrator
20 mlL line with the (0377).

fixed sample. Cap

the tube.
Insert the Titrator
into the plug in the

top of the *Sodium
Thiosulfate, 0.025N
(4169) titrating
solution.

Invert the bottle and
slowly withdraw the
lunger until the

i NOTE:

If small air bubbles appear in

large ring on the the Titrator barrel, expel them
plunger is opposite by CE»artially filling the barrel
the zero (0) line on and pumping the titration
the scale. solurion back into the reagent
container. Repeat until bubble
disappears.
Turn the bottle NOTE:
upright and remove .
the Titrator. r If the sample is a very
pale vellow, go to Step 9.
Y

If the plunger ring reaches the bottom line on the scale (10 ppm)
before the endpoint color change occurs, refill the Titrator and
continue the titration. Include the value of the original amount
of reagent dispensed (10 ppm) when recording the test result.

dissolved. The
solution wi‘{l be clear yellow
to orange if the sample
contains dissolved oxygen.

between the sample and the
atmosphere will not affect the
test result. Samples may be
held at this point and titrated
later.

\_\“ )
\§

6. |
|

9‘

-

ﬂ T ; Slowly depress the

plunger to dispense the
titrating solution until
the yellow-brown
color changes to a very
pale yellow. Gently
swirl the rube durin,
the tiration to mix the

Insert the tip of the
Titrator into the
opening of the
tirrarion tube cap.

LHIES S

g1 |,
\‘ contents.
Carefully remove the Add 8 drops of
Titrator and cap. Do Starch Indicator
not to disturb the Solurion
" Titrator plunger. = (4170W'T). The
sample should
wrn blue.

m Continue |
titrating unti
Cap the titration the blll.:% color
tube. Insert the tip of disappears and
the Titrator into the solution
opening of the | = becormes
titration tube cap. ¥ colorless.

5[ &

Read the test result directly
from the scale where the large
ring on the Titrator meets the
Titrator barrel. Record as ppm
Dissolved Oxygen. Each
minor division on the Titratar
scale equals 0.2 ppm.

When [cstir_ll_g is complere, discard titrating
solution in Titrator. Rinse Titrator and titration
tube thoroughly. DO NOT remave plunger or

adapter tip. e
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IV -3c. Turbidity

Key terms
nephelometric turbity units (NTUS) turbidity
Secchi disk turbidity tube

suspended solids

What is turbidity?

I f youbve ever visited the Colorado River you

W €

centimeters (~1 ft) beneath the wateros surfac

Alaska, you will see 30 meters (100 ft) below the surface! The amount of material suspended
in the wateii soil (sediment), microorganisms, pollutioraffects how deeply light can

penetrate. We call this materfalspended 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 suspendditisds callecturbidity.

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 \eatsescturbidity.

What natural influences cause the turbidity of our stream to

change?

The types of mat@l 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.

Many large rivers in
Smaller streams carry sediments erofleth the surrounding area, | wyoming are naturally very
and from their banks and streambeds. Larger rivers, vaineh | ¢,rhid. The loose, sandy

generallywider, slower and more exposed to the sun, may

. . . ) ' soils add a lot of sediment to
contain many microspic plants thaalso increase turbidity.

the stream. What other

Seasonal weather patterns will alter turbidiBoth spring snow factors cause our large

melt and rain increase runoff, which generally increases rivers, such as the Green to
turbidity. be so turbid? Look at the

oONatur al I nfl u¢g

Plant root systems, both in the riparian zone and throughout the| for help with your answer.
watershed, help keep soil out of the stream which reduces
turbidity. Dramatic natural events, suchfa®st 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 healthyiparian vegetation or installing reinforcements such as wire wrap or
boulders.
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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?

I f a streambs turbidity increases beyond natur al
adapted to those levels.

Suspended solids prevent sunlight from reaching aquatic plants that grow on the stream bottom.
Without light, photosynthesisannot 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 becauseduspend
sediment absorbs heat.

Turbidity makes it difficult for fish to see their prey. Heavy loads of suspended solids can also
clog fish gills and filtesfeeding devices of aquatimacroinvertebrates

As solid matter settles, it may cover and harm bottioralling plants and animals and spawning
beds. Fish, such as trout, which lay egg®dds, 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
suwive, 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 withuabidity 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 lakesSacchi diskis usuallyused. 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 tubeto standard turbidity unitsBecause turbidity is usually measured with an
instrument called a nephelometer, the turbidity unitN&r&Js (Nephelometric Turbidity
Units). The higher the turbidity (NTUs) the greater the amount of scattered lighe, o
cloudier the appearance. Use the conversion chart on the back of the field directions.

Standards for NTUs in Wyoming( Wy o mi ng 6 s St iacreasanrtudbidity sverf or an
natural levels. This increase may apply to one site over time orinersite 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 fiocreases 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.

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 /ncrease of more than 15 NTUs over natural levels is
considered unacceptable for:  Water -orient ed wildlife

Resources for further investigation

AThe Volunteer Monitor: The National Newsl etter
Monitoring. 0 T-aAnnwal EPA publication addresses all aspects of water quality
monitoring, including those specifictohiool and youth groups. Youbol

information on turbidity and turbidity sampling. Back issues are available on the internet.
www.epa.gov/volunteer/spring97

Water Polluton-Thi s web site covers most major water po
find an entire section on nitrogen and how to measure it. Information is presented at a
middle- to high school levehttp://www.geocities.com/RainForest/5161/lab3.htm

Bibliography

Camp, Thomas RWater and its ImpuritiesReinhold Publishing Corporation. New York, 1963.

Mitchell, Mark and William StappField Manual for Water Quality MonitoringThompson
Shore Printers. Dexter, MI. 1994,

Morton, Stephen DWater Pollution: Causes and Curddimir Publishers, Inc. Madison, WI.
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Turbidity

Detection limit =6 NTU

Time 0 2 minutes
Persons - 1
Materials &
9 Turbidity tube

Step 1i collectyour 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 2i Take your measurement (see figure below for help)

Take your filled turbidity tube to a shaded sptitthere is no shade around, use your body to
block the sun from shining on the tubé/ith your hand over the opening, shake the tube
vigorously. This will help to resuspend any sediment that has settled to the bottook
down through the tube t@xd the targetidk on the bottom of the tubéf the disk is visible,
record the water level in centimeters (cmif the disk is not visible, slowly release water
from the release valve, until the disk becomes visible. Record the water level in tanstime
(cm) on the Chemical Data Collection Sheet.

Step3iConvert from centimeters (cm) to turbidty un

Match your turbidity measurement in centimeters to the corresponding NTUs using the
conversion chart on the back of this page. Recorti@®ata Collection Sheet.

Look down into
water from above

— water level
(take your measurement here)

RS RARL

N— water release valve
e —— black and white target disk
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Turbidity Conversion Chart
Distance from A
bottom of tube (cm) NTUO 3

< 6.25 > 240
6.25t0 7 240
7108 185
8109.5 150
9.5t0 10.5 120
10.5t0 12 100
12 to 13.75 90
13.75 t0 16.25 65
16.25 to 18.75 50
18.75t0 21.25 40
21.25t0 23.75 35
23.75 10 26.25 30
26.25 to 28.75 27
28.7510 31.25 24
31.251t0 33.75 21
33.7510 36.25 19
36.25 to 38.75 17
38.75 10 41.25 15
41.25 t0 43.75 14
43.75 to 46.25 13
46.25 to 48.75 12
48.75 to 51.25 11
51.251t0 53.75 10
53.751t057.5 9
57.5 10 60 8
Over the top <8

1 Wyoming standards state that an
NTUs is unacceptable for most waters.

9 This increase can be over natural levels or from one
location to another nearby downstream location.

increase of more than 10

9C
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IV -3d. Temperature

Key terms

temperature Centigrade
Fahrenheit Celsius
warmwater fish coldwater fish

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 themperaturesso different? Why does it matter to water
guality? Read below and find out.

The temperature of water is a measafreow 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 th€entigrade (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 38 C (98.6 F)i average human body temperatt
30 86

20 68 Average room temperature

10 50

0 32 Melting (freezing) point of ice (water) at sea leve
-10 14

-20 -4

-30 -22

-40 -40

-50 -58 -50 C (-59 F)i 2" lowest recorded temperature
-60 -76 in continental U.S. (near Logan, UT)

-70 -94

-80 -112
-90 -130 -67 C (-89 F)i lowest recorded temperature
-100 -148 Antarctica, July, 1983

Converting Fahrenheit to Celsius Converting Celsius to Fahrenheit
C=(59x( F32) "F=[(9/5)x C]+32
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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 &kdtairis
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 slowlg einor 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 teatpe
changes throughout the seasons. Your water body
may freeze at the surface in the winter but be very
warm during the summer.

Q\e‘g 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.

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 tha 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 chan@e

When the shade provided by riparian vegetatiornsaved, streams heat up fastiractivities
cause a stream channel to become shallower and wider, the stream will heat up faster. Deep,
narrow channels remain cooler. Removing riparian vegetatigraiaa lead to a wider and
shallower channel which leads to increased temperatiifes material on the stream bottom
and banks affects water temperature. A stream that travels through a concrete channel
absorbs more heat than a stream travetlingugha plantfilled meadow. hdustries (such as
power plants) may discharge warm water into a stream.

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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Why do we care about temperature?

Water temperature greatly affects aquatic organisms. Most aquatic organisms
macroinvertebrates, fish, amphibignar e -Bcobded. 0 Their metabolis
sl ows down with the ani mehlo@aisnshagadaptadiadi ng t empe
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 sdoreall aquatic organisms. For example, trout do best at
temperatures below 22 while carp may do fine in temperatures as high a€.28WNe
divide fish into coldwater fish (fish who require fairly cool temperatures) and warmwater fish
(fish who can swive 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 10 water, whilewater at 30C can dissolve only 7.5 mg/liter.

How do we sample temperature?

Detailed sampling directions are included at the end of this sedtien measuring temperature
with a field thermometer, we usually measure only the surface tempeddtthe 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 If.you cannot reach moving water safely from the shore,
attach a string to the thermometer and loweroitfthe bank or a bridge into the wat&e
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 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 temperaturdékey can survive exposure to warmer
temperatures for short periods (hours) but require cooler temperaturésrayes periods of
exposure.This may alsoary 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 Table8\or the maximum temperatures for several common fish
species.

In Wyoming, the maximum temperature
allowed for warm water fisheries and aquatic wildlife is 2
C (81 F). The maximum temperature allowed for cold
water fisheries and aquatic wildlife is 20 (68 F).
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Table IV-6

Maximum temperatures for typical coldwater and warmwater fish

Maximum average . Maximum average
) Maximum temperature for
. temperature for young fisf . ) temperature for successful
Species fish to survive(short term . . )
to grow (long term incubationand hatching of
exposure) 2
exposure) 1 eggs(long term exposure) 1
Brook Trout 19°C (66°F) 24°C (75°F) 9°C (48°F)
Rainbow Trout 19°C (66°F) 24°C (75°F) 9°C (48°F)
Smallmouth Bass 29°C (84°F) 17°C (63°F)
Largemouth Bass 32°C (90°F) 34°C (93°F) 21°C (70°F)
Bluegill 32°C (90°F) 35°C (95°F) 25°C (77°F)
Channel Catfish 32°C (90°F) 35°C (95°F) 27°C (81°F)

L 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 Manu

Resources for further investigation
Environment al Protection Agencyob6s Valaunt eer Str e
This 210page manual takes the reader through an introduction to streams and watersheds
then proceeds to offer-tlepth, stefby-step approaches to monitoring a variety of water
guality components. You will find helpful background information twaasm temperature.
For a free copy of the manual, contact Alice Mayio at USEPA (4503F), 401 M St. SW,
Washington, DC 20460; 202/26W18; mayio.alice@epamail.epa.gov. Also available on the
web: www.epa.gov/owow/monitoring/vol.html

Kentucky Water Watch 1 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 parameter i ncl udi ng temperatur e.
lots of other useful information to support classroom and field monitoring.
www.state.ky.us/nrepc/water/wwhomepg.htm

Water Conservation and Nonpoin Source Pollutioni This activity book features hands,
mindson activities for younger ages. Several activities specifically address temperature
concepts (in both indoor and outdoor settings). Contact: Your local County Cooperative
Extension Officd ori UtahState University Extension, 1500 N 800 E, ASTE Dé&lb#h
State University, Logan, UT 84322800, 435/79B389.extension.usu.edu/natres/wag/

Bibliography
Environmental Protection Agencyolunteer Stream Monitoring: A Methods MangBPA 841
B-97-003). Office of Water. Washington, DC, 1997.

Moor e, J. A. , and J. R. Mi ner . iStream Temperat ur e
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Morton, Stephen DWater Pollution: Causes and Curédimir Pulishers, Inc. Madison, WI,
1976.
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Temperature

Step 1
Time 0 2 minutes
1. Dip the thermometer into a moving part of| Persons 81

the stream or river. Materialsi

9 Thermometer

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: C=(5/9) x (F-32)

Converting Celsius to Fahrenheit: F=[(9/5) x C] + 32

In Wyoming, the maximum temperature
allowed for warm water fisheries and aquatic wildlife is 2
C (81 F). The maximum temperature allowed for cold
water fisheries and aquatic wildlife is 20 (68 F).
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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 fiin pH. This ability to neutralize acid, of kbns,
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 thelpil 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,orHi on s, in the water. Al k a hcityrtd neuyralizes t he me .
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 c@donate,
COs?, and bicarbonate, HGQons. These ions react with' ibns bymeans of the following
chemical reactions:

OH +H"A H0
CO” + H' A HCO;
HCO; + H"A CO, + H,O

Most alkalinity in surface water comes from calcium carbonate, CaCO3, being leached from
rocks and soil. This process is enhanced if the rocks anldas@lbeen 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 thiamnatural level of alkalinity
in the soil.

Sources of Alkalinity
1 Leached from rock (limestone)
1 Leached from minerals (dolomite, calcite)
i Leached from soil

Expected Levels

Alkalinity is reported in units of mg/L CaGQbecause the carbonate ion £0Js its primary
constituent For protection of aquatic lifehe 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 intsliie grevth of underwater plants. igh
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
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