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Ottauquechee Natural Resources Conservation District 

28 Farmvu Drive • White River Jct., VT • 05001 
 

 
A letter from the Ottauquechee Natural Resources Conservation District 

 
This lesson packet is part of the school portion of the “River Roadshow,” an educational 
program run by the Ottauquechee Natural Resources Conservation District (ONRCD) to 
bring to the community an appreciation of rivers and how they work. ONRCD is a 
member of the Vermont Association of Conservation Districts. 
 
In 2012, ONRCD was fortunate to receive a grant from the Vermont Community 
Foundation to purchase an Emriver Em2 Geomodel from Little River Research and 
Design (http://www.emriver.com/). The Em2 is commonly called a stream table or flume. 
Included in the school program of the River Roadshow is this lesson packet, written by 
Jennifer Guarino of Ecotone Education, a division of Verdana Ventures LLC. During 
September 2013, ONRCD received a grant from the Wellborn Ecology Fund of the New 
Hampshire Charitable Foundation to expand the River Roadshow and bring it to more 
schools. 
 
The lesson packet covers many aspects of river dynamics in a way that encourages 
observation, discussion, and experimentation. For example, students do simple activities 
with marbles to see the effects of meanders on speed and the relationship of speed and 
volume to force. They carry these activities to the stream table and easily note the 
relationship of river speed and volume to erosion and degradation.  In short, rather than 
being told how streams work, they discover, on their own, the concept of Lane’s Balance, 
one of the primary principles of river dynamics. So while the topic of this lesson packet 
concerns rivers, the process is for students to learn to observe, question, form theories, 
test their theories, and formulate and apply their findings. 
 
There is a wealth of material on the Internet regarding stream tables/flumes, including 
how to build them and how to use them. One article by the Missouri Dept. of 
Conservation explains how to build a stream table and expresses well its value:  
 
An understanding of how sediment, vegetation and flowing water interact to form stream 
channels is essential in knowing how to restore and manage them. Because it is 
impractical or impossible to directly observe these processes in real streams, a portable 
model stream has been developed by the Missouri Department of Conservation. 
 
This model stream is particularly useful because most observers, regardless of their age 
or background, can understand fairly complex concepts demonstrated by the model that 
are otherwise difficult to comprehend, e.g. illustrating a destructive practice like 
channelization. The model also effectively convinces audiences that protecting or 
restoring stream corridor vegetation is the best way to protect both property and fish and 
wildlife values. Within the model, fluvial processes like bank erosion and point bar 
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formation take place rapidly, so these processes can be observed in a short period of 
time. Regardless of their interest in stream conservation, most people are fascinated by 
the model. 
 
Why a Second Edition? 
 
ONRCD has now been operating The River Roadshow for approximately three years. 
During this time, we have had many dozens of public educational events for thousands of 
people and trainings for those who work with heavy machines on roads and in rivers. And 
the Stream Table Lesson Packet has been used by dozens of teachers to teach well over a 
thousand students about how rivers work.  
 
We have gotten wonderful feedback from teachers, telling us what has worked well with 
their students, what has not worked so well, and where they as teachers could use more 
information. This second edition of the Stream Table Lesson Packet reflects that 
feedback. We think this new edition is much improved, but we know more can be done, 
so we encourage you to continue giving us feedback. Please complete and return the 
Teacher Evaluation Form included in this packet so we may improve our work with 
schools. 
 
Acknowledgements 
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Caduto of the Vermont Department of Environmental Conservation and Chris E. Smith 
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We hope you find this lesson packet useful.  
 
Larry Kasden, ONRCD Supervisor Chair; Sue Greenall, District Manager; Supervisors 
Judy Howland, and Bill Manner; Associate Supervisors Lynn Bohi, Roy Burton, Todd 
Menees, and Cynthia Rankin. 
 
April 2015



Stream Table Lesson Packet, Second Edition – April 16, 2015 6 of 68 

STREAM TABLE LESSON PACKET 

TEACHER EVALUATION FORM 
 

Grade of students: _______ Number of days that you used the stream table:      
Subject(s) taught with stream table:          

Stream Table Unit lessons that you taught to your students (please check):  

1. Corridors & Channels r 1.1. Why Meanders Form r 1.2. Changing Channel r 1.3. Stream Anatomy 

2. Marble Races r 2.1 Meanders &Velocity r 2.2 Thalweg & Riffles r 2.3 Length & Slope 

3. Water & Sediments r 3.1. Gravel Mining r 3.2. High Banks & Low Banks r 2.3. Lane’s Balance Scenarios 

4. Streambanks r 4.1 Bank Protection r 4.2 Streambanks & Habitat  

5. Stream Crossings r 5.1 Stream Crossing Experiment r 5.2. Community Crossings  

6. Watershed Neighbors r 6.1. Upstream, Downstream r 6.2. Designing a Solution  

Which lessons (above) were particularly effective? Explain. 

 

 

 

Can you recommend other lessons or sources of lessons that would complement this unit? 

 

 

 
 

Please rank the following items. 1 
(not useful) 

2 3 
(somewhat useful) 

4 5 
(very useful) 

Usefulness of stream table as a teaching tool      

Usefulness of STREAM TABLE LESSON PACKET      

Suggestions for improvement:  
 
 
 
 

 

Please check all that apply: 

r I received training to teach with the stream table. Please tell us about your experience: 
 
 

r I received a visit from a stream table educator (planning and/or teaching). Please tell us about your experience:  
 
 

r I would like to receive training to teach with the stream table and Stream Table Unit. 

r I would like to receive a visit from a stream table educator to help me teach with the stream table.  

Thanks for your feedback! Please return this form to Sue Greenall, ONRCD, 28 Farmvu Drive, White River Junction, VT 05001.  
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GOAL & LEARNING OBJECTIVES  
 

The Goal of the Stream Table Lesson Packet is: 
 

To educate as many people as possible about how streams behave and how people can 
live in harmony with streams.  
 

 
The Learning Objectives of the Stream Table Lesson Packet are: 
 

To understand how streams… 

• move over time within a predictable corridor 

• form meanders as they flow through valleys 

• follow a pattern 

• seek to balance energy by moving water and sediments 
 

To demonstrate human impacts on a stream and the ways in which a stream responds. 
Human impacts include: 

• straightening, berming, and armoring 

• removing gravel  

• installing different sizes and types of culverts 

• opening and closing access to floodplains 
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HOW TO USE THE STREAM TABLE LESSON PACKET 

The STREAM TABLE LESSON PACKET was created for use with the Emriver Em2 Geomodel (stream table or 
“flume”), which can be borrowed from the Ottauquechee Natural Resources Conservation District 
(ONRCD), based in White River Junction, Vermont. Please see HOW SCHOOLS CAN RESERVE THE STREAM 
TABLE below for more information, or to request the use of the stream table.  

t These lessons are geared for students in grades 3, 4, 5, and 6 and aligned with selected components of 
the Next Generation Science Standards. A brief section below introduces the Next Generation Science 
Standards and describes connections between the new standards and this lesson packet.  

t Each lesson has the following parts: 

• A Background section that provides context for the lesson. More Info boxes are included that 
direct you to resources that pertain to that lesson. Two such resources are used extensively in this 
lesson packet: Living in Harmony with Streams: A Citizen’s Handbook to How Streams Work 
(http://www.winooskiriver.org/images/userfiles/files/Stream%20Guide%201-25-
2012%20FINAL.pdf), prepared by the Friends of the Winooski River and partners; and After the 
Flood: Vermont’s Rivers, a series of 4 videos made by River Bank Media  
(http://www.youtube.com/watch?v=Wx7EQAY8CuA&list=PLX5V6zW7pAiYEC3bIrK3ymOegG
rPwg0xT) 

• A Materials box that lists items that come with the stream table and items that you supply for that 
lesson. 

• A Set-Up box with information on how to prepare for the lesson. 

• A Timeframe box with a rough estimation of the time needed to teach the lesson. 

• Instructions for teaching the lesson. 

t Some lessons have Student Activity Sheets, which can be used to assess student learning. 

t A Glossary of terms used in this packet is included after the lessons. 

t An annotated list of Teaching Resources is provided for more information. 

t Appendices contain a watershed map of the Ottauquechee River and Black River (the region served by 
ONRCD) and two Extension Activities. 

t A Teacher Evaluation Form is included to gather feedback on the lesson packet for future 
improvement. Please complete this form and send it to Sue Greenall at ONRCD (see above).  

 

Curriculum Planning 

Teachers borrow ONRCD’s stream table for 1 to 2 weeks at a time. We strongly recommend that you hold 
a Parent / Community Night toward the end of your time with the stream table. During this event, students 
can teach what they’ve learned to adults and other children, extending the learning into the community and 
providing a powerful opportunity for student self-assessment.  

Below are sample units based on the use of the table for 5 days and 10 days. We would love to hear from 
you as you adapt this unit to your own teaching goals and environment. Please send us your ideas! 
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Figure 1.  Sample 5-Day and 10-Day Uni ts  

Most teachers borrow the stream table for 5 or 10 school days. Here are suggested unit formats for these two timeframes. 

Before  the  s t ream tab le  ar r ives :   
• Consider your goals and student learning outcomes for 

the unit; decide which lessons to teach  
• Do the River Systems & Watersheds Lesson 
• Discuss guidelines and expectations with your students for 

using the stream table and associated materials 

Once the  s t ream tab le  is  in  your  c lassroom:  
• Teach students how to run it and maintain it properly and safely. 
• Discuss a system for organizing all the pieces (toys, marble race 

boards, etc.). 
• Decide how you will pack up the stream table, and whether you 

will involve students in this process. 

 

A  Sample  5-Day  Un i t  
Lessons are in italics; those with student assessment sheets are underlined 

Mon Tues Wed Thurs  Fr i  

Lesson 1: Corridors and 
Channels 

Lesson 2: Marble 
Races 

Lesson 3: Water & 
Sediments  

Lesson 5: Stream 
Crossing Experiment 

Parent / Community 
Night 

Lesson 6: Watershed 
Neighbors 

 

A  Sample  10-Day  Un i t  
Lessons are in italics; those with student assessment sheets are underlined 

Mon Tues Wed Thurs  Fr i  

Allow students to visit the 
stream table in pairs or 
small groups. Ask them 
to record Observations, 
Thoughts, and Questions 
as they explore in an 
unstructured way. 

Lesson 1: Corridors and 
Channels 

Lesson 2: Marble Races Introduce students to the 
scientific method, and 
explain that each 
experiment begins with a 
question that can be 
tested using this method.  

Discuss the Questions 
that students generated 
on Tuesday during 
unstructured 
explorations. Choose one 
Class Question that is 
testable, and ask pairs of 
students to develop a 
plan for testing it on the 
stream table.  

Lesson 3: Moving Water 
and Sediments  

Allow each student pair 
to take turns 
implementing their 
experiment on the 
stream table and 
gathering data.  

Have each pair present 
its work to the class. 

Lesson 4: Streambanks Lesson 5: Stream 
Crossings 

Lesson 6: Watershed 
Neighbors 

Parent / Community 
Night 

Culminating activity (such 
as Lesson 6.2: Designing 
Solutions) 
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STREAM TABLE LOGISTICS 

The STREAM TABLE LESSON PACKET was designed to accompany the Emriver Em2 Geomodel 
(often called the stream table or “flume”), an educational tool that models stream dynamics and 
human impacts on streams through demonstrations and hands-on activities. Schools can borrow 
the stream table from the Ottauquechee Natural Resources Conservation District (ONCRD) for 1 
to 2 weeks. See below for contact information. 

Location, Set-Up, and Management 

The stream table’s dimensions are roughly 3 feet by 6 feet and its footprint is about 7 feet by 10 
feet (this allows students to surround the table comfortably). It comes with all needed equipment 
for operation, complementary “toys” for educational programming, and a floor tarp that is laid 
down before the table is set up.  

Experienced stream table assemblers can set it up in about 45 to 60 minutes (including time to 
bring all equipment into the building). A person new to its set-up should allow up to 2 hours. For 
more information on set-up, please consult the following: 

• Use and Care of the Emriver Em2 Geomodel, a manual on the website of Little River 
Research and Design, the company that manufactures it:  http://www.emriver.com/wp-
content/uploads/2011/09/Emriver_Em2x_manual_2012_05-02_AQ.pdf  

• ONRCD Set-Up Video, Part 1: 
https://www.youtube.com/watch?v=_0NEyUui7Ss&app=desktop 

• ONRCD Set-Up Video, Part 2: 
https://www.youtube.com/watch?v=6J8nt2B5bwk&app=desktop   

Recommendations for choosing a location and managing the stream table: 

• Many schools put the stream table in a classroom, but some put it in a common space in the 
school like an extra classroom or a lobby. Please note: If the stream table is in a common 
space, student access to it should be controlled. See below. 

• The stream table combines “sediments” (small plastic particles), running water, electrical 
equipment, and an electrical cord. Students should always be supervised around the stream 
table. 

• The stream table requires 25 gallons of water. You need easy access to a sink to fill up its 
reservoir and to empty the reservoir during take-down of the table. 

• Because it contains sediments and water, the stream table tends to be messy. Please consider 
this when deciding on its location. 

• When the stream table is not being used, please cover it with a tarp or tablecloth. Some 
teachers also place a sign on it that reads “Stream Table Closed”. This prevents students from 
playing with it when they are not supervised. 

To reserve the stream table in Vermont, please contact:  
Larry Kasden, Stream Table Coordinator 
Ottauquechee Natural Resources Conservation District 
larrykasden@gmail.com or 802-457-9221 
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THE NEXT GENERATION SCIENCE STANDARDS  

In the spring of 2013, Vermont and 25 other states adopted the Next Generation Science 
Standards (NGSS), which are built on the Framework for K-12 Science Education 
developed by the National Research Academy in 2011.  

NGSS introduces a new approach to teaching standards. Three dimensions – Science and 
Engineering Practices, Disciplinary Core Ideas, and Cross-Cutting Concepts – are 
intertwined to help students learn science content and gain important process skills. For 
more information about the Next Generation Science Standards, please visit 
http://www.nextgenscience.org/.  

Starting in the fall of 2013, the Vermont Agency of Education launched a plan that will 
lead to the implementation of NGSS in 2016-2017. The first phase, during the 2013-2014 
school year, focused on raising teachers’ awareness of NGSS with an emphasis on 
Science and Engineering Practices. The Vermont Agency of Education has created a 
website called Vermont Education Exchange that includes a section on NGSS 
(http://ve2.vermont.gov/vt_science/n_g_s_s).  

The Stream Table Lesson Packet represents a powerful way to address many parts of 
NGSS and offers a taste of NGSS before teachers are asked to align their curricula to 
these new standards. This lesson packet strongly emphasizes certain components of the 
three NGSS dimensions (Figure 2). Please note that many other NGSS components can 
also be addressed by this lesson packet, but we chose a subset that we believe fits 
especially well.  

 

Figure 2.  NGSS Dimensions & Stream Table Educat ion  

Sc ience and Eng ineer ing Pract ices  D isc ip l inary  Core  Ideas (DCI)  Cross-Cut t ing  Concepts  

• Asking questions and defining 
problems 

• Developing and using models 
• Planning and carrying out 

investigations 
• Analyzing and interpreting data 
• Constructing explanations and 

designing solutions 

• ESS2.A. Earth Materials and 
Systems 

• ESS2.C. The Roles of Water in 
Earth’s Surface Processes 

• ESS3.C. Human Impacts on Earth 
Systems 

• ETS1.B. Developing Possible 
Solutions 

• Patterns 
• Cause and Effect 
• Stability and Change 
• Systems and System Models 
• Influence of Engineering, 

Technology, and Science on Society 
and the Natural World 

 

Figure 3 below includes two Disciplinary Core Ideas (ESS2.A and ESS3.C.) and 
examples of Performance Expectations for grades 4, 5, and grades 6-8 (middle school) 
connected to each of these DCIs. The STUDENT ACTIVITY SHEETS included in this lesson 
packet can be used to assess student learning and gauge achievement of the NGSS 
standards identified here. 

For more information about the Next Generation Science Standards, the Framework for K-12 Science 
Education, and the work of the Vermont Agency of Education, please contact: 

Kathy Renfrew 
Grade K-5 science and math assessment coordinator 
Vermont Agency of Education 
kathy.renfrew@state.vt.us; (802) 828-6561 

Gail Hall 
Grade 6-12 science and math assessment coordinator 
Vermont Agency of Education 
gail.hall@state.vt.us; (802) 828-0156 
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Figure 3.  Per formance Expectat ions Addressed by Stream Table Educat ion 

Grade-Leve l  
Per formance 
Expecta t ions 
(examples) 

D isc ip l inary  Core  Ideas 

ESS2.A .  Ear th  Mater ia ls  and Systems ESS3.C .  Human Impacts  on Ear th  Systems 

4th Grade 

4-ESS2-1.  

Make observat ions and/or  measurements  to  
prov ide ev idence o f  the  e f fec ts  o f  weather ing or  
the  ra te  o f  eros ion by  water ,  i ce ,  w ind ,  or  
vegetat ion .  [Clarification Statement: Examples of 
variables to test could include angle of slope in the downhill 
movement of water, amount of vegetation, speed of wind, 
relative rate of deposition, cycles of freezing and thawing of 
water, cycles of heating and cooling, and volume of water 
flow.] [Assessment Boundary: Assessment is limited to a 
single form of weathering or erosion.] 

4-ESS3-2.  

Generate  and compare mul t ip le  so lu t ions to  
reduce the impacts  o f  natura l  Ear th  processes 
on humans* [Clarification Statement: Examples of 
solutions could include designing an earthquake resistant 
building and improving monitoring of volcanic activity.] 
[Assessment Boundary: Assessment is limited to 
earthquakes, floods, tsunamis, and volcanic eruptions.] 

 

5th Grade 

5-ESS2-1 

Deve lop a  mode l  us ing an example  to  descr ibe  
ways the geosphere ,  b iosphere ,  hydrosphere ,  
and/or  a tmosphere in teract .  [Clarification Statement: 
Examples could include the influence of the ocean on 
ecosystems, landform shape, and climate; the influence of 
the atmosphere on landforms and ecosystems through 
weather and climate; and the influence of mountain ranges 
on winds and clouds in the atmosphere. The geosphere, 
hydrosphere, atmosphere, and biosphere are each a 
system.] [Assessment Boundary: Assessment is limited to 
the interactions of two systems at a time.] 

5-ESS3-1.  

Obta in  and combine in format ion about  ways 
ind iv idua l  communi t ies  use sc ience ideas to  
protec t  the  Ear th ’s  resources and env i ronment .  

Middle School 
(6th – 8th 
Grades) 

MS-ESS2-2.  

Construc t  an exp lanat ion based on ev idence for  
how geosc ience processes have changed 
Ear th 's  sur face a t  vary ing t ime and spat ia l  
sca les .  [Clarification Statement: Emphasis is on how 
processes change Earth’s surface at time and spatial scales 
that can be large (such as slow plate motions or the uplift 
of large mountain ranges) or small (such as rapid 
landslides or microscopic geochemical reactions), and how 
many geoscience processes (such as earthquakes, 
volcanoes, and meteor impacts) usually behave gradually 
but are punctuated by catastrophic events. Examples of 
geoscience processes include surface weathering and 
deposition by the movements of water, ice, and wind. 
Emphasis is on geoscience processes that shape local 
geographic features, where appropriate.] 

MS-ESS3-2.  

Ana lyze and in terpret  data  on natura l  hazards 
to  forecast  fu ture  catast roph ic  events  and 
in form the deve lopment  o f  techno log ies  to  
m i t iga te  the i r  e f fec ts .  [Clarification Statement: 
Emphasis is on how some natural hazards, such as volcanic 
eruptions and severe weather, are preceded by phenomena 
that allow for reliable predictions, but others, such as 
earthquakes, occur suddenly and with no notice, and thus 
are not yet predictable. Examples of natural hazards can be 
taken from interior processes (such as earthquakes and 
volcanic eruptions), surface processes (such as mass 
wasting and tsunamis), or severe weather events (such as 
hurricanes, tornadoes, and floods). Examples of data can 
include the locations, magnitudes, and frequencies of the 
natural hazards. Examples of technologies can be global 
(such as satellite systems to monitor hurricanes or forest 
fires) or local (such as building basements in tornado-
prone regions or reservoirs to mitigate droughts).] 
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BEFORE THE STREAM TABLE ARRIVES: STREAMS & WATERSHEDS LESSON 
BACKGROUND 

Every stream is the product of water flowing downhill and collecting in channels on the 
landscape. Raindrops that fall on high points of land course down the slope and join other 
drops of water, forming small brooks that continue to flow downward. One brook 
eventually joins other brooks, creating a stream. Streams join other streams to form a 
river, and so on down the slope until the gathering waters collect in the lowest valley. 
Eventually, this river system flows out of its “mouth” into the ocean. At every step in this 
process, water evaporates back into rain clouds, powering a continuous water cycle.  

 
Figure 4.  The Water  (Hydro log ic)  Cyc le .   

(From the National Aeronautics and Space Administration’s (NOAA) Precipitation Education Program:  
http://pmm.nasa.gov/education/water-cycle) 

 
A basin of land that drains into a river system is called a watershed. The brooks and 
streams that form at high elevations comprise the headwaters of the watershed. They 
come together to create tributaries, which flow into the mainstem (the largest river at the 
lowest elevation in the watershed).  

As these waters flow from top to bottom, they interact with landscape features, soils, and 
plant communities. The natural physical, chemical, and biological conditions along the 
river system go through a series of predictable changes that, collectively, are called the 
river continuum concept. Figure 5 below gives a summary of certain physical conditions 
of a typical river system and how they tend to change from the headwaters to the 
tributaries to the mainstem. Of course, human activities in the watershed often alter 
natural conditions. 

 

 




