Lab – A River Through Time:

‘Managing’ the Upper Mississippi River

Pre-Lab Activity:

At the beginning of the lab, your lab instructor will choose one of the following questions and you will have five minutes to write an essay answer for that question. Your essay must be independent work, completed without the aid of your classmates. Be sure to read the lab before coming to class, as you are also not allowed to refer to the lab manual or notes while completing the essay.

1) Briefly describe how the two river management schemes of channel restriction and lock/dam construction differ in their approach to creating a deeper, more continuous channel for river transport.

2) Briefly describe how the two river management schemes of channel restriction and lock/dam construction differ in their impact on the surrounding river valley system.

3) What roles do wetlands play in river systems and how did 18th to 19th century Dakota and Euro-American views of wetlands differ? How did the two river management schemes of channel restriction and lock/dam construction affect wetland areas?

Lab Goal:

· Understand how river processes work by manipulating those processes to achieve a desired goal, such as a forming a deeper, more continuous river channel.

· Place river processes in an historic context of different cultural perspectives and the human societies using, and manipulating, those processes.

· Understand the goals and design of various river channel management systems, as well as the implications of those modifications on the broader river system.

Lab Assessment:

· Given an image of part of a river system, be able to identify evidence of any recent changes in the river channel.

· Given an image of part of a river system, be able to predict where the river’s velocity is highest or lowest. Which parts of the river system will be dominated by erosion and which areas will be dominated by deposition?

· Given an image of part of a river system, be able to predict the probable consequences of any given natural or human alteration of the river channel.

Each lab group member must submit her or his answers to the lab questions.

1. Life along the Upper Mississippi River:


Resources & Cultures:

Cultures differ in their use of Earth’s resources. The differences may be so ingrained within a culture that they define how people view their world. When Euro-American settlers first moved into the Upper Midwest, they entered the same landscape that the Dakota had lived in for centuries, yet they saw it from a fundamentally different perspective. By taking over the land, they not only displaced a native society, but transformed the cultural definition of the land itself.
“With the signing if these treaties a subtle but profound change had already taken place. Prairie and oak openings had become acres; forests had become timber stands; tumbling rivers had become water rights.”
 
As a consequence, eighteenth and nineteenth century Dakota and Euro-Americans saw river systems in very different ways. Viewed through Dakota eyes, the whole of the river valley was a closely integrated environment rich in resources their society depended on. In contrast, when contemporary Euro-Americans considered river systems, they thought almost exclusively in terms of flowing water. River channels remained a central resource for Euro-American society, their importance being successively redefined in terms of the fur trade, regional commerce, and hydropower.  

Differing cultural perspectives extended down to each part of the Mississippi and Minnesota river valleys.

· Wetlands: Wetland areas are a rich mosaic of integrated environments that host a wide array of plants and animals. Many of which can only survive in a wetlands habitat. Surprisingly, too much water can as easily damage this diverse ecosystem as too little water. Many of the plants and trees that form the base of the wetland community cannot survive high water. If flooded for extended periods of time, the wetland community collapses.

Nowhere was the contrast between Dakota and Euro-American perspectives greater than for wetland areas. To the Dakota, wetlands were a crucial base - rich in plant and animal resources, of which wild rice was arguably the most important. Too wet to easily cross or plow, too dry to navigate or transport goods, wetlands were viewed by Euro-Americans as nuisance areas that could only be useful if they were drained for agriculture or flooded to float logs or goods downstream. During Euro-American settlement, half of Minnesota’s wetland areas were destroyed. Both groups tended to overlook the critical role wetlands play in flood control. During cloudbursts and spring thaws, wetland areas absorb tremendous amounts of water and then slowly release it over time, decreasing the chance of flooding. Without wetlands, floods are more frequent.
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Figure 1. Differing views of river use. 

On left, Dakota harvest wild rice in a painting by Seth Eastman, 1867.
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On right, a steamboat pushes a log raft through St. Paul 

in 1878, highlighting the river’s commercial importance 

to 19th century Euro-American society. 

(Minnesota Historical Society)
· River Bluffs: Even the bluffs along the river valleys were a resource for the Dakota, who harvested bison by driving them over the bluffs’ drop. From an Euro-American perspective though, the bluffs were obstacles that hindered the movement of people and goods from the river to the plains above. However, Euro-Americans did recognize two benefits of the bluffs. Along other rivers, homes and buildings within a half-mile of the riverbank would be well within the reach of floodwaters, but the Mississippi river bluffs protected most of Minneapolis and Saint Paul from flooding. Even more importantly, the presence of bluffs led to the presence of waterfalls, and waterfalls were a source of power that would transform Minneapolis into a leading milling and industrial center.
· River Flow: The Dakota used the river as a source of water, freshwater plants fish, mollusks, birds and mammals, as well as a means of easy transportation. Early Euro-American river use mirrored that of the Dakota, but as Euro-Americans came to dominate the region this changed. Commerce overshadowed other uses for the river, until the mills of St. Anthony Falls made hydropower as important a resource. This emphasis on flowing water may have been the most significant difference between the nineteenth century Euro-American and Dakota perspectives. When the Dakota spoke of the Mississippi or Minnesota, they often meant the whole river valley system, but when Euro-Americans used the terms they were usually talking specifically about the rivers’ channels.
A Natural River:

Naturally flowing rivers are remarkably sensitive to changes in water movement. When a river speeds up, it can erode and carry more sediment. Where it slows down, a river can no longer carry all of the sediment it is moving, so some is deposited. In general, the fastest flowing water tends to be in the center of the channel, as friction along the channel floor and sides slows the flow. At any bend, and almost all channels bend, swift moving water is forced towards the outer riverbank. This leaves the inner bank an area of particularly slow flow, so sediment is deposited. As a consequence one riverbank recedes, while the opposite riverbank builds (Figure 2).
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Figure 2. 

In a naturally flowing river, the fastest current (shown by arrows) is forced towards the outer bank at river bends, leaving the inner bank an area of slowly moving water.

Because of the differences in water velocity the outer riverbank tends to erode, while deposition dominates along the inner riverbank.

The Minnesota River Valley: Altered Channels

Exercise 1 - (Estimated Time 20 minutes)

The course of the Minnesota River below Fort Snelling is an example of channelization, an extreme form of river management. In channelization, the whole path of the river is reconstructed to fit human uses of the river, whether flood control or improved navigation. In this case, the goal was to convert a meandering river system into a transportation corridor. Straightening and deepening the channel allowed barges to more easily move goods downstream into the Mississippi River. Reconstruction was not limited to the river channel. Secondary streams were closed off and surrounding wetland areas drained and converted into agricultural fields.

Question 1.a 

From the aerial photographs, reconstruct the path of the main Minnesota River channel before the river system was channelized. Do you think that a single channel dominated the river system or were there a number of separate smaller channels?
Question 1.b

Suppose your lab instructor disagreed about part of your interpretation and thought an area you interpreted to be part of the old channel was instead part of a wetland area. If the class was actually visiting the area, how might you be able to test which interpretation was correct? (In other words, briefly describe what features you might look for in layer of sediment that would allow you to distinguish whether the sediment had originally been deposited in a river channel or a wetlands area.)
Question 1.c

Compare the size of the Minnesota River channel in 1878 to the channel’s present volume. Since climate change cannot account for the observed change in the river’s volume, how might the river system’s channelization have affected the size of the river? (Remember that simply changing a channel’s size will not alter the amount of water available to a river system.)
Mimicking Early River Management Schemes:

If you haven’t already done so, be sure to read section 3. Mississippi River Management – Early Years to learn about wing dams before completing Exercise 2. 

Exercise 2 (Estimated Time 20 minutes) 
Stream Table

Before using the stream table, take a moment to examine how the table and pump system works. There are electric plugs in the surrounding floor so it is critical that you do not allow the tub beneath the table to overflow. Be sure that you know how to turn the pump on and off and never leave the table with water running. 
Start by using the tools to move the sand into the two-thirds of the table furthest from the table’s drain. Smooth the sand into a uniform surface that gently slopes towards the drain. Then dig a shallow (less than a half inch deep) channel from the upper part of this slope towards the drain end of the table. This channel should include at least one gentle curve, but avoid tight bends, as the water flow cannot follow them.

Question 2.a
Turn the water on and let it flow for a few minutes in your channel. While the water is flowing watch how the river channel changes, noting where erosion and deposition occur. Then turn the water off and decide where you think wing dams should be placed in order to narrow the river channel and force it to erode a deeper channel. 

Draw a simple map sketch of your channel and your choice of position for the wing dams. On your sketch use a pattern of diagonal lines to indicate where you expect deposition to occur once the water begins to flow. 

Question 2.b
Let the water flow for several minutes, then briefly describe whether your predictions were accurate. Did the wing dams succeed in narrowing and deepening the channel? 

If not, then how did the stream flow change? How might you redesign your river management system to achieve the goal of creating a deeper channel?

Draw a simple map sketch of how the river channel appears after adjusting to your river management system. On your sketch use a pattern of diagonal lines to indicate areas where deposition occurred and use short horizontal lines to indicate areas where the channel walls or floor was heavily eroded. 

2. A Brief History of Navigation on the Upper Mississippi: 

Prior to the late nineteenth century, the Upper Mississippi and Minnesota Rivers were natural river systems that were markedly different than the rivers we know today. The natural rivers were not single channels, but mosaics of shallow channels, winding their way among numerous ephemeral islands and often choked by shifting sand bars. Wetlands covered much of the valley floors, which were largely lined by steep bluffs. 

The rivers were so shallow that the only craft that could easily ply their waters were birch bark and dugout canoes. During late summer and early fall, river levels fell so low that even young children could find places to wade across. Even during periods of higher water, shifting sandbars and sunken trees made navigation treacherous. Euro-Americans turned to rafts and flatboats to transport goods downstream, but only the shallow keelboat could transport cargo upstream. To move upstream, crews had to pull the craft from shore or pole it. Averaging less than ten miles a day, keelboats were incapable of fulfilling the growing demand of upstream communities for goods. 

By 1820, the development of the Upper Mississippi steamboat transformed river commerce. The Upper Mississippi steamboats were specially modified steamboats built on a very shallow base. The engine was placed on the deck, rather than in the hull, and upper decks were added for passengers and cargo. Although the largest of these boats soared to more than seventy feet above the river, fully loaded they only drew four feet of water, and some smaller steamboats could move across eighteen inches of water.

Even with the new steamboats, shifting sandbars and channels posed a significant risk to commerce on the river, and during periods of low water the river was not navigable. By 1854, railroads began to reach the Upper Midwest, but holding a near monopoly on bulk transportation, they charged exorbitant shipping fees. Businesses and communities looked to the river as an alternative that could curb the railroads’ influence, but only if the river channel could be improved so ships could transport goods through more of the year, instead of being restricted to high water spring and early summer months.
 Recognizing the importance of river traffic to their future, communities all along the upper river began to call on Congress to improve the river’s natural channel. 

3. Mississippi River Management – Early Years

Channel Constriction (1867-1907)

The Civil War initially delayed efforts to improve navigation on the upper Mississippi, but beginning in 1866 Congress charged the Army Corps of Engineers with a series of projects to improve navigation on the upper Mississippi River. In quick succession, projects for a three-foot, a four-foot, a four-and-one-half-foot and a five-foot channel followed one another. In each of these, the goal was to create a continuous channel the length of the river that, even during periods of low water, would be at least 3, 4, 4.5 or 5 feet deep at its shallowest points. The Corps quickly learned that trying to achieve this channel by dredging was impossible. Almost as fast as a section could be dredged the river’s shifting sands would begin to infill the channel. Impressed by the river’s efficiency, the Corps decided to manipulate the river’s natural processes to erode and maintain a deep continuous channel.

To do this, the Corps adopted a policy of channel constriction. Its goal was to increase the river’s flow by narrowing and constricting its main channel. With the increase in velocity, the river itself would erode and maintain a deeper channel. The Corps early channel restriction efforts primarily involved three types of projects: closing dams, wing dams, and riprap.

· Closing Dams – Closing dams were low dams built to close off smaller channels diverting their water flow into the main channel to increase the size and velocity of the main channel’s water flow (Figures 3 and 4).
· Wing Dams – Wing dams were low dams built perpendicular to the riverbanks. Their purpose was to trap sediment to narrow the river channel. As the river channel narrowed, its velocity increased, allowing it to erode a deeper channel (Figures 3 and 5).

Wing dams were designed to subtly alter and augment natural river processes to achieve a deeper channel. Sets of wing dams were placed in areas where the river’s velocity naturally slowed and deposition occurred, like the inner banks of river bends. Building wing dams in these areas further slowed water movement, allowing even more sediment to be deposited behind the wing dam. The result was a narrower, swifter flowing river channel that could erode a deeper channel.

· Riprap – If closing dams and wing dams succeeded in creating a narrower, faster moving main channel, this channel might end up eroding its other riverbank, rather than scouring a deeper channel. If this occurred, then the channel would widen, its velocity would drop and the whole goal of the dam construction project would be lost. To avoid this, layers of brush and rock called riprap were used to protect riverbanks that were vulnerable to erosion, like the outer banks of river bends (Figures 3 and 6).

Figure 3.  

The same river section shown in Figure 2 after construction of channel constriction structures. 

A closing dam cuts off the secondary channel diverting its water flow to the main channel (shown by arrows). Wing dams built on the inner bank of river curves will eventually trap sediment to constrict or narrow the river channel. An apron of riprap on the opposite bank guards against the channel widening itself by eroding the riverbank.
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Figure 4. 

A closing dam at Pigs Eye Island was the Corps’ first attempt at channel restriction. Built in 1874 as a test of the concept, the Pigs Eye closing dam succeeded in creating a continuous 3-foot channel through the area. 

(Top) Prior to the closing dam’s construction, the Mississippi channel at low water had consisted of separate deeper pools, isolated from one another by shallow sand shoals. Shoals are areas where the water is shallow because sediment has built up on the river floor.

(Bottom) By cutting off the side channel, the closing dam redirected its water flow into the main channel. The increased flow allowed the main channel to scour a deeper, more continuous channel.
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Figure 5. 

Wing and closing dams on the Mississippi River at Pine Bend in the Grey Cloud Island area. (Photographed by Henry Peter Bosse in 1891.)
Note that the wing dams were built in sets on the inner bank of a river curve. In the background, deposition associated with the wing dams has already filled in much of the channel’s right side. 

A closing dam blocks the secondary channel on the center right, which will eventually completely fill in.

Figure 6.
Pigs Eye Island seen from the Mississippi River bank south of St. Paul (same area shown in Figure 4). (Photographed by Henry Peter Bosse in 1885.)
A layer of broken rock covers the sloping riverbank in the foreground. The rock layer, called riprap, was part of the Corps’ channel constriction effort. This area of riverbank lay on the outer curve of a river bend. Wing dams and a closing dam on the opposite bank narrowed the river channel and increased the water flow along this bank. To protect the riverbank from erosion the Corps armored this outer bank with riprap.
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Exercise 3 (Estimated Time 30 minutes)
Your lab instructor will assign each lab group a section of the Mississippi River. Lab Handout 1 shows that section of the river as it appeared early during the Corps attempt to constrict its channel (1878-79 Farquhar Survey – Map 10, 11, 12, 13 or 14). 

Question 3.a


Develop a plan of channel constriction for your section of the river, choosing locations for closing dams, wing dams, and riprap. In doing this, realize that although closing dams were single structures, wing dams needed to be built in sets in order to effectively narrow a river stretch. Also consider that your plan for channel constriction has to be economically feasible. Riprap was expensive. It would be economically prohibitive to continuously line the river’s banks with riprap, so only use it in those areas that would be the most vulnerable to erosion once your dam construction begins to constrict the channel.

Question 3.b


Once you have finished your plan for channel constriction, ask your lab instructor for the plan developed by the Corps for that section of the river (1915 Hoffman Survey – Map 10, 11, 12, 13 or 14). 

Compare the two plans and annotate any important differences on your handout. Do not worry about specific locations of individual dams or the length of riprap cover, but concentrate on significant differences between the two schemes. Examples of significant differences would include:

· If closing dams were used to shut off channels, did the two schemes choose the same channel to close? 

· Are there bank areas protected by riprap in one scheme that were left unguarded in the other? 

· Did one scheme place a set of wing dams along the bank of a river curve while the other scheme ignored that area or placed wing dams on the opposite bank? 

If any of the above are present, identify their location on your handout by number and briefly explain the probable consequences of each difference on your answer sheets. You do not have to assume that the Corps’ plan was correct. If you think your plan would be more effective, simply explain why that would be the case.

4. Mississippi River Management – Later Years
Locks & Dams (1907-present)


The Corp’s efforts at channel constriction were not sufficient to keep up with the increased demand for a deeper river channel. Calls for deeper channels, combined with the development of hydroelectric power as a commercial industry, led the Corps to switch strategies. Abandoning a policy of channel constriction, the Corps instead began an ambitious campaign of building massive lock and dam structures. These lock and dam structures created a nine-foot channel
 for commerce, but in doing so transformed the river into its present form.

In contrast to earlier channel constriction projects, lock and dam construction is an attempt to overwhelm and control natural river processes, rather than to work with them. A dam pools water behind it, raising water levels for navigation but also flooding vast areas of the river valley. The lock allows boats to move past the dam. Locks are rectangular chambers with two doors. Once ships enter, the doors are closed and water can be let into or out of the lock to raise or lower the water level within the lock. Essentially, the lock acts as an elevator, lifting or lowering the boat between the high water behind the dam and the lower water in front of it. Benefits of lock and dam construction include higher water levels for shipping and, if the dam is tall enough, water falling over the dam can generate hydroelectric power. On the other hand, as a result of their construction, large areas of the valley floor are flooded and the river is broken up into separate pools rather than flowing as a single stream. At present, the only way freshwater animals can go from pool to pool is to move through the locks as they open and close for boats and barges.

The first of the lock and dam structures was built at Meeker Island in 1907, but within five years the Corps dynamited the top of this structure in favor of building an even larger lock and dam near the Ford plant that could generate hydroelectric power as well as aid navigation. A second lock and dam complex was built at Hastings in 1930 and a third just above Redwing in 1938. Twenty-two more Upper Mississippi River lock and dams between Redwing, Minnesota and Alton, Illinois would follow during the 1930’s. It wasn’t until 1963 though, that a lock at St. Anthony Falls finally extended navigation upstream of the cataract.
Exercise 4 (Estimated Time 15 minutes)
Ask your lab instructor for a copy of the present navigation charts for your section of the Mississippi River. (2001 Navigation Charts – Map 10, 11, 12, 13 or 14).

Question 4.a


Compare your section of the river under channel constriction (1915 Hoffman Survey – Map 10, 11, 12, 13 or 14) to its present form as shown on the 2001 navigation chart. Briefly describe the major changes in water volume and continuity of flow that have occurred in the river as a result of lock and dam construction.

Question 4.b
What role, if any, do the old wing dams and closing dams play in present navigation? Do you think that they have any impact and, if so, do they aid or obstruct present river traffic? 

5. Summing Things Up:

Use the large maps to compare the river system over the last 125 years. The 1878-79 Farquhar Survey mapped a largely natural channel. Less than forty years later, the 1917 Hoffman Survey maps show the complete channel constriction effort at a time shortly after the Corps abandoned that strategy in favor of higher dams and locks. Lock and dam construction transformed the river to its present form shown on the Corps 2001 navigation charts. 

Exercise 5 (Estimated Time for Outline - 15 minutes)
Imagine that you were trying to explain to a friend or family member, what you’ve learned about the historical efforts to ‘manage’ the Mississippi River. With that goal in mind, write a half page essay for each of the following questions. 

Question 5.a 

Briefly explain the basic idea behind the Corps’ early attempts to ‘improve’ the Mississippi River channel by ‘channel constriction’. In other words, what was the goal of channel constriction and what methods did the Corps use to achieve that goal? What were some of the subsequent impacts of channel constriction efforts on the overall river system? In particular, what was lost from the river valley system the Dakota originally knew?

Question 5.b
In a similar fashion, explain the main idea behind the Corps’ later attempts to ‘improve’ the Mississippi River channel by lock and dam construction. What were some of the subsequent impacts of lock and dam construction on the overall river system? Again, how does the present river system differ from the one that the Dakota used?

Your completed essays are due at the start of the next lab. However, you must submit a preliminary outline of the main points each essay should cover before leaving the lab today. (As an alternative, if time permits, you may complete one or both of the essays before leaving class.)

� Rhonda Gilman, ‘Territorial Imperative: How Minnesota Became the 32nd State’, in ‘Making Minnesota Territory 1849-1858’, Anne R. Kaplan and Marilyn Ziebarth editors Minnesota Historical Society Press, 1999


� Agricultural concerns in particular hoped for improved river transport, as their bulk goods fared the worst under the railroads’ monopoly. The rise of the Grange, a national agriculture-based social movement founded by Oliver Hudson Kelly of Coon Rapids played a prominent role gaining Congressional support for river improvement projects. Started in 1868, within six years the Grange claimed nearly a million members. (John O. Anfinson)





� The history of the Corps’ efforts to manage the Mississippi is outlined by John O. Anfinson in River of History: A Historical Resources Study of the Mississippi National River and Recreation Area (U.S. Army Corps of Engineers, St. Paul District, 2003), and described in more detail in The River We Have Wrought: A History of the Upper Mississippi (University of Minnesota Press, 2003).


� As with the earlier channels, the nine-foot channel project’s goal was that the Mississippi River channel would have a minimum depth of 9’, even during periods of low water. The standard used to define ‘low water’ is the river’s depth in 1864, a year of pronounced drought.
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