
Part II 
Cowboy Hydrology 



Presenter
Presentation Notes
You do not have to be a trained ichthyologist to understand that there are many similarities as well as important differences between these species of fish.  And you do not have to be a fisheries scientist to understand the basic biology and management for these species.
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Presentation Notes
Likewise, you do not have to be a trained psychologist to understand that there are similarities as well as differences between people.  You learn a great deal about people simply by observing and interacting with them.
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In a similar way, a regular person who knows some basic ecological principles can use that knowledge to manage different landscapes.



Many Universal Similarities 
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Presentation Notes
And it is the same way with creeks and rivers.  Although there are many different types of creeks, there are also many similarities that apply to all creeks.  Once you learn some basics, you can apply that knowledge to your specific creek.



1.  Carry Water      
(Generate Energy)  

2. Respond to Energy     
(Erosion and Deposition) 

3. Kinds and Amounts                   
of Vegetation 

Presenter
Presentation Notes
Creeks and rivers differ in at least three important ways:  They differ in the way that they carry water and generate energy.  Secondly, they differ in the way that they respond to that energy, which involves erosion and deposition.  And they also differ in the kinds and amounts of vegetation.
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Presentation Notes
It all starts with the energy of moving water.  There is tremendous energy in a single drop of falling water.  Multiply that times a million or a billion and the energy in a creek or river is enormous.  



Soil 

Water Vegetation 

Cowboy Hydrology 
Fluvial Geomorphology for Dummies 
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Presentation Notes
In the Introduction we noted that creeks and riparian areas operate with the interaction of these three factors.  In the remainder of the workshop, we will examine these three factors in more detail.  The Water side of the triangle is called Hydrology. The Soil side of the triangle involves both the erosion of soil and the deposition of soil by moving water. The technical name for this is fluvial geomorphology.  So for this session we will look at these two sides of he triangle and will learn the basics in what we will call “Cowboy Hydrology” and “Fluvial Geomorphology for Dummies”.  We do not need to go into the highly technical aspects of these branches of science but we will condense them down to the practical information that you need to know.
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Presentation Notes
This slide and the next slide are shown for one reason – to illustrate and emphasize that there has been a great deal of rigorous science conducted to discover how creeks and rivers work. This slide from one of the world’s leading hydrologists shows that there are actually 94 different kinds of creek and river channels, each with different characteristics and which respond differently.  We won’t go into any detail on this, but you can be confident that the things we will teach are based on solid scientific principles; it is not just theory or opinion.  



Lane’s Relationship, 1950 
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Presentation Notes
This slide illustrates a very important relationship of what happens in creek and river channels, and it demonstrates why hydrology and sediment must be considered together. This balance shows that anytime there is a change in the volume of water, or the slope of the channel, or the volume of sediment, or the size of sediment, that this causes a reaction in one or more of the other factors.  A proper understanding of Lane’s Relationship will help us predict and understand how and why creeks and rivers respond they way they do.  If we have time, we will demonstrate this balance and it will make more sense, but for now, it is important that you understand that there is a lot of complex science behind the principles that we will teach.



10 Lessons 
How Creeks Work 
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Presentation Notes
Contrary to the song you learned as a child, water does not flow “gently down the stream”.  It flows violently and with turbulence, especially during small or large flood events.   In fact, water flows down a channel in a corkscrew manner.  As you have undoubtedly observed for yourself, water exerts erosive force on the outside bend of a channel where there is a natural zone of erosion.  The soil that is removed from the outside bend is then transported and deposited to the inside bend, where there is a corresponding zone of deposition.  Using this as a starting point, we will now present 10 lessons to show how creeks work, and especially the relationship of erosion and deposition of sediment. 
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Presentation Notes
�The first lesson has to do with meandering.  This is the Gulf Stream in the middle of the Atlantic Ocean.  Even when not confined by banks, water currents naturally meander. In nature, water does not want to flow straight.



Walla Walla River, 1964 
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Presentation Notes
This is the Walla Walla River in Washington, showing a river that had been straightened with levees.  But, during a flood, the river is demonstrating that it does not want to go straight – it wants to meander and it is in the process of redeveloping a natural pattern of meanders and bends, known as sinuosity.



Lesson 1: 
Creeks do not want to 
be wide and straight 
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Presentation Notes
Here is a perfectly straight, flat bottom, wide channel engineered to transport water.  The water said – I do not want to flow straight and wide. The water has formed a channel of its own and as you can see it is forming its own pattern of meandering within the engineered channel. So the 1st lesson is that Creeks do not want to be wide and straight – they want to meander.
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Here is why meandering or sinuosity is important.  If you have a valley between two hills and if the length of the valley is 10,000 feet and if the change in elevation is 100 feet, and if you have a straight channel in the valley, the gradient or slope of that channel is 1%.  However, if the channel has a moderate amount of meandering and if there is a 14,000 foot channel within the valley, the gradient of the channel is reduced to 0.7%.  A flatter slope means that the water is flowing slower, with less energy and less erosion.  If the channel has a lot of meandering with a 25,000 foot channel within a 10,000 foot valley, the slope of the channel is only 0.4%.  Slower velocity, reduced energy, less erosion, more water and more creek.  This meandering develops by the erosion of material on the outside bend and the corresponding deposition of sediment on the inside bend.  Creeks can either increase or decrease their sinuosity to adjust to an equilibrium.



Base Flow 

Bankfull Flow 1 – 2 Year Flood 
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Presentation Notes
Next lesson.  Here you have a typical creek channel with a normal amount of water, called the base flow.  During a heavy rain when there is runoff, the channel will fill to the top of the channel and this is called “bankfull discharge” or bankfull flow.  These channel filling floods should occur and do occur about every 1-2 years on average.



Active Floodplain 

Lesson 2: 

Floodplains Dissipate Energy and Trap Sediment 

High velocity water 

Low velocity water 

Presenter
Presentation Notes
The area immediately above the channel is called the active floodplain.  Any additional runoff that enters the channel begins to spill out onto the floodplain.  During these regular flood events, you have high velocity water in the channel, moving both water and sediment; and you have low velocity water flowing on the floodplain.  So, Lesson 2 is that that floodplains are a very important part of the creek system because they help dissipate the energy of floodwaters and when the waters are spread out and slowed down sediment trapping and deposition takes place.  



Floodplain 
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Here you see this about to happen. The channel is nearly full.  Any additional water entering the channel will begin to spill out on to the floodplain where the water will slow down and begin to trap sediment.  



Water Table 

Lesson 3: 

Flooding Recharges Water Tables 

Presenter
Presentation Notes
Here again, we have a channel with base flow; and there is a water table that is directly associated with the water in the creek. The water in the channel is the same water in the water table and this water commonly goes back and forth between the creek and the water table.  During a flood event when water spills out on to the floodplain, there is a large and sudden recharging of the water table.  So Lesson 3 is that flooding  and inundation of the floodplain is important because it recharges the shallow alluvial aquifers that exist along creeks and rivers.



Lesson 4: 

Excessive Erosion Enlarges the Channel 
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Here again you see the typical creek channel.  But if there is too much water coming too fast down the channel without adequate vegetation, the channel begins to enlarge due to erosion. At first the erosion is downward, which is called down-cutting.  Once the channel is eroded down to some hard or restrictive layer, and it cannot cut downward, it then begins to erode laterally, going wider and wider.  Lesson 4 is that Excessive erosion enlarges the channel greatly in excess of the proper and normal size of what the channel should be.  And this is not a good thing.  
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Presentation Notes
Here is an example of an enlarged channel caused by excessive erosion of the banks. The creek has first cut downward and is now cutting wider and wider due to excessive energy and a lack of adequate vegetation. 



Lesson 5: 
Down-cutting Drains the Water Table 
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Presentation Notes
Here again is the normal channel with its associated water table.  When a channel down-cuts, what happens to the water table?  The down-cutting of a channel drains the water table.  It is no different than if someone came in and cut a ditch into a marsh.  So, Lesson 5 is that down-cutting is very undesirable because it drains the water table.



Lesson 6: 

Down-cutting: Loose Access to Floodplain 

Bankfull flow well 
below floodplain 
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Presentation Notes
This lesson shows another serious problem when down-cutting occurs.  If you have the properly sized channel, and a bankfull runoff event, the discharge fills the channel and has good access to the floodplain.  But when down-cutting occurs and the channel becomes oversized, that same amount of discharge no longer fills the channel. All of that energy is confined in the bottom of the channel and there is no access to the floodplain and there is no opportunity for the floodplain to help dissipate the energy of the floodwaters.  Lesson 6 is that down-cutting causes the loss of floodwater access to the floodplain.
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Here is a picture of Lesson 6 with a dow-ncut and oversize channel.  The normal amount of flow that used to fill the channel and escape on to the floodplain is now confined to the channel where it continues to erode the channel. There is no escape of floodwater on to the floodplain.  The channel continues to erode as seen by the large chunks falling into the bottom.  The nearest chunk is the size of a refrigerator.  The farther chunk is the size of a small car.



Presenter
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Here is how down-cutting often happens.  A headcut forms and the turbulence of the water falling over the cut keeps cutting and cutting and moving the headcut upstream, sometimes for miles and miles, greatly enlarging the size of the channel and eliminating access to the floodplain.
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These headcuts, once they start are extremely difficult to stop.  Even when there is good vegetation, the energies of water falling over the headcut are too much and the erosion usually works its way upstream.  



Water Table Riparian Sponge 

Rock Layer 
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Presentation Notes
On some creeks, in some parts of Texas, there is a rock layer beneath the channel, and the dynamics are a little different.  There is still a normal size channel with a normal base flow and the 1-2 year flood fills the channel with the bankfull discharge. With additional rainfall and runoff, the discharge spills out on to the floodplain.  And there is a water table on top of the bedrock that is recharged and refilled during out of bank flow. This saturated soil adjacent to the channel is sometimes referred to as the “riparian sponge” to emphasize the ability of the floodplain to store water.



Lesson 7: 

The Water Table Sustains Base Flow 
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Then, after the water level recedes back to the base flow level, the water stored in the sponge begins to seep back into the channel. So, Lesson 7 is that the water table and the riparian sponge is what helps to sustain base flow during the dry times between runoff events.  It is important to realize that most creeks that continue to flow after runoff ceases, are sustained not by large flowing springs, but rather by the water that is stored all up and down the channel in the banks and floodplains.



Riparian Sponge 
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Here is a picture showing this so called riparian sponge – the sediments of the floodplain having stored water during out of bank flow and now giving that water back to the channel to sustain base flow.  



Lesson 8: 

Channel Widening Reduces the Riparian Sponge 
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When excess water flows down the channel with too much energy and without adequate vegetation, the channel cannot cut downward due to the rock layer.  Instead, the cutting can only occur laterally, gradually widening the creek. There still may be a small water table but look how much sediment has been lost (shown in brown) due to the channel widening.  Lesson 8 is that excessive channel widening reduces the size and capacity of the riparian sponge.
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Here is a picture of Lesson 8. The channel has grown wider and wider and the banks and floodplain which used to comprise the riparian sponge have washed away, greatly reducing the water storage capacity.



Lesson 9: 

Overly Wide Channels Reduce 
Sediment Transport Ability 
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There is another serious problem with these overly wide channels.  The normal base flow is now only a few inches deep but very wide.  Even when a bankfull discharge occurs, the flow is still wide and relatively shallow.  What kind of energy do you think is present when water flows wide and shallow?  Yes, the energies are reduced so much that the current does not have the ability to move sediment.  Remember that a properly sized channel must be able to move both water and sediment.  If the channel is too wide and too shallow, the creek will move water but not have enough energy to move sediment. Lesson 9 is that overly wide channels have a reduced ability to transport sediment.
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And here is a picture of an excessively wide channel.  The sediment that is present just continues to build up and is moved back and forth across the valley with each flood, but it is never moved through the system.  The unnatural piling up of excess sediment is one of the big problems with may creeks in Texas.  



Lesson 10: 
Degraded and eroded channels can be restored 

Natural Channel Restoration 
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But there is good news.  Channels that have become eroded and over sized can restore themselves.  If vegetation is allowed to grow, some of the sediment will begin to be trapped and stabilized.  With each new flood event, more and more sediment will be trapped and stabilized by vegetation.  Over a period of time, as vegetation is allowed to grow, it will slowly trap sediment and rebuild banks and a floodplain in the bottom of the old channel.  The size and shape of the original channel can be re-established at a lower elevation and the water table can also be re-established. So Lesson 10 is that degraded and eroded channels can be restored. 
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Here is an example of this process beginning to happen.  Vegetation is now beginning to grow along the edge of the eroded channel. This thin line of vegetation is adequate to begin to trap additional sediments an to begin the rebuilding process.  
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Only two years later at the same location, the amount of sediment trapped by the vegetation is amazing. The channel is now beginning to narrow and the sediments are building new banks and floodplain within the old channel.  This is the normal healing process – the trapping of sediment by vegetation and the re-establishment of a channel that has the ability to transport excess sediment through the system.  
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Here is another example.  Many years ago, the channel cut down and cut wide, enlarging the dimensions of the channel.  As vegetation began to grow in the bottom of the enlarged channel, it also began to trap sediment.  The photo shows the completion of this process with a proper channel size re-established as well as banks and floodplain and water table – however all of this is now considerably lower in elevation as the original channel.
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This is how the process works where there is a restrictive rock layer.  As vegetation is allowed to grow, sediment is trapped. With each new flood, more sediment is trapped and more vegetation can grow.  Over time, the trapping of sediment by vegetation builds new banks, and floodplain and re-establishes the size and shape of the former channel
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Here is a picture of this happening on a creek up near Seymour.  The channel, sitting on bedrock had widened out.  As vegetation began to grow, sediment was trapped, reducing the width of the channel and  creating a wide riparian zone.
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It is amazing to think that sediment and vegetation can establish on top of solid bedrock. But across thousands of miles of creeks, this process can occur, when the right kinds and amounts of vegetation begin to grow.  Here you clearly see that sediment and vegetation can be build back on top of solid bedrock, creating a riparian sponge to store water.  
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You have seen this photo before – of the overly wide channel.  Simulated here is the process of sediment trapping and channel narrowing that can take place naturally over time when vegetation is allowed to grow.  The dark green represents new sediment trapping and the formation of a floodplain and riparian sponge and the resulting narrow, deeper channel that can maintain flow as well as fish and aquatic life.  
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How many of you believe that the area on the right can be restored to something similar to what you see on the left?  Most people familiar with the land understand that this kind of restoration is not only possible but can happen rapidly with the right kind of management.
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Likewise, the restoration of degraded disfunctional creeks is not only possible but can happen much faster than what most people realize.  
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A creek can go from looking like this . . . .
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To this in a short period of time under proper management.



Bear Creek 

   1977 
 
           

1986 
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This is the kind of restoration that took place on Bear Creek in just 10 years with only a change in grazing management.



Burro Creek 
1981 

Burro Creek 
2000 
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In an extremely harsh environment in a 6 inch rainfall zone in Arizona, this is the kind of natural restoration that took place on Burro Creek.  



Nueces River 2007 
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And here is an amazing example from Texas, near Uvalde on the Nueces River. This series of 6 photos one year apart showing how creeks and rivers will restore themselves according to natural processes and how quickly this can happen.  Scroll down thru the next 5 photos . . .



2008 



2009 



2010 



2011 



2012 



2007 

2012 
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Here is the change after 5 years, showing how rapidly improvements can occur.  What can be readily seen in the photos is the vegetation; but what is not as readily seen and what we want to emphasize are the changes in hydrology and sediment dynamics.  Large amounts of sediment have been trapped on the floodplain.  These sediments are storing water and enhancing the riparian sponge.  The channel is narrowing as the riparian zone is widening.  A narrower channel is able to transport excess sediment through the system.  If you can understand these lessons of cowboy hydrology and geomorphology you will have a basic understanding of the physics that govern how creeks work.   



The Role of 
Riparian Vegetation 
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Transition slide introducing the next presentation
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