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Initial Research Question: What happens to a meandering stream during a flash flood?
Introduction
We began our experiment with the question: “what happens to a meandering stream during a flashflood?”  We had two hours to work and experiment with the stream table.  Our initial question evolved into four questions relating to how a meandering stream behaves in a flash flood under increasingly complex geomorphic circumstances. As such, we have four questions and four experiments on which to report.
[image: ]Experiment No. 1 Question: What happens to a meandering stream during a flash flood?

Starting Time: 3:03 p.m. Initial Flow Setting: 16.  Length of experiment: 10 minutes.
[image: ] (
Photo 1
)The floodplain was flattened and smoothed using the squeegee, and a meandering stream was cut into the middle of the plain using sweeping finger movements creating three point bar-cut bank systems into floodplain. After 1 minute duration on flow setting 16, flow was slowed to a setting of 12.
Almost immediately, as shown in Photo 1, we began to see new braided channels form, one broke off the cutbank into the northeastern most backswamp and formed two anastomosing channels and a delta system. Another channel broke out from the middle cut bankof the meander and formed a delta system. Two independent deltasystems had formed by the 4-6 minute mark, and the original meander was mostly abandoned. While flow was maintained at 12, a large channel formed to the far  (
Photo 2
)[image: ]western edge of the stream table. The western break off channel slowly but steadily cut deeper into the bed forming steeper banks.
Time 3:10 Buildings were added to the flood plain as shown in Photo 2.
 (
Photo 3
)[image: ][image: ] (
Photo 4
)Flow setting was increased to 30 to simulate a flash flood.After only a minute of this flow rate,  the western break off channel widens to accommodate the increase in discharge.(See Photos 3 and 4.)

The eastern break off channel becomes a complex anastomosing channel that mergers with north eastern channel that initiates from the change in discharge. Monopoly hotels in the northern floodplain positioned in the point bar area are out of harm’s way. This cannot be said of the farmhouse situated in the southeastern backswamp area. 
[image: ]Experiment No. 2 Question: What happens to a meandering stream in the middle of a basin range system during a flash flood?
Starting Time: 3:14 p.m. Initial Flow Setting: 12.  Length of experiment: 20 minutes
[image: ][image: ] (
Photo 6
) (
Photo 5
)For this experiment we wanted to that establish a basin range structure to “contain” the meandering stream and the floodwaters. In part we wanted to try prevent the water from converging along the edges of the table and also to see what kinds of erosive and transportation behavior would occur in this more confined system. To establish this we leveled the floodplain with the squeegee and formed ridges of sand running north and south along the edges of the floodplain, parallel with the stream table walls. The ridges were gently patted down to provide some stability and structure. A new, slightly deeper meander was cut into the floodplain. (See, Photos 5 and 6). 


[image: ]The flow set to 12.  Within two minutes our meander had abandoned the original channel and began almost forming an oxbow lake as shown in Photo 7. 
 (
Photo 7
) (
Photo 8
)[image: ]Two rather straight channels and two delta systems emerged, but then morphed into one large anastomosing channel. (Photo 8).


 (
Photo 9
)[image: ]We reduced stream flow to 8 at 3:16 p.m. because we wanted to see how a lower velosity and discharge would affect the anastomosing channel, specifically wondering if it would break into a meander again. Within one minute the stream abandoned the anastomosing channel for a meander, but then almost as quickly abandoned that in favor of the larger straighter channel (See Photo 9). We believe that this occurred because of the deposition of sediment that occurred while the flow was set to 12. At 3:27 we add buildings along the eastern and eastern banks of our stream. A ridge began forming in the middle of the upper channel (Photo 10). At 3:28 p.m. we noticed that channel broke off to the east and a smaller one the the west from the [image: ]larger anastomosing channel (Photo 11) and then again abandoned this channel or the larger central anastomosing channel. Multiple deltas had formed at this point in addition to the island formations that are  (
Photo 10
)charateristic of an anastomosing channel.  
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Photo 11
) (
Photo 14
) (
Photo 12
) (
Photo 13
)[image: ][image: ]At 3:34 we increased the flow rate to our intial flash flood setting of 30 for three minutes.  As shown in Photos 12-14, this caused the channel to breach its natural levees, engulfing the residences along the river banks. It is not noticable until the flow is shut off (Photo 14), but the channel that evolved from the flood was braided. At this time, the stalwart residents of this little village reassess and decide it might be prudent to relocate and to construct some form of dam and drainage system.  
Experiment No. 3 Question: What happens to our former meandering stream now braided/anastomosing channel and the residential and commercial developments built with the channel/basin/range system during a flash flood after a dam and culverts are erected?
[image: ]
[image: ]Starting Time: 3:40 p.m. Initial Flow Setting: 5. Length of experiment: 27 minutes
 (
Photo 15
)As previously mentioned, in our village floodplain scenario, the residents decided to relocate their homes and businesses as well as construct a dam and floodwater drainage system. The dam/culvert system was designed to impede the encroachment of floodwater and to direct floodwaters through a culvert system into a natural catchment area (See Photo 15). We decided to allow the water to flow for a longer period of time on a single setting in order to observe the behavior of the stream in relation to the dam, ridgelines and floodplain prior to simulating a flash flood. We removed houses in order construct dam and culverts. The dam was constructed using one large flat bottomed boulder and two smaller flat bottom stones. 
[image: ][image: ] (
Photo 16
) (
Photo 17
)
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Photo 19
) (
Photo 18
)[image: ][image: ]These were placed so that they generally connected and the seams in between the rocks were sealed with sand (See photo 16). Two open-faced metal culverts ere positioned at the eastern and western edges of the dam  to divert water flow away from the residence and down middle of the floodplain toward a catchment area in the southern floodplain. Some homeowners decided following the last flood that it would be prudent to build father upland and along the ridgeline as opposed to being along the lower floodplain. A few stubborn farmers decided to brave the lowland floodplain. At 3:41 P.M. we increased the flow setting to 10. Almost immediately the culverts clog with sediment (See Photo 17). We see the water channeling around the eastern side of the dam. (See Photo 18). At 3:43 along the the eastern ridgeline a channel begins to meander and divides into two channels (Photo 18) and begins to slowly erode the loosely packed sediment of our eastern ridge. (See Photo 19).    (
Photo 18
)The culverts are clear of sediment. There is no channelization, virtually no flow coming through  (
Photo 20
)along the western culvert corridor. We believe this is because the western ridge is more upland or on a slightly steeper grade, than its esastern counterpart.  We are, however, growing concerned for the residents on the eastern ridge as sediment is being steadily eroded along the unstable man-made ridge. At 3:46 the flow level still set at 10 we find the flow has abandoned the eastern culvert and formed a new channel parallel to the culvert. (See Photo 20) At 3:49 there is a ground tremor which was simulated by jostling the  (
Photo 21
)table for a moment. Following this, a central meandering channel formed which then became anastomosing central channel. One of our houses has fallen from the ridgeline. Landslides occur at the northeasternmost ridgline caused by the erosive action of the channel flowing from around [image: ]the dam. There is virtually all flow on the western side of the dam.
[image: ]Flow Setting is changed  at 3:49 to 13 for one minute in duration. Eroding of the ridgeline remains consistant (See Photo 21) and we find that our channel at the headwaters has eroded sediment down to the bedrock. After two minutes of this setting (13) we find that the transport of sediment has caused a depositional ridgeline to be forming within the primary channel. A larger meandering channel was established and a large cut bank was established within the western depositional ridge creating a natural catchment, flooding the hotel situated along the southwestern ridge. 
 (
Photo 21
)[image: ]At 4:00 p.m. the flow setting was changed to 30 for a duration of two minutes. At this time we see the weastern channel of the meander abandoned . The flow setting is increased to 50 at 4:03 p.m. It is at this point that we begin to see water flowing though the western culvert and a channel developing.
We increase flow setting to 50 and leave it at this rate for 5 minutes. The eastern channel on the meander formas two channels with an upper delta. The flow continues to channel through the western culvert and begins eroding around the culvert and the ridgeline. We change the setting to 100 for 30 seconds and then run it at 80 for one minute (perhaps simulating a 100 year flood event). At 4:07 we turned the setting down and the motor to the flow machine stopped working for a bit. It was actually that the water had backflowed and needed to be cyphened through. At the higher flow velocities we observed that the channel formed a wide meander with a large depositional point bar feature that in fact had formed a butte.


Conclusion
When a heavy rain falls on ground that is steeply sloped or is already saturated with  water, water runoff trickles down Earth's surface rather than being absorbed. Initially, the water runs in an evenly distributed, paper-thin sheet, called surface runoff. After it travels a short distance, the water begins to run in small parallel rivulets called rills. At the same time, the water becomes turbulent. As these rills pass over fine soil or silt, they begin to dig shallow channels, called runnels. This is the first stage of erosion. 
These parallel rills do not last very long, perhaps only a few yards. Fairly soon, the rills unite with one another until enough of them merge to form a stream. After a number of rills converge, the resulting stream is a significant, continuously flowing body of water, called a brook. As a brook flows along and groundwater supplies add to the amount of water the brook carries, it soon becomes a river. 
As the amount of water in a stream increases, the stream must adjust its velocity and cross sectional area in order to form a balance. Discharge increases as more water is added through rainfall, tributary streams, or from groundwater seeping into the stream. As discharge increases, generally width, depth, and velocity of the stream also increase. Increasing the depth and width of the stream may cause the stream to overflow is channel resulting in a flood.
[bookmark: _GoBack]We find that our meandering system can fluctuate wildly based upon many variables such as the viscosity (internal friction) within the flow, the kinds of sediment, and slope. Perhaps the stream found an easier path via a layer of laminar flow possibly caused by the easily saturated sand. The meander which we cut into the floodplain, the “hand of God” as it were, may not have had the properties of a naturally occurring meander, nevertheless, the sinuosity of the meander was not maintained even prior to the flash flood simulation. We can hazard a guess that the water followed the path of least resistance or “least work.”
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Time Duration Flow

3:14:00 PM 2 minutes 12

3:16:00 PM n/a 12

3:16:00 PM 18 minutes 8

3:27:00 PM n/a 8

3:28:00 PM n/a 8

3:34:00 PM 3 minutes 30

Initializing Flow

The meander abandoned the original channel and began forming an oxbow lake. 

The stream abandoned the anatomosing channel for a meander, but then almost as quickly abandoned 

that channel in favor of the larger, straighter channel. 

Housing and development was added

 The meander broke off to the east from the larger anastomosing channel and then again abandoned this 

channel or the larger central anastomosing channel. Multiple deltas had formed at this point in addition to 

the alluvial formations.

Flash Flood

Notes
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Time Duration Flow

3:40:00 PM 1 minute 5

3:41:00 PM 8 minutes 10

3:43:00 PM n/a 10

3:46:00 PM n/a 10

3:49:00 PM n/a 10

3:50:00 PM 2 minutes 13

3:52:00 PM n/a 13

4:00:00 PM 3 minutes 30

4:03:00 PM 5 minutes 50

4:08:00 PM 30 seconds 100

4:08:30 PM 1 minute 80

4:09:00 PM n/a 0

Pump stopped working. Water was soaked into ground. Needed to wait to get anything going.

Channel at the headwaters has eroded sediment down to the bedrock

The transport of sediment has caused a depositional ridgeline to be forming within the primary channel

Western channel of the meander abandoned 

Water  isflowing though the western culvert and a channel is developing.

Simulating heavy flow

Possible 100 year flood.

Notes

Initializing Flow

Culverts clog with sediment

 A channel begins to meander and divides into two channels along the the eastern ridgeline

Flow has abandoned the eastern culvert and formed a new channel parallel to the culvert

Ground tremor
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Time Duration Flow

3:03:00 PM 1 minute 16

3:04:00 PM 6 minutes 12

3:10:00 PM 3 minutes 30

Notes

Initializing flow

Two independent delta systems form, abandoning original channel

Housing added; Western break off channel widens to accommodate the increase in discharge.
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