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Abstract

With an overall length of 3,770 kilometers (2,340 miles, the Mississippi River is the largest river in the United States and the fourth largest river in the world. From its source in Minnesota to its mouth in Louisiana, the river presents differed and varied risks for bridges and other structures along its length. These risks include ice flows, seismicity, flooding and scour. Each of these risks are a product of the distinct geological history of the Mississippi River Basin and have been addressed by engineers in differing ways over the past 150 years of heavy civil and bridge construction within in the watershed.

Background 

The Mississippi River (“Misiziibi”: a river spread over a large area to the Algonquin speaking Indians) is the largest river system in North America. Its headwaters begin in Lake Itasca, in western Minnesota where the river flows southwards eventually reaching the Gulf of Mexico at the Mississippi River Delta. With tributary headwaters extending from the Appalachians to the Rockies, the river drains all or parts of 31 states. With an overall length of 3,770 kilometers (2,340 miles), the Mississippi River is the fourth largest river in the world.  The Mississippi River drains 40% of the continental United States and is the largest migratory flight path in the nation with 326 distinct species using the Mississippi River Basin as their migratory flyway.
The Mississippi is divided into three reaches, each shaped by its geological history and each with its own unique geological risks. The Upper Mississippi flows from its headwaters to the confluence of the Missouri River, for a distance of approximately 1,850 kilometers (1,150 miles). The Middle Mississippi flows from its confluence with the Missouri River to its juncture with the Ohio River, for a distance of approximately 310 kilometers (190 miles). The lower Mississippi flows from its confluence with the Ohio River to its mouth in the Gulf of Mexico for a distance of approximately 1,600 kilometers (1,000 miles).
A Brief Geologic History of the Mississippi River

The Mississippi River’s basin originated in Precambrian times (570 Ma) when there was one single continent. At that time the earth’s crust, at the present location of the Mississippi River, was locally stretching and small rift zones, insufficient to separate the large continent, developed. With further crustal stretching, faults were created within the rift zones, and within these failed rift zones, the early Mississippi River valley was borne. As time passed, other continents did form but, by the end of the Pennsylvania Period (290 Ma), previously separated continental masses (tectonic plates) were colliding. With these collisions the early Appalachian Mountains formed and the landscape was thrust upward in an arching fashion. This arching action led to separation and rapid weathering along the faults within the failed rift zones and led to the formation of a distinct proto river valley system that quickly accumulated sediment shed from the Appalachian Mountains. 

As time passed, the proto river valley sunk with the weight of accumulated sediment. By the Cretaceous Period (65 Ma), sea level rose more than two hundred feet above present sea level and a large inland bay formed extending from the present Gulf of Mexico to the present confluence of the Ohio and Mississippi Rivers. This bay (also known as the Mississippi Embayment) accumulated sediment at elevated sea levels, and during this time period the embayment became a well defined trough with the rift features plunging with accumulation of sediment load. This embayment retained its basic feature until the more recent Pleistocene Ice Age where at maximum glacial extent (c. 25,000 years ago), sea levels plunged to more than 100 meters (300 feet) below the present sea level, at which time a well defined river valley emerged creating other distinct landforms including scarps and river terraces and creating steepened stream gradients and accompanying rapid erosion of stream beds. With the last glacial retreat (c. 8,000 years ago), sea level rose to approximately its present level and the Mississippi River as we now understand it emerged. Sea levels continue to rise slowly through the present as we now live in an interglacial period. Never the less the Precambrian fault zones, i.e. the failed rift zones, are now buried very deeply beneath the Mississippi River, and remain quite active with recurring (weekly) seismic activity. In fact, the 1811-1812 New Madrid Earthquakes (near St. Louis) that are associated with these deeply buried faults remain the largest earthquakes ever recorded in North America and these quakes even caused the Mississippi River to flow backwards for a brief period of time. As recently as February 21, 2012, there was a magnitude 3.9 earthquake in southeastern Missouri having an epicenter located within the New Madrid Seismic Zone. The earthquake shattered windows and cracked walls locally and was felt in 13 states.

The Upper Mississippi – Its Characteristics – Its Risks.

The official starting point (or headwaters) of the Mississippi River is Lake Itasca, named by explorer Henry Schoolcraft, in 1832, by combining the last four letters and first three letters of the Latin phrase “veritas caput”, which he translated as “true head.” From these headwaters to the head of navigation at St. Paul, Minnesota, the Mississippi is a clear fresh stream winding through a country side of lakes and marshes. As the river further descends in this reach, it flows past steep limestone bluffs while it ever so slowly increases in size receiving water from tributaries in Minnesota, Wisconsin, Illinois, and Iowa. The Upper Mississippi is defined by a series of limestone, sandstone and dolostone bluffs that were carved by water from melting glaciers at the end of the last ice age. As the glaciers receded, the racing meltwater stretched from bluff to bluff carving in places the dramatic vertical bluff faces we see along the upper river. This upper Mississippi extends to the mouth of the Missouri River, near St. Louis, where for its first 1,850 kilometers (1,150 miles) of descent, it drops approximately 287 meters (940 feet) in elevation from its headwaters. At present this reach of the river makes its descent through 43 dams, the largest of which is the site of the (upper) St, Anthony Falls in downtown Minneapolis and the location of the only true falls on the Mississippi River. 

The principle geological risk in the Upper Mississippi is ice flows.

· The winters in Minnesota and other northern states, are particularly harsh and factors such as prevailing climate conditions,  characteristics of freeze-up and break-up, hydraulic characteristics, ice thickness and ice strength are recognized as important parameters to rationally design bridge and other river structures. Ice jams are typically an annual event and place all civilian structures at the shore line at risk.

The Middle Mississippi – Its Characteristics – Its Risks.

Below the Missouri River junction, the middle Mississippi follows a 310 kilometer (190-mile) course and drops 67 meters (220 feet) in elevation as it reaches the mouth of the Ohio River. At times the turbulent, and cloudy Missouri River, adds enormous quantities of silt to the otherwise clearer Mississippi. Traveling from north to south, this reach of the river is not dammed and the volume of water is significantly greater due to the contribution of flow from the Missouri River, whose source at 2,700 meters (8,000 feet) is Brower’s Spring which lies along the Continental Divide in southwestern Montana. 

The current form of the Mississippi River basin was largely shaped by the retreat of glaciers during the most recent Ice Age.  Glacial meltwaters greatly enlarged the trough along the course that the Mississippi River now flows. Additionally, a buried deep layer of material washed out from the ice sheets accumulating to thicknesses of 30 to 90 meters (100 to 300 feet) in this middle section.

The principle geological risks in the Middle Mississippi are scour associated with the plunging rock lines within the river bed and seismic activity associated with the failed rift zones. Some examples of Risk and Risk Mitigation include:

· Scour: The Eads Bridge (1879) in St. Louis Missouri was the first bridge on the Mississippi River to be designed on a rational basis for scour. With competent bedrock as deep as 30 meters (100 feet) below mean high water level, the designer, James Buchannan Eads, hydraulic engineer and a civil war captain who constructed ironclad steamers, gunboats and mortar boats for use in the Civil War, recognized that the largest threat to river construction in St. Louis was the threat of scour and with the device of pneumatic caissons, first employed on a large scale project in the United States, provided adequate resistance to scour.
· Seismic: Within the New Madrid Seismic Zone, all bridge structures are at risk from seismic activity. As codes have become more robust and  the state of the art has improved, new and ingenious solutions have been developed for seismic protection in response to the hazards of movement within the failed rift zones including:
a. Catcher systems installed as a retrofit solution for the Poplar Street Bridge, St. Louis Missouri (and many other bridge structures).
b. Various Isolation Bearing systems (at various locations) including the Triple Pendulum Isolation Bearing systems installed a retrofit solution for the I40 Mississippi River Crossing in Memphis, Tennessee.
c. Robust seismic instrumentation installation for new bridges such as the Bill Emerson Memorial Bridge (Cable Stayed Bridge) in Cape Girardeau, Missouri which is fitted with 84 (accelerometer) channels capable of recording free field motions at the surface and at down hole locations and overall motion of superstructure, tower and other foundation units.
The Lower Mississippi – Its Characteristics – Its Risks.

The Lower Mississippi River meanders leisurely and descends 96 meters (315 feet) from its junction with the Ohio River at Cairo, Illinois to form the lush delta at the edge of the Gulf of Mexico, for a distance of nearly 1,600 kilometers (1,000 miles). From a transcontinental flight, the sunlight glistening on the twisted ribbon of the one and one half mile wide Mississippi River is a distinctive landmark. What is also quite evident when viewed from the air is the myriad of oxbow lakes and cutoffs, testifying to a geologically active river constantly changing and correcting its course over long periods of time. The study of the river's ever changing patterns falls under the geological term: fluvial geomorphology.  As recent as March 1876, a flood moved the river several miles away from a small section of the border of Tennessee and Arkansas. Since this event was an “abandonment”, or properly termed an avulsion, the state line remains located in the old (and now abandoned) channel. At present, there are no dams along this reach of the river, however tall levees and bank stabilization efforts have been constructed to create a highly channelized river.

Flood control along the river dates back to the construction of the city of New Orleans in 1717 by the French, who built a small levee to shelter their infant city. While flooding along the river channel is an annual concern and has been the chief agent for change in recent geological history, the year 2012 marks the 85th anniversary of the most devastating flood in recorded history along the Mississippi River. The nation's most destructive flood began with heavy rains in the summer of 1926 which continued throughout the spring of 1927. Three separate flood waves occurred on the lower Mississippi in 1927 - in January, February and April, increasing in magnitude each time. In the spring of 1927 many of the levees failed, the worst of which at Mounds Landing, Mississippi, and flooded an area 80 kilometers (50 miles) wide and 160 kilometers  (100 miles) long (the size of the state of Connecticut) with up to 6 meters (20 feet ) of water. By July 1, 1927 the waters finally began to recede, but 1.5 million acres of land was still under water, with the disaster leaving behind more than 500 people dead and over 700,000 people displaced from their homes. The catastrophic flood of 1927 fostered a commitment by the federal government to initiate a definite program of flood control by the construction and maintenance of a complex array of riverbank structures rationally designed to contain and divert floods for the entire reach of the lower Mississippi.

Although no glaciers reached the lower Mississippi Delta region, its influences have transformed the surrounding lands and specifically the river Delta. High water flows combined with sediment loads of the glacial melt waters initially created braided stream patterns which developed into existing meandering patterns and the eventual re-depositing of sediment load within the river Delta in layers tens of meters in thickness. In addition to the annual deposition of wind blown and fluvial deposits at the mouth of the river, a natural process known as delta switching has historically shifted its final course of the river’s mouth to the Gulf of Mexico every thousand years or so. This occurs because the deposits of silt and sediment begin to clog its channel, raising the river's level and causing it to eventually find a steeper, more direct route to the Gulf of Mexico. Geologists consider the next major change in the course of the Lower Mississippi is now overdue; flood control structures and other engineering measures holds the mouth in a tentative state of equilibrium.

The principle geological risks in the Middle Mississippi are flooding and scour with minor seismic risks as far south as Memphis Tennessee. Examples of Risk and Risk Mitigation include:

· Flooding: a dynamic agent of geological change which puts cities and crops at risk, as well as the most long term of consequential  risks,  avulsion – literally a change in course of the river which would be catastrophic for major industrial ports, such as New Orleans, Louisiana.
· Scour: geology and engineered floodwall protection systems produce curious and sometimes startling results including the deepest recorded high-stage scour location which lies in the City of New Orleans.  On the outside of the bend in the river between Governor Nicholls Wharf and Algiers Point, the river is 60 meters (200 fee) deep, placing the immediate levee system as well as any civil structures adjacent to the levee in jeopardy of a slump type instability failure. 
Closing

The Mississippi River, the largest river in the United State presents many challenges for civil and bridge construction. The physical challengers are varied from source to mouth, but regionally are dependent on the geological risks, unique to its location. 
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