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I, Nicholas Pinter, declare as follows: 

Professional Experience and Background 

1. I am a Professor in the Geology Department and Environmental Resources and 

Policy Program at the Southern Illinois University, and Director of the SIU’s Integrative Graduate 

Education, Research and Training (IGERT) program in “Watershed Science and Policy.”  I have a 

Ph.D. (1992) from the University of California, Santa Barbara and an M.S. (1988) from Penn State 

University.  I have authored, edited, or contributed to at least five books and authored over 39 peer-

reviewed, published scholarly articles in rivers, flood hazard, and related fields. 

2. My primary field of expertise is in earth-surface processes (geomorphology) applied 

to a broad range of theoretical questions and practical applications.  Much of my recent work 

focuses on rivers, fluvial geomorphology, flood hydrology, and floodplains.  This research includes 

field-based work, modeling, and significant public-policy involvement.     

3. My lab uses hydrologic and statistical tools, 1D and 2D hydraulic modeling, and 

loss-estimation modeling to quantify the impacts of river and floodplain engineering, and to assess 

regional floodplain management strategies and mitigation solutions.  My research group has also 

compiled a large NSF-funded GIS database of over 100 years of channel hydrography, floodplain 

topography, and engineering construction and infrastructure on over 2500 miles of the Mississippi 

and Missouri Rivers in order to empirically test the causal connections between channel and 

floodplain modifications and flood response.  Another recent NSF-funded project assessed the 

impacts of progressive levee growth along the Mississippi River through hydraulic modeling of 

multiple calibrated time steps and multiple change conditions. 

4. My research group also runs a series of FEMA-funded grants doing hazard modeling 

and mitigation planning across the central United States.  To date, the group has completed more 

than 40 FEMA disaster mitigation studies, and we have a number of new plans and plan updates on-

going.  One principal modeling tool is the Hazus-MH package that, along with various GIS-based 

and modeling tools, allows estimation of disaster damages and effects for a range of hazards and 

disaster scenarios.  This modeling capability nicely bridges the gap between pure hydrologic and 

hydraulic analyses (as well as site-specific earthquake studies) and broad societal impacts. 
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5. My Curriculum Vitae is attached hereto as Exhibit 1. 

Documents Reviewed for this Declaration 

6. I am familiar with the literature regarding the morphology and dynamics of the 

Mississippi and other rivers and the interaction between river engineering structures and floods, 

including the studies cited in Appendix A, Summary of Research on the Effects of River Training 

Structures on Flood Levels, to the Final Environmental Assessments with Finding of No Significant 

Impact prepared by the U.S. Army Corps of Engineers (“Corps”) for the Dogtooth Bend, 

Monsenthein/Ivory Landing, and Eliza Point/Greenfield Bend projects, and the Draft 

Environmental Assessment and Unsigned Finding of No Significant Impact for the Grand Tower 

project.   

7. I have reviewed the Environmental Assessments with Finding of No Significant 

Impact for the Dogtooth Bend, Monsenthein/Ivory Landing, and Eliza Point/Greenfield Bend 

projects, and the Draft Environmental Assessment and Unsigned Finding of No Significant Impact 

for the Grand Tower project. 

Analysis 

8. I have been asked to form an independent professional opinion as to whether 

building new river training structures, including those planned by the Corps in the Dogtooth Bend, 

Monsenthein/Ivory Landing, Eliza Point/Greenfield Bend, and Grand Tower projects, may pose a 

significant risk of irreparable harm to the natural environment and to people and the property of 

people who live, work, attend school, or recreate in the floodplains, including by raising flood stage 

heights on the Mississippi River.  As discussed in the following analysis, I conclude that the Corps’ 

proposed projects, and river training structures generally, do pose such a risk. 

9. Damages from floods worldwide have risen dramatically over the past 100 years 

(Munich Re Group, 2007). While much of this increase is due to economic development in 

floodplains (Pinter, 2005; Pielke, 1999), it is also clear that flooding itself has physically increased 

in magnitude and frequency on many rivers, including the Mississippi River.  (Pinter et al., 2006a; 

Pinter et al., 2006b; Helms et al., 2002).  Historical time series of stage data, which are 
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unequivocally homogenous over time (Criss and Winston, 2008), show strong and statistically 

significant increases of flood heights on the Mississippi River over time.   

10. A number of processes can lead to flood magnification or otherwise alter flood 

response in a river basin.  These include climate change, agricultural practices, forestry practices, 

urbanization, road construction, construction of other impervious surfaces, loss of wetlands, 

decreases in floodplain storage areas, construction and operation of dams, and modifications and 

engineering of river channels.  The range of these changes can alter the volume and timing of runoff 

(discharge or flow of water) entering and moving through river systems.  In addition, other natural 

or human-induced changes to river channels and their floodplains can alter the conveyance of flow 

with the river channels, resulting in increases or decreases in water levels (including flood stages) 

for the same discharge. 

11. The Mississippi River has been intensively engineered by the Corps over the past 50 

to 150-plus years (depending on the reach), and some of these modifications are associated with 

large decreases in the river’s capacity to convey flood flows.  Numerous scientific investigations 

including Corps reports, some dating back to the 1950s, have noted large increases in flood levels in 

association with wing-dike construction.  For example, investigators recognized as early as 1952 

that “the carrying capacity of the river has been decreased so materially by the [river training] work 

that floods have occurred at such points as Waverly, Boonville and Hermann, Mo., at lower gauge 

readings with smaller volumes of water than the 1929 flood stage.”  (Schneiders, 1996 at 346).  

These investigations have prompted some agencies to rethink their river management strategies.  In 

the Netherlands, for example, the government has begun modifying river training structures on the 

Rhine River to reduce this recognized risk.  General Accounting Office, “Mississippi River:  

Actions Are Needed to Help Resolve Environmental and Flooding Concerns about the Use of River 

Training Structures (December 2011) (“GAO Report”) at 41.  To date, however, the Corps has 

never addressed in an EIS the vast body of peer-reviewed, independent research showing that river-

training structures increase flood heights.  Id.   

12. My research has looked extensively at the extent and causes of flood magnification, 

particularly on the Mississippi River.  This research documents that climate, land-use changes, and 
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river engineering have contributed to statistically significant increases in flooding along portions of 

the Mississippi River system.  However, the most significant cause of flood height increases on the 

Middle Mississippi River and Lower Missouri River can be traced to the construction of wing dikes 

and other river training structures.  Indeed, flood height increases on those river segments exceed 

by a factor of ten the maximum credible increases that could be expected from climate-driven and 

land-cover-driven flow increases (e.g., Pinter et al., 2008).  The large multivariate study by Pinter et 

al. (2010) identified the age, location, and extent of every large levee system added to the 

Mississippi-Lower Missouri system during the past century, documenting that levees do contribute 

some but not all of the observed flood-level increases on the Middle Mississippi and elsewhere 

(confirming modeling by Remo et al., 2009; see Exhibit 2 to this declaration).  

13. Recent theoretical analysis has shown that increased flood levels caused by wing-

dike construction are “consistent with basic principles of river hydro- and morphodynamics” 

(Huthoff et al., 2013).  This study concluded that even with extremely conservative parameters used 

in modeling, “the net effect of wing dikes will be higher flood levels.”  Id.   

14. This theoretical analysis is supported by empirical studies that have utilized 

hydrologic analyses; rigorous statistics; geospatial analyses; and 1D, 2D, and 3D hydraulic 

modeling to confirm, empirically as well as theoretically, the potential for significant increases in 

flood levels in response to the dense emplacement of wing-dike structures, such as employed on the 

Middle Mississippi River.  Among this body of research, my research group was funded by the 

National Science Foundation to construct two large river-related databases to rigorously test for 

trends in flood magnitudes over time on over 4000 kilometers (over 2400 miles) of the Mississippi 

and Missouri Rivers, and to quantify the impacts on flood levels from each unit of channel and 

floodplain infrastructure construction or other change. 

15. Our hydrologic database consists of more than 8 million discharge and river stage 

values, including new synthetic discharges generated for 41 stage-only stations.  This hydrologic 

database was used to test for significant trends in discharges, stages, and ‘‘specific stages.’’  We 

also conducted an extensive review of the validity of using discharge data taken from different 

types of measurement devices (float meters vs. other types of meters).  Pinter (2010) tested whether 
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it was appropriate to utilize older discharge measurements by examining 2150 historical discharge 

measurements digitized from the three principal stations on the Middle Mississippi River (MMR), 

including 626 float-based discharges and 1516 meter-based discharges, and including 122 paired 

measurements.  All statistical tests we performed demonstrated that it was appropriate to utilize 

both older historical discharge data and newer discharge data as those different types of 

measurement tools produced accurate discharge measurements.   

16. Our geospatial database consists of the locations, emplacement dates, and physical 

characteristics of over 15,000 structural features constructed along the study rivers over the past 

100 to 150 years.  In developing this database we utilized:  more than 4000 individual map and 

survey sheets; structure-history databases from six Corps Districts; databases from other agencies 

including the Coast Guard; and archival maps and surveys digitized and calibrated into a modern 

coordinate system and frame of reference.  Within this database we parameterized 130 bridges, 54 

dam structures, 25 artificial meander cut-offs, 1093 levees, and 13,231 wing-dam segments, among 

many other structures. 

17. Together these two databases were used to generate reach-scale statistical models of 

hydrologic response.  These models quantify changes in flood levels at each station in response to 

construction of wing dikes, bendway weirs, meander cutoffs, navigational dams, bridges, and other 

river modifications.   

18. Our analyses show that while climate and other land-use changes did lead to 

increased flows, the largest and most pervasive contributors to increased flooding on the 

Mississippi River system were wing dikes and related navigational structures.  In contrast, large 

reaches of the Mississippi and Missouri Rivers with little or no dike construction showed no 

significant increases in flood levels.  System-wide, the hydrologic pattern was that large-scale 

increases in flood levels occurred when and where large numbers of dikes and dike-like structures 

have been built.  Progressive levee construction was the second largest contributor.   

19. Our analyses demonstrate that wing dikes constructed downstream of a location 

were associated with increases in flood height (“stage”), consistent with backwater effects upstream 

of these structures.  Backwater effects are the rise in surface elevation of flowing water upstream 
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from, and as a result of, an obstruction to water flow.  These backwater effects were clearly 

distinguishable from the effects of upstream dikes, which triggered simultaneous incision and 

conveyance loss at sites downstream.  On the Upper Mississippi River, for example, stages 

increased more than four inches for each 3,281 feet of wing dike built within 20 RM (river miles) 

downstream. These values represent parameter estimates and associated uncertainties for 

relationships significant at the 95 percent confidence level in each reach-scale model.  The 95-

percent level indicates at least a 95% level of certainty in correlation or other statistical benchmark 

presented, and is considered by scientists to represent a statistically verified standard.  Our study 

demonstrated that the presence of river training structures can cause large increases in flood stage.  

For example, at Dubuque, Iowa, roughly 8.7 linear miles of downstream wing dikes were 

constructed between 1892 and 1928, and were associated with a nearly five-foot increase in stage.  

In the area affected by the 2008 Upper Mississippi flood, more than six feet of the flood crest is 

linked to navigational and flood-control engineering.   

20. More than 143 linear miles of wing dikes have been constructed on the Middle 

Mississippi River over the past 100 years (Remo and Pinter 2007; Remo et al. 2008).  This 

represents about 3,960 feet of wing dikes per mile (or about 2,460 feet per kilometer) of channel.  

Wing dikes have also been heavily utilized on the Lower Missouri River, with over 383 linear miles 

constructed since 1890.  This represents nearly 3,700 feet of wing dike per mile (or about 2,300 feet 

per kilometer) of channel in the Lower Mississippi River.  These and similar river training 

structures are utilized to assist in river bank protection and stimulate channel scour which can 

reduce the amount of dredging required to maintain adequate navigation depths (e.g. COPRI 2012).  

21. The effects of wing dikes and other structures during flooding should not be 

confused with effects during periods of low flow.  There is general agreement that during low in-

channel flows, wing dikes lead to lowered water levels.  This happens because the dikes cause 

channel incision, which is a process of channel adjustment by which channel flow removes 

sediment from the stream bed and ultimately establishes a lower bed elevation.  Channel incision is 

a process that has been well documented after dike construction in many (but not all) areas of the 

alluvial Mississippi and Missouri Rivers (e.g., Pinter and Heine 2005; Maher 1964).   
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22. For example, water levels at St. Louis measured during periods of low to average 

flows have decreased over a period of about 60 years.  This decrease reflects the well documented 

effects of dike construction (also dredging) that has constricted the channel, eroded the channel bed,  

and thus lowered such non-flood water levels.  Downstream at the Chester and Thebes 

measurement stations, water levels have also decreased during low flows, but they have risen for all 

conditions from average flows up to large floods.  At Grand Tower, Illinois, water levels for just 

average flows have increased by almost three feet due to dike and weir construction.  Near Grand 

Tower, bedrock underlies parts of the Middle Mississippi channel and limits incision (Jemberie et 

al. 2008).  At all of these locations, at flood flows (flows equal to four or more times the average 

annual discharge level), water levels have increased by three to ten feet or more. 

23. Many other studies confirm and corroborate these findings.  Particularly after the 

record-breaking floods on the Middle Mississippi, researchers sought to answer why such large 

increases in flood levels had occurred for the same discharges (volumes of flow) that had been 

observed in the past. (e.g., Belt 1975; Stevens et al. 1975).  Since then, multiple studies involving 

hydrologic time-series analyses, statistical analyses, geospatial analyses, and hydraulic modeling 

have correlated the timing and spatial distribution of dike construction with increases in flood 

stages (e.g., Criss and Shock 2001; Wasklewicz et al. 2004; Jemberie et al. 2008; Pinter et al. 2008; 

Remo et al. 2009; Pinter et al. 2010, and others). 

24. Wing dikes and other river training structures increase flood heights during high 

water because of the way they interact with river flow and the way they change the shape and form 

of the river channel.  Since the beginning of historical “training” (engineering of the river to 

facilitate navigation) of the Mississippi and Missouri rivers, construction of dikes has narrowed 

large portions of these river channels to one-half or less of their original width.  In addition, 

construction of dikes, bendway weirs, and other in-channel navigational structures has increased the 

"roughness" of the channel, leading to decreased flow velocities during floods.  

25. Channel roughness is a measure of objects and processes that cumulatively resist the 

flow of water through a given reach of a river, including drag effects of sedimentary grains, 

bedforms (e.g., ripples and dunes on the bed), vegetation, turbulence, eddy circulation, and many 
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others.  A rough river bed exerts more resistance than a smooth river bed, resulting in slower flow 

of water.  All other factors being equal, a flood that passes through a river reach with half the 

average flow velocity will result in average water depths that are double what they would otherwise 

be.   

26. Recent modeling studies demonstrate the significant effects of flow turbulence and 

large-scale vertical and horizontal eddy circulation (Huthoff et al., 2013) of river training structures 

during flood events.  Other recent studies have focused on flow dynamics around submerged wing 

dikes and their impact on channel flow resistance (e.g., Yossef 2005; Yossef and de Vriend 2011; 

Azinfar and Kells 2011).  These studies show that submerged wing dikes create flow mixing in 

their wake zones (e.g., Yossef 2005; Yeo and Kang 2008; Jamieson et al. 2011).  These 

recirculating flows consume energy from the bulk flow field, causing increases in effective 

resistance near wing dikes and through wing-dike fields.  The impact of wing dikes on flow 

resistance was quantified by Yossef (2004, 2005), whose proposed relationship allows for an initial 

assessment of wing-dike impact on water levels (e.g., Azinfar 2010). According to Yossef’s 

laboratory experiments, the effective cumulative hydraulic roughness of the bank zone relates to the 

size and longitudinal distance between the wing dikes. 

27. The role of river training structures in increasing flood heights is well recognized.  

For example, in the Netherlands, the impacts of wing dikes (navigational “groynes”) on flood levels 

have both been recognized and taken into account in flood protection strategies.  The government of 

the Netherlands recently completed a €45 million program to lower 450 wing dikes (groynes) on 

the Rhine system as part of its strategy to reduce flood levels. 

28. Changes in channel geometry and roughness related to river engineering tools 

employed for improved navigation and flood control are the principal drivers behind changes in 

flood stage on the Mississippi River.  The increases in flood stage are caused by both the direct 

effects of wing dikes, meaning interaction with flow, and the indirect effects of wing dikes, 

meaning the effects of the wing dike in changing the shape or form of the river bed.  Hydrodynamic 

simulations of indirect and direct effects of wing dikes show decreases in velocity, increases in 

roughness, and corresponding increases in flood stage. 
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29. River training structures constructed by the Corps to help maintain the nine-foot 

navigation channel have caused large-scale increases in flood levels, up to 15 feet in some locations 

and by some measures, and six to ten feet over broad stretches of the river where these structures 

are prevalent.  Such large increases in flood heights in these rivers have occurred when and where – 

and only when and where – wing dikes, bendway weirs, and other river training structures have 

been built.  These structures have led to significant increases in the frequency and magnitude of 

large floods. 

30. The projects now proposed on the Middle Mississippi River are particularly 

problematic for several reasons.  First, as mentioned above, bedrock underlies parts of the Middle 

Mississippi channel near the Grand Tower project, which limits incision (Jemberie et al. 2008).  In 

such locations, the ameliorating effect of new wing dikes in causing bed incision is reduced or 

eliminated, leading in the past to the largest observed increases in flood levels. 

31. The new dike construction projects now proposed on the Middle Mississippi are also 

problematic because they threaten nearby levees that already have identified deficiencies.  The 

Dogtooth Bend Project is immediately downstream of one of the sites where the Len Small levee 

failed during floods in 2011 (Dogtooth Bend EA at E2).  This 5,000-foot breach yielded to fast-

moving water that “scored farmland, deposited sediment, and created gullies and a crater lake” 

(K.R. Olson and L.W. Morton, “Impacts of 2011 Len Small levee breach on private and public 

Illinois lands,” Journal of Soil and Water Conservation, Vol. 68:4, attached as Exhibit 3). 

32. The proposed Grand Tower project spans approximately seven River Miles along the 

Big Five Levee Drainage and Levee Districts, including the Preston, Clear Creek, East Cape, and 

Miller Pond levees, together protecting over 49,000 acres of Illinois floodplain.  The proposed 

Grand Tower wing dike project also lies just downstream of the Degognia/Fountain Bluff and 

Grand Tower Drainage and Levee Districts, protecting a further 56,000 acres. Currently, every 

segment of these levee systems have "Unacceptable" ratings following Corps inspections and 

assessment.  The Dogtooth Bend Project likewise poses an unusually high potential for flood 

damage.  The Cairo levee system ("Mississippi and Ohio Rivers Levee System at Cairo & 

Vicinity") is located a few miles downstream of the Dogtooth Bend Project.  Although the greatest 
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effects of wing dikes occur upstream, statistically significant increases in flood levels have also 

been identified downstream.  Corps inspections have identified major deficiencies in the Cairo 

levee system, leading to its current "Unacceptable" rating in the National Levee Database. 

33. My work with local levee commissioners and other informed officials has revealed 

deep concern and widespread discussion about levee safety and performance during future floods, 

even without additional stresses.  For at least the past decade, local stakeholders have repeatedly 

called for the St. Louis District of the Corps of Engineers to rigorously and independently assess the 

cumulative impacts of wing-dike construction in the Middle Mississippi River.  Instead, a new 

wave of dike construction has been undertaken, with each new project evaluated – perfunctorily – 

on an individual basis and without regard to cumulative effects.   

34. The new dike construction projects here – at Dogtooth Bend, Monsenthein/Ivory 

Landing, Eliza Point/Greenfield Bend, and Grand Tower – pose significant threats of increased 

flooding and flood risk.  They are the latest manifestations of a flawed process that has allowed 

construction of hundreds of new dikes and dike-like structures that are causing elevated flood stages 

throughout the Middle Mississippi River.  Unless these new dike construction projects are halted to 

allow their reconsideration based on a comprehensive Supplemental Environmental Impact 

Statement that takes the foregoing studies and analyses into consideration, needless and potentially 

severe flooding will likely occur. 

35. I declare under penalty of perjury that the foregoing facts are true of my personal 

knowledge, that the foregoing expressions of professional judgment are honestly held in good faith, 

that I am competent to and if called would so testify, and that I executed this declaration on June 

24, 2014 in Chicago, Illinois. 

       
       __________________________________ 

Nicholas Pinter, Ph.D  
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1982 - 1986 B.A., Geology and Archaeology, Cornell University, Ithaca, NY 
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• 2010: Marie Curie Fellowship (IIF), European Commission 

• 2010: Fulbright Fellowship (declined; see above) 

• 2009: Leo Kaplan Research Award, Sigma Xi, SIU Chapter 

• 2008: SIU College of Science, Outstanding Researcher award 

• 2007: Alexander von Humboldt Foundation, Germany Research Renewal Fellowship 

• 2005, 2006: SIU nominee, Jefferson Fellows Program; National Academy of Sciences 

• 2003 Friedrich Wilhelm Bessel Prize; Alexander von Humboldt Foundation 

• 2002 John D. and Catherine T. MacArthur Foundation, Research and Writing Award 

• 2000 Fulbright Foundation Fellowship 

• 1999 Charles A. Lindbergh Foundation Prize 
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Associate Editor:  Environmental & Engineering Geoscience, Association of Environmental & 

Engineering Geologists, Denver, CO.   

Convener, American Association for the Advancement of Science Workshop: Managing rivers and 

floodplains for the new millennium.  AAAS national meeting, 2006. 
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External Reviewer, National Research Council, The National Academies: Review of the U.S. Army 

Corps of Engineers Restructured Upper Mississippi River-Illinois Waterway Navigation Study. 

Member, Advisory Board:  The Nature Conservancy Great Rivers Center (Upper Mississippi, Parana-

Paraguay, and Upper Yangtze River systems). 

Lead Editor:  Pinter, N., G. Grenerczy, J. Weber, S. Stein, and D. Medak, 2006.  The Adria Microplate: 

GPS Geodesy, Tectonics, and Hazards.  Spring Verlag. 

Expert Witness:  e.g., B&H Towing, Inc., Case No. 06-05-0233 (U.S. District Court, Southern District 

of W. Virginia); Great Rivers Habitat Alliance v. U.S. Army Corps of Engineers, No. 4:05-CV-

01567-ERW (U.S. District Court, Eastern District of Missouri);  Great Rivers Habitat Alliance v. 

City of St. Peters, No. 04-CV-326900 (Circuit Court of Cole County, Missouri);  Henderson County 

Drainage District No. 3 et al. v. United States, No. 03-WL-179780 (Ct. Fed. Cls, Kansas City), etc. 

Associate Editor:  Geomorphology, Elsevier Science, 2004-2008 

Instructor, European Union Advanced School on Tectonics: 3D Monitoring of Active Tectonic 
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and hazards.  Veszprém, Hungary; April, 2004. 

Convener, Pardee Keynote Symposium:  Pinter, N., and J.F. Mount, 2002, Flood hazard on dynamic 

rivers: Human modification, climate change, and the challenge of non-stationary hydrology.  
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Author: Keller, E.A. and N. Pinter, 2002.  Active Tectonics: Earthquakes and Landscape. Prentice-Hall. 

Co-Editor:  Burbank, D.W., and N. Pinter, 1999.  Landscape evolution: The interactions of tectonics 

and surface processes.  Basin Research, vol. 11, num. 1. 

Author:  Pinter, N, 1996.  Exercises in Active Tectonics. Prentice Hall. 

Convener and Instructor:  Pazzaglia, F.J., and N. Pinter, 1996.  Geomorphic expression of active 

tectonics.  Short course at the 1996 Geological Society of America meeting, Denver. 

Convener, Theme Session:  N. Pinter, and D.W. Burbank, 1996.  Feedbacks between tectonics and 

surface processes in orogenesis. Geological Society of America meeting, Denver. 

Author:  Pinter, N., and S. Pinter, 1995. Study Guide for Environmental Science. J. Wiley & Sons. 

 

REFERENCES 
Thomas Gardner Trinity University, San Antonio, TX  78212 tgardner@trinity.edu        210-736-7655 

Edward Keller Univ. of California, Santa Barbara, CA 93106 keller@geol.ucsb.edu        805-893-4207 

Jeffrey Mount U.C., Davis, CA 95616 mount@geology.ucdavis.edu    530-752-7092 

Richard Sparks National Great Rivers Research Center rsparks@illinois.edu           618-468-4826 618-468-4826 618-468-4826 

Seth Stein Northwestern Univ., Evanston, IL 60208 seth@earth.northwestern.edu 847-491-5265 

 

FUNDED PROJECTS 
Active:  NSF Infrastructure Management for Extreme Events:  Community resilience through pro-active 

mitigation in the rural Midwest. 

Active:  NSF IGERT:  Multidisciplinary, team-based training watershed science and policy.  (Lead PI: 

Pinter; $3.2 million) + International Supplement 

Active:  FEMA: Illinois multi-hazard mitigation initiative (Lead PI: Pinter; with Indiana University-

Purdue University at Indianapolis). ~40 awarded + ~12 pending.   

NSF RAPID: A massive floodplain reconnects: physical and biotic responses of the Birds Point levee 

breach in the Mississippi River (J. Garvey, lead PI). 

IEMA: Illinois statewide flood-hazard assessment (J. Remo, lead PI).  

Walton Family Foundation:  Olive Branch, IL Relocation Initiative: Community Disaster-Recovery 

Networking 
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NSF Sedimentology and Paleobiology program: Testing hypotheses of latest Pleistocene paleo-

environmental collapse, Northern Channel Islands, California (Lead PI: Pinter; collaborative project 

with Northern Arizona University; Univ. of Oregon) 

Emergency Management Institute curricula: HAZUS-MH for earthquakes. 

U.S. Steel:  Levee-breach modeling, Metro East Drainage and Levee District area. 

European Commission, Marie Curie IIF Program:  Early anthropogenic signatures on landscapes: 

geomorphic, paleobotanical, and other paleo-environmental fingerprints. 

NSF, Geography and Regional Science: A multivariate geospatial model of levee impacts on flood 

heights, Lower Mississippi River + International Supplement awarded 

National Geographic Society: Testing a hypothesis of latest Pleistocene paleo-environmental collapse, 

Northern Channel Islands, California. 

USGS Upper Midwest Environmental Sciences Center:  Development of a virtual hydrologic and 

geospatial data repository for the Mississippi River System 

NSF, Office of International Science and Engineering:  U.S.-Chile: Morphotectonic evolution of the 

U.S.-Chile: Mejillones Peninsula, northern Chile using precise GPS measurement of uplifted coastal 

terraces 

NSF Hydrologic Sciences Program:  Multivariate geospatial analysis of engineering and flood response, 

Mississippi River System, USA. 

NSF, International Science and Engineering:  US-Chile cooperative research on the Cenozoic 

paleoceanographic and paleoclimatic evolution of northern and central Chile.  (Ishman and Pinter) 
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Alexander von Humboldt Foundation:  Human forcing of hydrologic change and magnification of flood 

hazard on German Rivers 

NASA (9/01-8/02)).  Assessing mass wasting and landslide susceptibility using GIS and remotely 
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Association of State Floodplain Managers (9/01-8/02).  Rapid revision of flood-hazard mapping.  

(Fellowship for R. Heine) 
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NOAA Channel Islands National Marine Sanctuary (12/99-6/02).  Orthorectification of 1997, pre-El 

Niño air-photo set from the California Channel Islands.   
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Quaternary cover on Santa Rosa and San Miguel Islands, California, using dual-frequency kinematic 

GPS positioning. 

NSF Active Tectonics Program (3/97-2/00), (Supplement granted).  Testing models of fault-related 

folding, Northern Channel Islands, California.   
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FEATURE

A 
griculture, the dominant land use 
of the Mississippi River Basin for 
more than 200 years, has substan-

tively altered the hydrologic cycle and 
energy budget of the region (NPS 2012). 
Extensive systems of US Army Corps of 
Engineers (USACE) and private levees 
from the Upper Mississippi River near 
Cape Girardeau, Missouri, southward 
confine the river and protect low-lying 
agricultural lands, rural towns, and pub-
lic conservation areas from flooding. The 
Flood of 2011 severely tested these sys-
tems of levees, challenging public officials 
and landowners to make difficult decisions, 
and led to extensive damage to crops, soils, 
buildings, and homes. One of these critical 
levees (figure 1), the Len Small, failed, cre-
ating a 1,500 m (5,000 ft) breach (figure 2) 
where fast-moving water scoured farmland, 
deposited sediment, and created gullies and 
a crater lake. The Len Small levee, built by 
the Levee and Drainage District on the 
southern Illinois border near Cairo to pro-
tect private and public lands from 20-year 
floods, is located between mile marker 21 
and mile marker 35 (figure 1). It connects 
to Fayville levee that extends to Missis-
sippi River mile marker 39, giving them 
a combined length of 34 km (22 mi) pro-
tecting 24,000 ha (60,000 ac) of farmland 
and public land, including the Horseshoe 
Lake Conservation area. The repair of the 
breached levee, crater lake, gullies, and sand 
deltas began in October of 2011 and con-
tinued for one year.

 HISTORICAL GEOLOGICAL FEATURES 
OF THE WESTERN ALEXANDER COUNTY 
The Mississippi River is a meandering 
river of oxbows and cutoffs, continu-
ously eroding banks, redepositing soil, and 
changing paths. Its willful historic mean-
dering is particularly apparent in western 

Alexander County, Illinois, where a topo-
graphical map shows swirls and curves and 
an oxbow lake, Horseshoe Lake, where the 
river once flowed south of Thebes and east 
of the modern day Len Small levee. The 
loess-covered upland hills (Fehrenbacher 
et al. 1986) of the Shawnee National Forest 
just north of Route 3 (figure 1) give way to 
a low-lying plain between the Mississippi 

and Ohio rivers. The ancient Ohio River 
drained through the Cache River val-
ley during the Altonian and Woodfordian 
glacial advances (60,000 to 30,000 years 
B.P.) and converged with the Mississippi 
River waters just northwest of Horseshoe 
Lake. The Cache River valley is 3 km (1.9 
mi) wide and carried a substantive flow of 
water from the eastern Ohio River Basin 

Figure 1 
Map of Alexander County, Illinois, including the Len Small levee and the northern part 
of the Commerce to Birds Point levee, Missouri, areas.
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in addition to the local waters from the 
Cache River valley into the Mississippi 
River valley. Historically, the region has 
been a delta, confluence and bottomlands 
dating back 30,000 to 800,000 years B.P., 
with many of the Illinois lands shown 
on the maps located on both sides of the 
Upper Mississippi River as its channel 
changed locations over time. As a result, 
the fertile farmland of western Alexander 
County soils formed in alluvial and lacus-
trine deposits. 

Horseshoe Lake (figure 3), a former 
oxbow and remnant of a large meander of 
the Mississippi River, is now a state park of 
4,080 ha (10,200 ac) (Illinois DNR 2012). 
This oxbow lake, formerly a wide curve in 
the river, resulted from continuous erosion 
of its concave banks and soil deposition on 
the convex banks. As the land between the 
two concave banks narrowed, it became 
an isolated body of water cutoff from the 
main river stem through lateral erosion, 
hydraulic action, and abrasion. With 31 km 
(20 mi) of shoreline, the 1.3 m (4 ft) deep 
lake is the northernmost natural range for 
Bald cypress (Taxodium distichum L.) and 
Tupelo (Nyssa L.) trees (figure 3) and has 
an extensive growth of American lotus 
(Nelumbo lutea), a perennial aquatic plant, 
and native southern hardwoods which 

grow well in lowlands and areas which are 
subject to seasonal flooding. 

The agricultural lands which surround 
this oxbow lake are highly productive 
alluvial soils —mostly Weinbach silt loam, 
Karnak silty clay, Sciotoville silt loam, 
and Alvin fine sandy loam. Almost two-

thirds of the area (16,000 ha [40,000 ac]) 
protected by the Len Small and Fayville 
levees is privately owned. Corn (Zea mays 
L.), soybeans (Glycine max L.), and wheat 
(Triticum L.) are the primary crops, with 
some rice (Oryza sativa L.) grown in  
this area. 

Figure 2 
Diagram of Len Small levee failure and creation of crater lake, gullies, and sand delta.

Figure 3 
The bald cypress trees and American lotus at Horseshoe Lake conservation area.
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THE COMMERCE TO BIRDS POINT, 
CAIRO, AND WESTERN ALEXANDER 

COUNTY LEVEES
In early May of 2011, the floodwaters at the 
Ohio River flood gage in Cairo, Illinois, had 
reached 18.7 m (61.7 ft) (NOAA 2012). 
The Ohio River was 6.7 m (22 ft) above 
flood stage and had been causing a back-up 
in the Mississippi River floodwater north of 
the Cairo confluence prior to the USACE 
opening of the Birds Point–New Madrid 
Floodway. For more than a month, the 
Mississippi River back-up placed signifi-
cant pressure on the Len Small and Fayville 
levees (figure 1). As a result, approximately 
1,500 m (5,000 ft) of the Len Small levee 
was breached (figure 2) near mile marker 29 
(figure 1) on the morning of May 2, 2011. 

The flood protection offered by the Len 
Small and Fayville levees is important to 
the landowners, homeowners, and farmers 
in southwestern Alexander County, Illinois. 
However, the Len Small and Fayville levees 
are not the mainline levees which control 
the width and height of the Mississippi 
River. The controlling mainline levees 
are the frontline Cairo levee located in 
Illinois (Olson and Morton 2012a) and the 
Commerce to Birds Point levee in Missouri 
(figure 4). These two frontline levees, by 
design, are much higher and stronger than 
the Len Small and Fayville levees. The Len 
Small and Fayville levees were built by the 
local levee district and are not part of the 
Mississippi River and Tributaries project 
for which USACE has responsibility (fig-
ure 5). The Cairo levee has a height of 19.4 
m (64 ft), or 101.4 m (334.5 ft) above sea 
level, and levee failure would destroy the 
City of Cairo. The frontline Commerce to 
Birds Point levee has a height of 19.8 m 
(65.5 ft), and its failure would result in more 
than 1 million ha (2.5 million ac) of agri-
cultural bottomlands in Missouri Bootheel 
and Arkansas on west side of the Mississippi 
River being flooded (figure 5). Commerce 
to Birds Point levee connects to a setback 
levee on the west side of the Birds Point–
New Madrid Floodway, which extends the 
protection another 51 km (33 mi) to the 
south where it joins the frontline levee at 
New Madrid, Missouri, further extending 
the protection of the Bootheel bottomlands 
(Camillo 2012; Olson and Morton, 2012a, 
2012b, 2013). The failure of the Hickman 

(Kentucky) levee on the east side of the 
Mississippi River would have resulted in 
the flooding of 70,000 ha (170,000 ac) of 
protected bottomlands in Tennessee and 
Kentucky (figure 5). The floodwater height 
and pressure on the Commerce to Birds 
Point and Birds Point to New Madrid 
levees has increased over the years during 
Mississippi River flooding events with the 
construction of the Len Small and Fayville 
levees and with a strengthening of the levee 
near Hickman, Kentucky, which had the 
effect of narrowing the Mississippi River 
Floodway corridor and removing valuable 
floodplain storage areas for floodwaters. 

THE MISSISSIPPI RIVER COMMISSION 
AND ITS ROLE IN LEVEE CONSTRUCTION 

ALONG THE MISSISSIPPI RIVER  
AND TRIBUTARIES

The Mississippi River Commission 
(MRC) was established by Congress in 
1879 to combine the expertise of the 
USACE and civilian engineers to make 
the Mississippi River and tributaries a 
reliable shipping channel and to protect 
adjacent towns, cities, and agricultural 
lands from destructive floods (Camillo 
2012). The Mississippi River Commission 
has a seven-member governing body. 
Three of the officers are from the USACE, 

including the chairman who is the final 
decision maker when it comes to deci-
sions like opening the floodways. Another 
member is an Admiral from National 
Oceanic and Atmospheric Administration 
(NOAA), and the other three members 
are civilians, with at least two of the civil-
ian members being civil engineers. Each 
member is appointed by the President of 
the United States. Senate confirmation is 
no longer necessary. The MRC is the lead 
federal agency responsible for addressing 
the improvement and maintenance of the 
Mississippi River and Tributaries project, 
including flow and transportation systems.

Between 1899 and 1907, MRC assisted 
local levee districts in Missouri with con-
struction of a federal levee between Birds 
Point, Missouri, and Dorena, Illinois. At that 
time, the MCR jurisdiction was limited to 
the areas below the confluence of the Ohio 
and Mississippi rivers (Camillo 2012; Olson 
and Morton 2012a, 2012b), which is at the 
southern tip of Illinois (Fort Defiance State 
Park). This levee is located approximately 
where the current frontline levee of the 
Birds Point–New Madrid Floodway was 
constructed between 1928 and 1932 after 
Birds Point to Dorena levee failed in 1927. 

In 1902, the MRC helped Kentucky 
construct a levee from the Hickman, 

Figure 4 
The Commerce to Birds Point mainline US Army Corps of Engineers levee.
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Kentucky, bluff to Tennessee, where it 
connected with another levee to extend 
the levee system 7.8 km (5 mi) to Slough 
Landings, Tennessee. During this time 
period, a portion of the natural flood-
plain near Cape Girardeau was walled off 
by a local Missouri levee to provide pro-
tection of farmland adjacent to the river 
(figure 1). These two levees narrowed 
the river channel and during high-water 
events on the Mississippi River increased 
floodwater back-up, placing tremendous 
pressure on the existing systems of levees 
and floodwalls above and below the Cairo 

confluence (Camillo 2012; Olson and 
Morton 2012a, 2012b).

The Commerce to Birds Point levee 
(figure 5) has long been considered by 
the MRC and the USACE to be the 
most critical levee in the Mississippi River 
valley since it protects nearly 1 million 
ha (2.5 million ac) of prime agricultural 
bottomlands in Arkansas and Missouri 
Bootheel. The Commerce to Birds Point 
levee, shown in figures 1 and 4, had two 
major threats (1973 and 1993) from past 
major flooding events. During the 1973 
flood, a 455 m (1,500 ft) section of the 

Commerce to Birds Point levee fell into 
the Mississippi River. The caving extended 
to the top of the levee. The USACE 
Memphis District placed 21,600 t (18,000 
tn) of riprap stone carried in by barges to 
prevent additional caving (Camillo 2012). 
The Len Small levee on the Illinois side of 
the Mississippi River (figure 1) and across 
from the Commerce to Bird Point levee, 
Missouri, had historically overtopped 
or failed during larger flooding events, 
thereby reducing the pressure on the 
Commerce to Birds Point levee. The local 
levee and drainage district and owners of 
the Len Small levee strengthened their 
levee during the 1980s, which increased 
pressure on the Commerce to Birds Point 
levee when the river flooded. As a result, 
in the 1993 flood event, the Len Small 
levee held and the Mississippi remained 
confined as it climbed to within 1 m (3 
ft) of the top of the Commerce to Birds 
Point levee. Sand boils developed in the 
Commerce levee were treated until the 
underseepage stabilized. In 1995, USACE 
Memphis District raised the height and 
strengthened the Commerce to Birds 
Point levee and installed relief wells. 

LOCAL AND MISSISSIPPI RIVER 
FLOODING OF FARMLAND AND  
TOWNS LOCATED IN WESTERN 

ALEXANDER COUNTY 
The 2011 flood and record peak on the 
Ohio River caused the Mississippi River 
near the confluence to back up for many 
kilometers to the north and affected all 
bottomlands in Alexander County, Illinois, 
that were located on the east side of Upper 
Mississippi River (figure 1). Since the gra-
dient on the Mississippi River is between 
12 and 25 cm km-1 (0.5 to 1 ft mi-1), the 
Mississippi River water rose an additional 
5.5 m (18 ft) above the flood stage fur-
ther north. This occurred at a time when 
the Ohio River was 6.7 m (22 ft) above 
flood stage and the Mississippi River north 
of Cape Girardeau, Missouri, was 3 m (9.9 
ft) above flood stage. Cities farther to the 
north like St. Louis, Missouri, were only 
subjected to floodwaters 2 m (6.6 ft) above 
flood stage as a result of water flowing from 
the Upper Mississippi and Missouri rivers. 

The May 2nd topping and breach of 
the Len Small levee occurred just a few 

Figure 5 
The bottomlands in Missouri and Arkansas protected by the Commerce to Birds Point 
mainline levee and bottomlands in Tennessee and Kentucky protected by the  
Hickman levee.
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hours before the pressure of record flood 
levels was relieved with the opening of 
the Birds Point–New Madrid Floodway 
at 10:00 p.m. Illinois farmers, landowners, 
and homeowners protected by the Len 
Small levee might have benefited if the 
floodway had been opened on April 28th 
or 29th (2011) when the first weather 
forecast was issued with a projected Ohio 
River peak level of 18.3 m (60.5 ft) or 
higher on the Cairo gage. This is the cri-
teria set in 1986 USACE operational plan 
that needs to be met before the USACE 
can artificially breach the levee at Birds 
Point and use New Madrid Floodway 
to relieve river pressure and store excess 
floodwaters. There were a number of rea-
sons why the USACE did not open the 
floodway on April 28, 2011, and waited 
until the evening of May 2, 2011. These 
reasons included the possibility that the 
forecasted peak would never happen and 
concern about the damage it would have 
caused to the 53,200 ha (133,000 ac) of 
farmland and buildings in the Birds Point–
New Madrid Floodway. Consequently, the 
USACE continued to monitor the situa-
tion and waited a few more days before 
making the final decision to load the trini-
trotoluene (TNT) (once loaded it would 
be difficult to remove if not exploded) 
into the Birds Point fuse plugs and blow 
it up on May 2, 2011 (Camillo 2012). The 
other reasons for the delay were the mega 
sand boil in Cairo, the heavy local rains in 
the area of the confluence of the Ohio and 
Mississippi rivers, and the new peak fore-
cast of 19.2 m (63.5 ft) (Camillo 2012). 
All these events occurred on May 1, 2011, 
the day the Supreme Court rejected the 
Missouri Attorney General’s lawsuit filed 
in an attempt to block the USACE from 
opening the Birds Point–New Madrid 
Floodway in an effort to protect Missouri 
citizens and property.

Flooding of Alexander County from the 
Ohio and Cache rivers resulted in some 
flooding in the town of Olive Branch in 
late April and on May 1, 2011. This was 
before the Len Small breach occurred on 
May 2, 2011, and there was some damage 
to private and public lands prior to the 
breach. Floodwater from the Mississippi 
River added to the local flooding caused 
by the middle Cache River in late April 

when the record high Ohio River returned 
to its historic path and poured through the 
2002 unrepaired Karnak levee breach into 
the middle Cache River valley and flooded 
the Olive Branch and Horseshoe Lake area. 
These floodwaters eventually drained back 
into the Mississippi River near Route 3 
and through the diversion near mile marker 
15 (figure 1) and through the Len Small  
levee breach. 

As a result of Cache River valley flood-
water flowing through the Karnak levee 
breach and the additional Mississippi River 
floodwaters pushing through the Len Small 
breach, 4,000 ha (10,000 ac) of farmlands 
lost the winter wheat crop or were not 
planted in 2011, and about half of that land 
(mostly Weinbach silt loam, Karnak silty 
clay, Sciotoville silt loam, and Alvin fine 
sandy loam) (Parks and Fehrenbacher 1968) 
had significant soil damages, including land 
scouring and sediment deposition, or was 
slow to drain. Crater lakes, land scouring 
(figure 6), gullies, and sand deltas were cre-
ated when the Len Small levee breached 
and removed agricultural land from pro-
duction (Olson 2009; Olson and Morton 
2012b). Most of the other farmland in 
Alexander County dried out sufficiently 
to permit planting of wheat in fall of 2011. 
It appears that all of Alexander County 

soils dried sufficiently by spring of 2012 to 
allow the planting of corn and soybeans. It 
is not clear how much 2011 farm income 
replacement came from flood insurance 
since not all Alexander County, Illinois, 
farmers had crop insurance. In addition, 
roads and state facilities were impacted by 
floodwaters which passed through the Len 
Small breach.

Illinois agricultural statistics recorded 
that 1,800 fewer ha (4,500 ac) of corn and 
2,600 less ha (6,500 ac) of soybeans were 
harvested in Alexander County in 2011 
compared to 2010. The area produced 
1,570,000 bu of corn in 2010 but only 
710,000 bu in 2011. The soybean pro-
duction level was 1,200,000 bu in 2010 
but dropped to 865,000 bu in 2011 due 
to flooding, crop, and soil damage. The 
floodwaters also scoured the agricultural 
lands in some places and deposited sand at  
other locations. 

FLOODING OF PUBLIC AND PRIVATE 
BOTTOMLANDS WITH AND WITHOUT 

LEVEE PROTECTION IN WESTERN 
ALEXANDER COUNTY, ILLINOIS

All bottomlands north of the conflu-
ence between the Mississippi River and 
the western Alexander County levees 
with an elevation of less than 100.7 m 

Figure 6 
Land scouring, gullies, and erosion north of the Len Small levee breach.
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(332 ft) above sea level were flooded 
when the Mississippi River backed up. 
Approximately 24,000 ha (60,000 ac) 
of public and private alluvial lands, both 
levee protected and without levees, were 
flooded along the east and north sides of 
the Mississippi River (figure 1) between 
mile markers 12 and 39. The 1957 to 1963 
soil maps of the area show alluvial soils 
consisting of recently deposited sediment 
that varies widely in texture (from clay 
to sand) with stratified layers. The natural 
vegetation on these alluvial bottomlands 
ranges from recent growth of willows 
(Salix L.) and other plants to stands of cot-
tonwood (Populus deltoides L.), sycamore 
(Platanus occidentalis L.), and sweet gum 
(Liquidambar styraciflua L.). 

The map (figure 1) shows the pub-
lic and private lands of the southwest 
Alexander County, Illinois, area that 
were impacted by the flood of 2011. 
Approximately one third of the area 
(8,000 ha [20,000 ac]) is in public lands, 
including uplands (the Shawnee National 
Forest and Santa Fe Hills) and bottom-
lands (Burnham Island Conservation, 
Horseshoe State Conservation area, 
Goose Island, Big Cypress, and the land 
adjacent to the Len Small and Fayville 
levees). The unleveed bottomlands and 
public conservation areas sustained flood 
damage but were more resilient than the 
private agricultural and urban lands inside 
the levees. The Mississippi bottomlands 
are riparian forests (transition ecosystems 
between the river and uplands) with fer-
tile, fine textured clay or loam soils that 
are enriched by nutrients and sediments 
deposited during flooding (Anderson and 
Samargo 2007). Bottomlands that experi-
ence periodic flooding have hydrophytic 
plants and hardwood forests that provide 
valuable habitat for resident and migratory 
birds. The Illinois Department of Natural 
Resources has an extensive research pro-
gram monitoring migratory birds and 
waterfowl at Horseshoe Lake. Although 
these alluvial river bottomland species 
are well adapted to periodic flood cycles 
which can last several days to a month or 
more (Anderson and Samargo 2007), the 
impact of the 2011 flood duration (2 to 
4 weeks) on these wetlands habitat and 
woodlands has not been assessed. 

There are a number of towns and 
villages in western Alexander County, 
including Olive Branch, Miller City, and 
Cache. Floodwaters covered roads and rail-
roads and damaged some bridges, homes, 
and other building structures. In western 
Alexander County, floodwater destroyed 
25 Illinois homes and damaged an addi-
tional 175 homes and building structures 
located on Wakeland silt loam and Bonnie 
silt loam soils (Parks and Fehrenbacher 
1968) or similar alluvial floodplain soils. 
The Olive Branch area (figure 1) was one 
of the hardest hit according to Illinois 
Emergency Management Agency.

Agricultural and forest lands on the 
riverside of the Len Small levee are not 
protected from flooding and store signifi-
cant amounts of floodwater with minimal 
damage to the crops such as soybeans, 
which can be planted later in the spring 
or early summer. This farmland was under 
water prior to planting for the entire 
months of April and May, 2011. After both 
the Ohio and Mississippi rivers dropped 
and drained by late June of 2011, these 
fields were planted to soybeans. Late May 
and early June is the normal planting time 
for soybeans in the area, so a small soybean 
yield reduction was noted. 

REPAIR OF LEN SMALL LEVEE IN 
WESTERN ALEXANDER COUNTY

In the fall of 2011, local farmers and 
members of the Len Small Levee District 
patched the Len Small levee. They cre-
ated a sand berm 1 m (3 ft) lower than the 
original levee. They hoped the USACE 
would cover the levee with a clay cap and 
restore it at least to the original height. The 
USACE agreed to do this in August of 
2012 after receiving additional funds from 
Congress. The project was completed in 
90 days. Some individual farmers created 
berms around their farmsteads (figure 7) 
to protect their farmsteads from any future 
flooding that might occur.

In June of 2012, the USACE received 
US$802 million in emergency Mississippi 
River flood-repair funding for up to 143 
high-priority projects to repair levees, fix 
river channels, and repair other flood-
control projects in response to the spring 
of 2011 flood, which set records from 
Cairo, Illinois, to the Gulf of Mexico. Both 
the Birds Point–New Madrid Floodway 
levee repair and the Cairo area restora-
tion projects were high on the list with 
the USACE targeting US$46 million to 
repair the damage to Cairo area, including 
the Alexander County area flood-control 
systems (Camillo 2012; Olson and Morton 

Figure 7 
A farmstead protected by a farmer-built levee.
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2012a, 2012b). Improvements were com-
pleted throughout Alexander County, 
including work on pump stations, drainage 
systems, and small levees, some of which 
failed in April of 2011. These projects were 
funded by the county matching funds 
with the USACE and a combination of 
grants from the Delta Regional Authority 
and the State of Illinois (Koenig 2012). 
The creation of a larger drainage system 
running through northern Alexander 
and Union counties included large cul-
verts and levees designed to better protect 
Illinois communities such as East Cape 
Girardeau, McClure, Gale, and Ware, and 
help keep water from collecting in low-
lying bottomland areas. 

CONCLUSIONS
In 2011, the record Ohio River flood 
resulted in the USACE blasting open 
the Birds Point levee fuse plug as waters 
reached a critical height on the Cairo 
gage. However, this unprecedented flood 
level at the confluence put tremendous 
pressure on and under the Mississippi 
levees to the north in western Alexander 
County. The delay in the decision to blow 
up the Birds Point fuse plugs and front-
line levees had significant consequences 
for rural Illinois landowners, farmers, and 
residents in Alexander County near the 
Len Small levee that failed the morn-
ing of May 2, 2011, at a time when the 
peak flow on the Ohio River caused the 
Mississippi River water to back up many 
kilometers to the north. Local flooding 
and damage to building structures, crops, 
and soils initially occurred in late April of 
2011when the Ohio River at flood stage 
poured through the Post Creek cutoff 
and a previously unrepaired Karnak levee 
breach and rushed to the west through the 
middle Cache River valley. Consequently, 
the town of Olive Branch would have 
flooded even if the Len Small breach had 
not occurred. The Len Small levee situa-
tion does not seem to have been a factor 
in the USACE decision-making process 
or have affected the time of the opening 
of the Birds Point–New Madrid levee 
fuse plug. The USACE did consider the 
need to protect the Cairo mainline levee 
and floodwall and the Commerce to Birds 
Point main line levee from a breach, as 

well as potential impact on landowners in 
the Birds Point–New Madrid Floodway. 
The mega sand boil in Cairo, the heavy 
local rains on May 1st in the Mississippi 
River watershed, and the new peak fore-
cast of 19.2 m (63.5 ft) on the Cairo gage 
proved opening the Floodway was the 
correct decision. The frontline Commerce 
to Birds Point levee did not fail, and more 
than 1 million ha (2.5 million ac) of agri-
cultural bottomlands in Missouri Bootheel 
and Arkansas were protected from flood-
ing. Even if the Birds Point–New Madrid 
levee had been opened four days sooner 
at a time when the record level floodwa-
ters were 1.3 m (4 ft) lower, the prolonged 
record Mississippi River floodwater lev-
els and pressure on the Len Small levee, 
which continued for weeks, would likely 
have still resulted in the Len Small levee 
breach a few days later. 
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I, Nicholas Pinter, declare as follows:

1. The facts set forth in this Declaration are based upon my personal knowledge.  If

called as a witness, I could and would testify to these facts.  As to those matters that present an

opinion, they reflect my professional opinion and judgment on the matter.  I make this Declaration

in support of plaintiffs National Wildlife Federation et al.’s reply memorandum of points and

authorities in support of their motion for preliminary injunction halting construction of any new

river training structures as part of the U.S. Army Corps of Engineers’ (“Corps’”) management of

the Upper Mississippi River System, including those planned as part of the Dogtooth Bend,

Monsenthein/Ivory Landing, Eliza Point/Greenfield and Grand Tower projects.

2. I am a Professor in the Geology Department and Environmental Resources and

Policy Program at the Southern Illinois University (“SIU”), and Director of the SIU’s Integrative

Graduate Education, Research and Training (“IGERT”) program in “Watershed Science and

Policy.”  I have over 20 years’ experience in the fields of geology, geomorphology, fluvial

geomorphology and flood hydrology. My qualifications, professional experience and background

are set forth in my original June 24, 2014 (filed July 3) declaration (“Original Declaration” or

“Pinter Declaration”), and Exhibit 1 thereto. Pinter Dec. ¶¶ 1-5 & Exh. 1.

Documents Reviewed for this Declaration

3. In preparing this Declaration, I reviewed the following documents in addition to the

documents listed in paragraphs 6 and 7 of my original declaration: (1) Defendants’ Opposition to

Plaintiffs’ Motion for a Preliminary Injunction (“Opposition Brief”), (2) the Declaration of Edward

J. Brauer (“Brauer Declaration”), (3) the Declaration of Michael G. Feldman (“Feldman

Declaration”) and Attachments 1 and 2 thereto, and (4) the Declaration of Jody H. Schwarz in

Support of Defendants’ Opposition to Plaintiffs’ Motion for a Preliminary Injunction (“Schwarz

Declaration”) and Exhibits 1 through 6 thereto.

Analysis

4. I was asked prior to preparing my Original Declaration to form an independent

professional opinion as to whether building new river training structures, including those planned

by the Corps in the Dogtooth Bend, Monsenthein/Ivory Landing, Eliza Point/Greenfield Bend and
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Grant Tower projects, may pose a significant risk of irreparable harm to the natural environment

and to people and the property of people who live, work, attend school and/or recreate in the

floodplain, including by raising flood stage heights on the Mississippi River.  As discussed below,

my original conclusion remains the same after reviewing the Opposition Brief and the Brauer,

Feldman and Schwarz declarations.  I conclude that the Corps’ proposed projects, and river training

structures generally, do pose a significant risk of irreparable harm to the natural environment,

human safety and human property. As discussed in detail below, neither the Corps in its Opposition

Brief nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their declarations provides evidence that

river training structures do not raise flood levels.

5. I was also asked prior to preparing this Reply Declaration to review the Feldman

Declaration and, to the extent he discusses topics within my area of expertise, to form an

independent professional opinion as to his claims regarding the benefits of river training structures

and the costs of delaying or permanently tabling the Dogtooth Bend, Monsenthein/Ivory Landing

and Eliza Point/Greenfield Bend projects. As discussed in detail below, I conclude after reviewing

Mr. Feldman’s Declaration that he overstates some of benefits of river training structures as well as

the costs of delaying or permanently tabling the proposed the Dogtooth Bend, Monsenthein/Ivory

Landing and Eliza Point/Greenfield projects.

A. The Information and Conclusions in My Original Declaration Remain Accurate and
Unchanged.

6. As I attested in paragraph 9 of my Original Declaration, damages from floods

worldwide have risen dramatically over the past 100 years (Munich Re Group, 2007). While much

of this increase is due to economic development in floodplains (Pinter, 2005; Pielke, 1999), it is

also clear that flooding itself has physically increased in magnitude and frequency on many rivers,

including the Mississippi River. (Pinter et al., 2006a; Pinter et al., 2006b; Helms et al., 2002).

Historical time series of stage data, which are unequivocally homogenous over time (Criss and

Winston, 2008), show strong and statistically significant increases of flood heights on portions of
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the Mississippi River over time.  Neither the Corps in its Opposition Brief nor Mr. Brauer, Mr.

Feldman or Ms. Schwarz in their declarations rebuts these facts.

7. As I attested in paragraph 10 of my Original Declaration, a number of processes can

lead to flood magnification or otherwise alter flood response on a river.  These include climate

change, agricultural practices, forestry practices, urbanization and construction of other impervious

surfaces, loss of wetlands, decreases in floodplain areas, construction and operation of dams, and

modifications and engineering of river channels. The range of these changes can alter the volume

and timing of runoff (discharge or flow of water) entering and moving through river systems.  In

addition, other natural or human-induced changes to river channels and their floodplains can alter

the conveyance of flow within the river channel, resulting in increases or decreases in water levels

(including flood stages) for the same discharge. Neither the Corps in its Opposition Brief nor Mr.

Brauer, Mr. Feldman or Ms. Schwarz in their declarations rebuts these facts.

8. As I attested in paragraph 11 of my Original Declaration, the Mississippi River has

been intensively engineered by the Corps over the past 50 to 150-plus years (depending on the

reach), and some of these modifications are associated with large decreases in the river’s capacity to

convey flood flows. Numerous scientific investigations, including Corps reports, some dating back

to the early 1900s or earlier, have noted large increases in flood levels in association with wing-dike

construction.  For example, investigators recognized as early as 1933 that “bankful [sic] carrying

capacity [of the Missouri River] would be permanently reduced by existing works, such as dikes

and revetments used in shaping and controlling the stream for modern barge transportation"

(Hathaway, 1933 (quote); Schneiders, 1996 at 346 (same)). Harrison (1953) likewise found that at

discharges greater than 50,000 cubic feet per second the “controlled [channel of the Missouri River]

has [a] smaller capacity, having 35% less discharge at bankfull stage,” one “principal reason” for

which was the “increase in roughness” caused by “[t]raining dikes protruding into the flow.” These

findings that river training structures increase flood levels have been confirmed worldwide and are

considered accepted knowledge elsewhere.  In the Netherlands, for example, the government has

begun modifying river training structures on the Rhine River to lower flood levels (U.S.

Government Accountability Office, “Mississippi River:  Actions Are Needed to Help Resolve
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Environmental and Flooding Concerns about the Use of River Training Structures, December 2011;

“GAO Report”) at 41. To date, however, the Corps has never addressed in an EIS the vast body of

peer-reviewed, independent research showing that river-training structures increase flood heights.

Id. These facts are unrebutted by both the Corps in its Opposition Brief and Mr. Brauer, Mr.

Feldman or Ms. Schwarz in their declarations.

9. The Corps and Mr. Brauer do both contend, however, that contrary to the weight of

the published studies discussed above and below, the “results of . . . independent expert external

reviews all lead to the conclusion that river training structure construction has not resulted in an

increase in flood levels.”  Brauer Dec. ¶ 8 (emphasis added); Opposition Brief at 13. But Mr.

Brauer fails to describe or cite to the alleged “external reviews,” and thus provides no evidence on

which to judge his assertion. Mr. Brauer also provides no evidence refuting, among other things,

the aforementioned evidence discussed in Hathaway (1933) and Schneiders (1996) that “the

carrying capacity of the [Missouri] river has been decreased so materially by the [river training]

work that floods have occurred at such points as Waverly, Boonville and Hermann, Mo., at lower

gauge readings with smaller volumes of water than the 1929 flood stage.”  Mr. Brauer asserts that

Schneiders (1996) does not “draw any conclusions on the impact of river training structure

construction on flood levels.”  Brauer Dec. ¶ 12.  But his assertion is directly refuted by the quoted

passage from Schneiders (1996). It is only by ignoring or improperly discrediting the evidence I

have cited that Mr. Brauer is able to claim that none of the “additional 11 references cited by Dr.

Pinter . . . would lead the Corps to a different conclusion on the impacts of river training structure

construction on flood levels and public safety than what was established in the EAs.”  Brauer Dec. ¶

13.

10. Mr. Brauer and the analysis in Appendix A to the environmental assessments

(“EAs”) for the Dogtooth Bend, Monsenthein/Ivory Landing and Eliza Point/Greenfield projects are

also wrong in concluding that 51 studies attached to the comments of the National Wildlife

Federation, Izaak Walkton League of America, Missouri Coalition for the Environment, Prairie

Rivers Network and Sierra Club on the draft EAs, including many of my own studies, do not

“support[] the conclusion that flood levels have . . . been increased as a result of construction of
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river training structures.”  Brauer Dec. ¶ 9. For example, in discrediting many of “the 51 studies

provided to the Corps” as only discussing “flow frequency, physical modeling and model scale

distortion [or] levee construction” rather than “the construction of river training structures and/or

increases in flood levels,” Mr. Brauer makes the unfounded and erroneous conclusion that any

research study without “river training structure” in its title is not relevant to the effect of such

structures on flood levels. Brauer Dec. ¶ 10.  To the contrary, all of the topics covered by those

studies are necessary for understanding the processes by which river training structures interact

with flow and affect flood levels. Increases in flood frequency, for example, are merely a statistical

transformation of – meaning they are essentially the same as – increases in flood levels. As

discussed further below, Mr. Brauer is also wrong that the all of my research and others’ studies

that “link river training structures to an increase in flood levels” contains “[m]ajor errors” that

“put[] into question [the studies’] conclusion that the construction of river training structures

impacts flood levels and consequently public safety.”  Brauer Dec. ¶ 16.

11. As I attested in paragraph 12 of my Original Declaration, my research has looked

extensively at the extent and causes of flood magnification, particularly on the Mississippi River.

This research documents that climate, land-use changes, and river engineering have contributed to

statistically significant increases in flooding along portions of the Mississippi River system.

However, the most significant cause of flood height increases on the Middle Mississippi River and

Lower Missouri River can be traced to the construction of wing dikes and other river training

structures.  Indeed, flood height increases on those river segments exceed by a factor of ten the

largest possible flood-stage increases due to observed increases in climate-driven and land-cover-

driven flow (e.g., Pinter et al., 2008). In addition, the large multivariate study by Pinter et al.

(2010) identified the age, location, and extent of every large levee system added to the Mississippi-

Lower Missouri system during the past century, documenting that levees do contribute some but not

all of the observed flood-level increases on the Middle Mississippi and elsewhere (confirming

modeling by Remo et al., 2009; see Exhibit 2 to my Original Declaration).  As discussed further

below, Mr. Brauer wrongly discredits my research and others’ studies that reach similar conclusions

for having allegedly “[m]ajor flaws,” including “use of inaccurate early discharge,” “use of
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estimated daily discharge data,” “statistical errors,” “not counting for other physical changes within

the channel,” and “the use of non-observed interpolated synthetic data points.”

12. As I attested in paragraph 13 of my Original Declaration, recent theoretical analysis

has shown that increased flood levels caused by wing-dike construction are “consistent with basic

principles of river hydro- and morphodynamics” (Huthoff et al., 2013).  This study concluded that

even with extremely conservative parameters used in modeling, “the net effect of wing dikes will be

higher flood levels.” Id. Mr. Brauer criticizes Huthoff et al. (2013) as having “major errors” that

“lead[] to incorrect conclusions on the magnitude of change in water surface by the author.”  Brauer

Dec. ¶ 22.  Mr. Brauer is not only wrong, he overstates his own criticisms in his (Brauer and

Duncan) comment letter to Journal of Hydraulic Engineering, in which Huthoff et al. (2013) was

published after peer review.   Huthoff et al. (2013) presents fluid dynamical calculations showing

that increases in flood levels are consistent with wing-dike construction in river channels.  Brauer

and Duncan submitted a comment letter to the journal suggesting that Huthoff et al.’s method was

“oversimplified” and “simplistic,” on which Mr. Brauer bases his criticism of the paper in his

declaration.  Huthoff et al., however, have submitted for publication a detailed rebuttal of Brauer

and Duncan’s critique, concluding that “reasonable assumptions do lead to significant surcharges

[stage increases due to wing dikes] . . . and Huthoff et al. (2013) reach the modest conclusion that

wing-dike-induced stage increases ‘are consistent with basic principles of river hydro- and

morphodynamics’” (Huthoff et al., 2014, submitted) (emphasis added).

13. As I attested in paragraph 14 of my Original Declaration, the theoretical analysis of

Huthoff et al. (2013) is supported by empirical studies that have utilized hydrologic analyses;

rigorous statistics; geospatial analyses; and 1D, 2D, and 3D hydraulic modeling to confirm,

empirically as well as theoretically, the potential for significant increases in flood levels in response

to the dense emplacement of wing-dike structures, such as employed on the Middle Mississippi

River. Among this body of research, my research group was funded by the National Science

Foundation to construct two large river-related databases to rigorously test for trends in flood

magnitudes over time on over 4000 kilometers (over 2400 miles) of the Mississippi and Missouri
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Rivers, and to quantify the impacts on flood levels from each unit of channel and floodplain

infrastructure construction or other change.

14. As I attested in paragraph 15 of my Original Declaration, our hydrologic database

consists of more than 8 million discharge and river stage values, including new synthetic discharges

generated for 41 stage-only stations.  This hydrologic database was used to test for significant

trends in discharges, stages, and ‘‘specific stages.’’  We also conducted an extensive review of the

validity of using discharge data taken from different types of measurement devices (float meters vs.

other types of meters).  Pinter (2010) tested whether it was appropriate to utilize older discharge

measurements by examining 2150 historical discharge measurements digitized from the three

principal stations on the Middle Mississippi River (“MMR”), including 626 float-based discharges

and 1516 meter-based discharges, and including 122 paired measurements.  All statistical tests we

performed demonstrated that it was appropriate to utilize both older historical discharge data and

newer discharge data as those different types of measurement tools produced accurate discharge

measurements.

15. Mr. Brauer asserts that our conclusion in Pinter (2010) that older and newer

discharge data alike produce accurate discharge measurements is invalid because “Pinter (2010)

fails to go further in comparing [the pre-1933 discharge measurements] with the post-1933 [U.S.

Geological Survey (‘USGS’)] data to confirm that the two data sets can be used together.”  Brauer

Dec. ¶ 18.  Mr. Brauer misrepresents Pinter (2010).  The explicit purpose and methodology of the

paper was to compare float-based discharge measurements with meter-based measurements, which

the Corps has repeatedly singled out as the source of purported bias in the older discharge

measurements.

16. Mr. Brauer further contends that “[e]arly discharge data collected before the

implementation of standard instrumentation and procedures by the USGS in 1933 has been proven

to be inaccurate (Ressegieu 1952, Dyhouse 1976, Dyhouse 1985, Dieckmann and Dyhouse 1998,

Huizinga 2009, Watson el al. 2013a).”  Brauer Dec. ¶ 18 (quote); Opposition Brief at 14 (same).

Mr. Brauer is wrong.  None of these sources prove that early discharge measurements –

measurements made by the Corps’ St. Louis District – are incorrect.  To the contrary, and as
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outlined above, Pinter (2010) completed a detailed statistical analysis of side-by-side measurements

(using velocity meters as well as floats, which is the point of contention here) and found that the

early measurements are as reliable as and fully comparable with the later measurements.  This

conclusion reiterates the conclusions of a study in the 1970s by the Corps itself (Stevens, 1979).

Mr. Brauer’s purportedly dispositive citations are not analyses and provide little or no new

information on this subject.  Ressegieu (1952) is an internal Corps memo.  Dyhouse (1976) is an

opinion letter critiquing an academic study.  Dyhouse (1985) is an unpublished opinion article,

without any analysis.  Dieckmann and Dyhouse (1998) is an intergovernmental presentation that

that asserts flaws in early discharges without any supporting evidence.  Huizinga (2009) and

Watson et al. (2013) are both Corps-funded studies that question early discharge values without

providing evidence that they are invalid.  Pinter (2014) details thorough responses to Watson et al.

(2013) demonstrating its shortcomings.

17. Mr. Brauer’s focus on and criticism of our use of pre-1933 discharge data is further

undermined by the fact that the large majority of the 67 stations analyzed in Pinter et al. (2008,

2010) utilized only the later, post-1933 USGS discharge values.  Analyses of these numerous

USGS-only measurement gages show stage increases fully consistent with gages consisting of both

early and later measurements.

18. In addition to Mr. Brauer’s erroneous claims that much of our hydrologic data is too

early to be accurate, he also wrongly contends that our hydrologic database and subsequent

analyses are flawed because they “use . . . daily discharge data” and data “fabricated using

interpolation schemes.” Brauer Dec. ¶¶ 19 (first quote), 20 (second quote); Opposition Brief at 14

(same). I rebut each of these two erroneous claims in turn below.

19. Mr. Brauer asserts that a “major error in Dr. Pinter’s analyses is the use of daily

discharge data.”  Brauer Dec. ¶ 19.  Our use of daily discharge data is not in error.  Daily discharge

values are published and used by the Corps, USGS and many other agencies and scientists

worldwide, and are the accepted technical standard for a wide range of analyses and modeling,

including by the Corps. With specific respect to their use in determining flood-level trends, daily

discharge values (derived from daily stage measurements, combined with accepted rating curves)
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produce the same overall results as do the much more limited number of direct measurements.

Disqualifying all Corps and USGS daily discharge datasets as Mr. Brauer suggests would do

nothing to prove that flood level trends have not increased.  Instead of demonstrating some contrary

trend, disqualifying these datasets would merely reduce the number of discharge values and thereby

lower the statistical significance of the increasing flood level trends already found (see Pinter,

2014).

20. Mr. Brauer claims that a “majority of the hydrologic data” in our hydrologic

database “(data at 49 of the 67 stations on the Mississippi River and Lower Missouri River) were

fabricated using interpolation schemes developed by Jemberie et al. (2008), and they are not real

data points.”  Brauer Dec. ¶ 20.  Mr. Brauer misrepresents the data used in Jemberie et al. (2008).

That study created a numerical algorithm for utilizing nearby stations and the year-to-year pattern

of hydrologic behavior in order to interpolate the shape of trends for the largest flows, which occur

only every few years.  As Jemberie et al. (2008) makes clear, the overall trends and conclusions

therefrom are determined only by the measured values in large flood years, which are most events

for assessing the relationship between flood stage and river training structures. The interpolations

based on measurements for smaller floods help suggest the likely patterns during the intervening

years. Jemberie et al. (2008) also uses flow measurements from nearby stations to infer discharges

during select years, which improves the accuracy of the overall data.  For example, one station may

lack direct flood measurements in 1940, but another station just a few miles upstream may have full

measurements for that year.  On a river as large as the MMR, neighboring sites have nearly

identical flows.  Jemberie et al. (2008) creates these neighboring discharge estimates by scaling

each site proportional to its drainage basin area, and explicitly excluding any pair of measurement

sites separated by a major tributary input.  Jemberie et al. (2008) and its discharge data and

estimates are methodologically sound.  Mr. Brauer offers no specifics to show otherwise, or

demonstrate any flaws in our use of the study’s data.

21. As I attested in paragraph 16 of my Original Declaration, we developed a geospatial

database alongside our hydrologic database.  Our geospatial database consists of the locations,

emplacement dates, and physical characteristics of over 15,000 structural features constructed along
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the study rivers over the past 100 to 150 years.  In developing this database we utilized:  more than

4000 individual map and survey sheets; structure-history databases from six Corps Districts;

databases from other agencies including the Coast Guard; and archival maps and surveys, all

digitized and calibrated into a modern coordinate system and frame of reference.  Within this

database we parameterized 130 bridges, 54 dam structures, 25 artificial meander cut-offs, 1093

levees, and 13,231 wing-dam segments, among many other structures. Neither the Corps in its

Opposition Brief nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their declarations disputes these

facts.

22. As I attested in paragraph 17 of my Original Declaration, we used our hydrologic

and geospatial databases together to generate reach-scale statistical models of hydrologic response.

These models quantify changes in flood levels at each station in response to construction of wing

dikes, bendway weirs, meander cutoffs, navigational dams, bridges, and other river modifications.

Neither the Corps in its Opposition Brief nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their

declarations disputes these facts.

23. As I attested in paragraph 18 of my Original Declaration, our analyses show that

while climate and other land-use changes did lead to increased flows, the largest and most

pervasive contributors to increased flooding on the Mississippi River system were wing dikes and

related navigational structures. In contrast, large reaches of the Mississippi and Missouri Rivers

with little or no dike construction showed no significant increases in flood levels.  System-wide, the

hydrologic pattern was that large-scale increases in flood levels occurred when and where large

numbers of dikes and dike-like structures have been built. Progressive levee construction was the

second largest contributor. While, as discussed elsewhere in this Declaration, the Corps and Mr.

Brauer make several erroneous criticisms of our hydrologic data and analyses thereof, they do not

contend that we did not make the stated conclusions from our analyses.

24. As I attested in paragraph 19 of my Original Declaration, our analyses demonstrate

that wing dikes constructed downstream of a location were associated with increases in flood height

(“stage”), consistent with backwater effects upstream of these structures. Backwater effects are the

rise in surface elevation of flowing water upstream from, and as a result of, an obstruction to water
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flow. These backwater effects were clearly distinguishable from the effects of upstream dikes,

which triggered simultaneous incision and conveyance loss at sites downstream.  On the Upper

Mississippi River, for example, stages increased more than four inches for each 3,281 feet of wing

dike built within 20 RM (river miles) downstream. These values represent parameter estimates and

associated uncertainties for relationships significant at the 95 percent confidence level in each

reach-scale model. The 95-percent level indicates at least a 95% level of certainty in correlation or

other statistical benchmark presented, and is considered by scientists to represent a statistically

verified standard. Our study demonstrated that the presence of river training structures can cause

large increases in flood stage.  For example, at Dubuque, Iowa, roughly 8.7 linear miles of

downstream wing dikes were constructed between 1892 and 1928, and were associated with a

nearly five-foot increase in stage.  In the area affected by the 2008 Upper Mississippi flood, more

than six feet of the flood crest is linked to navigational and flood-control engineering. While, as

discussed elsewhere in this Declaration, the Corps and Mr. Brauer make several erroneous

criticisms of our hydrologic data and analyses thereof, they do not contend that we did not make the

stated conclusions from our analyses.

25. In addition, the Corps and Mr. Brauer wrongly contend that my Original Declaration

is “fatally flawed” because I “discuss[] [my and others’ research on] many rivers and river reaches

[not on the MMR] in an attempt to imply that dikes on the MMR . . . are increasing flood levels.”

Opposition Brief at 14 (first quote); Brauer Dec. ¶ 24(a) (second quote).  Different reaches of the

Mississippi River do vary in some of their characteristics, but the same laws of physics apply to the

MMR as to the other rivers and river reaches I discuss and allow for valid comparisons.  Contrary

to the Corps’ and Mr. Brauer’s opposite contention, understanding the impacts of Middle

Mississippi River training structures can not be limited to looking only at the Middle Mississippi

River.  Understanding how different rivers and river reaches are managed (e.g., whether river

training structures are used) and the resulting impacts from those management practices are critical

to assessing how river training structures impact flood stage height.  Our research and studies by

other researchers show that while there are little or no increasing flood trends on stretches of the

Mississippi and other rivers with few or no river training structures, there are large increases in

Case 3:14-cv-00590-DRH-DGW   Document 27   Filed 08/13/14   Page 12 of 29   Page ID #3205



REPLY DECLARATION OF
NICHOLAS PINTER, Ph.D. 14-590-DRH-DGW

- 12 -

flood trends at locations (like on the MMR) where and at times when many new river training

structures are built.

26. As I attested in paragraph 20 of my Original Declaration, more than 143 linear miles

of wing dikes have been constructed on the Middle Mississippi River over the past 100 years

(Remo and Pinter 2007; Remo et al. 2008).  This represents about 3,960 feet of wing dikes per mile

(or about 2,460 feet per kilometer) of channel.  Wing dikes have also been heavily utilized on the

Lower Missouri River, with over 383 linear miles constructed since 1890.  This represents nearly

3,700 feet of wing dike per mile (or about 2,300 feet per kilometer) of channel in the Lower

Mississippi River.  These and similar river training structures are utilized to assist in river bank

protection and stimulate channel scour which can reduce the amount of dredging required to

maintain adequate navigation depths (e.g. COPRI 2012). Neither the Corps in its Opposition Brief

nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their declarations rebuts these facts.

27. As I attested in paragraph 21 of my Original Declaration, the effects of wing dikes

and other structures during flooding should not be confused with effects during periods of low flow.

There is general agreement that during low in-channel flows, wing dikes lead to lowered water

levels at most locations.  This happens because the dikes cause channel incision, in which flow

removes sediment from the stream bed and ultimately establishes a lower bed elevation.  Channel

incision is a process that has been well documented after dike construction in many (but not all)

areas of the alluvial Mississippi and Missouri Rivers (e.g., Pinter and Heine 2005; Maher 1964).

Neither the Corps in its Opposition Brief nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their

declarations rebuts these facts.

28. As I attested in paragraph 22 of my Original Declaration, incision has caused water

levels during periods of low flow (not floods) to decrease over time at the St. Louis, Chester, and

Thebes measurement stations, as well as at other, intermediate locations.  For all flood flows (flows

equal to four or more times the average annual discharge level), however, water levels have

increased by three to ten feet or more at all of these locations along the MMR.  At Grand Tower,

Illinois, water levels for just average flows have increased by almost three feet due to dike and weir

construction.  Near Grand Tower, bedrock underlies parts of the Middle Mississippi channel and
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limits incision (Jemberie et al. 2008). The majority of these facts are unrebutted by both the Corps

in its Opposition Brief and Mr. Brauer, Mr. Feldman or Ms. Schwarz in their declarations.

However, as discussed and rebutted below, Mr. Brauer erroneously claims that there is no bedrock

near the proposed Grand Tower project location.  Brauer Dec. ¶ 24(g).

29. As I attested in paragraph 23 of my Original Declaration, many other studies confirm

and corroborate these findings on the flow-dependent effects of river training structures.

Particularly after the record-breaking floods on the Middle Mississippi, researchers sought to

answer why such large increases in flood levels had occurred for the same discharges (volumes of

flow) that had been observed in the past. (e.g., Belt 1975; Stevens et al. 1975).  Since then, multiple

studies involving hydrologic time-series analyses, statistical analyses, geospatial analyses, and

hydraulic modeling have correlated the timing and spatial distribution of dike construction with

increases in flood stages (e.g., Criss and Shock 2001; Wasklewicz et al. 2004; Jemberie et al. 2008;

Pinter et al. 2008; Remo et al. 2009; Pinter et al. 2010, and others).

30. As I attested in paragraph 24 of my Original Declaration, wing dikes and other river

training structures increase flood heights during high water because of the way they interact with

river flow and the way they change the shape and form of the river channel. Since the beginning of

historical “training” (engineering of the river to facilitate navigation) of the Mississippi and

Missouri rivers, construction of dikes has narrowed large portions of these river channels to one-

half or less of their original width. In addition, construction of dikes, bendway weirs, and other in-

channel navigational structures has increased the "roughness" of the channel, leading to decreased

flow velocities during floods.

31. Mr. Brauer responds by suggesting that I “may be referring to a river other than the

MMR” in my statement that dike construction on the Mississippi and Missouri rivers has narrowed

large portions of their channels to one-half or less of their original width.  Brauer Dec. ¶ 24(c).  I

am not.  And my original statement is correct.  Wing dikes can reduce flow conveyance during

floods and thereby increase flood levels either by reducing a river’s cross-sectional area, by

increasing the roughness of the channel or both.  Extensive width reductions occurred on the MMR
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during the late 19th and early 20th centuries, with little long-term change thereafter.  As shown by

Figure 1 below, some portions of the MMR were narrowed to half or less of their original width.

Figure 1. Mississippi River at St. Louis, as surveyed by Robert E. Lee in 1837 (left), and
compared with the modern width of the channel (right). The original survey has been
superimposed on the right panel.  The current channel is shown by the red lines on the
right panel. The red-lined channel boundaries shown in the right panel demonstrate that,
indeed, this portion of the MMR is half or less the width today as it was in 1837.
Historical channel geometry, including depths, digitized from original survey maps.

32. Mr. Brauer also asserts that although the MMR channel “has been narrowed due to

river training structure construction,” studies “have shown (Maher 1964, Biedenharn et al. 2000)”

that “the cross sectional area of the deeper channel is preserved and the [channel’s] ability to pass

flow (conveyance) is the same or in some cases increased.” Brauer Dec. ¶ 24(c).  He claims that
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“[f]ield data taken on the MMR have shown that the narrower and deeper channel will have the

same cross sectional area and average velocity as before the placement of the structure.”  Brauer

Dec. ¶ 14. But his assertion contradicts published analyses demonstrating that the actual response

of the MMR to river training structures over time has been a reduction in both cross-sectional area

and velocity during large flood events due to, among other things, increased channel “roughness”

(e.g. Pinter et al., 2000; Remo et al., 2009).  Mr. Brauer’s contention that the MMR channel’s

conveyance has either remained the same or increased is true only for small non-flood flows.

33. As I attested in paragraph 25 of my Original Declaration, channel roughness is a

measure of objects and processes that cumulatively resist the flow of water through a given reach of

a river, including drag effects of sedimentary grains, bedforms (e.g., ripples and dunes on the bed),

vegetation, turbulence, eddy circulation, and many others.  A rough river bed exerts more resistance

than a smooth river bed, resulting in slower flow of water.  All other factors being equal, a flood

that passes through a river reach with half the average flow velocity will result in average water

depths that are double what they would otherwise be.  Mr. Brauer claims that my “description of the

relationship between velocity and depth” is “oversimplified and misleading” because in “rivers that

are natural, compound channels, all factors are not equal.”  Brauer Dec. ¶ 24(d).  But Mr. Brauer

ignores the fact that the velocity-depth relationship I describe is a physical law of hydrodynamics.

Before analyzing how other factors affect that relationship, it is essential to start with a description

and understanding of first principles, which is precisely what I have done.

34. As I attested in paragraph 26 of my Original Declaration, recent modeling studies

demonstrate the significant effects of river training structures during flood events on flow

turbulence and large-scale vertical and horizontal eddy circulation (Huthoff et al., 2013).  Other

recent studies have focused on flow dynamics around submerged wing dikes and their impact on

channel flow resistance (e.g., Yossef 2005; Yossef and de Vriend 2011; Azinfar and Kells 2011).

These studies show that submerged wing dikes create flow mixing in their wake zones (e.g., Yossef

2005; Yeo and Kang 2009; Jamieson et al. 2011).  These recirculating flows consume energy from

the bulk flow field, causing increases in effective resistance near wing dikes and through wing-dike

fields.  The impact of wing dikes on flow resistance was quantified by Yossef (2004, 2005), whose
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proposed relationship allows for an initial assessment of wing-dike impact on water levels (e.g.,

Azinfar 2010). According to Yossef’s laboratory experiments, the effective cumulative hydraulic

roughness of the bank zone relates to the size and longitudinal distance between the wing dikes.

35. Neither the Corps nor Mr. Brauer disputes that river training structures cause flow

resistance.  Brauer Dec. ¶ 24(e).  Mr. Brauer does, however, contend that “the flow resistance is

greatest at stages in which the dikes are the least submerged (stages below flood stages).” Id. Mr.

Brauer's contention states his interpretation of hydraulic theory; in fact no laboratory, numerical, or

field study has comprehensively tested if such a relationship exists or quantified how the depth of

flow over overtopped dikes alters the effective resistance.  Contrary to such theory, empirical

studies show that the stage increases caused by new wing dike fields are proportionally greater for

larger flows (e.g., Belt 1975; Criss and Shock 2001; Wasklewicz et al. 2004; Jemberie et al. 2008;

Pinter et al. 2008; Remo et al. 2009; Pinter et al. 2010, and others).  Additional data-based research

is needed to reconcile hydraulic theory with observations.  Reasonable hypotheses for the observed

pattern include effects of flow velocity, which increases dramatically with increasing discharge, on

net resistance. The Corps and Mr. Brauer consistently turn the scientific method on its head by

beginning with a conclusion – the assumption that river training structures do not increase flood

levels – and fashioning arguments to fit that assumption.

36. The Corps and Mr. Brauer also attempt to discount the applicability of a small subset

of the studies demonstrating that river training structures increase channel roughness, reduce

conveyance and increase flood stage levels on the grounds that they are “fixed bed physical flume

studies (Azinfar and Kells 2009, 2008, 2007, and Azinfar 2010).”  Brauer Dec. ¶ 23 (quote);

Opposition Brief at 14. But they ignore the fact that experimental studies in controlled

circumstances are still relevant evidence that river training structures can increase flood stage

heights, along with hydrologic analyses, statistical analyses, geospatial analyses, fluid dynamical

calculations, and 1D, 2D and 3D hydraulic modeling.  Each of these types of research has its

advantages and limitations, which is why accurate scientific synthesis looks at the conclusions from

the full corpus of scientific research.  Fixed-bed physical models are imperfect simulations of water

flow over river training structures, but they are nonetheless relevant.  Indeed, physical modeling
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like that done in the Azinfar and Azinfar and Kells studies that the Corps and Mr. Brauer criticize

as irrelevant is the primary tool used by the Corps’ St. Louis District, albeit with a sedimentary bed,

for the design and prototyping of all new river training structures.

37. As I attested in paragraph 27 of my Original Declaration, the role of river training

structures in increasing flood heights is well recognized.  For example, in the Netherlands, the

impacts of wing dikes (navigational “groynes”) on flood levels have both been recognized and

taken into account in flood protection strategies.  The government of the Netherlands recently

completed a €45 million program to lower 450 wing dikes (groynes) on the Rhine system as part of

its strategy to reduce flood levels.

38. Mr. Brauer questions the relevancy of the Dutch example to the Mississippi River,

contending that the “structures used on the MMR are much different in size, spacing, and top

elevation than those used by the Dutch.”  Brauer Dec. ¶ 24(f). Yet while Dutch groynes do differ

from MMR dikes in some details, Mr. Brauer fails to cite a single study showing that the Dutch

groynes are more likely to cause flood stage increases that the MMR dikes.

39. As I attested in paragraph 28 of my Original Declaration, changes in channel

geometry and roughness related to river engineering tools employed for improved navigation and

flood control appear to be the principal drivers behind changes in flood stage on the Mississippi

River. The increases in flood stage are caused by both the direct effects of wing dikes, meaning

interaction with flow, and the indirect effects of wing dikes, meaning the effects of the wing dike in

changing the shape or form of the river bed. Hydrodynamic simulations of indirect and direct

effects of wing dikes show decreases in velocity, increases in roughness, and corresponding

increases in flood stage. Neither the Corps in its Opposition Brief nor Mr. Brauer, Mr. Feldman or

Ms. Schwarz in their declarations specifically addresses paragraph 28 of my Original Declaration.  I

rebut elsewhere in this Declaration the Corps’ and Mr. Brauer’s general criticisms of my research

and the other studies supporting my conclusion that river training structures increase flood stage

heights and that the new dike construction projects here – at Dogtooth Bend, Monsenthein/Ivory

Landing, Eliza Point/Greenfield Bend, and Grand Tower – will do the same and threaten public

safety.
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40. As I attested in paragraph 29 of my Original Declaration, river training structures

constructed by the Corps to help maintain the nine-foot navigation channel have caused large-scale

increases in flood levels, including increases of six to ten feet over broad stretches of the river

where these structures are prevalent. Such large increases in flood heights in these rivers have

occurred when and where – and only when and where – wing dikes, bendway weirs, and other river

training structures have been built.  These structures have led to significant increases in the

frequency and magnitude of large floods. Neither the Corps in its Opposition Brief nor Mr. Brauer,

Mr. Feldman or Ms. Schwarz in their declarations specifically addresses paragraph 29 of my

Original Declaration.  I rebut elsewhere in this Declaration the Corps’ and Mr. Brauer’s general

criticisms of my research and the other studies supporting my conclusion that river training

structures increase flood stage heights and that the new dike construction projects here – at

Dogtooth Bend, Monsenthein/Ivory Landing, Eliza Point/Greenfield Bend, and Grand Tower – will

do the same and threaten public safety.

41. As I attested in paragraph 30 of my Original Declaration, the projects now proposed

on the Middle Mississippi River are particularly problematic for several reasons.  First, as

mentioned above, bedrock underlies parts of the Middle Mississippi channel near the Grand Tower

project, which limits incision (Jemberie et al. 2008). In such locations, the ameliorating effect of

new wing dikes in causing bed incision is reduced or eliminated, leading in the past to the largest

observed increases in flood levels.

42. Mr. Brauer asserts that “[t]here is no support for the claim by Dr. Pinter” that there is

bedrock underlying parts of the channel near the Grand Tower Project.  Brauer Dec. ¶ 24(g).  He

contends that the “nearest bedrock formation (at an elevation capable of having an impact) to the

Grand Tower work area is approximately five and a half miles upstream and over twenty miles

downstream.” Id.  Mr. Brauer is wrong.  Bedrock is present in this river reach, and it is alarming

that the Corps’ St. Louis District has designed and modeled (in their table-top physical model) the

proposed new Grand Tower dikes in apparent ignorance of such a fundamental and important

characteristic of the MMR channel.  Specifically, historical surveys show that bedrock crops out at

the channel-bottom surface, or in the shallow subsurface just beneath, forming a ledge along the

Case 3:14-cv-00590-DRH-DGW   Document 27   Filed 08/13/14   Page 19 of 29   Page ID #3212



REPLY DECLARATION OF
NICHOLAS PINTER, Ph.D. 14-590-DRH-DGW

- 19 -

western margin of the channel around river mile (“RM”) 68.7, and between RM 70.0-70.3 and RM

71.1-72.7 – i.e. through a significant portion of the Grand Tower project area.  Mr. Brauer contends

to the contrary that “bed samples taken in the Grand Tower reach confirm that the bed material is a

combination of medium to coarse sands and pebbles up to one inch in diameter.” Id.  He is

mistaken.  In a river like the MMR, which transports an active sedimentary bed load at all times

throughout its length, isolated channel grab samples will always yield sand and gravel, even on

river reaches with an underlying bedrock substrate.  Such samples in no way “confirm” that the

channel is only underlain by sediment.

43. The presence of bedrock in the Grand Tower project area helps explain why

observed flood stage increases have been so severe along this portion of the MMR.  As discussed

above, new wing dikes raise flood levels, but they also induce scour of the bed, which creates

additional cross-sectional area within the central portion of the channel and reduces the net

increases.  However, where, as in the section of the MMR in the Grand Tower project area, a

bedrock substrate inhibits scour, there is less or no cross-sectional area increase to reduce the flood

stage increases.  In these circumstances, the risk of large flood stage increases and the

corresponding risk to public safety are at their peak.

44. As I attested in paragraph 31 of my Original Declaration, the new dike construction

projects now proposed on the Middle Mississippi are also problematic because they threaten nearby

levees that already have identified deficiencies. The Dogtooth Bend Project is immediately

downstream of one of the sites where the Len Small levee failed during floods in 2011 (Dogtooth

Bend EA at E2). This 5,000-foot breach yielded to fast-moving water that “scored farmland,

deposited sediment, and created gullies and a crater lake” (K.R. Olson and L.W. Morton, “Impacts

of 2011 Len Small levee breach on private and public Illinois lands,” Journal of Soil and Water

Conservation, Vol. 68:4, attached as Exhibit 3 to my Original Declaration). Neither the Corps in its

Opposition Brief nor Mr. Brauer, Mr. Feldman or Ms. Schwarz in their declarations rebuts these

facts.

45. As I attested in paragraph 32 of my Original Declaration, the proposed Grand Tower

project spans approximately 7 River Miles along the Big Five Levee Drainage and Levee Districts,
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including the Preston, Clear Creek, East Cape, and Miller Pond levees, together protecting over

49,000 acres of Illinois floodplain.  The proposed Grand Tower wing dike project also lies just

downstream of the Degognia/Fountain Bluff and Grand Tower Drainage and Levee Districts,

protecting a further 56,000 acres. Currently, all segments of these levee systems have

"Unacceptable" ratings following Corps inspections and assessment. The Dogtooth Bend Project

likewise poses an unusually high potential for flood damage.  The Cairo levee system ("Mississippi

and Ohio Rivers Levee System at Cairo & Vicinity") is located a few miles downstream of the

Dogtooth Bend Project.  Although the greatest effects of wing dikes occur upstream, statistically

significant increases in flood levels have also been identified downstream. Corps inspections have

identified major deficiencies in the Cairo levee system, leading to its current "Unacceptable" rating

in the National Levee Database. The majority of these facts are unrebutted by both the Corps in its

Opposition Brief and Mr. Brauer, Mr. Feldman and Ms. Schwarz in their declarations.

46. The one thing in paragraph 32 of my Original Declaration that Mr. Brauer disputes is

my conclusion that statistically significant increases in flood levels have also been identified

downstream.  Brauer Dec. ¶ 24(b).  My conclusion is based on two of my published studies, Pinter

et al. (2008) and (2010), which identify both large increases in flood levels upstream of new river

training structures and smaller, but statistically significant, increases downstream of new structures.

Mr. Brauer declares this to be impossible, but he bases his opinion solely on his interpretation of

hydraulic theory, not any published research. In fact, turbulence and eddy circulation downstream

of wing dikes represent a plausible mechanism for empirical increases in flood stages after dike

construction. Mr. Brauer cannot wish away observed empirical trends based on his understanding

of hydraulic theory.

47. As I attested in paragraph 33 of my Original Declaration, my work with local levee

commissioners and other informed officials has revealed deep concern and widespread discussion

about levee safety and performance during future floods, even without additional stresses. For at

least the past decade, local stakeholders have repeatedly called for the St. Louis District of the

Corps of Engineers to rigorously and independently assess the cumulative impacts of wing-dike

construction in the Middle Mississippi River.  Instead, a new wave of dike construction has been
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undertaken, with each new project evaluated – perfunctorily – on an individual basis and without

regard to cumulative effects.  Neither the Corps in its Opposition Brief nor Mr. Brauer, Mr.

Feldman or Ms. Schwarz in their declarations rebuts these facts.

B. Reply to the Feldman Declaration

48. As discussed in detail below, I conclude after reviewing the Feldman Declaration

that Mr. Feldman overstates some of benefits of river training structures as well as the costs of

delaying or permanently tabling the proposed the Dogtooth Bend, Monsenthein/Ivory Landing and

Eliza Point/Greenfield projects.

49. Mr. Feldman asserts that “under the Upper Mississippi River Biological Opinion

issued by the U.S. Fish and Wildlife Service and the Upper Mississippi River Restoration-

Environmental Management Program, new river training structures are constructed for the purpose

of providing environmental benefits for fish and wildlife.”  Feldman Dec. ¶ 4.  Yet little or no

benefit of river training structures to endangered fish species on the MMR has ever been

demonstrated.  The Corps has touted many of its navigational dike projects as having environmental

benefits (e.g. DuBowy, P.J., 2012 and cover of same magazine issue), but rigorous monitoring has

shown no actual species benefits associated with these activities (e.g., Papanicolaou et al., 2011).

50. Mr. Feldman claims that, “[a]s the Mississippi River is a dynamic system due to

natural variances that affect sedimentation, impacts associated with delay of not awarding the

contracts or constructing the features provided in those contracts will increase the length of that

delay.”  Feldman Dec. ¶ 8. Mr. Feldman is mistaken that any large change in the Mississippi

River’s sediment flux or geomorphic conditions would occur if the proposed river training structure

projects are delayed.  For many decades, the Corps’ St. Louis District has maintained the 9-foot

navigation channel through dredging.  In the absence of new river training structures, the Corps

could continue to maintain the navigation channel through dredging.  And outside factors being

equal, no large change in the river’s sediment flux would occur, nor, contrary to Mr. Feldman’s

conclusion, would there be any increased costs due to sediment accumulation.
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51. Mr. Feldman contends that “[s]ignificant delays in awarding contracts and/or not

constructing any new training structures will delay the overall Regulating Works Project

completion date.”  Feldman Dec. ¶ 17.  But in assuming that the construction of additional river

training structures could eliminate the need for future dredging, Mr. Feldman ignores growing

anecdotal evidence suggesting that recent river training structure construction is largely just shifting

locations of the required dredging instead of reducing or eliminating the long-term need for

dredging.

52. Mr. Feldman asserts that the “benefit to cost ratio for the Regulating Works Project

construction completion is 18 to 1,” and that the project “is one of the most valuable projects in the

nation in terms of returns on investment.”  Feldman Dec. ¶ 17.  But Mr. Feldman’s claim is based

on the erroneous assumption that new river training structures have zero impact on flood levels.  As

discussed thoroughly above and in my Original Declaration, and as document by Pinter et al.

(2012), even small increases in flood levels cause large increases in flood risk that can overwhelm

any purported cost-savings from reduced dredging.  Furthermore, as just discussed, Mr. Feldman

ignores the growing anecdotal evidence suggesting that recent river training structure construction

is largely just shifting locations of the required dredging instead of reducing or eliminating the

long-term need for dredging.

Conclusion

53. The new dike construction projects here – at Dogtooth Bend, Monsenthein/Ivory

Landing, Eliza Point/Greenfield Bend, and Grand Tower – pose significant threats of increased

flooding and flood risk.  They are the latest manifestations of a flawed process that has allowed

construction of hundreds of new dikes and dike-like structures that are causing elevated flood stages

throughout the Middle Mississippi River. Unless these new dike construction projects are halted to

allow their reconsideration based on a comprehensive and independent Supplemental

Environmental Impact Statement that takes the foregoing studies and analyses into consideration,

needless and potentially severe flooding will likely occur. The costs of halting the projects would

be much less than Mr. Feldman claims in his declaration.  Indeed, halting the projects would
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significantly reduce taxpayer expenditures – along with societal and environmental hardship – by

reducing long-term flood risk and flood damages.

54. I declare under penalty of perjury that the foregoing facts are true of my personal

knowledge, that the foregoing expressions of professional judgment are honestly held in good faith,

that I am competent to and if called would so testify, and that I executed this declaration on August

13, 2014 in Chicago, Illinois.

__________________________________
Nicholas Pinter, Ph.D
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Fax:  (510) 496-1366
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