Summary of Research on the Effects of River Training Structures on Flood Levels

1. Introduction

With implementation of the Proposed Action, stages at average and high flows both in the
vicinity of the project area and on the Middle Mississippi River are expected to be similar to
current conditions. An abundance of research has been conducted analyzing the impacts of
river training structures on water surfaces dating to the 1930s. This research includes numerical
and physical models as well as analyses of historic gage data, velocity data, and cross sectional
data. In addition to continued monitoring and analysis, the U.S. Army Corps of Engineers
(Corps) has conducted a literature review of all available literature on the impact of river traning
structures on flood levels. A summary of research on the topic is detailed below. Based on an
analysis of this research by the Corps and other external reviewers, the District has concluded
that river training structures do not impact flood levels.

2. Studies concluding no impact on flood levels

2.1 Historic Research

One of the early studies specifically addressing the effect of river training structure
construction on water surfaces was conducted during the extreme high water of June and July
1935 (Ressegieu 1952). This study was prompted by the differences in observed streamflow for
equal stages following the transfer of streamgaging responsibility from the Corps to the United
States Geological Survey (USGS) in March 1933. When observed field data showed a major
change in the stage for which a specific discharge was passing, the Corps and USGS initiated a
study to determine the cause. This study addressed the accuracy of the standard equipment and
method of observation between the two agencies. Similar simultaneous streamflow studies
were conducted between 1935 and 1948. In 1952, the results of all of the studies were
analyzed and it was concluded that, on average, the discharges measured by the Corps
generally exceeded those measured by the USGS by zero percent at mean stage to slightly more
than ten percent at high stages. Ressegieu (1952) concluded that “the reduction in floodway
capacity was not an actual physical reduction but an apparent reduction caused by a
discrepancy in the accuracy of measuring streamflow by older methods and equipment”. The
conclusions by Ressegieu (1952) were analyzed along with new information and confirmed by
Watson et al. (2013a).

Monroe (1962) conducted a comprehensive analysis of all factors which are believed to have
had some effect on the St. Louis rating curve including: accuracy of discharge measurements,
man-made obstructions and hydrology and hydraulic changes. Monroe (1962) observed a
spread in stage for equivalent discharge at flows with stages of about 35 and 40 ft on the St.
Louis gage. The analysis concluded that the change in stage for higher flows was due to the
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construction and raising of levees between 1935 and 1951. In an analysis of river training
structures, Monroe (1962) found that “the contraction by permeable dikes has had a negligible
effect on the increase in flood heights.” A number of natural factors were found to affect stages
for equivalent discharge including: season (water temperature), rapidity of rise of the flood
wave, amount of flow contribution by the upper Mississippi River and the amount of bed
material carried by the Missouri River.

In a comprehensive study of hydrologic, hydraulic, geologic and morphologic factors which
relate to the Mississippi River downstream of Alton, IL, Munger et al. (1976) studied the
changes in hydraulics on the Mississippi River resulting from river confinement by levees and
the construction of river training structures. As was the case in previous studies using gage
data, the reliability of early discharge data collected by the Corps was brought into question. In
a study of velocity, stage and discharge data, Munger et al. (1976) concluded that
“generalizations about the effect of dikes on stage-discharge relations are not justified.” When
examining cross section shape and velocity distributions at the St. Louis gage, it was observed
that there had been no striking changes in cross-section shape or velocity distributions at the
section between 1942 and 1973.

Dyhouse (1985, 1995) found through numerical and physical modeling that published
discharges for historic floods, including 1844 and 1903, were overestimated by 33 and 23
percent, respectively. Dyhouse concluded that the use of early discharge data collected by
the Corps, including historic peak flood discharges in conjunction with streamflow
measurements by the USGS, will result in incorrect conclusions.

Other reach scale numerical and physical models studying the effect of river training structures
on water surfaces include USACE (1996) which used a Hydrologic Engineering Center (HEC-
2) model used to analyze pre- and post- construction water surface elevations for the Nebraska
Point Dike field on the Lower Mississippi River. For each cross section analyzed, the dike
field construction lowered water surface elevations and reduced overbank discharges for the
50%, 20%, and 10% annual chance exceedance events. Xia (2009) used an Adaptive
Hydraulics (AdH) model to study the changes in water surface resulting from the construction
of a dike field. In this fixed bed analysis, Xia found that changes in water surface elevation due
to the dikes was greatest at average flows and decreased with increasing and decreasing river
flow. Azinfar and Kells (2007) developed a multiple function model to predict the drag
coefficient and backwater effect of a single spur dike in a fixed bed. This study concluded that
increasing submergence levels resulted in a decreasing backwater effect.

In a moveable bed model study conducted to develop structural alternatives for a power plant on
the Minnesota River, Parker et al. (1988) measured water surface changes from a baseline for a
series of dikes and determined that construction of the structures had a negligible effect on flood
stages compared to calibration values. Yossef (2005) used a 1:40 scale fixed bed physical model
of the Dutch River Waal to study the morphodynamics of rivers with groynes (dikes are referred
to as groynes in other parts of the world including the Netherlands) including their effect on
water surface. Yossef found that on the River Waal, the effect of groynes decreased with
increasing submergence. It was also observed that the maximum possible water level reduction
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of the design flood (378,000 cfs) by lowering all of the groynes in the system was 0.06 meters
(2.4 inches).

Other international research supports the conclusion that river training structures do not impact
flood levels. An international technical working group made up of experts from around the
world organized by PIANC, the World Association for Waterborne Transport Infrastructure,
analyzed the impact of dikes on high discharges. It was determined that dikes can be designed
to avoid high water impacts by having a top elevation below mean high water (similar to what is
used on the Middle Mississippi River (MMR). The report describes that although dikes may
increase hydraulic resistance, the erosion of the low water bed may compensate for the water
level upset entirely. The report also cites conventional practice that requires dikes to be
designed so they do not increase stage during high discharges (PIANC 2009). As an
engineering organization, the Corps follows this conventional practice and ethical code to
ensure that dike construction does not cause an impact to public safety.

2.2 Updated Evaluations

2.2.1 Watson & Biedenharn

To update ongoing evaluations of the physical effects of river training structures, the Corps
initiated a new study on the possible effect of these structures on water surfaces in 2008. This
series of studies included an analysis of past research, an analysis of the available gage data
on the MMR, an analysis of historic measurement technique and instrumentation and its effect
on the rating curve, specific gage analysis, numerical and physical modeling. In addition to
the research conducted by the Corps, the St. Louis District engaged with external technical
experts in the fields of river data collection, river engineering, geomorphology, hydraulics and
statistics.

In a review of historic streamflow data collected prior to the USGS, Watson & Biedenharn
(2010) determined that pre-USGS data should be omitted for the following reasons: (1) It has
been confirmed through simultaneous measurement comparisons that there is much
uncertainty in the historic data due to differences in methodology and equipment; (2) there is
much uncertainty with respect to the location of the discharge range; (3) there is insufficient
measured data at the higher flow ranges to produce reliable specific gage records; and (4) the
homogeneous data set containing all discharges collected by the USGS provides an adequate
long-term, consistent record of the modern-day river system including periods of significant
dike construction. A more detailed description of the limitations of early discharge
measurements can be found in Watson et al. (2013a).

In their analysis, Watson & Biedenharn (2010) studied the specific gage records at the three
rated gages on the MMR: St. Louis, Chester and Thebes. A summary of the analysis techniques
used and a detailed analysis of the specific gage record at St. Louis can be found in Watson et al.
(2013b). The analysis for the gage at Thebes was omitted due to the effect of backwater from
the Ohio River. For each streamgage studied, the specific gage record was analyzed and
compared with a record of river training structure construction for a reach extending 20 river
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miles downstream. All data used in their study were collected by the USGS and retrieved from
the USGS website (http://www.usgs.gov).

Bankfull stage at the St. Louis gage is approximately +30 feet with a corresponding discharge of
approximately 500,000 cubic feet per second (cfs). Flows below 400,000 cfs are contained
within the top bank and flows above 700,000 cfs are well above the top-bank elevation. The time
period 1933-2009 was studied. The top elevation of training structures in this reach was between
+12 and +16 feet referenced to the St. Louis gage. All structures are completely submerged at
discharges exceeding 280,000 cfs. In their analysis, Watson and Biedenharn (2010) found a
statistically significant slightly decreasing trend in streamflows below 200,000 cfs. In
streamflows between 300,000 cfs and 500,000 cfs, a statistically significant horizontal trend in
stages was observed. At 700,000 cfs a non-statistically significant, slightly increasing trend in
stages was observed. The slight upward trend in stages at 700,000 cfs had considerable
variability in the data and was strongly influenced by the 1993 flood.

Bankfull stage at the Chester gage is approximately +27 feet with a corresponding discharge of
approximately 420,000 cfs. The time period 1942-2009 was studied. The top elevation of
navigation structures in this reach was +14 to +17 feet referenced to the Chester gage. All
structures are completely submerged at discharges exceeding 280,000 cfs. The only statistically
significant trend found was a slightly decreasing trend for streamflows below 100,000 cfs.
There was a horizontal trend for 200,000 and 400,000 cfs. There was a slightly increasing trend
at 300,000 cfs. For both overbank flows, 500,000 cfs and 700,000 cfs, there were slight
increasing trends.

After a closer examination of the specific gage trends it was apparent that the long term trends
for both St. Louis and Chester were not continuous and there was a shift in stages that occurred
in 1973. This year was significant because (1) 1973 was marked by the occurrence of a major
flood event that is documented as having significant impacts on the morphology of the MMR,
(2) the year 1973 marked the end of a remarkably flood free period and (3) the pre-1973 period
was characterized by extensive dike construction whereas the post-1973 period saw 50% less
dike construction. When the record was broken into pre- and post-1973 sections, different
trends were observed. Prior to 1973 at all gages studied, there were no increasing trends for
any of the flows. Post-1973 there were no increasing stage trends for within-bank flows at any
of the gages. A slightly increasing stage trend occurred for overbank flows of 500,000 cfs
(statistically significant) and 700,000 cfs (not statistically significant) at the Chester gage. A
majority of the construction of river training structures on the Middle Mississippi was
performed prior to 1973.

In conjunction with the specific gage record, Watson & Biedenharn (2010) and Watson et al.
(2013) analyzed the record of training structure construction including an analysis of the top
elevation of the structures. The typical top elevation of the structures was 10-16 feet below the
top bank. Since the top elevation is so far below top-bank elevations, the most dramatic impacts
of the structures should be in the low to moderate stages below top bank where the specific gage
analysis revealed decreasing or no trends (Sukhodolov, 2013; Watson & Biedenharn 2010;
USGAO 2011, PIANC 2009, Azinfar & Kells 2007, Stevens et al. 1975, Chow 1959).



Watson & Biedenharn (2010) concluded that, “based on the specific gage records, there has
been no significant increase in stages for within-bank flows that can be attributable to river
training structure construction. Any increase in overbank flood stages may be the result of
levees, floodplain encroachments, and extreme hydrologic events; and cannot be attributed to
river training structures based solely on specific gage records.”

2.2.2 United States Geological Survey

Huizinga (2009) conducted a specific gage analysis using the direct step method on only data
collected by the USGS for the gages at St. Louis and Chester. Similar to Watson & Biedenharn
(2010), an apparent decrease of stage with time for smaller, in bank discharges was observed at
both the St. Louis and Chester gages. This decrease in stage was attributed to the construction
of river training structures and/or a decrease in sediment load available for transport on the
Mississippi River due to the construction of reservoirs on the main stem tributaries of the
Mississippi River, particularly the Missouri River.

Huizinga (2009) found a slight increase in stage over time for higher flows at both St. Louis and
Chester over the entire period of record. The transitional discharge was 400,000 cfs and
300,000 cfs for the St. Louis and Chester gages respectively. These discharges correspond to
stages of +25 feet at St. Louis and +22 feet at Chester. At these stages the navigation structures
are submerged by 5-13 feet. Huizinga (2009) attributed the slight increase in out of bank flows
to the construction of levees and the disconnection of the river to the floodplains. Similar to
Watson & Biedenharn (2010), Huizinga (2009) observed a shift occurring in the out of bank
flows in the mid-1960s and attributed it to the completion of the Alton to Gale levee system
which paralleled the entire Middle Mississippi River.

In an analysis of cross sectional data collected at the St. Louis and Chester gages, it was found
that although the shape of the cross section had changed, the cross sectional area for moderate
(400,000 cfs) and high (600,000 cfs) flows remained relatively constant throughout the period
of record. The construction of river training structures immediately upstream of the Chester
gage provided a case study on the effect of the absence and construction of structures on the
cross section over time. Prior to the construction of the structures, the channel thalweg
repeatedly shifted between the left and right banks. Following the construction of the
structures, the cross sections displayed much less variability. An overall stabilizing effect of the
structures was seen on the cross section for discharges of 100,000 cfs and 400,000 cfs. The
cross sectional area for the first and last measurements of the period of record remained similar
despite the river training structure construction upstream for all discharges.

Huizinga (2009) conducted a study of all rating curves developed for St. Louis and Chester,
including those developed prior to 1933 by the Corps. When comparing daily values from
the Corps from 1861-1927 to the original USGS rating in 1933 there appeared to be an abrupt
change in the upper end of the ratings used before 1933. When these daily values developed
by the Corps were adjusted to compensate for the overestimation of Corps discharge
measurements detailed in the simultaneous discharge measurement studies between the Corps
and USGS, the adjusted daily discharge values plotted in line with the original USGS rating.
This study is further evidence of the overestimation of early discharges.
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2.2.3 Statistical Evaluation

A critical review of the statistical analysis used to support specific gage analyses by Pinter et al.,
(2001) and Pinter and Thomas (2003) was conducted by V.A. Samaranayake (2009) from the
department of Mathematics and Statistics at Missouri University of Science and Technology.
Samaranayake (2009) concluded that the analysis presented by Pinter et al., (2001) and Pinter
and Thomas (2003) did not support the conclusions that river training structures are increasing
stages for higher discharges. In an evaluation of the two types of specific gage analysis,
Samaranayake (2009) concluded that the direct step method was the most appropriate on the
MMR. This is due to the data points being more homogeneous than those obtained from the
rating method as far as variance is concerned and therefore they can be considered devoid of
simultaneity bias and other such artifacts.

Samaranayake (2009) also found that, when using computed daily discharge values, the
researcher is essentially recreating the original USGS rating curves used to obtain the daily
discharges. The computed daily discharge data lacks the natural variability found in measured
streamflow and can lead to conclusions that are due to artifacts created by errors in the original
rating curves. This error is compounded by the fact that the USGS uses the same rating curves
for several years producing results that, rather than being independent, are correlated across
several years.

Samaranayake (2009) questioned the cause and effect relationship concluded by Pinter et al.,
(2001). The straight trend lines concluded by Pinter et al. (2001) revealed an increasing trend in
stages reflecting a smooth gradual increase. Dike construction was not constant throughout
history. The history of dike construction revealed much variability in magnitude throughout the
period of record and did not directly correlate with the trends observed by Pinter (2001). Pinter
et al., (2001) failed to prove that the relationship between stage trends on the MMR and dike
construction was statistically significant.

2.2.4 Numerical and physical modeling studies

The lowa Institute of Hydraulic Research (IIHR) at the University of lowa performed a series
of hydrodynamic simulations of a recently constructed chevron field and dike extension using
the United States Bureau of Reclamation Sedimentation and River Hydraulics Two-
Dimensional (SRH-2D) modeling software (Piotrowski et al. 2012). Simulations studied the
impact of the construction on water surfaces and the magnitude of natural variation on water
surfaces. The results indicated that structures did not cause significant differences in reach-
scale water surface elevations. The simulations also found that the differences in pre- and post-
construction water surface elevations were less than the differences resulting from natural
variability in two post-construction scenarios.

A physical sediment transport model at the University of Illinois, Urbana-Champaign was used
to test the effect of submerged dikes and dike fields on water surfaces (Brauer 2013). The study
tested flows and stages along a rating curve from % bankfull to a flow with a 0.5% annual
chance exceedance. The study concluded that the magnitude of the effect of dikes on water
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surfaces was smaller than the natural variability in the stage and discharge relationship and
decreased with increasing flow/submergence. The study also found that there was no direct
cumulative effect for up to four structures.

2.2.5 Analysis of Updated Evaluations

Dike elevation information relative to the gages at St. Louis, Chester and Thebes are
important in the interpretation of the specific gage results. On the MMR, dike elevations are
well below the top-bank elevations and are submerged by over thirty feet during major
floods. The most dramatic impacts of the dikes are expected to be observed in the low to
moderate stages below top bank (Sukhodolov, 2013; Watson & Biedenharn, 2010; USGAO,
2011; PIANC, 2009; Azinfar & Kells, 2007; Stevens et al., 1975; Chow 1959). Once the
flows spill overbank, the specific gage trends are impacted by changes in the floodplain
including bridge abutments, levee construction, vegetation changes, etc. (Huizinga 20009,
Heine and Pinter 2012). The effect of levees on the stages of larger floods is more
pronounced than at lesser floods due to the additional conveyance loss of the floodplain
(Simons et al. 1975, Heine and Pinter 2012).

The magnitude of the stage changes for overbank discharges observed by Watson &
Biedenharn (2010), Watson et al. (2013), and Huizinga (2009) are consistent with the
expected changes due to the construction of levees along the MMR. The Upper Mississippi
River Comprehensive Plan (USACE 2008) calculated that levees contributed an increase of
up to 2.9 feet at St. Louis, Missouri and up to 7.3 feet at Chester, Illinois of the 1% annual
chance exceedance flood (100-year). The Floodplain Management Assessment of the Upper
Mississippi River and Lower Missouri Rivers and Tributaries report (USACE 1995)
calculated that agricultural levees contributed an average peak stage increase of up to 4.9 feet
on the MMR between St. Louis and Cape Girardeau. The Mississippi Basin Model (MBM)
tests showed an increase of up to 4 feet compared to 1820 conditions, depending on discharge
and location of flooding (Dyhouse 1995). The magnitude of levee impact is dependent on the
roughness of the floodplain being protected. The values detailed above generally assume
agricultural land.

Through the use of numerical and physical models, Piotrowski (2012) and Brauer (2013)
reinforced the conclusion that river training structures do not impact flood flows. Additionally,
Piotrowski (2012) and Brauer (2013) quantified the impact of natural variability in the channel
on stage. Brauer (2013), through the use of a moveable bed model, demonstrated the importance
of sediment transport and bed changes when analyzing how river training structures influence
stages.

3. Analysis of research proposing a link between instream structures
and an increase in flood levels.

The Corps has researched and analyzed all available literature that either purports or has been
claimed to purport that river training structures increase flood heights. Comments received on
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the draft Environmental Assessment have provided a list of 51 studies claimed to link the
construction of instream structures to increases in flood levels. However, only 21 of the 51
journal articles, technical notes, book chapters, and conference papers cited attempt to link the
construction of instream structures to increases in flood levels. The remaining thirty studies cited
do not discuss the construction of instream structures and/or increases in flood levels. Some of
the cited papers simply reference the research of others as background information. Others
discuss the topics of flow frequency, physical modeling and model scale distortion, and levee
construction. Others are on topics unrelated to instream structures and/or flood levels.

This appendix only discusses in detail the journal articles, technical notes, book chapters, and
conference papers whose conclusions claim a link between instream structure construction and an
increase in flood levels. Some of the analyses are presented in multiple papers. Since the
analysis in Pinter et al. (2000) is the basis for Pinter et al. (2001a), Pinter et al. (2001b), Pinter et
al. (2002), Pinter et al. (2003), Pinter and Heine (2005), Pinter et al. (2006b) and Szilagyi et al.
(2008), only Pinter et al. (2000) will be discussed in detail. Similarly, the analysis in Jemberie et
al. (2008) is the basis for Pinter et al. (2008), Pinter (2009), and Pinter et al. (2010). Only
Jemberie et al. (2008) will be discussed in detail.

The studies whose conclusions claim a link between instream structure construction and an
increase in flood levels have been grouped below into three categories: specific gage analysis,
numerical simulations and physical fixed bed modeling.

3.1 Specific Gage Analysis

Fifteen of the journal articles, technical notes, book chapters, conference papers and editorials
proposing a link between instream structures and an increase in flood levels rely on the use of
specific gage analysis.

3.1.1 Description

Specific gage analysis is a graph of stage for a specific fixed discharge at a particular gaging
location plotted against time (Watson et al 1999). The use of specific gage analysis is a simple
and straightforward method to illustrate aggradation and degradational trends in a river or the
response of a river to various alterations in the channel. Similar to most engineering analyses,
the interpretation of specific gage records can be complex.

Specific gage analysis is an analysis of field data collected at gage locations along a river. The
measurements that are collected at the gage locations are stage (water height), velocity (speed of
the water) and cross sectional area (area of the channel). Velocity and area are multiplied
together to calculate the discharge which is the volume of water passing a fixed location. Itis
important to ensure that the methodology and instrumentation used to collect velocity and cross
sectional area has not changed during the period of record being examined. If it has changed, it
is important to understand how those changes in instrumentation and methodology impact the
results. As detailed above, the period of record on the MMR includes two distinctly different
data sets.
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3.1.2 Papers using specific gage analysis to link instream structure construction to
flood level increases

The first use of specific gage analysis to link instream structures to apparent changes to the
stage-discharge relationship on the Middle Mississippi River dates back to Stevens et al. (1975)
and Belt (1975). Flaws in the source data, methodology and analysis used by Stevens et al.
(1975) were addressed by Stevens (1976), Dyhouse (1976) Strauser & Long (1976) and
Westphal & Munger (1976). These include the following: use of limited cross-sectional data
from one highly engineered reach of the MMR (St. Louis harbor) to represent the entire Middle
Mississippi River; use of the unmeasured 1844 flood discharge and the 1903 flood discharge,
which was measured only at Chester and Thebes using a different analysis to draw sweeping
conclusions; use of early inaccurate and overestimated discharge measurements in conjunction
with more accurate contemporary measurements; and the lack of a direct correlation between
dike construction and trends in water surface changes.

Through a comparison of trends in stage and streamflow measurements from floods from 1862-
1904 to those after the 1980s, Criss & Shock (2001) concluded that stages have increased over
time on rivers due to the construction of river training structures. Criss & Shock (2001) also
analyzed rivers with and without river training structures to determine the impact structures have
on water surfaces. The conclusions of Criss & Shock (2001) are driven by the comparison of two
distinctly different data sets: early discharges collected by the Corps and contemporary
discharges collected by the USGS. As detailed above, combining early Corps discharge
measurements with contemporary USGS discharge measurements without appropriately
accounting for the differences in accuracy of those measurements can result in flawed
conclusions.

Pinter et al. (2000) used specific gage analysis to study changes to the stage-discharge
relationship, cross-sectional area and velocity on the Middle Mississippi River. A specific gage
trend was developed using daily stage and discharge data from the Middle Mississippi River
gages at St. Louis, Chester, and Thebes. Pinter et al. (2000) concluded that engineering
modifications on the Middle Mississippi River have caused changes in the cross-sectional
geometry and flow regime leading to a decrease in stages for low discharges and rising stages for
water levels starting at 40%-65% of bankfull discharge and above. Since their analysis shows
rises in stages are greater for larger discharges, the authors conclude that the impact of the
changes is greatest for large flood events.

One limitation of specific gage analysis is that it can only be performed on rated gages (gages
with a discharge record). Jemberie et al. (2008) developed a refined specific gage approach
attempting to overcome this limitation by developing “synthetic discharges” at stage only gages.
The synthetic discharges were created by interpolating discharge values at nearby gages to create
a stage- discharge relationship at stage only gages. Rare discharges were created using
“enhanced interpolation” to formulate a continuous specific gage time series for large, rare
discharges. The results of the refined specific gage study were that stages that correspond to
flood discharges increased substantially at all stations consistent with what was documented by
Pinter (2001).
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3.1.3 Errors in specific gage papers
3.1.3.1 Use of a non-homogeneous data set

The analysis in Pinter et al. (2000) and Jemberie et al. (2008) includes data, assumptions and
analysis techniques that have been brought into question by engineers and scientists within the
Corps, USGS and academia. The period of record data set used by Pinter et al. (2000) and
Jemberie et al. (2008) combines daily discharge measurements from rating curves developed by
both the Corps of Engineers and USGS. The use of daily discharge data from the entire period of
record implies the assumption that the rating curves have been developed using the same
methods throughout the period of record and the measured discharges used to develop the rating
curves were collected similarly throughout the period of record. On the MMR, this assumption is
not valid since the period of record of discharge measurements is two distinctly different data
sets as discussed above.

In an effort to disprove the long standing joint conclusion of the Corps and USGS that Corps
measurements overestimated discharges compared to the USGS standard used after 1933
(Ressegieu 1952, Huizinga 2009, Watson et al. 2013a, Dyhouse 1976, Dyhouse 1985, Dyhouse
1995, Dieckmann & Dyhouse 1998), Pinter (2010) analyzed 2,015 measurements collected by
the Corps on the Middle Mississippi River. The author concluded that early Corps discharges
were not overestimated but were, in fact, underestimated. Based on this faulty conclusion, the
author questions the adjustment of early data in the Upper Mississippi River System Flow
Frequency Study and the flood frequencies and flood profiles used by the Corps on the Middle
Mississippi River.

Pinter (2010) did not analyze a data set sufficient to prove his hypothesis. The source data used
by the author, Corps of Engineers, 1935, Stream-flow measurements of the Mississippi River and
its Tributaries between Clarksville, MO., and the Mouth of the Ohio River 1866-1934, included
only early Corps measurements using different instruments and methodologies employed by the
Corps. The author did not analyze any measurements collected using USGS instruments and
methodology or compare any early Corps measurements to ones collected by the USGS.

3.1.3.2 Use of Daily Discharge Values

The analysis by Pinter et al. (2000) used daily discharge values instead of measured discharges.
Daily discharge values are values of discharge that are extracted from the rating curve using a
measured value of stage for a specified gage location. A rating curve is a relationship between
stage and discharge that is developed by creating a smooth equation using observed measured
data. Rating curves usually incorporate data from multiple years to develop their relationship
and therefore are not reflective of the river for one particular year.

The use of daily discharge data over direct measured discharges for the creation of a specific
gage record is discouraged by many experts including Stevens (1979), Samaranayake (2009),
Huizinga (2009) and Watson and Biedenharn (2010). Stevens (1979) recommended that
“measured discharges should gain quick acceptance over estimates obtained from rating curves
because they reveal the relationship that exists between discharge and the controlling variables at
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the time of measurement.” Samaranayake (2009) cautioned against the use of data obtained from
rating curves since “such data lacks the natural variability one finds in actual data and can lead to
conclusions that are due to the artifacts created by errors in the original rating curves.” Watson
and Biedenharn (2010) acknowledged that it is often tempting to use the computed daily
discharge values since they increase the number of data points and improve the statistics of the
rating curve, but caution that these values are not valid and risk masking actual trends.

3.1.3.3 Analysis of early Corps and USGS rating curve development

Compounding the issues with using daily discharge measurements is the use of rating curves
developed by multiple agencies using different standards and practices. Over the sixty-six years
between 1861-1927, the Corps created five independent rating curves for the St. Louis gage.
Curves were developed for the time periods 1861-1881, 1882-1895, 1896-1915, 1916-1918 and
1919-1927. Each curve was created with discharges collected within that time period. In most
cases, the discharge measurements were not collected continuously through the rating period.
For example, the first rating period which spans 1861 to 1881 was created using only 181
discharge measurements. All but four of the measurements were made in 1880 and 1881
(Huizinga 2009).

The rating curves employed by the USGS (starting in 1933 in St. Louis) are not as static as the
early ratings used by the Corps. USGS rating curves are often shifted and changed to account for
changes in the shape, size, slope and roughness of the channel. To keep the ratings accurate and
up to date, USGS technicians visit each streamgage about once every 6 weeks to measure flow
directly. The USGS also emphasizes measuring extreme high and low flows since they are less
common and can greatly impact the ends of the rating curve.

Regardless of whether the early Corps or contemporary USGS rating curves are used, daily
discharge measurements extracted from a rating curve do not represent the characteristics of the
river at the gage location for a particular year. To analyze changes over time it is recommended
to create independent annual rating curves using measured discharges all collected in a specific
year or analyze measured discharges for specific discharge ranges over time.

3.1.3.4 Statistical Errors

There are significantly fewer points associated with the larger discharge values of the specific
gage records than the more frequent discharges. For example, as of March 2014 there have been
approximately 3,435 discharge measurements collected at the St. Louis gage since 1933. Only
253 measurements (7.4 percent) have been collected for flows above bankfull (500,000 cfs).
Only 80 measurements (2.3 percent) have been collected for flows above 700,000 cfs. Forty
percent of the measurements observed for flows greater than 700,000 cfs were collected during
the 1993 flood.

When using the direct step method of specific gage analysis, the uncertainty for the flows with
limited data is revealed in the statistics (Watson & Biedenharn 2010). Pinter et al. (2000) used
the rating curve method of specific gage analysis using daily discharge which the author called “a
powerful tool for reducing scatter in hydrologic time-series” (Pinter 2001). As with most
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dependent variable values predicted using a regression equation, the error in the regression
equation is less close to the mean of the independent variable and increases toward the more
extreme values (small and large discharge values). The net result is that Pinter et al. (2000)
generated data that has varying degrees of error variance and the use of ordinary least squares
estimation under such circumstances has lead to incorrect results (Samaranayake 2009).

3.1.3.5 Physical Changes on the MMR

Inherent in the use of a specific gage that spans a long time period is the understanding that errors
and inconsistencies associated with the measurement of discharge and stage are captured in the
record. Substantial changes in the river, if not accounted for, would all render the specific gage
record unreliable.

For example, Pinter et al. (2000) uses a single linear regression to represent the trend for a given
discharge value curve. This is problematic since it does not accurately represent all the time
periods in the record. There are shorter periods of time observed in the presented specific gage
records when stages are decreasing rather than increasing, and the linear trend sorely
misrepresents the observed changes. Other problems with this approach are there were major
physical changes that occurred throughout the period of record which are reflected by changes in
the stage-discharge record. These include the capture of the Kaskaskia River which shortened
the MMR by 5 miles, the construction of reservoirs which reduced the sediment load in the
MMR, and the construction of levees throughout the period of record including the completion of
the Alton to Gale levee system.

3.1.3.6 Creation and use of ““Synthetic Discharges™ and ““enhanced interpolation”

Much of the analysis of Jemberie et al. (2008) is similar to the analysis of Pinter et al. (2000) and
has the same issues as described above. The new contributions of Jemberie et al. (2008) are the
development of ‘synthetic discharges’ for unrated gages and ‘enhanced interpolation’ to calculate
continuous specific-stage time series for rare discharges.

The development of *synthetic discharges’ is simply the development of a discharge record for
gages where discharge was not measured by interpolating between rated gages. The purpose of
creating a discharge record is so a specific gage analysis can be performed at that gage. Since the
discharge record at the ‘synthetic gages’ is inherently dependent on the discharge record at the
legitimately rated gages, the data at the *synthetic’ gages are not independent and should not be
treated as such. The creation of a rating for the ‘synthetic gages’ incorporates an abundance of
uncertainty due to the many assumptions that need to be made.

Compounding the problems with interpolating between gages to create a discharge value at an
unrated gage is the use of daily discharges as the source data for the interpolation. As detailed
above, daily discharges are not measured values. The use of daily discharge values incorporates
more error and uncertainty into the fabricated rating at the ‘synthetic gages’.

For rare high flows, the true rating curve for an unrated gage may be heavily influenced by levee
overtopping or other phenomena which would only be reflected through discharge
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measurements. The author does not detail or account for the impact of the assumptions made on
the ‘data’ created for the “synthetic gages’.

The practice of using ‘enhanced interpolation’ to generate a continuous time series for a
particular fixed discharge is not supported by the Corps and many other engineers and scientists.
Similar to the “synthetic gage’ data, the data created using ‘enhanced interpolation’ is based off
of an interpolation scheme and is not measured data. The fabricated values are dependent on the
other values used to create the time series trend.

To create the data using “‘enhanced interpolation’ one must assume that the time series for Q and
Q. is continuous and linear. Watson et al. (2013b), Watson and Biedenharn (2010), Huizinga
(2009) and Brauer (2009) have all shown that this assumption is not valid. Another assumption
necessary is that there is only one specific stage value for each independent discharge,
specifically at the highest and lowest discharges. Analyses of measured discharges have shown
that stage is dependent not only on discharge but other physical characteristics of the channel
(bed roughness, vegetation, sediment load, temperature, etc.). The use of ‘enhanced
interpolation’ masks the natural variability in the relationship between stage and discharge.

Jemberie et al. (2008) does not make any attempt to verify the validity of the ‘enhanced
interpolation’ technique by proving the relationship using stage and discharge relationships at
rated gages.

3.1.4 Summary

A majority of the journal articles, technical notes, book chapters, and conference papers whose
conclusions claim a link between instream structure construction and an increase in flood levels
rely on specific gage analysis. The specific gage analyses that conclude that instream structures
impact flood levels are all driven by the use of source data and methodology not supported by
many engineers and scientists in the fields of river data collection, river engineering,
geomorphology, hydraulics and statistics. Specific gage analysis studies conducted on the MMR
also conclude that instream structures do not impact flood levels (Huizinga 2009, Watson &
Biedenharn 2010 and Watson et al. 2013). The Corps does not give credibility to the conclusions
of the specific gage analysis studies that attempt to link instream structures with increases in
flood level due to the methodology and data use errors.

3.2 Papers using numerical simulations to link instream structure
construction to flood level increases

3.2.1“Retro-Modeling”
Remo and Pinter (2007) developed a one-dimensional unsteady-flow “retro-model” of the

Middle Mississippi River using historical hydrologic and geospatial data to assess the magnitude
and types of changes in flood stages associated with twentieth century river engineering.
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Comparison of the retro-model results with the 2004 Upper Mississippi River System Flow
Frequency Study (UMRSFFS) revealed increases in flood stages of 0.7 — 4.7 m. The difference
in flood stages between the UMRSFFS and retro-model increased with increasing discharge.

3.2.1.1 Errors in “Retro-Modeling™ studies
3.2.1.1.1 Source Data

The large stage differences between current and early discharge estimates are partly due to the
use of incorrect discharge values for historic hydrographs and floods occurring prior to 1933 as
discussed above. The retro-modeling period of 1900-1904 includes one major flood in 1903 and
a small one in 1904. The original estimated historic discharge of 1,020,000 cfs at St. Louis is
used for the peak of the 1903 flood. This flow was originally developed for St. Louis from
discharge measurements made at Chester. Tests conducted with the Mississippi Basin Model in
the late 1980s found that a match of the 1903 high water marks through the entire reach of
stream at St. Louis occurred for a discharge of about 790,000 cfs. The actual value of the 1903
discharge at St. Louis is likely to be approximately 230,000 cfs (or 23 percent) less than the
value used by Remo and Pinter (2007) in the model calibration.

3.2.1.1.2 Channel Roughness

Manning’s ‘n’ is the value most often modified to achieve a calibration of the model results to
known stages. Manning’s ‘n’ represents the relative roughness of a channel. The larger the
Manning’s ‘n’ the more resistance there is to flow. Forcing a calibration of the high and
incorrect discharge of the 1903 flood would require a surprisingly low “n’ value for the channel
of about 0.02, as used by Remo and Pinter (2007). The authors observe that the ‘n’ values for
the historical period were systematically at the lower end of the published ranges. In practice,
this usually indicates a problem with the model geometry or input data.

The authors describe HEC-RAS as only allowing a single roughness coefficient value in the
channel and separate values for the floodplains. The limitation of having “fixed” values was
described as a source of model uncertainty. This statement by the authors is untrue — not only
does HEC-RAS have the ability to vary the ‘n’ value horizontally across the cross sections, but it
can also be varied for flow or season. All of these techniques are standard hydraulic engineering
practice. Horizontal variation of the roughness may be necessary to generate reasonable model
results and has a solid foundation in the literature, as noted by Remo and Pinter (2007).

3.2.1.1.3 Model Assumptions

One assumption that could affect model results is the absence of flows from tributaries in the
model calibration. Another problematic model assumption is that land use in unmapped areas
was forested. Large tracts of timber in the Mississippi Valley were harvested in the late 1800s
and early 1900s. The ‘retro-model’ also does not appear to consider how under the natural
(before levee construction) conditions, flood water entering the floodplain over natural levees
likely returned to the channel through a series of backwater swamps and channels. This may
explain the apparent tendency of the model to over predict stages on the falling limb of the
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hydrograph. This natural drainage system was likely altered during conversion of the floodplain
to agricultural production.

3.2.1.2 Corps Conclusions and Analysis

The calibration of the “retro-model” has been questioned by the Corps due to the use of early
Corps discharges, surprisingly low ‘n’ values used, and other model assumptions detailed above.
The Corps believes that the surprisingly low Manning’s roughness values were necessary to
compensate for the overestimated flows used in the model and are not representative of the
characteristics of the historic channel.

The Corps takes the conclusions of Remo & Pinter (2007) very seriously and has attempted to
work with the authors to verify the model results and gain a full understanding of the physical
processes driving their concluded increase in flood stage. This research was carried out with
support from the US National Science Foundation (NSF) grants EAR-0229578 and BCS-
0552364. National Science Foundation policy states that, “Investigators are expected to share
with other researchers, at no more than incremental cost and within a reasonable time, the
primary data, samples, physical collections and other supporting materials created or gathered in
the course of work under NSF grants.” However, to date, the authors have refused to provide the
model, data or any other supporting materials to the Corps’ St. Louis District, although multiple
requests for this information have been made.

3.2.2 Retro and Scenario Modeling

Remo et al. (2009) is an expansion of Remo and Pinter (2007). In addition to the comparison of
the ‘retro-model’ to the UMRSFFS, Remo et al. (2009) run a series of scenario models to
quantify the impact of levees, channel change and land cover. Remo et al. (2009) concluded that
on the MMR in the “St. Louis Reach” levees accounted for 0.1 — 1.0 m of increase in stage,
changes in channel geometry accounted for a stage increase of 0.1-2.9 m, changes in total
roughness accounted for a stage increase of 0.1 — 1.4 m, and changes in land cover accounted for
a stage increase of up to 0.4 m.

Similar to the model effort of Remo and Pinter (2007), the Corps has attempted to work with the
authors to verify the model results and gain a full understanding of the physical processes driving
their concluded increase in flood stage. To date the authors have refused to provide a copy of the
model and associated data used to develop the conclusions of Remo et al. (2009) for review by
the Corps in spite of the NSF policy requirements detailed above. This research was funded by
NSF Grants EAR-0229578 and BCS-0552364.

Remo et al. (2009) concludes that “changes in total roughness (channel and floodplain Manning’s
n) between the ca. 1900 retro-model and the values used in the UMRSFFS UNET model
explained much of the increases in stage observed along St. Louis Study reach.” The Corps
believes these stage changes are due to errors in the modeling process as detailed above and are
not representative of physical changes on the MMR.
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3.2.3 Theoretical Analysis

Huthoff et al. (2013) used a simplified theoretical analysis to test the impact of wing dikes on
flood levels. This analysis used a simplified cross section to test three scenarios: with no wing
dikes, with wing dikes without bed response, and with wing dikes including bed response. The
overall channel discharge is calculated for each stage using Manning’s equation for steady
uniform flow. The discharge for separate flow compartments is calculated using the divided
channel method. The Manning’s roughness for the dike region is calculated using a flow
resistance equation from Yossef (2004, 2005). The author concludes that although the roughness
in the dike reach decreases with increasing water levels, the submergence is not great enough for
the roughness to return to the base roughness. The authors conclude that the increase in stage for
four times the average flow (4Qave) due to the wing dikes is 0.6 m, 0.7 m, 1.1 m and 0.6 m at St.
Louis, Chester, Grand Tower and Thebes, respectively.

3.2.3.1 Errors in Theoretical Analysis
3.2.3.1.1 Applicability of Effective Roughness Equation

The theoretical analysis proposed by Huthoff et al. (2013) is an oversimplified method to
quantify an extremely complex and dynamic hydraulic problem. The basis of this analysis is the
effective “‘n’ value formula developed by Yossef (2004, 2005) which was developed using a
fixed bed physical model scaled to represent a reach of the Dutch River Waal which has much
different geometry, dike size, and dike spacing than those used on the Middle Mississippi River.
Although this relationship can be used to give insight into the effective roughness in the dike
zone and submergence, it is only suitable to deduce trends rather than quantify accurate
magnitudes of change.

3.2.3.1.2 Bank Roughness

As detailed in the editor’s note, Huthoff et al. (2013) initially submitted a manuscript with an
error in the calculation of Manning’s roughness which resulted in an overestimation of the
roughness by a factor of 10. Due to the theoretical model’s sensitivity to the bank roughness
value, this overestimation was the primary driver for the stage changes concluded. A simple
correction of the calculation error with no additional manipulation in input data results in stage
changes of -0.12 m at St. Louis, +0.21 m at Chester, +0.84 m at Grand Tower, and -0.00 m at
Thebes for 4Qav. In addition to correcting the error, the authors changed the input values of
bank roughness, mean dike crest elevation, and assumed bed level changes. The impact of each
of these input changes in the model was an increase in stage for 4Qaye.

The bank roughness values used in Huthoff et al. (2013) were much lower than what is typically
used for the MMR and much lower than those used for the main channel. The authors used a
combination of ‘n’ values from different sources: the bank values were arbitrarily taken from
literature whereas the values for other zones were taken from a hydraulic model. This resulted in
velocity distribution in the channel that had high velocities along the bank and lower velocities in
the channel at high flow. This is contrary to observed and theoretical velocity patterns in an
open channel (Chow 1959).
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3.2.3.1.3 Model Verification

The model used in this analysis did not have adequate validation to prove that it has the ability to
reproduce empirical results. The attempt of validation showed that the model matched the
empirical values which it was calibrated to. The author did not validate the model to an
independent observed flow which is customary engineering practice. The author also did not
attempt to verify the ability of the model to reproduce any flood flows.

3.2.3.2 Discussion

Since the relationship by Yossef (2004, 2005) was developed studying a river whose geometry
and structures are very different to those used on the MMR, it cannot be used to quantify
accurate magnitudes of change on the MMR. Although the model used by Huthoff et al. (2013)
has many limitations preventing it from being used quantitatively, insight can be gained by the
shape of the relationship between water level and dike roughness. The reduction of roughness
with an increase in submergence is consistent with what has been observed by many scientists
and engineers (Sukhodolov 2013; Watson & Biedenharn 2010; GAO 2011; PIANC 2009;
Azinfar & Kells 2007; Stevens et al. 1975; Chow 1959) and in conflict with what has been
concluded by Pinter (2000) and Remo & Pinter (2007).

3.3 Physical Fixed Bed Modeling

Azinfar and Kells (2009, 2008, and 2007) use the results of fixed bed physical model studies to
analyze flow resistance and backwater effect of a single dike. The authors use the conclusions of
Criss & Shock (2001), Pinter et al. (2001) and Pinter (2004) as a foundation for their research.
The purpose of the analysis in Azinfar and Kells (2009, 2008, and 2007) was to “quantify the
amount of backwater effect that occurs so that the impacts of spur dike construction can be
determined by those charged with managing the river system.”

Azinfar and Kells (2007) developed a multi-functional backwater model calibrated to fixed bed
physical model studies by Oak (1992) to study the backwater effect due to a single spur dike in
an open-channel flow. Parameters analyzed using the model include the spur dike aspect ratio
(height/length), spur dike opening ratio (1-length/channel width), spur dike submergence ratio
(water depth/height) and upstream Froude number. Azinfar and Kells (2007) found that the
parameter that has the greatest effect on the drag coefficient of a spur dike was the submergence
ratio— the more the structure is submerged, the less the drag coefficient and therefore the less
impact it has on water surfaces. This conclusion is contrary to the conclusion of Pinter (2000)
and Remo & Pinter (2007) that conclude that the impact of dikes on water surfaces increases with
increasing discharge and are highest at flood stage.

Azinfar and Kells (2008) propose a predictive relationship developed in Azinfar and Kells (2007)
that can be used to obtain a first-level estimate of the backwater effect due to a single, submerged
spur dike in an open channel flow. Azinfar and Kells (2009) conclude that in a rigid flume an
increase in blockage due to a spur dike is the main parameter responsible for an increase in the
drag coefficient and associated flow resistance.
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There is no debate that in a fixed bed scenario any channel blockage will produce a backwater
effect. This is due to the decrease in cross sectional area resulting from the presence of the
structure. The conclusions of Azinfar and Kells (2009, 2008, and 2007) reinforce why
incorporating sediment transport is critical in having a full understanding of the impacts of dikes
on water surfaces, particularly flood levels. The purpose of dikes is to induce bed scour and
deepen the channel. Analysis of cross sectional changes on the Mississippi River has shown that
once equilibrium is reached, although the dimensions of the channel may be different (i.e., deeper
and narrower), the cross sectional area is preserved.

4. Studies cited that do not link the construction of instream structures
to increases in flood levels

Other journal articles, editorials and conference papers have been incorrectly referenced as
linking the construction of instream structures to increases in flood levels:

1. Chen and Simmons (1986), Roberge (2002), Pinter et al. (2006a), Sondergaard and Jeppesen
(2007), Theiling and Nestler (2010), and Borman et al. (2011) simply reference the research
detailed in the aforementioned papers as background but do not present any new analysis.

2. Bowen et al. (2003), Wasklewicz et al. (2004), Ehlmann and Criss (2006), Criss and Vinston
(2008), Criss (2009) and Pinter et al. (2012) analyze flow frequency and/or propose changes to
the way flow frequency is calculated. They do not present any new analysis linking instream
structures to increasing flood levels.

3. Struiksma and Klaasen (1987), Ettema and Muste (2004), and Maynord (2006), are about
physical modeling and model scaling and distortion and do not discuss instream structure
construction or flood levels.

4. Pinter (2005) and Van Ogtrop et al. (2005) present arguments linking the construction of
levees to increases in flood levels. These papers do not present any analysis on instream
structures and how they impact flood levels.

5. Maher (1964) presents changes in river regime of the Mississippi River and the variations in
rating curves with respect to time and stage. The analysis includes causes for some of the stage-
discharge relationship changes. The author analyzes the changes of three reaches of the MMR
over three different time periods. Maher (1964) concludes that “the construction of levees in the
Mississippi River floodplain during the period 1908-1927 has been the main factor in reducing
floodway capacity to approximately 54% of the 1908 area. Between 1927 and 1943, when no
additional levees were constructed, the floodway capacity remained practically constant, being
reduced in area by only an additional %2 of 1%.” Maher (1964) does not attempt to link the
construction of instream structures to increases in flood levels.

6. Paz et al. (2010) describes a HEC-RAS model study of the Paraguay River and its tributaries
with limited data.
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7. Doyle and Havlick (2009) examines current infrastructure and current understanding of
environmental impacts for different types of infrastructure. This paper discusses the impact of
levees on flooding.

8. Remo et al. (2008) discusses a database compiled by the authors with hydrologic and
geospatial data on the Mississippi, lower Missouri and Illinois rivers. No analysis is conducted
or conclusions drawn.

9. Remo and Pinter (2007) is a conference paper that discusses the database compiled by the
authors detailed in Remo et al. (2008) and summarizes “retro-modeling” as a tool to analyze
historic changes.

10. O’Donnell and Galat (2007) discusses river enhancement projects on the Upper Mississippi
River and recommends improvement in management practices and project data collection, entry,
management, and quality control/assurance across agencies.

11. Jai et al. (2005) used CCHE3D, a three-dimensional model for free surface turbulent flows
developed at the National Center for Computational Hydroscience and Engineering, to study the
helical secondary current and near-field flow distribution around one submerged weir. The
model was validated using flow data measured during a physical model study conducted at the
Coastal and Hydraulic Laboratory of ERDC. The models used in this study did not simulate
sediment transport and channel change. Although water surface elevation contours are discussed
near the submerged weir, the paper does not present a detailed analysis of the structures’ impact
on water surfaces.

12. Pinter et al. (2004) provides an evaluation of dredging on a particular reach of the Middle and
Upper Mississippi River based on dredging records obtained from the USACE St. Louis District.
Although references to the impact of river training structures on flood stages are made several
times, Pinter et al. (2004) does not have any analysis, discussion or conclusions on the topic.

13. Smith and Winkley (1996) examine the response of the Lower Mississippi River to a variety
of engineering activities. This paper presents a brief history of engineering investigation on the
Lower Mississippi River, analyzes the impact of artificial cutoffs on the channel geometry and
water surface profiles, analyzes the impact of channel alignment activities on channel
morphology and the apparent impact of all of the Lower Mississippi River engineering activities
on sediment dynamics in the channel. There is no discussion or analysis by Smith and Winkley
(1996) on how the construction of river training structures impacts flow levels.

14. Huang and Ng (2006) use a CCHE3D model calibrated to a fixed bed physical model to study
basic flow structure around a single submerged weir in a bend. Conclusions are made on the near
field changes in water surface. With the weir installed, the water surface elevation reflected the
existence of the weir in the whole channel with an increase in the water surface elevation
upstream of the weir due to an increase in resistance when the flow approaches the weir.
Downstream of the weir the model found a decrease in water surface due to the acceleration of
the flow after passing through the weir. Huang and Ng (2006) describe the changes in water
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surface as a “local effect.” The scenario analyzed in Huang and Ng (2006) is for a single weir
added to a fixed bed channel with no change in channel bathymetry, thus presenting an
obstruction to flow. The author does not test flood flows or attempt to extrapolate his results to
conclude that instream structures raise flood levels.

5. Studies the Corps was unable to gain access to

The Corps was unable to retrieve copies of the following study and therefore was unable to use it
in their analysis of the impact of instream structures on flood levels:

Clifford, N.J., Soar, P.J., Gurnell, A.M., Petts, G.E., 2002. Numerical flow modeling for
eco-hydraulic and river rehabilitation applications: a case study of the River Cole,
Birmingham, U.K.. In River Flow 2002, Bousmar D, Zech Y (eds). Swets &
Zeitlinger/Balkema: Lisse; 1195-1204.

6. Conclusion

Based upon all of the available research analyzed above, the Corps has concluded that river
training structures do not impact flood levels. The research efforts, as detailed in the published
papers, book chapters, editorials and conference proceedings that conflict with the Corps’
conclusions all rely on analysis, assumptions and data that is not supported by engineers and
scientists within the Corps, other Federal Agencies with expertise in water resources, and
academia.

The claims in the literature detailed above that river training structures have an impact on flood
flows are not new. The Corps was concerned in the 1930s that the construction of dikes may
have reduced the floodway capacity of the MMR (Ressegieu 1952). The Corps worked with the
USGS and other experts to understand the issue and determined that there was not a change in
floodway capacity rather a change in the way data was collected. Through the incorrect use of
early Corps discharge data (Watson et al. 2013a) scientists in the 1970s again claimed that dikes
have increased flood levels. In response, the Corps worked with experts from academia to
understand the issue and study the problem using the latest technology. The conclusions of the
experts reinforced previous conclusions that river training structures do not increase flood levels.

Recently, the Corps worked with experts from other agencies and academia to evaluate the
impact of river training structures on flood levels. The conclusions of these studies reinforce the
previous conclusions that river training structures do not increase flood levels. As has been the
case throughout the history of the Regulating Works Project, the Corps will continue to monitor
and study the physical effects of river training structures using the most up-to-date methods and
technology as it becomes available.
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The majority of research attempting to link river training structures to an increase in flood
heights is based off of a handful of research efforts primarily by researchers from three academic
institutions: Washington University (Criss, Shock), Southern Illinois University —Carbondale
(Pinter, Remo, Jemberie, Huthoff), and University of Saskatchewan (Azinfar, Kells). The Corps
takes the claims of these researchers very seriously and has made repeated attempts to engage
and collaborate with them to fully understand their conclusions that link river training structures
to increases in flood levels. These efforts have had limited success (USGAO 2011).
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