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ABSTRACT

Changes in Mississippi River bed material gradations between Cairo, Illinois and Head of Passes, Louisiana have
been previously determined. In November 2013, bed material samples were collected from the thalweg and across
the channel width along a reach extending from Grafton, IL, to Head of Passes, LA. In all, 754 samples were
collected at 496 locations. Results were compared to the earlier 1932 and 1989 sampling programs. Since 1932,
after the completion of the Mississippi River cut-off program, there has been a general reduction in very fine
materials (clay, silt, very fine sand) and very coarse materials (very coarse sand and gravel), replaced by fine to
coarse sand fractions. On average the median grain size in 2013 (0.43 mm) is about 50% less than that of 1932 (0.96
mm), but little change in median grain size has occurred since 1989 (0.46 mm). In general, very little change has
occurred since the 1989 sampling program.

INTRODUCTION

In 1932 and again in 1989 the U.S. Army Corps of Engineers (USACE) sponsored efforts to collect and analyze data
to investigate bed sediments from the Mississippi River channel thalweg along a 1,070-mile reach between Cairo,
Illinois and the Head of Passes, Louisiana. The 1932 data are reported in the 1935 Waterways Experiment Station
Paper Number 17, “Studies of River Bed Material and Their Movement with Special Reference to the Lower
Mississippi River” (WES, 1935). The 1989 data are reported in the Lower Mississippi Valley Division Potamology
Program Report 7, “Particle Size Distributions of Bed Sediments along the Thalweg of the Mississippi River, Cairo,
Ilinois, to Head of Passes, September 1989” (Nordin and Queen, 1992).

The many changes that occurred on the Mississippi River between 1932 and 1989 were considered a significant
reason for investigating changes in the river bed sediments for that period of time. The three predominant changes
were construction of dams on the Missouri River, shortening of the river by cutoffs and channel realignment, and
construction of bank revetments and training works. Since 1989 there has been a continued effort to construct bank
revetments and training works, but there have been no additional reservoirs or cutoffs. Comparatively, the
magnitude of changes in the Mississippi River that have occurred between 1989 and 2013 are not significant. Yet,
recent data and studies indicate that the Mississippi River continues to adjust in response to earlier and on-going
construction works (USACE, 2007). Recent studies involving the update of the Low Water Reference Plane in 2007
indicate continued adjustment in the river profile. The profile adjustments along with field observations signify
continued change in bed material composition throughout the lower Mississippi River channel. There have been
unsubstantiated claims that the bed is finer within the New Orleans District reach than in previous sampling
programs. It was also conjectured that the bed has further coarsened in the upper reaches of the Memphis District.

In 2013, the Corps of Engineers determined to undertake a sampling program to duplicate as closely as possible the
previous sampling programs from 1932 and 1989. The concerns with volume and gradation of sediments moving
through the Mississippi River identified a need to also assess sources of sediment in the upper reaches of the basin.
Historically the Missouri River was a predominant contributor of these sediments and was altered by construction of
major flood control reservoirs on its main channel (Meade et al., 2009). For this reason the sampling program was
extended to include the Upper Mississippi River to Grafton, Illinois.



SAMPLE LOCATIONS

The 2013 study collected 754 samples between Grafton, IL and Head of Passes, LA. Sample locations were sited to
coincide with locations previously sampled by WES (1935) and Nordin and Queen (1992). Additional sites were
added to capture cross channel variations and to acquire data needed for specific model studies. In addition to

sampling the Mississippi River downstream of Cairo,
a base line sampling was completed for the Upper
Mississippi  River between Grafton and Cairo.
General sample locations are shown in Figure 1; red
markers denote upper Mississippi River sites and
green markers denote lower Mississippi River sites.
The additional cross-channel samples were collected
at every 10" sample location or as required for
specific sediment modeling studies. The 1989
sampling program only documented three locations
where multiple samples were taken across the
channel.
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Where transect locations were indicated, a total of
five samples were collected— one at the thalweg and
the other 4 equally distributed across the remaining
open water subject to safe boat access. In some cases,
it was not possible to obtain a total of five samples
because of water levels or other situations that
limited access. A few samples on sand bars were
obtained from land where access permitted.

Transect sample names were appended A through E;
‘A’ indicated the right descending bank and ‘E’ the
left descending bank (Figure 2).

Figure 1 Location map of thalweg samples taken
November 2013. The upper Mississippi River
samples are denoted by red markers.

SAMPLE ACQUISITION AND LAB ANALYSIS

The bed samples were taken by field parties on two research vessels from Engineering Research and Development
Center (ERDC). Field parties on each vessel were comprised of a core staff of ERDC researchers, a representative
from the USGS, and USACE District staff. Each District was responsible for providing support staff to sample their
respective areas of responsibility. Each vessel covered approximately 50-60 river miles per day, for a combined
100 river miles. Table 1 shows the dates when the various portions of the river were traversed along with the
number of samples obtained for each District.



| Location A— Sample Closestto Right Descending Bank
Location B — Sample Mid-way betwesn cantar and Right Bank
Location G — Mid channel sample
Location D — Sample Mid-way hetaeen conter and Left Bank
Location ¢ — Sample Closest to Left Descending Bank

Figure 2 Multiple sample locations taken across channel.

Table 1 Samples of Bed Material of Mississippi River and Tributaries

River USACE District River Mile! NSu:r:qb;IZ;)f Sampling Dates
Upper/Middle St. Louis 5-218 Above mouth of Ohio River 110 Nov 7-8, 2013
Muississippi (Mouth Ohio River = 953.8 AHP)

Muississippi Memphis 595.6 - 958.8 AHP 291 Nov 9-11, 2013
Mississippi Vicksburg 321.1-592.1 AHP 183 Nov 12-13, 2013
Mississippi New Orleans 0-316 AHP 170 Nov 14-15, 2013

L AHP refers to river miles Above Head of Passes, Louisiana

The sampling device used was the same WES drag sampler design used in 1932 and again in 1989, which consists
of a four-inch inside diameter steel pipe four feet long closed at one end and flared to eight inches diameter at the
other end (Figure 3). The sampler is lifted by use of a crab-pot puller mounted to the base of a boom arm that
extends over the side of the boat (Figure 4).

Figure 3 WES drag samplers: Original 4-ft long sampler (top); Sampler shortened by 11-inches (bottom).




Figure 4 Crab pot puller and boom after retrieving
sampler.

Collected field samples were shipped to the sediment laboratory at ERDC for analyses. Initially, samples were
analyzed using standard ASTM sieve techniques for non-cohesive materials larger than 1mm and laser diffraction
(LD) techniques for material Imm and smaller. Malvern (2013), Stojanovic and Markovic (2012), Wedd (2003),
Ma et al. (2000), Loizeau et al. (1994), Wanogho et al. (1987), and McCave et al. (1986) describe particle size
analysis using LD. Maximum particle sizes for samples containing outlying coarse grains that would bias the
weighted percent grain size distribution were separated (Figure 5). Maximum sizes for these grains were determined
by direct measurement. These grains were not included in the grain-size distribution data.

Figure 5a Well sorted sample, Figure 5b Moderately sorted  Figure 5¢ Poorly sorted sample,
N0 Dpmax sample, 1 Dpax 3 Dinax

An independent check of ERDC lab analysis was included in the original study scope. This check included
duplicate analysis of ten percent of samples by the USGS Kentucky Water Science Center Sediment Laboratory.
The quality control samples were selected from two pools of samples that were processed at the ERDC lab.
Selection was done by random selection from each of the pools. Original sample material was split using standard
ASTM splitting techniques. One part was processed using ERDC facilities and techniques. The remaining part was
shipped to the USGS sediment lab in Kentucky for analysis using conventional sieve-pipet (SP) procedures for
analysis of particle size distributions. Shreve and Downs (2005) provide a description of laboratory procedures at
the USGS Kentucky Sediment Lab. Stevens and Hubbell (1986) give methods for calculating particle size
distributions.



Once results from the USGS laboratory became available they were compared with the ERDC results. Comparison
of sieve results indicated that percentage finer values were in good agreement for particle sizes 1.0 mm and larger.
However, distributions for particles finer than 1.0 mm did not agree. Figure 11 shows the QC results between the
ERDC and the USGS laboratories. Investigation into why the percent finer values 1.0 mm and smaller differed
between the two methods pointed to differences between conventional sieving techniques employed by the USGS
and the ERDC laboratory techniques, which used a combination of sieving (64 mm to 1 mm) and laser diffraction (<
1 mm). Previous literature (Eshel, et al., 2004) indicates that laser diffraction results, which are dependent on
particle shape, would typically yield coarser sizes than would be obtained with conventional sieve analysis. In other
words, sieving biases toward a minimum particle diameter whereas laser diffraction biases toward a maximum
diameter. As a result, there is good agreement for sieved QC samples (dashed oval, Figure 6) but significant
divergence for percent finer values less than 1 mm obtained by laser diffraction. This trend was verified across all
QC samples evaluated in this study.
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Figure 6 Comparison of size fraction results for quality control samples (particle sizes less than 2.00 mm to less than
0.063 mm). QC results show good agreement for sieve-only samples (dashed oval).

Differences between results obtained using the Sieve-Pipet (SP) method or Laser Diffraction (LD) method identified
a need to review variability within the two methods. To assess variability a series of ten replicate analyses using
both methods was run using a single sample as the source of material. The primary focus of the assessment was for
finer particle sizes because standard sieve analysis was used to determine weights for larger particle sizes.

The average results from replicate analysis shown in Figure 7 provided two significant findings. First, as expected,
the LD method consistently produced coarser particle size distributions than the SP method; similar results are
reported in the literature (Eshel, et al., 2004). However, a combination of wet sieving with LD produced results
similar to the SP method. Second, the SP method estimates greater percentage of very fine silt and clay fractions
relative to LD due to prolonged settling times of those particles.

Because a critical component of this study included comparing bed material particle size distributions with the WES
(1935) and Nordin and Queen (1992) data, it was necessary to rerun the ERDC samples using sieve analysis for
material 0.063 mm and larger.



USGS Sieve-Pipette vs. ERDC-Malvern Grain Size Analysis
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Figure 7 Comparison of Particle Size Analysis using Pipet (USGS) and Laser Diffraction (ERDC) Methods.

RESULTS

Grain size distributions for 2013 samples are given in Gaines and Priestas (2014, submitted). The first reach
presented is defined as the upper Mississippi River and extends from Grafton to Cairo, lllinois. Grain size
distributions for this reach are shown in Figure 8. Sediments of the upper Mississippi River are composed of coarser
sand sizes and gravels ranging between 0.5 and 3.5 mm.

The second reach, the lower Mississippi River, extends from Cairo, Illinois to Head of Passes, Louisiana. Grain-size
distributions for this reach are shown in Figure 9, and show relatively coarse materials dominating the upper 500
river miles and relatively finer materials dominating the lower 500. The lower Mississippi River sampling locations
coincide with reaches sampled in 1932 and 1989. A decreasing trend in median particle size is shown in the
downstream direction (Figure 10). This trend is typical of deltaic rivers.

The 2013 sediments were generally finer, more uniform and less variable than sediments collected in 1932 and
1989, though few changes occurred between 1989 and 2013 (Table 2, Table 3, WES, 1935, Nordin and Queen,
1992, and Gaines and Priestas, 2014).

As shown in Table 2 and Figure 11 the relative fractions of gravel and very coarse sand decreased in the upper
reaches (above RM 500) since 1932, while the relative fractions of clay, silt and very fine sand have decreased
throughout the entire length of the lower Mississippi River, mostly downstream of Baton Rouge (RM 200). These
size fractions have been replaced by fine, medium and coarse sands. Essentially, bed materials have fined upstream
of RM 500 and coarsened below RM 500. Based on sorting coefficient calculation results given in Table 3 (also see
Gaines and Priestas, 2014), the 2013 data have less variability than either the 1989 or 1932 data for all particle size
ranges.



Percent Composition of Upper Mississippi River Bed Materials, 2013
Averaged by 25 Mile Reaches
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Figure 8 Composition of 2013 Thalweg Bed Material Averaged by 25 Mile Reaches, Upper Mississippi River:
Grafton to Cairo, Illinois

Percent Compasition of Lower Mississippi River Bed Materials, 2013
Averaged by 25 Mile Reaches
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Figure 9 Composition of the 2013 Thalweg Bed Material Averaged by 25 Mile Reaches, Lower Mississippi River:
Cairo, lllinois to Head of Passes, Louisiana
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Figure 10 Trend of the Median Grain Size of Mississippi River Bed Materials, Cairo, Illinois to Head of
Passes, Louisiana.

Gravel (>2.0 mm) In 1932, bed materials greater than 2.0 mm were prevalent in relative abundance along the lower
Mississippi River, averaging from 18% near Cairo, IL to 5% near RM 250. When averaged between Cairo, IL and
RM 750, gravel content decreased to 9% by 1989 and 7% by 2013. Between RM 750 and RM 500, average gravel
content changed from 9% in 1932 to 4% in 1989 then increased slightly to 6% by 2013, although the percentage of
gravel near the confluence of the White and Arkansas Rivers (near RM 550) changed little. Between RM 500 and
RM 250, average gravel content changed from 8% in 1932 to 2% by 1989 with no change since.

Very coarse sand (1.0 — 2.0 mm) The magnitude and spatial extent of very coarse sand has changed little since
1932, aside from a slight reduction from 12% to 9% between Cairo, IL and RM 750 with little change since 1989.

Coarse sand (0.5 —1.0 mm) The coarse sand fraction, present only to RM 150 in 1932, advanced to Head of Passes
by 1989 and continued to represent a small percentage in 2013. Upstream of RM 500, coarse sand decreased slightly
by a few percent between 1932 and 1989 but exceeded 1932 values by 4-5% in 2013.

Medium sand (0.25 — 0.50 mm) A pronounced increase in medium sand content occurred since 1932, especially
within the reaches RM 950 — 750 (29% to 40%), and RM 500 — 250 (47% to 63%). However, a small, 2% reduction
occurred in the lower reaches (RM 250 — 0) from 1932 to 1989 and an additional 1% drop since 1989.

Fine sand (0.125 — 0.25 mm) Upstream of RM 500 fine sand abundances increased from 4-9% in 1932 to 9-14% in
1989. Below RM 500 the increases are more dramatic; a near doubling of fine sand abundance occurred between
RM 500 — 250 (15% to 28%), while the reach below RM 250 increased from 33% to 54%. Since 1989, the
abundance within the reach RM 500 — 250 decreased slightly from 28% to 23% while there was a corresponding
increase below RM 250 from 54% to 63%. It is conjectured that this may indicate migration of these materials
downstream during episodic flood events. Further studies should evaluate progressive downstream translation of
sediment classes through time.

Very fine sand (0.062 — 0.125 mm) Most significant is the marked reduction in very fine sand content throughout
the lower Mississippi River, especially downstream of RM 250 where these materials were replaced by fine sands.
Between 1932 and 1989, very fine sand content had reduced to near zero values between RM 950 and RM 400 with
a small exception at RM 600; this pattern continued to 2013. Below RM 250 very fine sand decreased from an
average of 26% in 1932 to 6% and 2% in 1989 and 2013, respectively.




Silt and clay (<0.062 mm) The 1935 WES report did not separate the <0.062 mm fraction into silt and clay sizes;
therefore, comparisons of clay abundance are only made between 1989 and 2013. Very little to no change occurred
in the silt and clay fractions above RM 500 between 1932 and 2013. Below RM 250, however, silt and clay reduced
from an average of 10% in 1932 to 8% in 1989 and finally to 5% in 2013. Between RM 25 and RM 0 the silt and
clay fractions have displaced the very fine sand present in 1989.

Table 2 Percent composition of Mississippi River bed materials averaged across reach indicated, Cairo, lllinois to
Head of Passes, Louisiana.

Study year | Reach (Miles above HOP) |Silt & Clayl VFSand | F Sand |MD Sandl CSand | VCSand | Gravel
1932 950 - 750 0% 3% 4% 29% 33% 12% 18%
750 - 500 1% 5% 9% 44% 27% 5% 9%
500 - 250 3% 11% 15% 47% 16% 2% 8%
250-0 10% 26% 33% 30% 1% 0% 0%
1989 950 - 750 0% 0% 9% 42% 31% 9% 9%
750 - 500 2% 1% 14% 51% 25% 4% 4%
500 - 250 1% 1% 28% 54% 12% 1% 2%
250-0 8% 6% 54% 28% 2% 0% 0%
2013 950 - 750 0% 1% 7% 40% 38% 8% 7%
750 - 500 1% 0% 9% 49% 31% 5% 6%
500 - 250 0% 0% 23% 63% 10% 1% 2%
250-0 5% 2% 63% 27% 2% 0% 0%
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Figure 11 Relative changes in Mississippi River bed compositions from 1932 to 2013 along reach indicated.



Table 3 Calculated Sample Statistics, averaged across the lower Mississippi River reach

Calculated Statistic

Year Dgs (Mmm) Dso (mm) D16 (Mm) Mean (mm) Sorting
2013 0.99 0.43 0.25 0.74 1.88
1989 0.98 0.46 0.27 0.75 2.90
1932 2.25 0.96 0.44 1.67 2.74

Dss, Dso, and D5 are sizes for the 84", 50", and 16" percentiles of the sediment grain size distribution

(Dg4/Dso+Dso/D16)

Sorting Coefficient, ¢ = 2

SUMMARY AND CONCLUSIONS

A total of 754 samples were collected during November 2013 between Grafton and Head of Passes. Samples were
collected using the same four-inch pipe dredge and sampling techniques used by previous investigators in 1932 and
again in 1989.

Particle size distributions of sands and coarser material were determined by standard sieve analysis. Particle size
distributions of finer sediments were determined by Laser Diffraction with quality control of randomly selected
samples by pipet analysis.

The main conclusions of this investigation are as follows:

1.

The 2013 samples were significantly finer relative to 1932 (Table 3). On average the median grain size in
2013 (0.43 mm) is about 50% less than that of 1932 (0.96 mm), but little change in median grain size has
occurred since 1989 (0.46 mm).

The 2013 samples were more uniform relative to 1932 and 1989, demonstrated by reductions in the sorting
coefficient and standard deviation values (Table 3; Gaines and Priestas, 2014).

Since 1932, upstream of RM 500 there were marked declines in the percentage of gravel and very coarse
sand, replaced by fine, medium and coarse sand. In contrast, below RM 500 there were marked declines in
the clay, silt and very fine fractions, replaced by fine and medium sands. Thus, the river is becoming
coarser downstream and fining upstream.

The 2013 samples contained less gravel than the 1932 and 1989 samples except between RM 650 to RM
575.

Laser Diffraction methods produce slightly different results from sieve-pipet methods. LD results trend
toward coarser particle sizes than yielded from SP analysis. Pipet analysis may overestimate particle sizes <
0.063 mm due to Brownian motion and inter-particle forces which can influence the settling characteristics
of the sediment.
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