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Abstract In an effort to determine how best to create shallow water habitat for pallid sturgeon
on the Missouri River, the Lower Little Sioux bend has been modeled using Adaptive Hydraulics
Modeling (ADH) software. Modified dike field and channel widening alternatives have been
investigated. Hydrodynamic model runs without sediment transport were performed first to
narrow down the list of alternatives to be modeled using the sediment transport capabilities of
ADH. The relative differences in the results of the sediment transport modeling were used to
estimate the amount of shallow water habitat that would be created (in the case of the modified
dike field alternatives) or would be sustained after flood events (in the case of the channel
widening alternatives). In addition to the results of the Missouri River investigation, a number of
ADH sediment transport lessons learned will be discussed during this presentation.

INTRODUCTION

The Lower Little Sioux Reach is a 2.3 mile long single bend with a radius of 6,300 feet from
river mile 672.8 to 670.5. Within the bend, the average river width is about 650 feet with dikes
spaced about 750 feet apart. No major tributaries enter within the bend. The bend is located
upstream of the Little Sioux River (River Mile 669.2) and the Monona Harrison Ditch (River
Mile 670.0). The model reach includes 21 separate dike structures of which all but four are
notched. The upstream portion of the model includes a notched dike on the right bank. The
remaining dikes are on the left bank.

The study involves additional ADH modeling to support the development of a selected plan
aimed at creating shallow water habitat (SWH), defined as aquatic areas having a flow depth of less
than 5 feet and a velocity of less than 2 ft/sec for the August 50% duration flow, while maintaining
conditions necessary for navigation. The alternatives investigated are massive channel widening
projects of varying width and the addition of channel structures.

All elevation data cited in this report is referenced to the National Geodetic Vertical Datum of
1929 (NGVD 29).

MODEL SETUP

General A two-dimensional ADH model was developed from river mile 670.33 to 673.85. The
modeled reach is shown as Figure 1. Bathymetric and topographic information from 2006 —
2008 was used for the model topography. The number of elements and nodes varied with each
alternative modeled, but all meshes had approximately 30,000 elements and 15,000 nodes.
Typical element sizes ranged from 30 feet wide by 70 feet long in the main channel, 20 feet wide
by 35 feet long in the overbank areas between the dikes, and about 10 feet wide by 10 feet long
at the dikes.
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Figure 1 ADH Model Extents.

The geometry for each alternative was developed using X, y, z information provided by the Corps
of Engineers, Omaha District. The X, y, z data, which delineated break line information, was
brought into Surface Modeling System (SMS), version 10.0, as scatter data points. The mesh for
each alternative was tailored so that features were modeled efficiently. The final elevation
information for each alternative was generated by interpolating the scatter data point surface onto
the mesh.

Bed Roughness The following Manning’s n values were used in this study:

- Main channel, n = 0.027

- Existing dikes, n = 0.036

- Non-channel overbank excavation, n = 0.032 (assumes some collection of debris)
- Channels within overbank excavation, n = 0.028

- New structures in main channel and excavated areas, n = 0.036

Eddy Viscosity The estimated eddy viscosity function with a coefficient value of 0.5, which
produced good results for the 2008 study, was used for this study.

Element Wetting and Drying In the 2008 study the wetting and drying limits were both set at
0.5 meters. In this study, the additional wetting and drying of elements at structures caused
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model instabilities that required adjustments of these values. The final values used for all model
runs were at or near to 0.6 meters for the wetting limit and 0.2 meters for the drying limit. The
results of a few 2008 model runs tested with these adjustments indicate that these changes in the
wetting and drying limits have very little impact on the hydrodynamic results.

Stream Vorticity The 2008 study determined that stream vorticity does not significantly affect
results for this study area. Vorticity was not included in the non-sediment model runs to reduce
model debugging efforts (debugging efforts are usually more difficult with constituents are
involved). Vorticity was included in the model runs with sediment transport since constituent
transport is already part of the model and leaving vorticity out does little to reduce model
debugging efforts.

Mesh Refinement As was done for the 2008 study, testing was done to determine a sufficient
level of mesh refinement so that model results were not affected my further mesh refinement.
An error tolerance value of 5 and one level of refinement were sufficient to produce good results.
In some cases two levels of refinement were used to help a model run better.

ALTERNATIVE ASSESSMENT

General Seven alternatives involving a combination of channel widening and structures were
investigated to determine the amount of SWH that would likely be created. These seven
alternatives fit into three alternative groups. The seven alternatives, listed within their alternative
groups are:

- Deer Island Maximum Plus group

o Channel widening extends essentially the same longitudinal length that was used
for the initial channel widening assessment. Therefore the upstream extent of
channel widening is just upstream of the kicker dike near River Mile 672.6. The
“Plus” in the name indicates that the upstream extent is upstream of the kicker
dike.

o0 The area of channel widening includes interior channels that are roughly 5 feet
below the August 50% duration flow elevation and somewhat higher bench areas
roughly 2 feet below the August 50% duration flow elevation.

0 There are three alternatives in this group. The last part of each alternative name
(Maximum, Intermediate, and Minimum) refers to the lateral extent of channel
widening.

= Deer Island Maximum Plus, Maximum (dmaxpx) alternative
= Deer Island Maximum Plus, Intermediate (dmaxpi) alternative
= Deer Island Maximum Plus, Minimum (dmaxpn) alternative

- Deer Island Maximum group
0 Upstream extent of channel widening is less than the “Plus” alternatives with the
upstream extent stopping downstream of the kicker dike.
0 The area of channel widening includes interior channels that are roughly 5 feet
below the August 50% duration flow elevation and somewhat higher bench areas
roughly 2 feet below the August 50% duration flow elevation.
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0 There are three alternatives in this group. The last part of each alternative name
(Maximum, Intermediate, and Minimum) refers to the lateral extent of channel
widening.

= Deer Island Maximum, Maximum (dmaxx) alternative
= Deer Island Maximum, Intermediate (dmaxi) alternative
= Deer Island Maximum, Minimum (dmaxn) alternative

- Deer Island Minimum group

0 Upstream extent of channel widening is the same as the Deer Island Maximum
group.

0 The area of channel widening only includes bench areas roughly 3 feet below the
August 50% duration flow elevation.

o0 Three lateral extents were originally considered, but a decision was made to only
model the maximum lateral extent of channel widening. Therefore there is only
one alternative in this group.

= Deer Island Minimum (dmin) alternative

A number of structures having a top elevation slightly above the August 50% flow duration
elevation, but below the August 10% flow duration elevation were added for the alternative
assessment. The larger structures that extend into the existing navigation channel are the same
for all alternatives. The smaller structures in the area of widening are similar but somewhat
different for each alternative. The features of the seven alternatives can be seen on Figures 5 and
6. The thin black lines delineate structures and the edges of other important features, such as the
interior channels in the area of widening.

Hydrodynamics The computed depth and velocity data for the August 50% duration flow was
analyzed using an ArcGIS script to determine the areas which would meet the SWH criteria.
The results for the seven alternatives are shown on Figures 2 and 3. Light green areas meet the
SWH habitat criteria (aquatic areas having a flow depth of less than 5 feet and a velocity of less
than 2 ft/sec for the August 50% duration flow).
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Figure 2 Depth/Velocity Zones for the August 50% Duration Flow (clockwise from upper left:
dmaxpx, dmaxpi, dmaxpn, dmaxx).
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Figure 3 Depth/Velocity Zones for the August 50% Duration Flow (clockwise from upper left:
dmaxi, dmaxn, dmin).

The area associated with each depth/velocity zone is summarized in Table 1. The color scheme
roughly matches what is shown on the figures. The row colored light green represents the zone
that meets the SWH criteria.
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Table 1 Sediment Constituent Properties.

Depth vel. | dmaxpx | dmaxpi | dmaxpn | dmaxx | dmaxi | dmaxn [ dmin
Range | Range | Area Area Area Area Area Area Area
(ft) (ft/sec) | (acres) | (acres) | (acres) | (acres) | (acres) | (acres) | (acres)

29.4

o1.7

Dry 655 1056 787 | 1095 505

0-5 4.4 3.2 4.1 3.1

\ \ \ \
-
T2es | a5

5-10 . 17.5 171 LTI i 12.6

BES T S
5-10 >3 | 134 133 81 101 122 | 80 103

>10 43.4 42.1 40.7 40.3 41.2 41.0 41.6
0-2 | 434 | 421 | 407 | 403 | 412 | 410 | 416 |
3

| | |
> 10 1728 1762 1790 1782  177.8 | 1790 1766

While these results are interesting to view and consider, it became apparent from the modeling
effort that with adjustments to excavation depths and the length of the longer structures, almost
all of the widened area of each alternative can be made to meet the SWH criteria. Sediment
transport model runs were made to gleam additional information regarding the pros and cons of
each alternative.

Sediment Transport Sediment was modeled the same as it was in the 2008 study. Seven grain
sizes, based on the Wentworth Classification system (documented in EM 1110-2-1100, Part 3),
were used. Using the Wentworth Classification system follows what New Orleans District is
doing in its sediment transport modeling effort at the mouth of the Atchafalaya River. These
seven grain sizes are provided as Table 2. Six bed layers were modeled. Where erosion was
allowed to occur, the bottom four layers were assigned thicknesses of 3.281 feet (1 meter), and
the top two layers were assigned a thickness of 0.0003 feet (0.1 mm). ERDC recommends two
thin bed layers at the top of the sediment layer to aid with bed sorting. The four lower layers
were assigned varying percentages of the grain sizes at different depths. In ADH each bed layer
is assigned a layer number with layer number 1 being the bottom layer. The properties of layer
number 4 (the bed layer just below the 2 thin layers meant for sorting) were set according to
available sieve data that was obtained from the upper portion of the bed. Detailed, deep
sediment samples were not available so the percentages for layer numbers 1 through 3 are
assumed. The assumption made is that larger grain sizes will make up a larger percentage of the
lower layers. The bed layer properties for areas allowed to erode are provided as Table 3.
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Table 2 Sediment Constituent Properties.

Wentworth _ Geometric Mean of Size
Classification Size Range (mm) . (mm) .

(Size Modeled in ADH)
Coarse Silt 0.0312-0.0625 0.0441588
Very Fine Sand 0.0625-0.125 0.0883883
Fine Sand 0.125-0.250 0.1767767
Medium Sand 0.250-0.50 0.3535534
Coarse Sand 0.50-1.00 0.7071068
Very Coarse Sand 1.00-2.00 14142136
Granule 2.00-4.00 2.8284271

Table 3 Modeled Bed Layer Properties.

Layer # 0 0
(top layer  Layer % of o of % of % of % of o of
. Very . ) Very % of
has thickness Coarse Fine Fine  Medium Coarse Coarse  Granule
highest (ft) Silt Sand Sand Sand
Sand Sand
number)
1 3.281 1 4 20 25 25 15 10
2 3.281 1 4 20 30 25 13 7
3 3.281 1 4 25 30 25 10 5
4 3.281 1 4 30 30 20 10 5
5 0.0003 25 25 25 25 0 0 0
6 0.0003 25 25 25 25 0 0 0

* Note: Percentages were selected for ADH modeling purposes and do not represent actual field measurements.
While the values are reasonable compared to actual sampling data, some adjustments were required for model
stability and to produce expected bed armoring.

All structures were assumed to be constructed of non-erodible materials (rock and/or trees). In
non-erodible areas all six bed layers were assigned a thickness of 0.0003 feet (0.1 mm) so that
essentially no erosion could occur. This bed layer information and the geometric mean data from
Table 2 is what is entered into the ADH boundary condition file.

As was done for the 2008 study, inflow sediment concentrations are based on the Missouri River
sediment load data and equations, provided in Figure 4.
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Figure 4 Missouri River Sediment Rating Curve.

Both equations shown on Figure 4 were used to calculate two sediment load values, which were
averaged to obtain a single value for each discharge modeled. Sediment load information was
converted to inflow concentration in parts per million (ppm) using the fact that for concentrations
below 8000 ppm, ppm can be equated to mg/l. After manipulation of units the following
equation can be obtained:

1 ppm = 0.0027 tons/day/cfs (for sediment concentrations less than 8000 ppm) (@)

As was done in the 2008 study, two thirds of the total sediment load was assigned to Coarse Silt
and one third was assigned to Very Fine Sand. All other grain sizes were assigned an inflow
concentration of 0 ppm. The inflow sediment concentrations used in ADH are summarized in
Table 4.

Table 4 Sediment Inflow Concentrations.

Total Coarse Silt Very Fine All Larger
Flow Discharge  Sediment Inflow Sand Inflow Sediment
Duration (cfs) Inflow Conc.  Concentration Concentration Inflow Conc.
(ppm) (ppm) (ppm) (ppm)
August 90% 28,010 290 193 97 0
August 50% 34,440 330 220 110 0
August 10% 54,810 440 293 147 0

Initially steady flow sediment transport model runs were made for the seven alternatives using
the three flow duration events shown in Table 4. Again, as was done in the 2008 study, a 100
day simulation time was used to provide a good balance between run time and a state of
equilibrium in the displacement results. Model runs were made on ERDC’s Major Shared
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Resource Center (MSRC) supercomputers. In general, 8 processors were used and the model run
time was typically 12 to 18 hours.

Displacement magnitudes are greatest for the August 10% flow duration event and are provided
as Figures 5 and 6.

The displacement results indicate that deposition is more likely to be a problem at the upper end
of the widened section if the widened section does not extend upstream of the kicker dike (the
dmaxx, dmaxi, dmaxp, and dmin alternatives). Despite the deposition occurring at the upstream
end of the widened section for these alternatives, the results further downstream are very similar
between the dmaxp and dmax alternatives. A review of the depth and velocity results (not
shown) also shows very similar results away from the immediate vicinity of the kicker dike area.
This means that the flow in the widened area downstream of the kicker dike is essentially
independent of whether or not the upstream end extends upstream of the kicker dike. A local
view of velocity in the kicker dike area for the dmaxpx and dmaxx alternatives shows how flow
interacts between the existing channel area and the widened portion of the channel. Some of the
flow in the widened area upstream of the kicker dike for the dmaxpx alternative goes back to the
existing channel area, and the direction of flow for the dmaxx alternative shows how flow is
entering the widened area. The net result is very similar velocity and depth, and therefore flow,
in the widened area further downstream in the widened area.

Given this information, is it worth extending the widened area upstream of the kicker dike as
long as localized deposition at the upstream end of the widened area is acceptable? While the
modeling results do not provide a clear answer, there are reasons why the answer is likely yes.
First of all, it’s more important to look at the trends of the modeling results instead of the
absolute results, especially given the unknowns and the limits of a 100 day simulation. The
tendency for measureable deposition at the upstream end of the widened area for the dmax and
dmin alternatives is a long term concern. While it’s not apparent in the 100 day simulation, over
time this may reduce the ability for flow to get into the widened area and increase the likelihood
of significant deposition further downstream. Also, the dmax and dmin alternatives result in
higher velocities and more scour than the dmaxp alternatives in the navigation channel reach
adjacent to where the dmaxp alternatives have widening and the dmax and dmin alternatives do
not. This increase in scour further increases the likelihood that flow will stay in the navigation
channel versus moving into the widened area.

The degree of navigation channel scour is a concern for all alternatives since it causes an overall
drop in the water surface elevation. The modeling suggests that the water surface drop is on the
order of 0.3 to 0.5 feet, which could cause scour issues further upstream. If the water surface
dropped more over time, it could reduce flow and increase deposition in the widened area. The
structures in the proposed alternatives modeled extend to a point 350 to 400 feet out from the
existing shoreline. Shorter structures should be investigated during the next phase of the design
effort.

The smaller structures in the widened area appear to do a good job creating localized deposition
and therefore will likely contribute to topographic diversity. These structures do not appear to
trigger more widespread deposition, which would be of concern.
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As can be seen on Figures 5 and 6, the magnitude of scour and deposition in the widened area of
each alternative is variable. Again, these results are for the August 10% duration flow, which
shows the greatest magnitude of scour and deposition of the three flows modeled. Some areas
will erode and some areas will fill with sediment, but overall there does not appear to be a
significant depositional problem in the widened area.

Figure 5 Bed Displacement for the August 10% Duration Flow (clockwise from upper left: dmaxpx,
dmaxpi, dmaxpn, dmaxx).
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Figure 6 Bed Displacement for the August 10% Duration Flow (clockwise from upper left: dmaxi,
dmaxn, dmin).





