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1 Introduction

Between October 18th, 2021, and November 6th, 2021, the USACE Dredge Goetz performed
channel maintenance dredging on the Missouri River at several locations with a history of
navigability concerns. Beyond meeting navigability needs, this was used as a pilot program
aimed at gathering data for the Kansas City District to determine if dredging should be
considered for routine maintenance on the Missouri River. The three sites that were dredged (in
the order of timing) were in the vicinity of River Mile (RM) 56, 178, and 26. In total,
approximately 51,000 cubic yards of material were dredged during the operation. This memo
documents the extent and duration of bed response to the outlined maintenance dredging. (Note
that these results pertain to the Goetz dredging conducted in 2021, not to channel mining
activities i.e. “commercial dredging” that occurs on the Missouri River. See Section 4.2 for
more details.)

1.1 Background

The Missouri River Bank Stabilization Navigation Project (BSNP) is a congressionallyauthorized project required to provide a 9 ft-deep, 300 ft-wide navigation channel. This was
accomplished through the construction of river training structures, which constrict the channel to
promote bed scour and the establishment of navigable depths. The navigable portion of the
Missouri River is thus designed to move its sediment load at equilibrium conditions, and thus,
routine dredging should not be needed. However, due to damaged structures and changing
geomorphic conditions from the 2019 flood, several locations on the river were unreliable for
navigation during 2020 and 2021.
Historically, when 9 ft depths are not provided, the cause is usually due to damaged dikes and
revetments or changes in the bed, such as significant erosion of an inside bend sand bar that
allows flows to spread out more than designed and new dikes and revetments are needed to
confine flows. Under these conditions, the best action has been to quickly repair the damaged
structures and/or construct new dikes and revetments to confine flows. These actions will
generally quickly resolve the navigation issue and offer a more-or-less permanent remedy. In a
more limited number of historical incidents, the cause is extreme low flow or high tributary
flows coincident with low Missouri River flows, which results in sediment deposition in the
channel. Under these conditions, dredging is likely the best remedy to resolve the issue.
Due to concerns over the reliability of the channel, NWK Command requested dredging be
pursued as a possible means to aid in maintaining navigability of the river. The mission was
twofold: 1) remove obstructions for navigation, and 2) collect data to determine if dredging
should be included in routine maintenance of the river. The Dredge Goetz was chosen due to its
capacity and availability.
The Dredge Goetz is a 20-inch cutterhead dredge owned by the St. Paul District. It primarily
operates on the upper Mississippi River and typically removes approximately 500 CY/hr (Lauth
et al., 2021). For comparison, the Dredge Potter, another USACE asset, operates at
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approximately 3,000 CY/hr and Missouri River commercial sand dredgers (channel miners)
typically operate at approximately 200 CY/hr.

2 Methods

2.1 Dredging

Dredging began on October 17th, 2021 at RM 56. The dredge crew then moved onto RM 178 and
finally to RM 26. Below is a table describing the timeline of the dredging effort. A map of the
dredging locations can be seen in Figure 1.
Table 1: Dredging Timeline
River
Mile
56
178
26

Start Date
18-Oct-21
25-Oct-21
1-Nov-21

Finish
Date
19-Oct-21
29-Oct-21
6-Nov-21

Figure 1: Map of Dredging Locations

The Goetz crew was instructed to dredge to a depth of 12 ft below the 2017 Construction
Reference Plane (CRP) (USACE, 2018). The CRP is a sloping reference plane that corresponds
to the flow that is exceeded 75% of the time during the navigation season. It is primarily used for
maintaining river training structures, which are designed with a target height referenced to the
CRP. The Engineer Research and Development Center (ERDC) recommended dredging to a
depth of 12 ft to maintain a 9-ft deep navigation channel (Lauth et al., 2021). Because water
depths fluctuate, a site specific depth of 12 ft could have yielded inconsistent results between
dredge sites. Therefore, 12 ft below the constant reference plane of CRP was selected as the
dredge depth to provide consistency and clarity to the dredge crew. At the time of dredging,
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water depths were around CRP, so -12 CRP (12 ft below CRP) corresponded with approximately
12 ft of depth.
Dredging extents were designated with consideration to the navigation channel and proximity to
river training structures. The longitudinal extent of the dredging was dictated by the extent of the
material above -12 CRP. The lateral extent was set at 300 ft, centered on the sailing line. The
dredging extent was at least 100 ft away from any river training structures. Therefore, if the
dredging extent fell within 100 ft of any river training structure, the dredging extent was shifted
out of this range but maintained the 300 ft width. The dredge crew developed dredge cuts based
on the most recent surveys. They dredged each cut until all of the material above the target
elevation was removed.
Dredged material was disposed into the thalweg downstream of the dredging location. This
disposal location was selected with consideration to the appropriate Environmental Assessment
performed by USACE (USACE, 2021a). Discharge rates proposed by the Goetz crew were
determined to be allowable in accordance with USACE, 2011. Disposal rates proposed by the
Goetz crew ranged from approximately 15,000 gpm to 17,000 gpm. Past projects have used
similar disposal rates at similar river discharges without inducing sediment build-up at the
discharge location.
Bathymetric surveys were collected before, during, and after dredging to assess the impacts of
dredging on the riverbed. A combination of multi-beam and single beam surveys were collected,
depending on equipment and crew availability. Survey crews from Kansas City (NWK), St.
Louis (MVS), and St. Paul (MVP) were utilized to collect these surveys.

2.2 Data Inspection

After the dredging operation was complete, the location of the cutter head while dredging was
tracked via GPS coordinates (herein called dredge points) and surveys were analyzed to ensure
the collected surveys covered the dredging extents. Ideally, the dredging would have occurred
within the specified dredging footprint and the surveys would have covered the entire extents of
the dredging area. However, upon inspection, each site had dredging points fall outside of the
dredging polygon and surveys that did not cover the entire dredging footprint. These dredging
points that did not fall within the survey extents were excluded from the analysis. The analysis
footprint was 300 ft wide centered on the sailing line and 0.05 miles upstream and 0.05 miles
downstream of the dredging points. This analysis extent will henceforth be referred to as the
“control volume”.
RM 56
There were 12 surveys collected at the RM 56 site, with the survey dates ranging from
September 29th to November 30th (as seen in Table 2). Of these surveys, only the survey from
October 17th was excluded from the analysis due to insufficient coverage. The surveys from
November 8th and November 30th did not extend far enough in the lateral direction to cover the
dredging points that fell outside of the control volume, which was the reason for not expanding
3

the analysis box to include these dredging points. The total control volume area was 13.02 acres.
The dredging points can be seen in Figure 2 and the surveys that limited the width of the control
volume can be seen in Figure 3 and Figure 4.
Table 2: RM 56 Survey Dates
29-Sep
13-Oct
14-Oct
15-Oct
17-Oct
18-Oct

19-Oct
20-Oct
21-Oct
27-Oct
8-Nov
30-Nov

Figure 2: RM 56 Dredging Points
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Figure 3: RM 56 Survey from November 8th

Figure 4: RM 56 Survey from November 30th

RM 178
There were 11 surveys collected for the RM 178, ranging in collection date from October 22nd to
November 29th (as seen in Table 3. Of these surveys, November 9th and November 29th did not
extend far enough in the lateral direction to cover the dredge points outside of the dredging
extent. The surveys from November 9th and November 29th also missed portions of the control
volume. The control volume was approximately 12.65 acres. The survey from November 9th
missed less than 1% of the control volume. November 29th missed approximately 10% of the
control volume. Some of this area was interpolated, but survey points were missing from this
area. It is presumed that this missing area was above -12 CRP because the surrounding area was
above -12 CRP. The dredging points can be seen in Figure 5 and the surveys with limited
coverage can be seen in Figure 6 and Figure 7.
Table 3: RM 178 Survey Dates
22-Oct
23-Oct
24-Oct
25-Oct
27-Oct
28-Oct

29-Oct
2-Nov
4-Nov
9-Nov
29-Nov

5

Figure 5: RM 178 Dredging Points

Figure 6: RM 178 Survey from November 9th
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Figure 7: RM 178 Survey from November 29th

RM 26
There were 13 surveys collected at RM 26 from October 27th to December 1st (as seen in Table
4). Of these surveys, November 10th and December 1st did not extend far enough in the lateral
direction to cover the dredging points outside of the dredging extents. The control volume
covered approximately 28.35 acres. The surveys from November 10th and December 1st also
missed portions of the control volume. The surfaces created from these surveys were less than
1% smaller than the other surveys. The dredging points can be seen in Figure 8 and the surveys
with limited coverage can be seen in Figure 9, Figure 10, and Figure 11.
Table 4: RM 26 Survey Dates
27-Oct
30-Oct
31-Oct
1-Nov
2-Nov
3-Nov
4-Nov

5-Nov
6-Nov
7-Nov
10-Nov
18-Nov
1-Dec

Figure 8: RM 26 Dredging Points
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Figure 9: RM 26 Survey from
November 10th

Figure 10: RM 26 Survey
from November 18th

Figure 11: RM 26 Survey
from December 1st

2.3 Surface Creation

The bed elevation points were converted to surfaces in ArcGIS Pro, v2.8. The points were
brought into ArcGIS Pro with the “XY Point Data” Tool. The coordinate system was UTM 15N
in U.S. Survey ft. TINs were then created from the elevation points with the “Create TIN” Tool.
The boundary of the TINs was the analysis extent, and “soft clip” was selected. The TINs were
then converted to rasters with the “TIN to Raster” Tool. Linear interpolation was used and the
cell size was set to 5 ft. The rasters were snapped to ensure they overlapped the same area. The
rasters were then subtracted from each other using the “raster calculator” tool. Volumes and
areas were calculated with the “Surface Volume” tool.

2.4 Site Conditions

For typical navigation support dredging, dredging occurs when depths are at or below the
authorized channel dimensions. Dredging would typically then be performed to the authorized
channel dimensions plus three ft of over dredging and advanced dredging. During this effort,
however, the channel had authorized dimensions prior to dredging at RM 26 and RM 56. While
some areas at RM 178 did have depths less than 9 ft at the beginning of dredging, the amount of
material above -9 CRP was very small and water levels rose quickly when the dredge arrived on
site, thus providing adequate depth. Therefore, it is difficult to determine the effectiveness of
dredging, as there were limited navigation concerns prior to dredging and limited navigation
concerns after dredging. Therefore, this effort is inherently limited in its ability to draw
conclusions regarding the effectiveness of navigation support dredging. This effort can, however,
provide information regarding the reformation behavior of sediment deposits and the dynamic
nature of the Missouri River. Therefore, the analysis in this report focuses less on maintaining
the navigation channel (in this case, presumed to be 9 ft below CRP) and more on the behavior
of the bed when dredging to the target depth of -12 CRP.
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2.5 Analysis

The first part of the analysis aimed to quantify the bed dynamics. A very dynamic bed would not
be conducive to dredging efforts, as the sediment transport rate would lead to deposition quickly
filling dredge cuts, leading to dredging benefits quickly being lost. Second, it is important to
understand the impacts the sediment deposits were having on navigation. For the purposes of this
effort, the dredge crew was directed to dredge an elevation of -12 CRP. Therefore, the change in
sediment above -12 CRP dictates the improvement to the navigation channel. This was
represented in two ways: the volume of sediment above -12 CRP and the percent surface area of
the control volume where the bed was above -12 CRP.
As described earlier, the control volume was 300 ft wide centered on the sailing line and
extended 0.05 miles upstream and 0.05 miles downstream of the dredging points. Dredging
points that fell outside of the dredging footprint and did not have sufficient survey coverage were
excluded from the analysis. The volume of dredged material that was excluded from the analysis
ranged from 0.5%-3% of the total amount of material dredged.

3 Results

The results from the analysis are displayed below. The metrics reported are the change in volume
within the control volume, the average bed elevation change within the control volume, the
volume of sediment above -12 CRP within the control volume and the dredge hole, and the
percent surface area with sediment above -12 CRP within the control volume.

3.1 Survey Analysis

A qualitative assessment of the bed dynamics can be made by analyzing the bed elevations
referenced to -12 CRP. These maps can be seen in Figure 12, Figure 14, and Figure 16. These
figures were generated by subtracting the -12 CRP plane from the bed elevation for each survey.
Red indicates the bed elevation was above -12 CRP (and was thus targeted for dredging), white
indicates the bed elevation was at -12 CRP, and blue indicates that the bed elevation was below 12 CRP. If the textbox with the dredging dates is green, this indicates that dredging was
occurring when the survey was taken. The pink boxes represent the locations where active
dredging took place. The hydrographs can also be seen below each figure.
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Figure 12: RM 56 Bed Elevations Referenced to -12 CRP
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Figure 13: RM 56 Hydrograph and Dredging Timeline
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Figure 14: RM 178 Bed Elevations Referenced to -12 CRP
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Figure 15: RM 178 Hydrograph and Dredging Timeline
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Figure 16: RM 26 Bed Elevations Referenced to -12 CRP
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Figure 17: RM 26 Hydrograph and Dredging Timeline
At RM 56, the dredge effectively removed the material above -12 CRP. This can be seen from
the decrease in red spots from October 17th to October 20th. The hydrograph peaked in between
the surveys on October 27th and November 8th and in between the surveys on November 8th and
November 30th, which corresponded with a decrease in the amount of red spots. This seems to
indicate that peaks in the hydrograph corresponded with more sediment movement than the
dredge. At RM 178, the dredge cleared some of the material above -12 CRP, but the peak in the
hydrograph caused the sediment deposit to consolidate and move downstream. At RM 26, the
survey on December 1st (approximately 3 weeks post-dredging) shows that the site was in a
similar condition to pre-dredging conditions. All of these effects are expected in an alluvial
system, as sand is expected to fill in small dredge holes. These figures show that the effects of
dredging to -12 CRP were overpowered by the hydrograph, given the bed conditions at the time
of dredging.

3.2 Change in Volume

The change in volume between surveys was measured to compare the amount of material
extracted by the dredge and the amount of material moved by the river. For the figures below,
the bed change is measured as cumulative volume change, measured from the first day of
dredging, so as to compare the impact of the dredge to the overall bed change. The date
associated with the surveyed volume change is the second survey date (so the volume change
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between October 18th and October 19th is plotted as October 19th). Also plotted are the gage
height and CRP of the nearest gage.
In the below figures, each site showed a decrease in bed material after dredging. However, at
RM 56 the bed rebounded immediately post-dredging. At RM 26, the bed rebounded twice
during dredging. At RM 178, the bed change corresponded with the amount of material dredged.
At each of these sites, the greatest change in bed material did not occur during dredging, but
rather occurred after a peak in the hydrograph.
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Figure 18: RM 56 Volume Change
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Figure 19: RM 178 Volume Change
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Figure 20: RM 26 Volume Change

3.3 Change in bed height

The average change in bed elevation was calculated in order to normalize for the area of the
three dredging sites. The average change was calculated by dividing the net change in volume by
the area of the control volume.
This analysis indicates the same findings as the volume analysis from section 3.2. The largest
change in bed elevation occurs after a peak in the hydrograph. Changes in bed elevation fluctuate
during dredging at RM 26 and 56, but they follow a smoother trend at RM 178.
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Figure 21: RM 56 Average Change in Bed Elevation
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Figure 22: RM 178 Average Change in Bed Elevation
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Figure 23: RM 26 Average Change in Bed Elevation

3.4 Change in amount of material to be dredged

The volume above -12 CRP was calculated for each site. This metric is aimed at only identifying
sediment deposits and is not influenced by large scour holes, thus quantifying the reformation of
the sediment deposit. The material in the control volume is shown along with the material in the
dredge hole, which is a smaller area of the control volume.
Form the below figures, we can see that the amount of material above -12 CRP decreased at RM
56 and RM 178. The bed rebounded immediately after dredging at RM 56. At RM 178, the
largest change in the amount of material above -12 CRP occurred in between the last 2 surveys,
which corresponded with a peak in the hydrograph and dredging was not occurring. At RM 26,
the amount of material rebounded by December 1st, indicating that the effects of dredging were
lost within 3 weeks of dredging. These figures indicate that dredging to a depth of -12 CRP,
when adequate depth was present, did not significantly affect the navigation channel.
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Figure 24: RM 56 Volume above -12 CRP
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Figure 26: RM 26 Volume above -12 CRP
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Figure 25: RM 178 Volume above -12 CRP
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Figure 27: RM 56 Percent Surface Area above -12 CRP
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Finally, the percent surface area above -12 CRP was calculated. This was calculated by dividing
the area of the control volume with elevations greater than -12 CRP by the entire area of the
control volume. At RM 26, we see that the sediment deposit returned to pre-dredging conditions
approximately 3 weeks after dredging. At RM 56, we see the sediment deposit rebound
immediately post-dredging.
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Figure 28: RM 178 Percent Surface Area above -12 CRP
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Figure 29: RM 26 Percent Surface Area above -12 CRP

4 Discussion

4.1 General Findings

The results presented in section 3 indicate that the Missouri River is a very dynamic system,
which is not typically conducive to maintenance dredging. Because dredges require a large lead
time before arriving on site to dredge, conditions could change drastically before a dredge can
arrive on site. When combined with the research performed by ERDC in 2020 (Lauth et al.,
2021), this analysis is compelling evidence that the Missouri River contains technical
complexities that limit the effectiveness of maintenance dredging.
This does not mean that maintenance dredging is necessarily unfeasible. Some technical
considerations that may improve the effectiveness of dredging would be dredging to a deeper
elevation or using a dredge with a higher production rate. Dredging deeper on the Missouri River
poses considerable problems that would need to be addressed, such as impact to nearby
structures and bed degradation. Using a dredge with a higher production rate would decrease the
amount of time on site, but it would also be more expensive and may be needed at other, more
urgent locations.
This analysis certainly indicates that dredging to a depth of -12 CRP on the Missouri River,
when no significant navigation obstruction was present, did not significantly impact the
navigation channel. Due to the site conditions during this exercise, it is difficult to determine if
channel maintenance dredging should be used when there is an active navigation obstruction.
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4.2 Non-comparability to Commercial Dredging

The findings in this report were derived from the 2021 dredging by the Dredge Goetz. These
findings do not apply to permitted channel mining activities, commonly termed “commercial
dredging” on the Missouri River due to three fundamental differences between the two activities.
First, the dredging done as part of this effort did not remove any sediment from the system; it
merely relocated the sediment downstream. Commercial dredging, on the other hand, does
completely remove the sediment from the fluvial system. Second, the volume of sediment
relocated by the Goetz (approximately 51,000 CY) is two orders of magnitude less than the
volume of sediment mined via commercial dredging (approximately 3.3 million CY during 2021
assuming 97 pounds per cubic foot). Third, the duration of the activities differs considerably; the
Goetz actively dredged for 12 days, whereas in 2021 commercial dredges removed sediment on
291 days and have repeatedly dredged for decades. Statements in this report that refer to
dredging apply only to the 2021 Missouri River Goetz dredging and, within the limitations stated
below, provide insight to how the Missouri River might respond if similar infrequent, small-scale
sediment relocations are conducted in the future. These statements do not apply to the frequent
and relatively large sediment removal activities that comprise commercial dredging. More
information on the effects of commercial dredging can be found in USACE (2011), USACE
(2017), USACE (2021b) and other sources.

5 Conclusions
5.1 Limitations

Several factors limit the ability to draw conclusions from this analysis. First, the water surface
was changing during or immediately after dredging. This makes it difficult to differentiate
between the effect the water stage has on the bed and the effects dredging has on the bed. The
other factor that limits this analysis is that structural changes in the vicinity of one of the dredge
sites occurred during the dredging period. At RM 178, structural modifications occurred during
dredging, which makes it difficult to distinguish between the effect of the structures and the
effect of the dredging.
From this analysis, it is impossible to determine the effect of dredging had stages been low
enough to obstruct navigation. It is also impossible to determine the effect had the Dredge Goetz
dredged to a deeper elevation, such as -14 or -15 ft CRP.

5.2 Summary of Findings

Notwithstanding the limitations, the above analysis indicates that the Missouri River contains
technical complexities that limit the effectiveness of channel maintenance dredging. For a more
complete analysis of maintenance on the Missouri River, an economic analysis would need to be
performed. This would enable the technical merits of this analysis to be compared against the
economic benefits. Furthermore, this analysis shows that dredging to a depth of -12 CRP, when
stages were high enough to provide sufficient navigation depths, did not significantly impact the
navigation channel.
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5.3 Future Study Recommendations

Despite study limitations, this study provides further evidence that routine maintenance dredging
has limited application on the Missouri River as a cost-effective solution. One potential study
suggested in this report would perform similar work but dredging deeper with a higher
production dredge, knowing the bed will rebound after dredging. Costs to assess a larger dredge
going deeper would be higher than this study, the method has potential adverse effects as
discussed in Section 4.0 and would be unlikely to produce better results. In terms of ideal study
conditions, while steady low flows would improve the ability to isolate dredging effectiveness,
variation of the hydrograph over time as observed during this study is typical of the Missouri
River in most years, leaving the prospect of perfect flow conditions as unlikely. Therefore, an
expanded pilot study with a larger dredge or trying to target more ideal conditions is not
recommended at this time. However, recognizing continued interest in maintenance dredging as
a management tool, future studies could include the following conceptual ideas, with emphasis
on early identification or responding to active navigation impediments:
-

-

-

-

Compile information gathered for maintenance dredging when the river was closed at
river mile 185 during the part of the 2021 navigation season. This dredging was
performed by contract with a dredge that is normally used for commercial sand and
gravel mining dredging on the Missouri River and as such is not configured for
maintenance dredging work. This information could be used to better plan future
dredging actions to include a robust data collection plan to allow continued
improvements to the effectiveness of the work, should this work be called for in the
future.
Compile or expand upon existing reports detailing alternative dredging technologies and
methods. Consider all available methods for dredging, to include more novel
technologies such as water injection dredging, or ways to reconfigure existing USACE
District equipment to improve the efficiency of mechanical dredging methods on the
river.
Perform studies to quantify sediment movement (bed load and suspended load) at areas
of concern at a range of flows. This information could be compared to dredge
deployment timelines to estimate the probability of the shoal clearing before a dredge
could arrive, which is common on the Missouri River.
Develop a framework for considering both cost and logistical issues for different
dredging options against lost opportunity cost for structural repairs. This should include
options to have “stand-by” dredge capacity available when flow and bed conditions
warrant immediate use. The analysis should help provide a framework for an economic
analysis of dredging to aid the speed and quality of decisions to employ maintenance
dredging on the Missouri River.

Any or all of the future studies suggested above will enhance the District’s ability to effectively
utilize dredging to maintain the channel under a range of flow conditions. The studies will take
considerable time, staffing resources, and funding resources to execute and should only begin
when higher priority projects will not be adversely impacted.
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