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2.3 SED-NR-130 

Core NR-130 was collected on March 11, 2020, at 4:00 p.m. on the east bank of the Neosho River. 
The sample was collected along the bank due to the flow of the river.  The core recovery length 
was 17 cm, and a post-hammer was required to achieve penetration through the sediment. 
Shown in Figure 9, the collected sediment contained invertebrate burrows and tubes that 
extended and criss-crossed throughout the sample. An example of the worm observed in this 
core as well as other collected samples and presumably responsible for these burrows is shown 
in Figure 10.  Patches of oxic sediment associated with the presence of worm tubes extended 
10−12 cm below the surface. Darker patches of olive silt were present in the absence of worm 
tubes.  

A photograph of the collected sediment core and applied shear stresses is provided in Figure 9. 
Due to the limited material collected at NR-130, shear stresses ranging from 0.1 to 6.4 Pa were 
applied to only two intervals of the sediment. Both intervals exhibited similar erosive 
(Figure 11) and physical properties as summarized in Table 7 and visualized in Figure 12. 
Critical shear stresses ranged from 0.33 to 0.4 Pa and fit parameters suggest good agreement 
with a power law relationship relating shear stress and erosion rate (Table 8). Grain sizes were 
consistent down-core, and densities increased with depth.  

 

Figure 9. Photograph of Core NR-130 aligned with applied shear stresses and associated erosion rates 
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Table 11. Physical properties and derived critical shear stresses of NR-202 

Sample 
Depth 
(cm) 

Median 
Grain 
Size 
(µm) 

Wet Bulk 
Density 
(g/cm3) 

Dry Bulk 
Density 
(g/cm3) 

Loss on 
Ignition 

(%) 
Tau_no 

(Pa) 
Tau_first 

(Pa) 

Tau Crit 
Linear 
(Pa) 

Tau Crit 
Power 
(Pa) 

Final 
Critical 
Shear 
(Pa) 

0.0 8.33 1.24 0.44 5.1% 0.1 0.2 0.16 0.15 0.15 

3.5 10.47 1.4 0.7 4.3% 0.4 0.8 0.46 0.41 0.41 

8.4 13.22 1.44 0.78 4.4% 0.8 1.6 1.28 1.14 1.14 

14.3 9.81 1.49 0.85 4.4% --- --- --- --- --- 

Mean 10.46 1.39 0.69 4.6% 0.43 0.87 0.63 0.57 0.57 

 

Table 12. Power law fit parameters for NR-202 

Interval 

Depth 
Start 
(cm) 

Depth 
Finish 
(cm) A n r2 

1 0.0 3.5 5.85E-05 1.39 0.8 

2 3.5 8.4 6.22E-06 1.97 0.95 

3 8.4 14.3 2.43E-07 2.48 0.95 

2.6 SED-NR-CB 

Core NR-CB was collected on the Neosho River north of Connors Bridge at 5:02 p.m. on 
March 11, 2020. Sampling occurred on the bank of the river away from the known gravel and 
rocky substrate in the center of the river. The steep slope of the bank resulted in multiple 
attempts to collect a sample. Samples were pushed by hand in the upper 10 cm but required 
post-hammer blows to recover 32 cm of sediment.  

A photograph of NR-CB aligned with applied shear stresses and resulting erosion rates is 
presented in Figure 20. Light gray sediment at the surface contained evidence of biotic activity 
that extended up to 12 cm into the sediment bed. Below the surface layer, sediment was silty in 
texture and transitioned from olive to dark gray material approximately 15 cm below the 
surface. Resulting erosion rates varied with the most erodible sediment occurring in the second 
interval (Figure 21). This may be due to the effects of wetting and drying associated with the 
shallow bank where the core was collected.  

Variations in density mimic trends in erodibility but median grain sizes generally increased 
throughout the sample (Figure 22, Table 13).  Critical shear stresses also varied in a similar 
manner to density ranging from 0.2 in interval 2 to 0.8 Pa at interval 5. Fit parameters indicate 
good and excellent fits relating shear stress to erosion rate (Table 14).  
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Figure 20. Photograph of Core NR-CB aligned with applied shear stresses and associated erosion rates 

 

Figure 21.  Intracore erosion rates in NR-CB 
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Figure 22. Physical properties of NR-CB with depth 

 
Table 13. Physical properties and derived critical shear stresses of NR-CB 

Sample 
Depth 
(cm) 

Median 
Grain 
Size 
(µm) 

Wet Bulk 
Density 
(g/cm3) 

Dry Bulk 
Density 
(g/cm3) 

Loss on 
Ignition 

(%) 
Tau_no 

(Pa) 
Tau_first 

(Pa) 

Tau Crit 
Linear 
(Pa) 

Tau Crit 
Power 
(Pa) 

Final 
Critical 
Shear 
(Pa) 

0.0 9.23 1.32 0.6 7.0% 0.4 0.8 0.41 0.31 0.4 

5.2 17.73 1.51 0.9 5.4% 0.2 0.4 0.23 0.18 0.2 

10.2 19.76 1.42 0.76 6.8% 0.4 0.8 0.47 0.42 0.42 

14.5 21.58 1.6 1.04 4.9% 0.4 0.8 0.45 0.21 0.4 

19.5 7.58 1.4 0.76 8.0% 0.8 1.6 0.87 0.7 0.8 

Mean 15.18 1.45 0.81 6.4% 0.44 0.88 0.49 0.36 0.44 
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Table 14. Power law fit parameters in NR-CB 

Interval 

Depth 
Start 
(cm) 

Depth 
Finish 
(cm) A n r2 

1 0.0 5.2 3.24E-06 2.99 0.91 

2 5.2 10.2 2.62E-05 2.21 0.96 

3 10.2 14.5 2.05E-06 2.7 0.94 

4 14.5 19.5 4.31E-05 1.16 0.75 

5 19.5 25.1 1.66E-06 2.1 0.94 

 

2.7 SED-NR-FG 

Core NR-FG was collected near the Miami fairgrounds on March 11, 2020, at 11:00 a.m. The 
23 cm length of core was collected from the east bank of the river. The area was noted to be 
seasonally wet and dry by the FreshWater Engineering team members. The surface was covered 
in clumps of sediment and resisted penetration from the coring system due to the presence of 
stiff sediment. Sediment at NR-FG was light gray or tan with evidence of anoxic patches as 
depth increased.  

A photograph of NR-FG with applied shear stresses and resulting erosion rates is presented in 
Figure 23. Shear stress was applied successfully to three intervals of the sample. The loose 
surface material that formed broken clumps was tested for grain size distribution and density 
but was not considered for critical shear stress determination. To reduce anthropogenic 
disturbance, the clumpy material was subjected to a 1.6 Pa flow that removed the clumps from 
the surface. After their removal, processing took place as normal. Sediment properties remained 
relatively constant with depth but erodibility (and subsequently critical shear stress) declined as 
depth increased (Figure 24, Figure 25). 

Critical shear stresses increased an order of magnitude from 0.4 Pa at interval 1 to 2.46 Pa in 
interval 3 located 10 cm below the surface (Table 15). Sediment eroded unevenly across the 
surface and sporadically during the application of shear stresses. The sediment appeared to be 
crumbly and eroded by pieces breaking away often resulting in a subsequent event occurring 
where more particles or pieces eroded. Power law fit parameters provided in Table 16 were 
used to determine the critical shear stresses for each successful interval.  
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Figure 45. Physical properties of TC-DS with depth 

 
Table 27. Physical properties and derived critical shear stresses of TC-DS 

Sample 
Depth 
(cm) 

Median 
Grain 
Size 
(µm) 

Wet Bulk 
Density 
(g/cm3) 

Dry Bulk 
Density 
(g/cm3) 

Loss on 
Ignition 

(%) 
Tau_no 

(Pa) 
Tau_first 

(Pa) 

Tau Crit 
Linear 
(Pa) 

Tau Crit 
Power 
(Pa) 

Final 
Critical 
Shear 
(Pa) 

0.0 7.99 1.15 0.34 8.0% 0.05 0.1 0.06 0.04 0.05 

2.2 9.76 1.27 0.53 7.7% 0.2 0.4 0.32 0.32 0.32 

8.5 8.72 1.2 0.43 8.7% 0.4 0.8 0.46 0.4 0.4 

13.5 10.64 1.4 0.72 5.8% 0.8 1.6 0.83 0.71 0.8 

20.4 9.37 1.41 0.74 5.8% 0.8 1.6 0.84 0.73 0.8 

25.6 7.91 1.47 0.84 5.3% 0.8 1.6 0.86 0.76 0.8 

Mean 9.07 1.32 0.60 6.9% 0.51 1.02 0.56 0.49 0.53 
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Table 28. Power law fit parameters of TC-DS 

Interval 

Depth 
Start 
(cm) 

Depth 
Finish 
(cm) A n  r2  

1 0.0 2.2 3.49E-04 1.42 0.82 

2 2.2 8.5 3.17E-06 3.01 0.99 

3 8.5 13.5 4.07E-06 2.3 0.97 

4 13.5 20.4 1.46E-07 3.32 0.97 

5 20.4 25.6 4.0E-07 2.78 0.95 

6 25.6 30.5 3.77E-07 2.75 0.96 

2.14 SED-TC-US 

Core TC-US was collected on March 11, 2020, at 2:00 p.m. TC-US is located upstream of TC-DS 
in Tar Creek. Sampling efforts produced 44 cm of sediment without the need for added force 
via use of a post-hammer. Root structures along the bank necessitated multiple attempts before 
successful collection was achieved. A 2 cm layer of unconsolidated, light colored, oxidized silt 
blanketed darker sediment containing voids, leaves, and sticks.  

Shear stresses, ranging from 0.1 to 6.4 Pa were applied to TC-US over six intervals (Figure 46). 
The unconsolidated surface layer was shown to be the most erodible, consistent with many 
other cores processed in this study (Figure 47). As depth increased, erodibility relative to the 
core average varied as did grain size and density (Figure 47, Figure 48, Table 29). The 
unconsolidated and sandier sections of the core eroded in streams of particles or clouds of 
suspended sediment depending on shear stress magnitude. Finer sediment regimes tended to 
erode in larger pieces or clumps unevenly across the surface.  

Derived critical shear stresses varied from 0.17 to 0.8 Pa from the first to the sixth interval. 
Parameters defining the relationship between erosion rate and shear stress indicate a good 
power law relationship between the two variables (Table 30).  
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Figure 46. Photograph of Core TC-US aligned with applied shear stresses and associated erosion rates 

 

Figure 47. Intracore erosion rates for TC-US 
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Figure 48. Physical properties of TC-US with depth 

 
Table 29. Physical properties and derived critical shear stresses of TC-US 

Sample 
Depth 
(cm) 

Median 
Grain 
Size 
(µm) 

Wet Bulk 
Density 
(g/cm3) 

Dry Bulk 
Density 
(g/cm3) 

Loss on 
Ignition 

(%) 
Tau_no 

(Pa) 
Tau_first 

(Pa) 

Tau Crit 
Linear 
(Pa) 

Tau Crit 
Power 
(Pa) 

Final 
Critical 
Shear 
(Pa) 

0.0 7.2 1 0.48 48.1% 0.1 0.2 0.16 0.17 0.17 

1.45 10.31 1.34 0.62 5.8% 0.4 0.8 0.5 0.47 0.47 

5.4 7.68 1.41 0.74 6.1% 0.4 0.8 0.52 0.52 0.52 

10.8 9.34 1.4 0.73 6.5% 0.4 0.8 0.48 0.45 0.45 

17.0 10.13 1.36 0.69 9.0% 0.8 1.6 0.84 0.71 0.8 

22.8 5.58 1.26 0.57 11.6% 0.8 1.6 0.86 0.78 0.8 

Mean 8.37 1.30 0.64 14.5% 0.48 0.97 0.56 0.52 0.54 

 



SEDflume Study  
Grand Lake o’ the Cherokees May 2020 

Integral Consulting Inc. 2-45 

Table 30. Power law fit parameters of TC-US 

Interval 

Depth 
Start 
(cm) 

Depth 
Finish 
(cm) A n r2 

1 0.0 1.45 2.55E-05 2.61 0.97 

2 1.45 5.4 2.08E-06 2.51 0.99 

3 5.4 10.8 1.66E-06 2.49 1.0 

4 10.8 17.0 2.58E-06 2.44 1.0 

5 17.0 22.8 2.79E-07 3.0 0.96 

6 22.8 28.7 7.23E-08 3.53 0.96 

 

2.15 SED-ER-640 

No sample was recovered at ER-640, located west of the Highway 10 Bridge. The sediment bed 
near ER-640 was known to contain substantial portions of gravel and rock that would limit the 
effectiveness of collecting a sample.   

2.16 SED-NR-HB 

No sample was collected at ER-640. Multiple attempts were made to collect a sample, but no 
viable sample was produced. Despite ample penetration, recovered material was either not 
intact or absent in recovery of the core barrel. Unfavorable weather conditions of high winds 
and waves resulted in the field team aborting further attempts.   
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3 SUMMARY 

Integral conducted a SEDflume analysis on 14 sediment cores collected from waterways 
connected to Grand Lake o’ the Cherokees in northeast Oklahoma. The goal of this work was to 
characterize the erosion rates, critical shear stresses for erosion, and physical properties of the 
bedded sediment within the Elk River, Neosho River, Spring River, and Tar Creek. The 
SEDflume study results provide a baseline for the development of site-specific sediment 
parameters to support transport studies and bolster the conceptual understanding of dynamics 
within the system.  

The cores were subjected to shear stresses ranging from 0.1 to 12.8 Pa to determine erosion rates 
as a function of shear stress and depth. In addition, cores were subsampled during the analysis 
to determine sediment bulk density, loss on ignition, and particle size distributions related to 
each shear stress interval. Critical shear stresses were calculated from the measured erosion rate 
data and ranged from less than 0.1 Pa in surface sediment to 2.46 Pa in deeper bedded 
sediment.  

To better visualize the relative erodibility of the sediment throughout the system, the ratio of 
the mean erosion rate of each core (core vertically averaged erosion rate) to the average mean 
erosion rate of all cores at the site was calculated and plotted in Figure 49. The dashed line 
denotes a site-wide average erosion rate ratio of 1.0 Pa. A value above this line generally means 
that the core is more susceptible to erosion than those cores below. A similar figure to compare 
individual intervals between cores is also provided in Figure 50. 

A few trends of note were observed. Surface intervals were the most erosive due to the presence 
of an unconsolidated layer up to 3 cm thick (see green bars in Figure 50). Below the “fluff” 
layer, sediment was pitted and pockmarked from the invertebrates present, and the sediment 
tended to erode in clumps nucleated by the biotic structures. The presence of leaves, twigs, 
stems, and worm burrows also influenced the sediment erosion by breaking away and drawing 
material away from the surface. Similar properties were observed in some cores collected from 
the same waterway. This was most obvious in the Tar Creek samples, TC-US and TC-DS. 
However, samples from the Neosho River exhibited a wider range of erodibility and sediment 
properties. Samples such as NR-FG, taken near the fairgrounds and in an area known to have 
wet and dry cycles, were less erosive than samples from further downriver such as NR-CB or 
NR-202. While predominantly silt, the presence of some fine sand in cores such as NR-CB and 
the Spring River samples may influence erodibility as it moves through the system.  
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Figure 49.  Intercore erosion rate ratios: Depth-averaged core erosion rates compared to the site-wide average erosion rates. 
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Figure 50. Intracore erosion rate by interval for each core. 
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Appendix D  
Suspended Sediment Concentration 
Measurements 










































