








 

Grand Lake Sedimentation Study USR 90 September 2022 

Figure 69  
Burlington Northern Railroad Bridge and Embankment near Twin Bridges Photograph 
Looking East 

 
Notes: Photograph taken on May 2, 2019; USGS reported daily discharges were as follows: 

• Neosho River near Commerce: 37,700 cfs (USGS 2021a) 
• Tar Creek near Commerce: 192 cfs (USGS 2021c) 
• Spring River near Quapaw: 48,500 cfs (USGS 2021e) 

 Flow direction is from left to right, and discharge must pass through the 770-foot bridge constriction. 

 

The cross section at the Burlington Northern Railroad bridge (Figure 70) shows that the top of the 
embankment across the floodplain is at an average elevation of approximately 758 feet PD (note that 
the figure is from HEC-RAS and thus has a vertical datum of NGVD29). The width of the bridge 
opening is approximately 770 feet and the total embankment length is approximately 12,600 feet 
(2.4 miles). 
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Figure 70  
Burlington Northern Railroad Bridge Cross Section 

 
 

The aerial image (Figure 68) shows that the flow upstream of the railroad bridge is approximately 
11,700 feet (2.22 miles) wide, whereas the width of the Neosho and Spring rivers upstream of Twin 
Bridges is approximately 2,250 feet wide (Neosho River is approximately 350 feet wide and Spring 
River is approximately 1,900 feet wide). The significant increase in water width by a factor of 
approximately five times shows the effect of the bridge in causing a backwater effect and blockage 
of the floodplain by the embankments.  

Bridge piers frequently trap debris because moderate to high flow events carry floating trees and 
other materials. The following images show debris trapped on bridge piers during the flow event that 
occurred late in April through May 2019. Peak daily flow on the Neosho River was 90,100 cubic feet 
per second (cfs) on May 24, 2019; however, the photographs of debris were taken in early May 
before the flood peak (Figure 71). 
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Figure 73  
Photographs of Vertical Rocky Banks Along the Neosho River  

 

 
Notes: Top photograph was taken near RM 129.07 on the Neosho River, approximately 2.4 miles upstream of Connors Bridge. 
 Bottom photograph was taken near RM 127.47 on the Neosho River, approximately 0.75 mile upstream of Connors Bridge. 

 

Locations of the examples of rocky banks are shown in Figure 74, Figure 75, and Figure 77. 
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Reaches of river that are confined by vertical rock banks eliminate the floodplain and confine the 
flow to a relatively narrow cross section, which constricts the flow, potentially causing upstream 
backwater effects and sediment deposition. 

Figure 74  
Locations of Vertical Rocky Banks on Aerial Imagery 
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Figure 75  
Locations of Vertical Rocky Banks on Topographic Map 

 
Source: Wyandotte, USGS (1907) 

 

A now-submerged bioherm (ridge) composed of erosion-resistant limestone and chert was discussed 
by McKnight and Fischer (1970) and is located at RM 108. Such structures could also be submerged 
terraces or talus piles and are part of the southern flank of the exposed and eroding Ozark Uplift 
often referred to as the Ozark Plateau or Ozark Highlands, but more specifically the Springfield 
Plateau. They are composed of the Mississippi Boone formation (GRDA 2017) and cause narrowing in 
the now-submerged valley. Dendritic drainage patterns from the surrounding uplands entering the 
submerged valley impede the transport of sediment downstream into the lower reaches of the 
reservoir and cause aggradation of sediment in these sections of submerged river valley. Additional 
evidence of ridges composed of limestone and chert within the now-submerged valley can be 
observed in the grade changes of the 1938 bank line elevation profile (Figure 76). The bank line 
grade change begins at RM 108 and extends upstream to approximately RM 115. Note that the other 
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profile lines in Figure 76 display thalweg elevations. The 1938 profile is the only representation in 
Figure 76 of the now-submerged valley elevation. 

Figure 76  
Historical Neosho River Thalweg Comparison 

 
Note: This plot covers the Neosho River from RM 152.2 at the upstream end to the Pensacola Dam at RM 77.12 on the 
downstream end. 

 

Submerged ridges in the now-submerged valley can act as stable points. Many of these ridges are 
perpendicular to downstream flow in the valley and can cause sediment to deposit between and 
amongst the submerged ridges. These stable points are capable of forming the delta feature that is 
shown in the 2019 USGS profile and the 2009 OWRB profile from RM 100 upstream to RM 122 
(Figure 76).  

Because McKnight and Fischer (1970) is not a complete catalogue of all erosion-resistant, submerged 
ridges in the original river valley, it is likely that there are other such ridges in the submerged valley 
where the delta feature has formed at the edge of the Ozark Uplift.  

Evidence of the Ozark Uplift can also be observed on the 1907 topographic map with 50-foot 
contours shown in Figure 77 (USGS 1907). The entire original river valley from RM 107 to RM 122 
displays convoluted and closely spaced contour lines east of the original river channel from RM 107 
to RM 120 and on both the east and west sides from RM 107 to RM 110. Therefore, it can be 
reasonably concluded other ridges submerged in the original river valley that are part of the Ozark 



 

Grand Lake Sedimentation Study USR 98 September 2022 

Uplift impede the transport of sediment downstream into the deeper portions of the reservoir and 
cause the delta feature to form in this location.  

Figure 77  
Geologic Constrictions along Neosho River in the Region of the Delta Feature 

 
 

Even in areas without submerged ridges, talus piles, or terraces, the presence of the Ozark Uplift in 
the vicinity of the delta feature indicates the original channel bottom is likely composed of limestone 
and chert from the Ozark Uplift that has eroded over time.  

RM 110 

RM 107 

RM 122 
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The presence of the Ozark Uplift limestone in the area of the delta feature has likely played one of 
the more significant roles in forming the delta feature to its current size instead of continuous 
downstream transport of sediment to the location of the dam. 

3.4 Riverine Features  
At a confluence of a tributary, some of the sediment load from the tributary is frequently deposited, 
forming a tributary bar within the river (Figure 78). 

Figure 78  
Illustration of Types of Bars that Occur in Alluvial Channels 

 
Source: Simons and Senturk (1992) 

 

Tributary bars form because the slope of the tributary is typically steeper than the river into which it 
flows, so some portion of the sediment load cannot be readily transported downstream resulting in 
sediment deposition. This process also occurs when the tributary transports a high sediment load or 
a coarser sediment load than the main river. 

The slope of the Neosho River bed in the vicinity of the Elk River confluence based on the 1941 
USACE data is approximately 2.06 feet per mile. The slope of the Elk River bed upstream of the 
confluence based on the 2019 data is approximately 3.21 feet per mile, which is approximately 56% 
steeper than the Neosho River. This difference in riverbed slopes would tend to result in 
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sedimentation in the form of a tributary bar at the confluence. The slope of the Spring River bed is 
approximately 2.21 feet per mile, which is approximately 7% steeper than the Neosho River. 

As stated previously, the Ozark Uplift composed of Mississippi Boone limestone and chert crosses 
the Neosho River at the confluence of the Elk River. This feature, combined with the steeper slope of 
the Elk River and the attendant potential for the formation of a tributary bar, suggest a natural 
tendency for sediment deposition at this location. Although these geomorphic features affect 
potential sedimentation patterns at this location, it is not possible to quantify these effects on the 
overall sedimentation pattern. 

In addition to the geologic features of the area, there are also flood protection levees upstream that 
disconnect the river from the floodplains. By building up the streambanks, water is confined to the 
channel during large flow events, which results in increased water levels because the increased 
discharge cannot spread to the flat, open areas of the historical floodplains. This can increase flood 
risk to areas not protected by levees or protected by shorter levees. 
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4 Quantitative Analysis 
The second level of analysis in the three-level approach is quantitative analysis of sedimentation. 
Beyond the original rationale for the development and application of the three-level approach, 
additional discussion regarding the quantitative analysis was presented in the USP. 

4.1 Quantitative Sediment Transport Evaluation 
In addition to the STM, GRDA used a quantitative engineering analysis of sediment transport in the 
study area. This fulfills the second part of the three-level approach discussed in previous proposals 
and will focus on the delta feature and the lower reservoir, where the deposition of cohesive 
materials has the largest potential impacts on the power pool. GRDA used this analysis as a means of 
validating the model outputs and providing additional confidence in STM results. Recent evaluations 
of computer modeling by the USSD Committee on Hydraulics of Dams, Subcommittee on Reservoir 
Sedimentation (2015) suggest that the results of a HEC-RAS model evaluating cohesive sediments 
may not be reliable. Regarding reservoir sedimentation models, the committee states the following: 

Sediment transport models incorporate a certain degree of simplification to 
be computationally feasible. Simplified models run into the risk of not 
obtaining a reliable solution, whereas increasing the model complexity can 
complicate the problem formulation and incur more input data preparation, 
calibration, and verification costs. Most of the commonly used numerical 
sediment transport models were originally developed for the analysis of 
movable bed rivers having coarse sediments and employ sediment transport 
equations developed from flume and river data where the effect of fine or 
wash load on fall velocity, viscosity, and relative density can be ignored. In 
contrast, reservoir problems may involve the analysis of grain sizes ranging 
from cobbles in the upstream delta area to clays near the dam. The silts and 
clays which normally behave as wash load in most rivers, and which are 
ignored in many river sedimentation models often constitute the majority of 
the total sediment load in a reservoir. Most 1D sediment transport models, 
and transport functions, are designed for noncohesive sediment transport. 
Models often include the addition of simple cohesive sediment 
computational procedures to enhance model capability. (USSD 2015) 

Such is the case with HEC-RAS, where simple cohesive sediment computational procedures were 
added to a model developed primarily for use in analyzing non-cohesive sediment transport. 
Specifically, relationships of critical shear and erosion rate developed by Krone (1962) and 
Partheniades (1962) are the relationships used in HEC-RAS for cohesive sediment. 
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Figure 152  
Changes in July 2007 Event WSE Due to 50 Years of Expected Sedimentation under Anticipated 
Operations Compared to Existing Conditions from RM 120 to RM 130 

 
 

Figure 153 shows the changes in WSE from RM 120 to RM 130 on the Neosho River for the 100-year 
event. It indicates that the changes in WSE during the 100-year event simulation are largest 
downstream of Miami, peaking below Twin Bridges. The largest positive change between RM 120 
and RM 130 occurs with a starting pool elevation of 750 feet PD; the future geometry resulted in 
water levels 1.06 feet higher at RM 121.29, with an average WSE impact of 0.30 foot or less. 
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Figure 153  
Changes in 100-Year Event WSE Due to 50 Years of Expected Sedimentation under Anticipated 
Operations Compared to Existing Conditions from RM 120 to RM 130 

 
 

These results indicate that under both the July 2007 and 100-year flow events, water levels on the 
Neosho River are expected to remain similar despite 50 years of future sediment deposition under 
the anticipated operations. The largest impacts to WSE occur downstream of the urbanized area of 
Miami and are no more than 1.25 feet anywhere on the Neosho River. There is no indication that the 
expected future sedimentation will significantly impact inundation near heavily populated areas of 
Miami.  

7.4.2.2 Sedimentation Rate Sensitivity 
The next comparisons were performed to evaluate the impact of sediment loading on upstream 
WSEs. The following figures compare simulated WSE profiles for High Sedimentation rates and Low 
Sedimentation rates. These simulations used anticipated operations and results are shown in 
Table 52. 









 

Grand Lake Sedimentation Study USR 220 September 2022 

Figure 156  
Changes in July 2007 Event WSE Due to 50 Years of Sedimentation under High and Low 
Sedimentation Conditions from RM 120 to RM 130 

 
 

Figure 157 shows the changes in WSE from RM 120 to RM 130 on the Neosho River for the 100-year 
event. It indicates that the changes in WSE during the 100-year event simulation are largest 
downstream of Miami, peaking near the Spring River confluence. The largest positive change 
between RM 120 and RM 130 occurs with a starting pool elevation of 745 feet PD; the future 
geometry resulted in water levels 1.21 feet higher at RM 122.46 near Twin Bridges. 
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Figure 157  
Changes in 100-Year Event WSE Due to 50 Years of Sedimentation under High and Low 
Sedimentation Conditions from RM 120 to RM 130 

 
 

These results indicate that under both the July 2007 and 100-year flow events, water levels on the 
Neosho River are expected to change by as much as 1.38 feet due to the variability of sediment 
loading. The largest impacts to WSE occur downstream of the urbanized area of Miami near Twin 
Bridges. There is no indication that the future sedimentation will significantly impact inundation near 
heavily populated areas of Miami. 

The impacts of sediment loading rates on upstream water levels are similar to those found between 
current and future conditions. Further, the impacts occur primarily downstream of the City of Miami. 
The results show that the predicted range of inflowing sediment quantity, which is not controlled by 
GRDA, is similar to the expected changes between 2019 and 2069 under anticipated operations. 

7.4.2.3 Operations Sensitivity 
The third comparison was performed to evaluate the impact of Project operations on upstream water 
levels. The following section compares WSE impacts between 50 years of simulated Baseline 
Operations and 50 years of simulated Anticipated Operations. Sediment loading was identical for 
these simulations. Both simulations represent a future (2069) bed condition. The only difference was 
Project operation. The findings are summarized in Table 53. 
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Figure 160  
Changes in July 2007 Event WSE Due to 50 Years of Expected Sedimentation under Anticipated 
and Baseline Operations Conditions from RM 120 to RM 130 

 
 

Figure 161 shows the changes in WSE from RM 120 to RM 130 on the Neosho River for the 100-year 
event. It indicates that the changes in WSE during the 100-year event simulation are largest 
downstream of Miami, peaking upstream of Twin Bridges. The largest positive change between 
RM 120 and RM 130 occurs with a starting pool elevation of 750 feet PD; the Anticipated Operations 
geometry resulted in water levels 1.14 feet higher at RM 122.75, upstream of the Highway 60 Bridge. 
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Figure 161  
Changes in 100-Year Event WSE Due to 50 Years of Expected Sedimentation under Anticipated 
and Baseline Operations Conditions from RM 120 to RM 130 

 
 

These results indicate that under the July 2007 event, average water levels on the Neosho River are 
expected to decrease by 0.35 foot, with a maximum decrease of 1.39 feet under Anticipated 
Operations. During 100-year flow events, average water levels on the Neosho River are expected to 
increase 0.22 foot under Anticipated Operations. There is no indication that the future Project 
operations will significantly impact inundation near heavily populated areas of Miami. 

The impacts of Project operations on upstream water levels are limited and occur primarily 
downstream of the City of Miami. The results show that during the more typical 4-year flows such as 
the July 2007 event, Anticipated Operations will result in lower average water levels, and the changes 
in WSE near Miami are immaterial. 

7.4.3 1D UHM Summary 
The results show that potential impacts to WSE due to sedimentation are primarily the result of 
future sediment loading to the study area (Table 54). 
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As detailed above, the reliable portions of the available datasets were used for STM development. 
However, although the data used represent the best available information, they are imperfect and 
introduce uncertainty to any measurements, particularly the circa-1940 data. 

These datasets were flawed but nonetheless are also the most complete available for the relevant 
time periods. The data were used to evaluate sedimentation and future impacts through two 
separate approaches as part of the three-level process: the quantitative analysis and the STM. The 
objective of the three-level approach is to ensure that reasonable and reliable results are obtained. 
This is achieved if there is consistency between the results of the quantitative analysis and the STM. 

The quantitative analysis approach utilized the hydraulic component of HEC-RAS to compute 
hydraulic shear stresses for historical flows and operation and future scenarios. The historical change 
in bathymetry was then related to hydraulic shear stresses for historical flows and operation to 
develop a relationship between hydraulic shear stress and the sedimentation pattern. The HEC-RAS 
hydraulic component was then run for future flow and operation scenarios to compute the hydraulic 
shear stresses under these future conditions. The resulting shear stresses were then used in the 
relationship between hydraulic shear and sedimentation pattern to compute sedimentation for the 
future scenarios. The quantitative analysis (Section 4) concluded the following: 

The quantitative analysis of the future 50 years of hydrology and operation shows no 
significant sediment deposition on top of the delta feature that would adversely 
affect existing hydraulic control in upstream reaches. Most of the sediment delivered 
to the reservoir is transported past the top of the delta feature, farther downstream 
to the downstream face of the feature. Approximately 98 to 99 percent of the 
incoming sediment load is transported past RM 110.  

The quantitative analysis demonstrates that the top surface of the delta feature is in a 
state of dynamic equilibrium. This state of dynamic equilibrium is consistent with the 
fact that the average shear stress over the top of the delta feature is generally equal 
to or greater than the minimum critical shear from the SEDFlume analysis. 

This pattern of predicted sediment deposition, located downstream of the high point 
on the delta feature and at an elevation several feet below this high point, cannot 
reasonably be expected to adversely affect upstream hydraulics and flooding. Based 
on the relatively small change in effectiveness of moving sediment downstream with 
the comparison between the future flows with anticipated operation and baseline 
operation, as well as the USGS analysis of the effect of significant changes in water 
level resulting in very limited changes in sediment storage in John Redmond 
Reservoir; there is no basis to conclude that there would be any significant benefit in 
operating Grand Lake at a lower level. 
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