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Results 

Physical and numerical models suggest that rivers process coarse sediment pulses 
primarily through dispersion while translation dominates processing of finer-
grained pulses.  Though these experimental results are largely unconfirmed by field 
observations, the decommissioning of dams presents valuable opportunities for 
organized study of channel responses to sediment pulses.  Thus, to evaluate the 
dominance of mechanisms driving channel processing of sediment pulses and to 
investigate the reliability of metrics to predict channel response to gravel pulses in 
natural rivers, we analyzed channel changes associated with three barrier removals 
in Oregon.  Our study sites ranged from very small (Oak Creek culvert, height = 
1.5m), small (Brownsville Dam, height = 2.5m), to medium (Savage Rapids Dam, 
height = 12m) in size.  Post-removal bathymetric surveys were analyzed using a DEM 
differencing approach with uncertainty estimates, visualizing longitudinal changes, 
and plotting changes in cross-stream net average bed elevations over time. Two 
metrics (Froude number and the ratio of D50 in the reservoir to average channel 
D50) were evaluated for their ability to predict the dominant process and to place 
these sites in context with published experiments on sediment pulses.  Our results 
suggest that, at all sites, sediment is processed by both dispersion and translation, 
though dispersion appears to be the more dominant process.  Further, the channels 
processed sediments rapidly, eroding substantial portions of reservoir material 
within the first two years following removal. These results suggest that, in the case 
of small to medium reservoirs filled with non-cohesive material, dispersion of 
sediment will limit aggradation to local areas directly downstream of the dam.  
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 In all cases, the majority of sediment deposited 
in downstream areas near the barriers, primarily by 
building bars and filling pools. The patterns of 
deposition varied between sites, essentially in the 
distance upstream and downstream that erosion 
occurred and in the location of maximum depth.  
Some degree of dispersion appears to have occurred 
at all of our sites, consistent with the literature on 
gravel bedded rivers and contrary to the Froude 
number based prediction for both Brownsville and 
Savage Rapids.  
 Unfortunately, commonly cited measures were 
not effective for predicting the dominant process for 
our study sites.  This may be due to the subjectivity of 
determining dispersion versus translation.  Identifying 
the leading and trailing edges can be challenging, and 
distinguishing depositional features from wave 
features requires interpretation.  For our sites in 
particular, and others where the scale of the sediment 
release is small relative to average annual bedload, it 
will be hard to see a distinct wave.  It will be 
worthwhile to verify results at other field sites, 
particularly where more relative sediment relative to 
average annual beload is released.  
 

Background 

Support for this research provided by: 

Erosion of the channel upstream of the culvert occurred 
both years following replacement of the culvert with 
depth of erosion and upstream extent increasing from the 
first (2008) to second year (2009) post.  In the 
downstream section, pools filled and bars grew in year 1, 
but there was little change in the location of maximum 
deposition or the general distribution of deposition in the 
downstream section from year 1 to 2. 

Some erosion of reservoir sediments occurred adjacent to 
the former dam face and upstream of the dam prior to 
the first post-removal survey, with limited evidence that 
the area of maximum erosion is moving upstream during 
the second survey. In the downstream section, the first 
two pools filled rapidly following removal, and 
experienced additional deposition in the second survey.  
There seems to be little evidence of the leading edge 
moving downstream although there is increased 
deposition at the leading edge between 630 and 900m 
downstream of the dam (1530 and 1800m on the graph).  
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Figure 1:  Idealized bed material 
waves (from Lisle et al. 2001) 

A number of experimental, numerical, and 
field studies and communications (Knighton, 
1989; Pitlick, 1993; Madej and Ozaki, 1996; 
Lisle et al., 1997; Lisle et al., 2001; 
Sutherland et al., 2002; Cao and Carling, 
2003; Cui et al., 2005) have recently tried to 
characterize the conditions leading a pulse 
or wave of sediment to move by dispersion 
and/or advection (“translation”).  Roughly 
defined, a dispersive wave is characterized 
by the spreading of leading and trailing 
edges in place, both upstream and 
downstream, while the center of mass and 
apex either remain at the point of origin or 
move downstream as a function of the wave 
characteristics (Figure 1a).  In contrast, all 
features (leading and trailing edges, apex, 
center of mass) of an advective, or 
translational, wave move downstream 
together and without diminishing 
substantially (Figure 1b).  In reality, the 
movement of sediment waves is likely 
driven to some degree by both processes.  

Abstract 

While the reported physical and numerical experiments have provided valuable 
insight into expectations of channel dynamics, they are largely unconfirmed by field 
observations.  Thus, we present results from three small to medium barrier 
removals to:  

(1) characterize sediment processing and behavior,  
(2) investigate whether dominance of dispersion or translation could be 

observed in field observations, and  
(3) explore how measures describing hydraulic interactions (Froude number) 

and differences in grain sizes (D50 ratio) relate to dominant processes in 
order to evaluate metric reliability in predicting channel response to 
sediment pulses   

At all of our sites, cohesive fines were absent or very low in 
upstream sediments.  Each upstream reach stored the equivalent 
volume of approximately one to two years of sediment, determined 
based on capacity transport calculations.  None of the reaches 
downstream of the barriers were supply limited prior to removal 
because the barriers all passed sediment over or through the 
barriers.  Finally, based Froude number, we anticipated that 
translation would dominate at Brownsville and Savage Rapids, 
while Oak Creek is likely to be influenced more by dispersion than 
by translation.  

Objectives 

Study Areas 
Figure 2: Case study locations 
A. On Oak Creek, an undersized and partially collapsed culvert was 

located at river mile 14 just upstream of the Oak Creek (Irish 
Bend) Covered Bridge within a research dairy o Oregon State 
University campus. 

B. Brownsville Dam was at river mile 39 on the middle part of the 
Calapooia River approximately 2.5 miles southeast (upstream) of 
the city of Brownsville. 

C. Savage Rapids Dam was at river mile 107.6 in the lower part of 
the middle Rogue River basin about 5 miles east (upstream) of the 
city of Grants Pass at the boundary between Jackson and 
Josephine counties in southwestern Oregon. 

Methods 

Generally, it has been reported (Lisle et al., 2001) that two factors exert the greatest 
influence on the relative importance of dispersion and translation: 

(1) hydraulic interactions between the sediment wave (shape and 
characteristics) and bed load transport, and  

(2) differences in grain sizes between the wave material and bed-load material. 
 

The question of translation versus dispersion is relevant because, as Lisle et al. 
(2001) point out, dispersion of a sediment pulse will create an attenuating but 
temporally prolonged disturbance (e.g. aggradation) at a single location.  In contrast, 
translation establishes a more prominent disturbance over a broader spatial scale as 
it moves downstream, but with a shorter timeframe for the impact and recovery.  
Understanding pulse behavior could be useful for identifying site and engineering 
conditions for which the greatest impact is likely.  In addition, there are implications 
for the design of dam decommissioning and removal, sediment retention structures 
(e.g. on the Toutle River to deal with sediment derived from the Mount Saint Helens 
explosion), and landslide management, among others. 

 Wadable rivers (Oak Creek and 
Brownsville) were surveyed using a 
total station, Nikon DTM 352, and a 
real time kinetic (RTK) global 
positioning system (GPS), Topcon GR-
3, collecting data at a relatively high 
density within longitudinal profiles 
and cross-sections.  The Rogue River 
is largely not wadable, so boat based 
sensors (an Acoustic Doppler Current 
Profiler (ADCP) for summer 2010 and 
a depth sounder for 2002 and spring 
2010 surveys) were used to collect a 
longitudinal profile, which was 
coupled with surveys of cross-
sections, bars, and wadable areas 
using RTK GPS.   
 Sediment sampling occurred 
prior to removal and methods varied 
by site: modified Wolman pebble 
counts at Oak Creek and Savage 
Rapids, and bulk samples at 
Brownsville. 
 Differences in elevation in time 
and space were calculated using the 
Geomorphic Change Detection (GCD) 
software and approach (Figure 3) 
described by Wheaton et al. (2010). 

Figure 3: Example using Oak Creek data of the GCD process.  
1. Difference DEMs; 2. Threshold by uncertainty; 3. Filter by 
spatial coherence 
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A. Oak Creek 
Culvert 

B. Brownsville 
Dam 

C. Savage 
Rapids Dam 

Barrier height 1.5 m 2.5 m 12 m 

Sediment volume 423 m3 14,000 m3 153,000 m3 

D50R 9 mm 9 mm 8 mm 

Slope 1.4% 0.2% 0.2% 

Width : Depth 11 34 21 

Froude Number 1.6 (D) 0.47 (T) 0.52 (T) 

D50R : D50D 0.3 (T) 1.5 (D) 0.18 (T) 

A. 

B. 

C. 

Reservoir erosion appears to slightly increase in some 
sections upstream during post-removal year 2, with 
limited evidence of a trailing edge extending upstream. 
The areas of greatest deposition occur just downstream of 
the dam in the first year following removal, while in the 
second year, the deposition appears to have spread as a 
thinner deposit over a longer distance.  

Discussion and 
Conclusions Pre - year 1 275 m3 (65%) 

Pre - year 2 296 m3 (70%) Oak Creek Culvert 

Figure 6, A-C: Thresholded DEMs of difference at 95% confidence interval with spatial coherence 

Brownsville Dam 
Pre - year 1 3,530 m3 (25%) 
Pre - year 2 5,000 m3 (36%) 

Pre - post 1 49,340  m3 (32%) 
Pre - post 2 44,720  m3 (29%) 

Savage Rapids Dam 

Figure 4, A-C: Longitudinal profiles 

Figure 5, A-C: Average bed elevation changes 
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