
Results/Analysis: The date of movement for each sample was calculated and is shown in figure 1.  Using 

these dates as well as the distance each sample travelled, rates of movement were calculated (see table 

2). It was found that the smaller the average gravel size, the lower the rate of movement was. Trends 

relating to the average grain size at each location to the distance travelled showed that, in general, the 

smaller grain sizes travelled the shortest distance (see map 1). Both trends relating to movement rate and 

grain deposition could be due to the shielding effect the existing armour layer has on smaller grain sizes. 

When comparing the count of individual clasts at each site with average grain size it was found that site 1 

with an average grain size of 13.66mm had over 2X the amount of clasts as the next highest count (see 

map 2 and figure 3). I believe this has to do with the topography of the river bed. When comparing the 

channel cross section at sites 1 and 2 (see map 3 above) it is apparent that site 2 is much deeper than site 

1 (as well as any other site recorded). Rapid change in area  will cause a decrease in velocity, which could 

drop below critical velocity for a wide range of grain sizes (see equation 4), explaining the unusually high 

clast count at that particular site. All similar grain sizes exhibited slight translational behavior, with grain 

sizes around 11mm and 14mm showing the highest. A wide range of dispersion was observed with nearly 

all grain sizes as well, with grain sizes between 14-16mm showing the largest dispersion. 

    

Methods:   

 In order to determine the specific effects this augmentation had on river dynamism, gravel parameters as 

per each location had to be measured. To do so, approximately 500 clasts of gravel were measured and 

their  nominal diameter, density,  weight (in g), and location collected were recorded. Averages of each 

of these parameters were taken and used to represent the gravel parameters at each location. In order to 

determine movement rates of each sample, critical shear stress (which relates to the force required for 

movement) was calculated for each  location using the average grain size at that location. This was 

calculated using an equation derived from Shields Diagram  which relates  the viscosity of gravel to 

different gravel sizes (see equation 1 and 2). Upon calculating critical shear stress, critical velocity (the 

velocity required for movement) was calculated  using the critical shear stress values (see equation 3) . 

The results of these calculations can be seen in table 2.  

     1.         2.     3.  4.  

  

 In order to determine the dates when critical velocity for each sample was exceeded, river velocity for 

each day during the duration of the augmentation had to be calculated This required the use of the 

continuity equation relating discharge to stream velocity and channel area (see equation 4). Discharge 

and stage measurements were obtained from a USGS gaging station located at the augmentation site. 

Bankfull channel area was calculated using the 3D analyst tool within ArcMap. Using the bankfull 

channel area and stage measurements, the channel area was calculated for different stage measurements 

by determining the percentage of bankfull for a given date.  

  

Gravel Augmentation Below River Mill Dam 

Clackamas River, Oregon 

Introduction: This study involves the investigation of the effect of gravel augmentation on river 

dynamism.  River response to gravel augmentation depends on many variables including flow rate, the 

grain size of the preexisting bed, the grain size of the added gravel, the volume of added material, and the 

spatial and temporal pattern of augmentation evolution (Sklar et al., 2009). Specifically, this investigation 

looks to find the response to the grain size of added gravel to the Clackamas River (a gravel bed river in 

Oregon, USA) using the injection approach of sediment augmentation. The goal of this study being to 

answer the question, what grain size will yield most effective in restoring pre-dam dynamism of this river 

system? To do so, we will further examine the data collected by Dr. Peter Wampler (Grand Valley State 

University, MI) and Paul Bourdon. Their study aimed to determine the fate and transport of augmented 

gravel introduced via injection to the Clackamas River. It was hoped by further examination of specific 

grain size of the gravel added, the prediction as to what size sediment yield  most effective in restoring 

widespread dynamism for future gravel augmentation on the Clackamas River.  

  

Map 1: Average gravel size at each location  

Map 2: Gravel count at each location 

Map 3: River elevation 
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Figure 1: Critical velocity of each average grain size (colored horizontal lines) against daily velocities at 

injection site (blue) 

 

Figure 2: : Relationship between transport rate (ft/movement event) and average gravel size at each location.  

Figure 3: Count of gravel clasts for each average grain size at each sample location Figure 4: Graph showing the distance each average grain size traveled from injection site  

Table 1: Calculated rates, distance traveled, and ratio to armor layer for each average gravel size  

  

Table 2: Critical shear stress values and parameters that relate 

Conclusions: Based upon the results of this study, it seems the answer to the question as to what grain 

size will yield most effective in restoring pre-dam dynamism of this river system  is complex. I believe the 

answer to this question lies in the desired outcome of the augmentation. If mobilization of pre-existing 

armor layer is wanted, smaller grain sizes (<14mm) and their higher residence time per river reach would 

be most effective. If the formation of rapid widespread gravel deposits (which may be the case for 

supporting salmon spawning habitat) is desired, it is apparent that gravel sizes ranging between 14-16mm 

would be most sufficient. See Venditti et al. 2010 and Skalr et al. 2009 for supported conclusions. If overall 

increase in dynamism is desired it seems a mix in gravel sizes would be sufficient, as they both provide 

bed armor mobilization as well as rapid, widespread topographic cover. In order to build long lasting, 

stable river features that promote pre-dam conditions continued augmentation is needed. 
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*Map Projection/Coordinate System Info:  

Projected Coordinate System: NAD 1983 State Plane Oregon North FIPS 3601 Feet False Easting: 8202083.3 

Projection: Lambert Conformal Conic    False Northing: 0.00000 

Geographic Coordinate System: GCS North American 1983   Central Meridian:-120.50 

Standard Parallel 1: 44.33   Standard Parallel 2: 46.00   Latitude Of Origin: 43.64  


