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Abstract:  Marmot Dam was built in 1913 and stood until 2007 to divert water from the Sandy 

River to the Bull Run Hydroelectric Plant.  During that time Marmot Dam impounded a reservoir 

deposit of approximately 750,000 m3 of sediment.  Prior to dam removal Squier Associates 

completed a series of sediment cores and bulk samples to estimate the composition of the deposit 

(Stillwater 2000).  Since 2007 the Sandy River has carved a path through the reservoir leaving 

vertical sections of the deposit exposed.  This study aims to use these remains of the deposit to 

make another estimate of its composition using pebble counts and a bulk sample.  It serves as a 

back of the envelope double check of the Squier Associates study and an experiment with a new 

sampling method.  Our results suggest that the deposit may be coarser than previously thought. 

                          

Introduction: 

 Marmot Dam stood across the Sandy River from 1912 to 2007, where it diverted flow 

from the Sandy River to the Bull Run Hydroelectric Plant.  During the nearly 100 years that the 

dam was in operation about 750,000 m3 of sediment was impounded behind the dam (Stillwater 



2000).  In October 1999 Squier Associates performed a coring study in an effort to characterize 

the sediment that had been impounded in the reservoir.  The study included six pairs of cores, 

eight bulk sample pits dug by hand, and one mechanically dug pit (Stillwater 2000).  Their cores 

were done within a kilometer of the dam while the other sampling methods were used farther 

upstream.  They generally concluded that the reservoir was 35% sand and finer and 65% gravel 

and coarser (Stillwater 2000). 

 Squier Associates completed their study while the dam still held back water in the 

reservoir.  Two years later the Sandy River has carved out much of the impounded sediment, 

leaving a channel through the middle of the former deposit.  Along the banks though, there are 

many vertical faces that we believe are undisturbed segments of the deposit and are therefore 

representative of the reservoir impoundment.  This study focuses on trying to characterize the 

reservoir impoundment based on pebble counts and a bulk sample of these vertical faces.  It will 

serve as a back of the envelope double check of the Squier Associates study and an experiment 

with a new sampling method.  The work was done on a bar called Camera Point Bar roughly  

500 m upstream from the former dam site.  Ideally both sampling methods would give the same 

grain size distribution.   

   

Methods: 

 Chuck Podolak, my advisor for this project and a PhD. candidate at Johns Hopkins, and I 

first looked over the area of the reservoir deposit near the former dam site to determine where the 

best areas were to conduct the study.  We chose two adjacent vertical faces for pebble counts and 

a bulk sample, referred to as Vertical Face 1 and Vertical Face 2.  We chose another sand facies 

above Vertical Face 2 for another bulk sample.  The vertical faces were chosen, in part, for their 

ease of access considering the equipment required for bulk sampling.  Based on the presence of 

small vegetation we concluded that the flat sand facies was part of the reservoir deposit, but also 

had not been disturbed by winter floods.  We ruled out other, lower, flat facies in the reservoir 

area because they had been underwater during winter storms and thus  affected by  sediment 

transport during the winters since the dam was removed rather than the original reservoir deposit.  

 We later discovered that the sand facies was above the water level of the reservoir except 

during floods.  As a result the bulk sample of that facies was excluded from consideration of the 

entire reservoir impoundment. 



 The data I used for analysis include pebble counts of each vertical face and a bulk sample 

of Vertical Face 1.  On Vertical Face 1 we laid 180 m of tape looped up and down the vertical 

face with about 80cm between each loop of tape (Figure 1).  Pebbles were chosen at every half 

meter of tape along the face in order to randomly select grains for the sample.  No pebbles were 

chosen from the flat top of the deposit or from the bottom part of the tape lying on fallen material.  

We determined grain sizes using a gravelometer, except where removing the grain was likely to 

cause a dangerous collapse of material.  As a result many grain sizes were estimated by holding a 

gravelometer up to the face to size the grain.  We categorized grains as greater than 256 mm, 180 

mm, 128 mm, 90 mm, 64 mm, 45 mm, 32 mm, 22mm, 16 mm, 11 mm, 8 mm, and 2 mm or as 

sand or mud.  Vertical Face 1 was approximately 57 m long and about 1.35 m tall.  We were able 

to sample 196 grains from that face.  Vertical Face 2 was approximately 12 m long and about 1.1 

m tall.  Because it was such a small facies we laid the tape twice.  The tape was spaced with 80 

cm between each loop and counted; then it was moved over about 40 cm and counted again, 

resulting in a spacing of about 40 cm between each loop.  Still, due to its small size, we were 

only able to count 47 grains.   In the analysis more weight is placed on the sample from Vertical 

Face 1. 

 

 
Figure 1. Picture of tape lain on Vertical Face 1. 

 To do a bulk sample of Vertical Face 1 we placed a tarp at the bottom of the face over the 

slumped material and secured it with metal spikes.  We used a shovel and rock hammer to knock 

out material onto the tarp until we had a pit of about one cubic meter (Figure 2).  

 



      
Figure 2. Pictures of pit and sample at the end of the day on July 16, 2009. Left: front view. 

Right: top view. 

 

Most of the sediment was collected on July 16, however due to time constraints the sample was 

covered with a tarp and left overnight.  On July 17, we dug out some additional sediment and 

processed the sample.  We categorized grains as greater than 256 mm, 180 mm, 128 mm, 90 mm, 

64 mm, 32 mm, 16 mm, and 8 mm, or as sand.  We used gravelometers for grains larger than    

64 mm and sieves for smaller grains. 

 Using LIDAR data from 2006 and 2008, I created 50 m long polygons to approximate the 

area of the reservoir deposit for a volume calculation.  I also mapped areas of exposed bedrock 

using a GPS unit and GIS software.  I determined height of the reservoir assuming a linear 

interpolation between a height of 13 m at the dam and 0 m at the farthest edge.  Height of the 

bedrock is assumed to be a fixed percent of the total reservoir height.  Using these heights I 

calculated an upper bound for the total volume of the reservoir deposit.  Assuming the volume of 

bedrock I mapped is characteristic of the entire deposit, I subtracted out its volume to come up 

with a lower bound for the volume of the reservoir.  

  

Results: 

 The total volume of the reservoir, found using the polygons, is roughly 1,070,000 m3.  

This assumes a reservoir height of 13 m at the dam and an upstream extent of 2,750 m.  I also 



25,900 m3 of bedrock in an area of 200 m; assuming that is characteristic for the whole deposit 

the total volume of bedrock in the reservoir is about 356,000 m3.  This gives the lower bound for 

the volume of reservoir sediment: 720,000 m3.  The upper bound, without bedrock, is         

1,070,000 m3. 

 While the pebble counts for Vertical Face 1 and Vertical Face 2 are very similar, Vertical 

Face 1 is slightly coarser when you compare the D50 and D84 values (Figure 3).  The difference is 

most prominent in the larger grain sizes; Vertical Face 2 has fewer large cobbles than Vertical 

Face 1.  A D16 for Vertical Face 1 of 5.2 mm indicates that 16% of the grains are finer than 5.2 

mm.  For Vertical Face 2, 16% of the grains are finer than 5.3 mm.  The D50 values for Vertical 

Faces 1 and 2 are 53.2 mm and 42.2 mm, respectively.  The D84 values differ the most; 160.8 

mm for Vertical Face 1 and 124.7 mm for Vertical Face 2.  Neither pebble count shows one 

dominant size class (Table 1). 

 

Table 1. Results of pebble counts on Vertical Face 1 and Vertical Face 2.  Cumulative 

percentages reflect the quantity of grains smaller than the given size.  
Grain 
Size 

VF1 Percent of 
total in size class 

VF2 Percent of total 
in size class 

VF1 Cumulative 
percent (finer than) 

VF2 Cumulative 
percent (finer 
than) 

>1 m 0 0 100 100
.5 m 0 0 100 100
256 mm 1.6 0 100 100
180 mm 10.2 2.1 98.4 100
128 mm 12.8 12.8 88.2 97.9
90 mm 7.5 14.9 75.4 85.1
64 mm 11.8 10.6 67.9 70.2
45 mm 11.8 6.4 56.1 59.6
32 mm 8.0 17.0 44.4 53.2
22 mm 3.7 2.1 36.4 36.2
16 mm 5.3 6.4 32.6 34.0
11 mm 5.3 4.3 27.3 27.7
8 mm 1.6 4.3 21.9 23.4
2 mm 13.9 10.6 20.3 19.1
Sand 6.4 8.5 6.4 8.5
Mud 0 0 0 0
 



 
Figure 3. Grain Size Distribution. Comparison of the pebble counts for Vertical Face 1 and 

Vertical Face 2. Points further to the left represent finer grain sizes. 

 

The bulk sample consisted of over 2100 kg of sediment.  The sum of the masses of each 

bucket of material is 2193 kg, but the sum of the masses from each category of sediment is only 

2165 kg.  This discrepancy can be explained by measurement error with the scale.  Buckets of 

material to be sieved were weighed before sieving and again after sieving with their size class.  

The difference is explained by a small amount of error between these two measurements.  The 

27.75 kg of “missing” material makes up 1% of the total mass of the sample.  There was only 

one grain that was larger than 256 mm; its mass makes up 2% of the total mass.  This is well 

within our relaxed criteria of 5% of the total mass for the largest grain.  Most of the grains 

sampled were finer than 90 mm, and over 80% were finer than 180 mm (Table 2).  The sample 

as a whole contained similar masses of almost every size class, with no one dominant size.  

Table 2 summarizes the results of the bulk sample.  Since the bulk sample and pebble count of 

Vertical Face 1 cover the same facies, the two can be compared.  The bulk sample is slightly 

coarser than the pebble count (Figure 4) which is unusual and could be the result of unintentional 

sampling bias. 

 

 

 



Table 2. Results of bulk sample of Vertical Face 1.   
Grain Size (mm) Mass (kg) Percent of total Cumulative Percent (finer 

than grain size) 
>256 46 2 98 
180 – 256 290 13 84 
128 – 180 352 16 68 
90 – 128 297 14 55 
64 – 90 217 10 45 
32 – 64 319 15 30 
16 - 32 172 8 22 
8 – 16 102 5 17 
<8 371 17  

 

 
Figure 4. Comparison of the grain size distribution of the bulk sample and pebble count of 

Vertical Face 1.  Points further to the left represent finer grain sizes. 

 

Discussion: 

Squier Associates divided the reservoir impoundment into two distinct units (Stillwater 2000).  

Unit 1 consisted of sandy gravel with cobbles and boulders ranging in thickness from 2 m to 5.5 

m with the thicker portion closer to the dam.  Unit 2 lay under Unit 1 and was much finer.  It 

consisted of silty sand to sand with gravel and ranged in thickness from 4 m to 11 m.  Because 

Vertical Face 1 is near the top of the deposit and is only about a meter deep, I am assuming that 

our sample is within Unit 1 as defined by Squier Associates (Figure 5).    



 

Approximate 
location of 
Vertical Face 1

       Figure 5. Reproduction of reservoir stratigraphy from Stillwater 2000. 

 

As a river enters the area of water stilled by a dam it begins to drop its sediment load, 

starting with the coarsest materials (Vanoni 2006).  Any silt and clay present is deposited closer 

to the dam because smaller particles take longer to settle out.  As more sediment is carried into 

the reservoir the coarser sediment can move further out, creating a prograding delta that coarsens 

upwards (Vanoni 2006).  This pattern of sedimentation creates the two separate units that Squier 

Associates observed.   

 Our bulk sample was somewhat coarser than Squier Associates average results and 

correlates much better with their results for the upper bound of sediment sizes (Figure 6).  Where 

they found an average of 25.5% less than 8 mm (Stillwater 2000), our sample showed only 17% 

finer than 8 mm (Table 3).  Our 17% is much closer to their upper bound for Unit 1 which shows 

18% for the less than 8 mm category.  Our bulk sample continues to be coarser than the Squier 

Associates’ average and closer to the upper bound.  Consider our result of 45% finer than 64 mm 

with their average of 56% finer and their upper bound of 42% finer (Table 3).  We uncovered 

one boulder in our bulk sample; Squier Associates’ results show none (Stillwater Associates).  

Since one boulder can significantly skew a sample, depending on the sample size, consider the 

finer than 256 mm category.  Our bulk sample yielded 55% finer, while Squier Associates found 



80% finer for the average and 60% for the upper bound (Table 3).  Our pebble count is finer than 

the bulk sample, but still coarser than Squier Associates average for most grain sizes.     

Our results suggest that Unit 1 of the reservoir deposit was coarser than the Squier 

Associates results depicted (Figure 6).  Because a reservoir accumulates sediment in a similar 

way to a prograding delta, Chuck Podolak and I felt secure in assuming that our sample is 

characteristic of at least the top unit throughout the reservoir (Vanoni 2006).  Although, it is 

notable that Squier Associates was able to sample further up in the reservoir than we were, their 

map of the stratigraphy of the reservoir impoundment also shows Unit 1 extending to the very 

upstream edge of the reservoir.  One possible explanation for the discrepancy is that our sample 

is artificially coarser because it was near the top of the reservoir.  I cannot know whether this 

affected our sample without more detailed information about the stratigraphy of the reservoir 

sediment.  Yet in the summary of the Squier Associates data there is no mention of a gradient 

within Unit 1 (Stillwater 2000).   

 

Table 3. “Summary of Squier Associates (2000) interpretation of reservoir deposit.” 

(Reproduction of Table 4 from Stillwater Sciences (2000)) and our results from the bulk sample 

and pebble count of Vertical Face 1.  The percentages represent the amount of the sample that is 

finer than that size class. 

Size (mm) Upper Bound Lower Bound Average Our Results 
 Unit 1 Unit 2 Unit 1 Unit 2 Unit 1 Unit 2 Pebble 

Count 
Bulk 

Sample 
256 100 100   100 100 98.4 98 
128 60 99 100  80 100 75.40 55 
64 42 98 70  56 98.9 56.15 45 
32 31 93 53  42 96.3 36.36 30 
16 22 88 40  31 93.7 27.27 22 
8 18 81 33 100 25.5 90 20.32 17 
4 14 72 29 98 21.5 84.2   
2 11 63 23 90 17 75.3 6.42  
1 8 53 19 80 13.5 64.7   

0.5 4 42 13 64 8.5 50.5   
0.25 2 31 11 50 6.5 37.4   
0.125 1 15 4 32 32.5 19.5   

0.0625 0 0 0 10 0 0   
    



 
Figure 6. Unit 1 results from Squier Associates (Stillwater 2000) graphed with the results of our 

bulk sample and pebble count.  Points further to the left represent finer grain sizes. 

  

The procedure for completing the bulk sample of Vertical Face 1 was developed in the 

field, and as a result we most likely lost some finer sediment.  I will consider possible 

improvements to the procedure later in this discussion.  To test how sensitive our results are to 

this lost sediment I analyzed what would happen to the data if we had collected an additional one 

or two buckets of material less than 8 mm.  The maximum mass our scale could have weighed is 

35 kg, which is about the weight of a full bucket of fine material.  Accordingly, I added 35 kg 

and 70 kg to the less than 8 mm fraction and replotted the data (Figure 7).  From an original 

fraction of 17% finer than 8 mm, the new fractions became 18% and 20%, respectively.  The 

fractions of the other sizes changed only slightly, if at all.  As shown on the graph, losing one or 

even two buckets of material less than 8 mm does not shift the curve substantially.  Our results 

still suggest the reservoir deposit is coarser that previously thought.  

 



 
Figure 7.  Unit 1 results from Squier Associates (Stillwater 2000) graphed with the results of our 

bulk sample and possibilities for lost fine sediment.  Bulk Alt 1 represents 35 kg of lost sediment 

finer than 8 mm.  Bulk Alt 2 represents 70 kg of lost sediment finer than 8 mm.  Points further to 

the left represent finer grain sizes. 

 

My estimate of the reservoir volume without bedrock is higher than the estimate of 

Stillwater Sciences by about 300,000 m3.  This can be explained by the uncertainty of estimates 

of reservoir height at the dam and upstream extent and certain assumptions I made.  If the height 

of the reservoir were only 12 m instead of 13 m, the volume of the reservoir would be about 

994,000 m3.  If the reservoir were 200 m shorter than I estimated, the volume would be 

approximately 1,020,000 m3.  Lastly, if both conditions were true, the volume would be around 

945,000 m3.    

In addition there is inherent uncertainty in using air photos to map the edges of the 

reservoir. Because of shadows in the 2006 photos, I used 2008 photos for the very upstream 

extent of the reservoir.  There has not been much change in the river in the very upstream 

reaches since the dam removal in 2007, but it is always an approximation.  Tree overhang in the 

reservoir is minimal but present.  Also, polygons that are 50 m long will always miss some of the 

detail along the riverbank.  Finally, the assumption that has perhaps the biggest potential impact 

on the volume of the reservoir deposit is the assumption of the wedge shape.  Changes in the 



underlying bed topography and deposit surface can have significant impacts on the volume of the 

impounded sediment.  All of these factored together explain my estimate differing from 

Stillwater Sciences’ estimate.       

 Because we developed our procedure and techniques in the field and only had time to 

complete one sample on one vertical face there are several things that, upon reflection, I would 

do differently.  First I would like to have been able to sample more of the reservoir.  Time 

constraints only allowed us to do pebble counts on two faces and only one bulk sample.  More 

samples and samples farther upstream would result in more accurate and precise data.  Also the 

smallest sieve size we used was an 8 mm; I would have liked to have a 2 mm sieve to get more 

precise grain sizes.   

Another problem that we ran into during the sampling was that we were unable to secure 

the tarp directly in front of the vertical face and closely enough to the ground.  This caused 

sediment to build up in front of the tarp and probably fall under it as well.  Distinguishing 

between the fine sediment from the pit and the material slumped in front of the face was a rough 

estimation.  We were able to watch and pick up the coarser gravel and cobbles as they rolled 

down the tarp and catch them if they fell off.  One other unexpected variable was that our tarp 

had some small holes through which finer material could escape.  For anyone attempting this 

kind of sampling in the future I would recommend the following: get the tarp directly in front of 

the vertical face, secure it very well to the ground in front, and make sure there are no holes in it.  

Nevertheless our sample does not seem to be very sensitive to additional amounts of fine 

sediment (Figure 4).       

The bottom line is that even though our results suggest that the deposit may have been 

coarser, they also fall within the bounds of the Squier Associates study.  With more samples the 

overall result might fine and agree more with the Squier Associates data, or it might continue to 

be coarser.  The only way to know is to do more samples. 
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