
RIVER PROCESSES IN THE SANDY 
RIVER IN OREGON 

 
TEAM MARMOT 2008 

 
 

 
Kimberly N. DeVillier, San Francisco State University 

Dajana Jurk, University of Pennsylvania 
Cecilia Palomo, University of Texas at San Antonio 

Timothy A. Shin, University of Texas at Austin 
Katie Trifone, University of Wisconsin-Platteville 

 
 
 

 
 
 

 
 
 
 
 

Advisors: 
Chuck Podolak, Johns Hopkins University 

Dr. Peter Wilcock, Johns Hopkins University 
Dr. Diana Dalbotten, National Center for Earth-Surface Dynamics 
Dr. Kimberly Hill, National Center for Earth-Surface Dynamics 

 - 1 - 



         
  

Abstract 
 
The 2007 removal of the Marmot Dam in Oregon presented a unique opportunity to 
understand the ecological and geomorphological effects of dam removal. Graduate student 
Chuck Podolak, along with five undergraduate researchers, is studying the effects and 
changes caused by dam removal. The research team consisted of five undergraduate 
students, Barbara Palomo, Katie Trifone, Dajana Jurk, Kimberly DeVillier, and Timothy 
Shin. Individual research projects are completed by the undergraduate students to 
complement Chuck Podolak’s work. Research worked on in these studies include: study of 
stream gages along the Sandy River to predict water flow, interpolate and investigate bed-
surface changes, and effects of sudden increase in sediment load on downstream fining and 
Grain Size Distribution on bars and islands within the Sandy. Researchers found 
interesting results; these conclusions form a baseline for future research.  
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I. Team Marmot REU  

 

1.0 Introduction 

 Dams have been an important part of civilization for thousands of years and made 

it possible for humans to settle in previously uninhabitable territory.  The man made 

structures have helped manage the magnitude of water flow and prevent flooding.  In the 

past century, dams have been utilized to harness the power of water to produce electricity 

(Roff and Hart, 2002).  Most people see dams as a necessity that makes modern living 

possible and often do not realize that dams have design related life expectancies and as 

many dams come of age, their structures are in need of repair and update to modern 

standards.  These needed updates are often costly and even surpass the benefit of their 

maintenance all together.  In many cases, dam removal is a better alternative (Shuman, 

1995).  The removal of dams is not only a decision based on financial issues but gives an 

opportunity for the restoration of natural habitats for fish and other wild life.  A dam 

influences the river’s structure and function and changes its ecosystems by altering the 

downstream flux of water and sediment, thus changing the bed morphology.  It also creates 

barriers that make it difficult for fish and other aquatic organisms to reach upstream and 

downstream destinations such as spawning areas for adult fish and river outlets for 

migrating juveniles (Roff and Hart, 2002).  Dam removal is a relatively recent issue that is 

now gaining the interest of scientists, engineers, and the mainstream population.  A large 

number of dams in the United States have either reached the end of their life span or are no 

longer needed.  The 2007 removal of the Marmot Dam on the Sandy River in Oregon is a 

rare opportunity to observe and record the effects of dam removal, previously only studied 

in models, on a one-to-one scale.  The study of the effects of dam removal is currently a 
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research area still in its infancy.  The 2007 removal of the Marmot Dam on the Sandy 

River in Oregon provides a great opportunity to further expand on already existing data 

collected in the field and derived in models produced in the lab. 

The Marmot Dam, in Sandy, Oregon, was built in 1913 and removed in October 

2007.  It was one of two dams constructed for the Bull Run Hydroelectric Project that 

supplied the surrounding area with electricity.  In 1999 PGE announced the decision to 

close the dam making the project obsolete.  The nearly 100 year old, 47 foot tall dam, 

which impounded 730,000 cubic meters of sediment, was the largest dam in Oregon to be 

removed.  Dismantling the dam is expected to be beneficial for aquatic organisms by 

creating a natural passage way for migrating fish such as the Steelhead Trout and Chinook 

Salmon for example.  In addition to making the river once again free flowing, the dam 

removal will eliminate expensive maintenance costs to the 95-year-old plant and avoid the 

costs of extensive upgrades to bring fish protection up to modern standards.   

 

 2007 and 2008 REU Background  

The National Center for Earth-Surface Dynamics (NCED) undergraduate interns 

from Team Marmot 2007 conducted pre-dam removal research along the Sandy River, 

Oregon providing the base line for Marmot 2008 and subsequent teams.  The Marmot 2007 

team of five undergraduate interns and their graduate leader, Chuck Podolak,  acquiesced 

data of grain size distribution, vegetation and facies location, and water and land elevation 

by way of pebble counting, facies mapping, and surveying.  Marmot 2008 performed 

follow-up post-dam removal research to observe the changes in the reaches studied the 

previous year.  The team consisted of five undergraduate students, Katie Trifone, Timothy 

Shin, Barbara Palomo, Dajana Jurk, and Kimberly DeVillier. Each year, individual 
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research projects are completed by undergraduate interns to complement Chuck Podolak’s 

work and NCED’s Marmot research.  Subsequent findings are used to determine the 

validity of methods used specifically in researching the Marmot Dam removal and river 

morphology studies in general.  Team Marmot 2008’s individual research projects include 

compiling and interpreting data on Grain Size Distribution (GSD), investigating surface 

elevation changes over one year periods, and predicting flow patterns through gauge 

measurements throughout the Sandy.  Katie Trifone investigated yearly changes in surface 

elevation along three reaches in the Sandy River from 2005 to 2007. Dajana Jurk and 

Kimberly DeVillier analyzed GSD in two separate reaches.  Dajana Jurk studied the 

Oxbow Reach (OB) and Kimberly DeVillier studied reach B (located significantly 

upstream of OB) to determine changes in GSD since dam removal. In collaboration with 

Jurk, DeVillier, and Podolak, Timothy Shin interpreted both pre and post-dam removal 

GSD data to determine trends suggesting downstream fining in the Sandy.  Cecilia Palomo 

conducted stream-gauge comparison research to see if predictions with the flow-gauge data 

can be made.  Podolak and Team Marmot 2008 continued to gather data and perform 

research through surveying and mapping. The overall goal is to learn about and understand 

the morphodynamic processes of river mechanics and most directly, the major ecological 

and geological effects of a major dam removal on a river (Podolak, 2007). Through 

continued research, knowledge gained has applicability to the removal of non-

economically viable dams, improved construction of dams, and effective coastal and river 

restoration practices.  
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 2008 Team Marmot SAFL Experiments 

In preparation for conducting field research in Oregon, Team Marmot 2008 

conducted flume experiments at the Saint Anthony Falls Laboratory (SAFL) National 

Center for Earth-surface Dynamics (NCED) to model the Marmot Dam removal and 

observe sediment distribution.  We used a 20-inch wide flume and a concrete bulk mix for 

sediment.  We built a dam out of Plexiglas with a wooden frame which was placed in the 

upstream of the flume.  The frame allowed the dam to be removed and emplaced again 

easily.  To better imitate a channel bed, we covered the metal bottom of the flume by 

building a river bed using a sediment feeder.  Two runs of the experiment were conducted 

creating a channel with and without baffles downstream respectively.  Baffles were used to 

simulate curvatures in the river.  Changing this variable allowed us to observe differences 

in sediment distribution caused by the shape of the river.  Our observations of bed changes 

were recorded in timed aerial and cross-sectional photography throughout the experiment 

pre- and post-dam removal.  Among our observations were downstream fining, relatively 

quick release of reservoir sediment, and baffles slanting towards the downstream 

simulating imbrications of rocks into the most stable position in a flowing river.  

 

 

 

 

 

 

 

 



2.0 Discharge Comparison 
by:  Barbara Cecilia Palomo 
 

Introduction: 
The United States Geological Survey (USGS) is a government agency and a division of the 

Department of the Interior.  USGS has streamgages along the Sandy River which record 

the discharge and water level of the river (Figure 1). This data is sent via satellite to the 

USGS office in Portland every four hours. Three gages are present in the Sandy River Bull 

Run hydro project (Figure2). The most upstream is gage 14137000, which is near the 

Marmot dam.  Gage 14136500 is downstream from the Marmot gage and near the 

Brightwood hatchery, while gage 1412500 is furthest downstream toward the Columbia 

Gorge and just downstream of the Bull Run River and Sandy River intersection.  Graham 

Matthews & Associates (GMA), and independent surveying company, have installed a 

gage between the Bull Run and Marmot gages (Figure 2). The gauges above the Bull Run 

may give an estimation of the expected outcome of discharge at Bull Run. 

Figure 1:  USGS Streamgage                                                          

           
http://water.usgs.gov/waterwatch/?m=real&r=or 
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Figure 2:  USGS streamgage locations on Bull Run hydro project 

  
1. 14142500 near Bull Run (1911-present), 2. 14136500 Revenue Bridge (October 

2006-present), 3. 14137000 Marmot Dam (1911-present), 4. Brightwood 
(8/03/2008-present). 

http://home.safl.umn.edu/khill/reu/team_marmot/ 
 

 

Methodology 

USGS is one of the 23 federal agencies that will continue to monitor the river. 

Streamgages obtain streamflow data by:  a continuous record of discharge relative to a 

stage or gage height. USGS streamgages are accurate to the nearest .01 foot or .02 percent. 

All stream heights are measured relative to a datum and are measured on cubic feet per sec 

(cfs). Discharge is the volume of water moving downstream per a unit of time (Figure 3). 

Discharge is computed using the area of water in a channels crossection multiplied by an 

average velocity (Figure 3): 

Discharge=area x velocity 
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http://home.safl.umn.edu/khill/reu/team_marmot/


Data obtained from USGA archives will be compared in a hydrograph, so that a 

relationship can be distinguished between the three gages.  GMA’s gage will not be 

compared because the gage data collected was consistent with the Brightwood gage and is 

considered irrelevant. 

Figure 3: Discharge Area 

 

Streamgage Comparison 

Hydrographs are used to view and compare the discharges of Brightwood and Marmot 

relate to the total flow at Bull Run (Figure 4). Two individual hydrographs are used to 

determine what percent of the total discharge that Brightwood and Marmot contribute to 

the Bull Run gage (Figure 5, 6).  Discharge is plotted against time. A streamgage 

comparison enables one to verify that the gages do work. The  idea is that Brightwood 

gage feeds into Marmot gage which feeds into the Bull Run gage and there sums should 

add up to the total discharge of the Sandy River beginning from the Brightwood gage. 

GMA’s data on their independent gage at the Revenue Bridge, coincided with the data 

from Brightwood so their data was considered negligible. Because there were over 36,000 

streamgage data points, a one to one graph relationship between any of the gages was not 

possible.     
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Figure 4: 5 year Hydrograph of all Bull Run, Marmot, and Brightwood 

 
 
Figure 5: 5 year Hydrograph of all Bull Run vs. Marmot 
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Figure 6: 5 year Hydrograph of all Bull Run vs. Brightwood 

 
 
Figure 7-Discharge Differences between Bull Run, Marmot, and Revenue Bridge 
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Summary and Recommendations 

 It was verified that the sum of the Marmot and Revenue gages did add up the Bull 

Run discharge. It is unclear as to some of the discrepancies in the percent differences. A 

few times the discharge total at Bull Run was more than that of the combined Marmot and 

Brightwood gages. Further historical investigation is needed in these discrepancies. Bull 

Run and Marmot gage also had a discharge area, but Brightwood did not.  This may 

account for the discrepancies. Because downstream fining is directly related to streamflow, 

these two subjects should be joined to compare their direct relationships. It has only been 

11 months since the removal of the Marmot dam and too soon to have a true comparison of 

the streamgage data thereafter.  
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 Streamgages have a discharge area or the geographical area draining into a 
river. 
 
 
 
 
 
 
 
 
 
 
 
http://waterdata.usgs.gov/OR/nwis/current/?type=flow 
What I’m always looking for 
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http://waterdata.usgs.gov/OR/nwis/current/?type=flow
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3.0 Interpretation and Analysis of Bed-Surface Changes Using  
     Digital Elevation Models 
 
By: Katie Trifone, University of Wisconsin-Platteville 
 

Abstract 

Dam removal as a method of conservation and restoration of fish habitat is taking place 
more often now than in the past.  Little is known on the effects downstream of the dam 
removal on aquatic life and sediment distribution.  In 2007, the Marmot Dam was removed 
from the Sandy River in Oregon.  Graduate student Chuck Podolak, along with five 
undergrad students, is studying the effects and changes caused by dam removal.  The goal 
of this research was to understand how much sediment distribution and water distribution 
occurred on the river pre-dam removal.  Data collected through surveying techniques was 
analyzed along several reaches on the Sandy River.  The data was compared using ArcMap 
and Digital Elevation Models (DEM).  The main focus of the project included data 
collected during a year with no significant activity and during a year where there was a 
flood event, the purpose was to provide a base-line for future research.  During a year with 
no significant activity there was little change in the river and in the year with a flood event 
there were distinct changes to the river morphology. 
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Introduction 
In 1913, Marmot Dam was built to divert water to a hydroelectric dam run by Portland 

General Electric (PGE).  According to the decommissioning plan filed by the PGE 

Company, the necessary improvements required to continue use of the dam would 

outweigh the economic benefits to the company (PGE 2002).  Approximately 900,000 

cubic yards of sediment accumulated behind the Marmot dam.  In 2007, the dam was 

removed.  Dam removal has quickly become a new method of conservation and restoration 

of fish habitat.  Very little is known on the effects of dam removal on the downstream river 

channel.  Graduate student Chuck Podolak, Johns Hopkins University, is researching the 

changes that have and will occur along the Sandy River, OR after the removal of the 

Marmot dam.   

 

 The goal of my project is to understand what has happened so far on the river during a 

year with no significant activity and during a year where there was a flood event to provide 

a base line that can be used by Chuck if needed. The research is centered on three reaches, 

A1, A2, and B, along the Sandy River, OR (Figure 3.0).  Elevations taken from 2005 and 

2006 will be compared and a standard bed change from year to year will be provided.  

There were no significant events considered abnormal or uncommon for the area during 

that year.  Data comparison of 2006 and 2007 includes a large storm event that created a 

flooding event along the Sandy River.  On November 17, 2006, there was a large storm 

event with 11.5 inches of rainfall in a 24 hour period.  The storm was described as 2-5 year 

large debris flow.  The label of large storm event was used to identify the more than 29 

inches of rainfall during the incident that effectively flooded the Sandy River.  Elevation 

data from 2006 and 2007 provide information on the amount of scoured and accumulated 



sediment along the river bed after a large storm event.  With this research Chuck can 

produce an accurate model to predict changes in rivers after dam removal.  In working with 

Chuck and the data that has been collected thus far, I have analyzed and interpreted the 

pre-dam removal changes in bed surface along the Sandy River from 2005-2007.   

 

Figure 3.0. The Sandy River watershed, located east of Portland, OR and fed by the 
melt water of Mt. Hood.  The three reaches studied in this project are located on the 
upstream end of the Sandy River. 

 

 

Background 

A review of recent literature on methods for channel surface measurement provided 

information regarding collection of surface elevation.  Articles by Chnadler, J.P., et al. 

(2002) and Westaway, R. M., et al (2003) utilized two methods of data collection because 

one technique only provided elevation measures for exposed river channel surfaces.  An 

article by Brasington, J., et al (2000) used a method to collect both dry and wet river 
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channel data.  The data analyzed in my project was collected by Chuck Podolak and a 

Graham Matthews and Associates (GMA) crew using transect lines and a total station 

through ground surveying.  Methods presented in the three papers for measuring river 

channel elevations include: digital photogrammetry and image analysis, oblique digital 

imagery and automated digital photogrammetry, and high resolution global positioning 

system.   

 

In 2003, R.M. Westaway, S.N. Lane, and D.M. Hicks published their findings on the use 

of digital photogrammetry and image analysis to survey braided rivers. With digital 

photogrammetry topographic information can be obtained through aerial photographs.  The 

authors found that the photogrammetry technique was applicable only on dry ground with 

no vegetation interference.  Digital photogrammetry enables high spatial resolution, 

distribution, and elevation mapping to occur through aerial photographs. 

 

An alternative technique investigated by Jim Chandler, Peter Ashmore, Chris Paola, Mike 

Gooch, and Fred Varkaris is oblique digital imagery and automated digital 

photogrammetry.  The technique significantly reduced surveying time and increased study 

area.  Photographs were taken of the dry river sections and field survey methods were 

applied to the wet.  Collectively, the two survey techniques provided elevation 

measurements to generate DEMs.  The main problem when using these two techniques 

comes when the two survey methods are performed on different days.  The authors found 

this technique to be of considerable importance for mapping and distinguishing between 

wet and dry areas of the river.  
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The third paper, by J. Brasingon, B.T. Rumsby, and R.A. Mcvey, utilized a Global 

Positioning System (GPS) method to obtain topographical survey data.  GPS has the 

capability to measure elevations in submerged and exposed reaches of rivers.  Both wet 

and dry locations were surveyed and analyzed with the one technique.  The technology 

allowed for individual bar or bed section as well as significant elevation drops to be 

surveyed separately.  The authors reported a 95% confidence interval in the accuracy of 

their data and normal distribution of the data.  The authors found that their results 

produced a dependable baseline upon which future river channel studies may be based. 

   

The three methods all seem to produce reliable fast information to yield high resolution 

DEMs.  I can understand the benefit and convenience provided by photogrammetry 

techniques that traditional surveying methods lack.  In each technique some amount of 

ground survey was required.  Future river research could use a combination of 

photogrammetry and GPS methods to measure river channel elevations. 

 

Methods 

Chuck Podolak provided Digital Elevation Models (DEM) of the three reaches from 2005-

2007.  The DEMs are comprised of thousands of 3’ by 3’ cells that represent the ground 

surface.  Each cell signifies an interpolated elevation for the area and was done using 

Geographic Information System (GIS) Software ArcMap.  The DEMs were produced by 

interpolating points surveyed at multiple transects across the Sandy River channel.  After 

the DEMs were created I used the data to make a DEM that represents the change in bed-

surface over a one year period.  One DEM is subtracted from another to produce a DEM 



that demonstrates the difference in bed-surface elevation over a year period (Figure 3.1).  

Each cell is subtracted from the corresponding cell in the next DEM. 

 

- 20 - 
  

 

 

 

 
 
Figure 3.1  DEM of Reach B in 2007 was subtracted from Reach B in 2006 to produce a DEM of the 
difference in elevation.  In the new DEM areas where there was greater than 2 feet of sediment gained was 
highlighted in green and 2 feet of sediment lost was highlighted in red. 
 
 
The numerical differences of elevation in each cell were analyzed in Excel.  The frequency 

in occurrence of an elevation change in feet was calculated using the histogram analysis 

tool.  The histogram provides the percent of change in the reach.  From that information 

the percent of change between -2 and 2 feet could be calculated.  The DEMs produced in 

ArcMap identified where the changes occurred.  A two foot difference was used based on 

the size of sediment making up the Sandy River bottom.  Sediment size varied from sand 

to boulders greater than 3 feet wide.  Also, surveying methods from year to year could vary 

the measurements depending on the location of the survey point.  Because of the varying 

sediment size and survey methods, changes greater than two feet were considered actual 

changes in the bed surface elevation by Chuck Podolak and me.  The areas of elevation 

change greater than 2 feet were interpreted and explained.   

 

Results and Discussion 



 The year from 2005 to 2006 was an average water year without high flows.  This one year 

period represents a normal year of river activity. In each reach there was some changes to 

the river through out the year, generally they were minimal or are explained by the usual 

dynamics of the river.  In the spring of 2006 after the surveying was conducted for that 

year a large storm and flood event occurred in the area.  From these three reaches, there are 

identifiable changes to the river since the turbid flood affected the bed surface. 

 

 

Reach A1 

Reach A1 is located directly below the Marmot Dam removal site.  There are few to no 

bars in the channel area (Figure 3.2).  

    

 
Figure 3.2. Base Map of reach A1 provided by Chuck Podolak.  The yellow outline is the extent of the 
reach A1 DEM. 

 
 

From 2005 to 2006 there was only sediment loss in the reach.  Along the left edge of water 

there was scouring of the sediment (Figure 3.3).  According to Chuck Podolak, who saw 

the river at this time, the thalweg of the river ran along the left edge.  The location of the 

thalweg would explain why there was no sediment deposition and only sediment loss 

occurring.  According to the histogram for the changes between 2005 and 2006, 98.9% of 

the cells had an elevation change with in 2 and -2 feet of the previous years surface 

elevation.   
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The river channel changes from 2006 to 2007.  Instead of sediment loss there was 

significant sediment deposited along the bed-surface.  Areas that were scoured out the year 

before appear to have been filled with sediment.  The left edge of water where there was 

scouring now had sediment accumulated along the bank.  The upstream end of the river has 

a large area of sediment deposited on the right edge of water.  Because the thalweg was on 

the left edge and the slower water on the right edge, high sediment loaded water from the 

flood would deposit sediment as it flowed in the slower moving water.  According to the 

histogram there was a high of four feet of sediment accumulated in the reach, which was 

possible given the added sediment to the system from the flooding event.  The histogram 

also calculated only 96% of the cells being with in the +/- 2 foot of elevation change.  This 

was nearly 3% less than the previous year, which indicated a change in the river from 2006 

to 2007. 
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Figure 3.3. The top graphs are histograms representing the frequency of elevation change in feet for 
reach A1 from 2005 to 2007.  The bottom boxes are DEMs of reach A1.  The left DEM shows the 
elevation change from 2005 to 2006 and the right shows the change from 2006 to 2007.  The red 
indicates loss of sediment and the green indicates sediment gained. 

 
 
 

Reach A2 
 
Reach A2 is located downstream of reach A1 and the Marmot Dam site (Figure 3.0).  

There is a bar on the left edge of water and shallow water at the downstream portion of 

reach A2 (Figure 3.4).   

 
 



   
Figure 3.4. Base Map of reach A2 provided by Chuck Podolak.  The yellow 
outline is the extent of the reach A2 DEM. 

 
 

During the one year period from 2005 to 2006, there was minimal change in the Sandy 

River.  Analysis of the two DEMs presented areas of sediment loss occurring near the 

channel edges (Figure 3.5).  The red area indicated sediment erosion on the left edge of 

water is occurring upstream of a bar.  According to the histogram for this period of time, 

0.3% of cells in the DEM had elevations greater than 2 feet or less than -2 feet.  99.7% of 

cells in the DEM created when the 2006 DEM was subtracted by the 2005  DEM had 

elevations between 2 feet and -2 feet.  
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Figure 3.5. The top graphs are histograms representing the frequency of elevation change in feet for reach 
A2 from 2005 to 2007.  The bottom boxes are DEMs of reach A2.  The left DEM shows the elevation change 
from 2005 to 2006 and the right shows the change from 2006 to 2007.  The red indicates loss of sediment and 
the green indicates sediment gained.  
 

The DEM of 2006 to 2007 depicted interesting changes in the channel (Figure 3.5).  The 

upstream portion of the reach had a concentrated area of sediment loss.  The fastest part of 

the water was located along the right side of the channel and the red cells indicate an area 

of scouring and possibly the development of a pool.  According to the histogram and DEM 

attributes table there was up to 5 feet of sediment lost in some areas.  In the downstream 

portion of the reach there was a shift in water movement.  Originally the thalweg of the 

water had run along the right edge of water.  After the flood event the thalweg appears to 

have shifted to the center of the channel.  There green area along the right edge of water 

suggests a deposition of sediment in the area.  The fastest part of the channel used to be 

closer to the bank and now it is running down the center of the channel and depositing 



sediment.  In addition to the change in the channel, there was an increase in scouring along 

the left edge of water.  The flooding possibly changed the amount of water that usually 

entered the side channel, creating faster water along the left edge and increasing sediment 

movement rate.  

 
 

Reach B 
 
Reach B is the downstream most reach along the Sandy River included in this research 

(Figure 3.0).  There is a bar in the middle of the channel called Middle Island and a bar 

along the left edge of water (Figure 3.6). 

 
Figure 3.6. Base Map of reach B provided by Chuck Podolak.  The yellow outline 
is the extent of the reach B DEM. 
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From 2005 to 2006, there was sediment loss along the left edge of water through most of 

the reach and along the right edge of water at the downstream end of the reach (Figure 

3.7).  In this reach along the left side of the channel there is a side channel.  The speed of 

the water in the side channel is strong enough to cause scouring along the bank.  The 

downstream sediment loss is most likely to the fast moving water upstream of a bar that 

was not included in reach B.  According to the histogram and DEM attributes table 99.07% 

of the cells had an elevation change within +/- 2 feet.  Most of the bed surface has not 

change in the one year period.   
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Figure 3.7. The top graphs are histograms representing the frequency of elevation change in feet for reach B 
from 2005 to 2007.  The bottom boxes are DEMs of reach B.  The left DEM shows the elevation change 
from 2005 to 2006 and the right shows the change from 2006 to 2007.  The red indicates loss of sediment and 
the green indicates sediment gained. 
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From 2006 to 2007 there was significant change in the river dynamics of reach B.  

Sediment accumulated on the downstream end of Middle Island during the large flood 

event and remained there after the water level dropped to normal. With the increase in 

water, sediment, and speed of water during the flood event the side channel scoured out the 

bottom of the river bed and deepened the pool.  Where the side channel meets the main 

channel there is an area of deposition on the left side.  The side channel must slow and turn 

right when it hits the main channel causing sediment to be deposited along the left edge of 

water, where water movement has slowed.  The flood of 2006 was strong enough to 

change the course of the side channel and deposit up to 5 feet of sediment in some areas 

and removed close to 6 feet of sediment in others.  According to the histogram for this 

reach, only 96.75% of the cells contain an elevation change within 2 feet of the previous 

year’s bed-surface.  Overall, the flood in 2006 caused changes in river morphology of the 

Sandy River. 

 

Summary 

The results interpolated in this research offer an idea of changes in the Sandy River 

morphology during a year with relatively normal water flow levels and after a flood event.  

I believe it is possible to compare interpolated data to detect changes in the river.  The 

analysis of changes during the three years in this research presented interesting results and 

observations.  A comparison of Digital Elevation models provided useful information on 

the changing morphology of the Sandy River after the storm event.  It is my opinion this 

method of analysis offers valuable results and an effective option for interpreting the 

changes occurring within the channel.  From my research I was able to interpret possible 
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changes in the river. I predict further investigation of the data collected after the removal of 

Marmot dam will present substantial and evident changes to the Sandy River. 
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4.0 Effects of the Marmot Dam Removal on Grain Size Distribution in the B Reach 

By: Kimberly N. DeVillier, San Francisco State University 

 

Introduction 

This portion of the team research focuses on grain size distribution and facies 

changes in the areas that Team Marmot 2007 termed Reaches B1 and B2 (Refer to Figures 

4.03 and 4.09). In the 50km reach from the Marmot Dam site to the confluence of the 

Sandy River with the Columbia River, Reach B1 is 11km downstream of the dam site and 

Reach B2 is 15km downstream. Before the dam removal, the river bed was characterized 

as mostly having a sand and boulder facies (Podolak, 2007). The reservoir sediment that 

has been released was physically distinguished into three units. The upper layer of 

sediment was composed of sandy gravel with cobbles and boulders and ranging in 

thickness from six to eighteen feet, thickening towards the dam. The lower layer was 

composed of finer sediment, silty-sand to sand with gravel, 13-35 feet in thickness. Below 

this unit was the original channel bed deposited before the dam (Portland General Electric, 

2002). The author expected that most of the sand has washed downstream past Reach B 

without being deposited there while the larger gravel, cobbles, and boulders have not yet 

been carried to this reach. Hence, the author hypothesized that the grain size distribution of 

Reach B had not changed significantly since dam removal. 

Though this research focuses on just a portion of the river which has been affected 

by the dam removal, these results will be compared with those of Dajana Jurk, who also 

performed research on grain size distribution in a different reach of the Sandy River. The 

reach that she focused on was named the Oxbow Reach by Team Marmot 2007 and she 

expected to have a much different distribution than Reach B, since it is more sinuous and 
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further downstream from the dam site. Using data from both reaches, the river’s response 

in different areas can be compared and may show that the entire river does not react the 

same way. Timothy Shin worked in collaboration to describe the downstream fining of the 

Sandy River. Each of these three research projects contributes to a larger effort to describe 

how grain size distribution has changed in the downstream reach. 

Literature Review 

Most research has been conducted on low-head dams because these are most 

commonly occurring and they have been readily decommissioned in recent times. 

Although the Marmot Dam was large, studies in low-head dam removal contribute 

extensively to our understanding of how stream systems respond to large sediment release. 

Cheng and Granata (2007) conducted pre and post-dam removal surveys of the 

Sandusky River in Ohio to study adjustment in channel geometry, changes in transport 

rates, changes in grain size, and links between sediment transport and channel adjustment. 

They studied the river post-dam removal for a ten-month period. The St. Johns Dam was a 

low-head dam 2.2 m in height, originally constructed to generate power and for water 

supply in the early 1900s. The dam held back an estimated impoundment of about 0.2 x 

106 cubic meters of sand and gravel, though this sediment did not fill right up to the dam. 

There was about a meter of space directly behind the dam that was not filled with 

sediment. To survey the river, seven stations were set up, three upstream and four 

downstream, with the upstream most station being a control station indicating normal 

Sandusky River behavior since it was unaffected by the backwaters of the dam. 

To evaluate deposition and erosion in the channel, pre- and post-dam removal 

images from Digital Elevation Models (DEMs) were compared and an equation was used. 

To characterize grain size, Cheng and Granata used the Wolman pebble counting 
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technique, randomly walking cross-sections at the stations and repeating the count at least 

once per station for better accuracy. To measure change in sediment transport, pit traps 

were set up at various stations and its contents were dried and sieved using US standard 

sieves. 

Before the dam was removed, sediment downstream was coarser than in the 

upstream. After dam removal, the upstream and downstream right around the dam site 

degraded slightly while most of the downstream had aggraded with at least 40% finer 

sediment. The pit traps showed this fining in the downstream transport however over the 

course of ten months post-dam removal, the sediment being trapped approached the same 

grain size as at the control station upstream. Channel slope decreased significantly, 

especially in the reservoir, due to impoundment sediment filling depressions in the 

reservoir and flowing downstream. Because of the filling and decrease in slope, much less 

material was transported downstream than expected. At three km downstream from the 

dam, only 1% of the reservoir sediment had been transported. Cheng and Granata 

calculated that if channel slope doubled, sediment transport would be multiplied 3.2 times. 

Transport would decrease just as much if slope decreased by half. In conclusion, the 

distribution of sediment upstream and the upstream slope had significant impacts on 

sediment transport and account for why there is not a large volume of reservoir sediment 

found downstream, though it was shown that the downstream got finer (Cheng & Granata, 

2007).  

 Cui (2007) used The Unified Gravel-Sand (TUGS) model to simulate a 50-km 

reach of the Sandy River in Oregon from the Marmot Dam to the confluence of the Sandy 

River and the Columbia River. This model is very complex, taking into account many 

components of sediment transport and fluid dynamics. Cui did eight runs of the Sandy 
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River using this model with Run 1 being a baseline run to compare the others to. In the 

seven other trials, different aspects including discharge, sand supply, and effect of 

backwater from the Columbia River were adjusted to observe how well the model could 

project real life behavior of the Sandy. The backwater effect of the Columbia River was 

ignored in every trial. For each different scenario, the model was run in that particular 

mode until it reached a quasi-equilibrium state and then the actual observed run would go 

for ten years, as dictated by previous hydrographic modeling projects. 

 Run 1 showed that maximum annual aggradation and degradation occurs about 

10km upstream from the joining of the Sandy with the Columbia River at a rate of less 

than 0.2m per year. In addition, gravel transport rate and sand transport rate are inversely 

related in the downstream direction where the sand transport rate increases because gravel 

is increasingly abraded going downstream. Downstream from the confluence of the Sandy 

with the Bull Run River, which is upstream from the Columbia River, subsurface sand 

decreased, most likely due to a large influx of discharge from the Bull Run River and a 

very small increase in sand supply. Pebble counts simulated by the model give a picture of 

only the particles carried by flow, whereas the traditional Wolman pebble count may 

include grains brought to the surveying site by debris flow or local slope failure. Cui 

argues that the pebble counts generated by the model are therefore more representative of 

grain size distribution caused by river flow. 

 In Runs 2, 3, and 6, sand supply was adjusted and the model found that there is a 

positive correlation between surface and subsurface sand fraction and sand supply. The 

surface reacts more strongly to change in sand supply than the subsurface does. It was also 

found that less sand is deposited when discharge is increased but sediment supply remains 

constant.  
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 In Run 7, the survey area was focused on the upstream portion of the Sandy River. 

Here, the model properly predicted the stratification of the reservoir sediment as observed 

in the field where the top layer is mostly gravel, below that is a more sandy layer, and at 

the very bottom is the original channel bed from before installation of the dam. 

 In conclusion, when compared to field data from the Sandy River, TUGS model 

predicted similar grain size distribution via changes in hydroregime and sediment supply. 

The model also gives more specific grain size information and helps to single out cause 

and effect of different river dynamics. 

 Lorang and Aggett (2005) studied a series of five dams on Icicle Creek, 

Washington to observe potential impacts of sedimentation upon dam removal. The five 

low-head dams were constructed for a fish hatchery around 1940 to help capture migrating 

salmon for harvesting eggs and sperm. Concerns with post-dam removal sedimentation 

include suffocation and abrasion of habitats and life forms and whether the creek will be 

strong enough to turn over the sediment load on its own and over what time span. 

 To understand how the trapped sediment behind the dams would affect the creek 

upon release, it was necessary to get an estimate for how much sediment the dams trap and 

to know the sources of sediment transport, meaning how much would be carried from other 

joining creeks or from natural abrasion of the banks. Photogrammetry as well as Digital 

Elevation Models (DEMs) was largely used in this study to be able to view a time series of 

the same locations. DEMs were subtracted from one another to estimate the reservoir 

sediment although this method is less reliable with smaller dams. In addition to DEMs, 

sediment was surveyed with metal probes to measure depth, pebble counts, digging pits, 

and coring. All samples were sorted through seven sieves ranging from clay size to pea 
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gravel. To assess whether the creek could digest a large sediment release, two equations 

were used which evaluate shear stress and flow depth. 

 Lorang and Aggett found that the dams trapped approximately 36,000 cubic meters 

of sediment plus or minus 4000 cubic meters. Though this number seems large, they found 

that sediment released from bank erosion was more the volume of the impoundments. 

They also found that with the major fire in 1994 which burned out all vegetation, hill-slope 

erosion increased and therefore more coarse-grained material was carried downstream. In 

addition, the annual flooding is enough to wash out suspended sediment within a relatively 

short time frame of a few years. As noted with other studies of low-head dams, detrimental 

effects of sedimentation on salmonid habitat are short-lived and are not great. 

 To study the effects of dam removal and grain size distribution, it is important to 

understand measuring techniques and different types of modeling to try to predict what 

happens in the field. Cui developed TUGS model and adapted it to use on the Sandy River 

and accurately projected sediment stratification, grain size distribution, and effects of 

changing different hydrodynamic parameters. Evaluating a stream’s potential to digest 

sediment as it fines downstream is very important to understanding how biota will be 

affected. Studying these smaller dam removal research projects has provided background 

for how my research should be carried out and what factors I should be conscious of when 

conducting my field work in order to try to predict the outcome more accurately and be 

thorough in my research. 

Methods 

 Team Marmot 2007 identified and named the bars where data was collected in 

2008. In Reach B1, three bars were studied: Bottom Island, Middle Island, and Upper 
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Island. In Reach B2, four bars were studied: Apex Island, Cliff Bar, Gregg’s Island, and 

Right-side Bar. 

 Bars were separated into facies where grain size was measured per facies. Bars 

were first facies mapped by hand on GIS printed maps, often with the aid of a GPS Garmin 

device in which control points were previously entered and which also appeared on the 

maps. Each facies was named by grain size with the most abundant grain size at the 

beginning of the name and the least abundant at the end. Only those grain sizes which 

appeared in significant amounts were included in the name although other grain sizes may 

be present within the facies. 

The Wolman pebble counting technique and a gravelometer were used to determine 

grain size. Using this pebble counting technique, grains were measured at 0.5m to 1m 

intervals along 100m tapes lain across each facies. In most facies, three tapes were laid 

down to count 300 grains although in some larger facies, 400 grains were counted and in 

smaller facies, 200 or 100 grains were counted. Tapes were laid to give equivalent 

coverage to all areas of the facies that were accessible and over areas that had atypical 

grain size for the facies to give accurate grain size representation in the pebble counts. For 

example, if a facies was named “Boulder cobble gravel” but there was a patch or two of 

sand, the tape would intentionally be laid to include these sand patches so that they would 

not go unaccounted for in the pebble counts. If a facies was too narrow to lay several tapes 

alongside one another at least two meters apart, grains would be counted every half meter 

or rarely, every third of a meter. 

 Using a gravelometer, grains were measured by the largest sieve size they could not 

pass through (Refer to Figure 4.01). They were classified into the following categories: 

mud, <2mm, 2mm, 8mm, 11mm, 16mm, 22mm, 32mm, 45mm, 64mm, 90mm, 128mm, 



180mm, 256mm, 0.5m, and >1m. Particles less than 2mm were considered sand though 

mud was determined qualitatively. Particles 2mm to 45mm were considered gravel. 

Particles 64mm to 180mm were considered cobbles. Particles 256mm and larger were 

considered boulders. Sieve sizes were lumped into these categories because the grains 

behave similarly in the fluvial system.  

 
Figure 4.01  Using a gravelometer to measure a grain. Image taken from http://www.albertscientific.com/ALSCI5opt.jpg 
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Figure 4.02  Pebble count data in field book. 

 GIS and Excel were used to analyze all grain size data. Podolak used GIS to derive 

facies and bar surface areas and provide maps; he used Excel to find the D16, D50, D84, and 

fraction of sand for each facies. D16 is the grain size at the 16th percentile of the GSD, D50 

is at the 50th percentile and is the median, and D84 is at the 84th percentile. The grain sizes 

at the 16th and 84th percentiles are used in addition to the D50 to provide a range of grain 

sizes. The 16th and 84th percentiles were chosen because they are each two standard 

deviations from the median, which means they encompass approximately 90 percent of the 

data. Fraction of sand is the percentage of the grains that are sand sized. 

To calculate average grain size and fraction of sand per bar and reach, it was 

necessary to use a weighted average because not all facies were of equal surface area. For 

each of these, the grain size, or percentage sand in the case of fraction of sand, was 

multiplied by its corresponding surface area and that product was divided by the total 
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surface area that it is part of. This way, each piece of data contributes to the average in 

proper proportion. For example, to calculate the weighted average D16 for a bar, the sum of 

the products of each facies’s D16 multiplied by its own area would be divided by the total 

bar area. These same types of calculations were done to find the weighted average grain 

sizes for entire reaches. 

Results and Discussion 
Reach B1 

 
Figure 4.03  Bar name map of Reach B1. Courtesy of Chuck Podolak. 
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Figure 4.04  Average grain size of the 16th percentile in Reach      Figure 4.05  Average grain size of the 50th percentile in 
Reach  
B1.                B1. 
 

    

 
Figure 4.06 Average grain size of the 84th percentile in Reach       Figure 4.07  Percentage sand in Reach B1. 
B1. 
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Figure 4.08  Average grain sizes for the 16th, 50th, and 84th percentiles for Reach B1 as a whole. 

Reach B2 
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Figure 4.09  Bar name map of Reach B2. Courtesy of Chuck Podolak. 
 

    

 
- 42 - 

  



Figure 4.10  Average grain size of the 16th percentile in Reach      Figure 4.11  Average grain size of the 50th percentile in 
Reach  
B2.                B2. 
 

    

 
Figure 4.12  Average grain size of the 84th percentile in Reach      Figure 4.13  Percentage sand in Reach B2. 
B2. 
 

 
Figure 4.14  Average grain sizes for the 16th, 50th, and 84th percentiles for Reach B2 as a whole. 
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Figure 4.15  Average grain sizes for the 16th, 50th, and 84th percentiles for Reach B as a whole. 

Table 4.01  Weighted average grain sizes as evaluated for Reach B as a whole. 

Reach B D16 (mm) D50 (mm) D84 (mm) 
2007 8 70 226 

2008 10 69 224 

Table 4.02  Legend for bar abbreviations and bar surface areas. Modified from Chuck Podolak. 

Bar Abbreviation Bar Name 
Bar Area (sq. ft.) - 
2007 

Bar Area (sq. ft.) - 
2008 

Reach 

BI Bottom Island 158900 56210 B1 
MI Middle Island 18290 16990 B1 
UI Upper Island 151950 44360 B1 
AI Apex Island 52910 63230 B2 
CB Cliff Bar 83380 59430 B2 
GI Gregg's Island 77990 77820 B2 
RB Right-side Bar 129380 130390 B2 

 A total of seven bars were counted in Reach B. The total area covered in Reach B1 

decreased from approximately 329140 square feet in 2007 to 117570 square feet in 2008 

due to high water flow in 2008. In Reach B2, the surveyed area decreased less dramatically 

than in B1 from approximately 343656.0402 square feet in 2007 to 330870.4138 square 

feet in 2008 (Refer to Table 4.02).  
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 In Reach B1, Bottom Island and Upper Island had uniform changes in D16, D50, and 

D84. At Bottom Island, there were only slight decreases while at Upper Island there were 

slight increases in grain size (Figures 4.04-4.06). Bottom Island seemed to fine and it is 

suggested in its increase in sand (Figure 4.07). Upper Island coarsened and this is reflected 

in the decrease in sand (Figure 4.07). Middle Island appears to have changed more than the 

other parts of the B1 Reach with a slight fining. The data here pointed to a large increase in 

fine sediment and small decreases in coarse grains (Figures 4.04-4.06). Overall in Reach 

B1, D16, D50, and D84 suggest that grain size changed little from 2007 to 2008 (Figure 

4.08). 

 In Reach B2, the data suggests that Cliff Bar had a decrease in grain size while 

Gregg’s Island had an increase although changes were slight in both locations (Figures 

4.10-4.12). Furthermore, these patterns seemed to be reflected in the fraction of sand 

(Figure 4.13). For Apex Island, grain size distribution became less spread out where fines 

got larger and coarse grains got smaller (Figures 4.10-4.12). At Right-side Bar, fines 

appeared to increase but coarse grains remained approximately the same size (Figures 

4.10-4.12). This is reflected in the increase in sand for the bar (Figure 4.13). For Reach B2 

as a whole, grain size seems to have barely changed (Figure 4.14). 

 Looking at Figure 4.15 and Table 4.01, taking Reach B as a weighted average of 

Reaches B1 and B2, the data suggests that the area has not changed in grain size since the 

removal of the Marmot Dam. Though some individual bars seemed to exhibit dramatic 

changes, these occurrences are likely due to the particular bar location and the data from 

these are not fully representative of all the sediment that has been transported from behind 

the dam. The Reach B averages give a better perspective of the degree to which the reach 
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has changed because the effect of the area of each bar cannot be seen in the graphs that 

show each bar. 

 Some sources of error that may occur in the data include human error in data 

collection. Six people measured rocks so differences in the way individuals measure could 

cause error. Sometimes rocks were measured by eye and not directly if the grain could not 

be wedged free or because of human judgment of the lack of necessity to measure every 

grain with a gravelometer. Furthermore, the accuracy of facies boundaries is somewhat 

questionable because GPS was rarely used for tracking. Memorizing the boundaries to lay 

meter tapes for pebble counting was left up to memory and eye site and, often times, those 

who laid the tapes were not the people who did the facies mapping so, facies boundaries 

were sometimes left up to individual interpretation. Still, this seems that it would cause 

minute error because no matter how a bar is separated into facies, an even spread of rocks 

should be measured if meter tapes are laid out equidistant across each facies. 

Summary and Future Recommendations 

 To characterize the change in grain size distribution of the Sandy River since the 

Marmot Dam removal, Wolman pebble counts were conducted across Reaches B1 and B2, 

combined as Reach B, in the downstream close to the dam site. Approximately 300 grains 

were measured per facies with a gravelometer on a total on seven bars in Reach B. Some 

bars suggested small changes but when the reach was evaluated as a whole, as 

hypothesized, GSD did not appear different since the removal of the dam in October 2007. 

The data pointed to a very slight increase in sand in the reach though most of the sand 

likely passed the area without being deposited. Larger grain sizes did not seem to change 

because coarse particles likely have yet to be transported to this reach. In conclusion, the 

data seem to align with the hypothesis. 
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 To improve the efficiency of tracking changes in grain size distribution, mechanical 

sieves or some other more technological method should be developed for field use to 

lessen human labor required to measure grains. Furthermore, a GPS device should be used 

to track the boundaries of all bars and facies each year to be more accurate. 
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5.0 Effects of the Marmot Dam Removal on Grain Size Distribution in the Oxbow Reach 

By: Dajana Jurk, University of Pennsylvania  

 

Introduction 

 Dams have simplified life for humans for centuries.  Besides controlling water flow, 

conserving water for possible drought periods, and preventing floods, many are primarily 

constructed for the production of electricity.  But as dams make life easier for humans, they 

alter a river’s ecosystem by altering the downstream flux of water and sediment (Poff and 

Hart, 2002).  As a consequence, sediment is being trapped behind the dam preventing it from 

being deposited downstream where it would otherwise contribute to the development of 

channel bars and islands that in turn build habitats for many aquatic species.  But for many 

dams, their upkeep becomes costly and because of necessary renovations of the often unsafe 

structures, costs to keep them working surpass their benefits.  A better alternative, both for 

financial and environmental reasons, is often the removal.  Dam removal has increasingly 

captured the interest of scientists, engineers, and the mainstream population.  Many dams in 

the United States have either reached the end of their life expectancy or are now out of service.  

In 2007, the removal of the Marmot Dam on the Sandy River in Oregon provided an 

opportunity to observe and record the effects of dam removal on sediment downstream of the 

former dam.  During this project, grain size distribution (GSD) within the Oxbow Park (OB) 

was studied and quantified.  OB is located 31.5 km downstream of the dam site and 

characterized by meanders that together with a lower downstream gradient than reaches further 

upstream, contribute to the decreased velocity of the water flow.  To obtain necessary data, 

individual grains were sampled and measured throughout the reach within a carefully chosen 

pattern.  Together with the results of a colleague, who conducted the same study on sites closer 

to the dam site, conclusions contributed to the group project by providing answers to questions 

of patterns of sediment erosion, transport, and deposition on a given reach.  

 

Background     

 For nearly 100 years, the 14.3 m high and 50 m wide Marmot Dam on the Sandy River 

restricted the flow of the water and trapped sediment in a reservoir behind the dam.  The Sandy 

River originates on the western slopes of Mt. Hood and joins the Columbia River east of 
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Portland.  The Marmot dam was owned by the Portland General Electric Company and 

diverted water into the Bull Run Hydroelectric Project where it was used for the production of 

electricity.  Due to high costs of necessary upgrades and little benefits from its maintenance, 

the decision was made to remove the dam altogether.  The removal of the dam in the summer 

and fall of 2007 caused a sudden release of 750,000 cubic meters of sediment of which much 

was eroded and transported downstream.  The project provided an opportunity to answer 

questions about geomorphic responses of a river to an increased sediment load.  Any answers 

about sediment transport following dam removal had previously only been obtained from 1-D 

models and actual data collected from the Sandy River can give opportunities for further 

improvements of modeling of similar events.   

 Although the study of dam removal is still in its infancy and most of it had been done in 

laboratories, previous research of dam deconstruction has been conducted in the field.  Doyle 

et al. (2003) studied the removal of the Rockdale Dam on the Koshkonong River and the 

LaValle Dam on the Baraboo River in Wisconsin in 2000 and 2001.  Besides methods such as 

surveying cross sections, measuring water discharge, and sampling of suspended and bed load 

with sediment samplers, the Wolman pebble count method was used in areas with large grain 

sizes to obtain bed-load samples.  The results pointed to very little deposition of mostly fine 

grained  sediment from the reservoir downstream in the Koshkonong River and some long-

term deposition of sand at one point bar further downstream in the Baraboo River.  The pebble 

count method was also used during the study of the St. Johns Dam in the Sandusky River in 

Ohio in 2003 (Cheng and Granata, 2007).  The results were similar and showed no change in 

size distribution at the lower most reach.  The purpose of this study was to test whether fine 

sediment from the reservoir behind the Marmot Dam would be deposited at a reach furthest 

downstream of the study site.  Although results from Doyle et al. and Cheng and Granata 

showed no noticeable change in GSD after dam removal, the decreased velocity of the water 

flow in OB compared to water flow near the former dam and the increased meandering of the 

channel, pointed to a possible deposition of sand and gravel and therefore a smaller average 

grain size.        
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Methods 

 
Within the Oxbow Reach, 10 bars and islands had been identified for study in 2007: 

Location Abbreviation 
Beer Bar BB 
Boat Ramp BR 
Deer Bar DB 
Long Island LI 
Naked Bar NB 
Swim Beach SB 
Swim Hole SH 
Sunrise Island SI 
Tweener Island TI 
Wasp Bar WB 

    See fig. 5. 1 for aerial view of OB 

On each bar and island, facies were identified, named, and mapped as areas with similar grain 

size distributions.  Names of facies included combinations of the following: s = sand, g = 

gravel, c = cobble, b = boulder (see fig. 5. 2 for example).  The choice of the type and size of 

each facies was subjective and may have differed slightly with each person.  The facies were 

drawn onto an aerial photograph containing a grid with each square representing a 20 X 20 m 

area.  Once the facies were established, the Wolman pebble count method was used to 

determine GSD.  On most facies, three 100-m tapes were randomly laid out.  At each meter, a 

pebble was picked up, its intermediate axis measured using a gravelometer, and recorded.  The 

size of very large or difficult to remove pebbles had to be estimated.  On very large facies, 

more than 300 pebble counts, ranging from 400 to 600, were necessary depending on the area 

to be covered.  On very small facies, either less than 300 pebbles were counted or the interval 

was shortened to every half meter.  A half-meter interval was also used on irregular facies.  

Such facies included areas that were not uniform due to small patches of sand or an uneven 

distribution of sediment.  Facies that contained only sand were mapped but no pebble count 



was done.  Using the total numbers of pebbles counted and the areas of each location, a 

weighted average of the grain sizes for each bar and island was calculated using Excel.  A 

frequency distribution was calculated for each facies and the sizes were interpolated to develop 

the D16, D50, and D84.  A grain size of D50 = 38.48, for example, means that 50% of the 

substrate contains grains with less than 38.43mm diameter.  Similarly, a grain size of D16 and 

D84 translates into 16% and 84% respectively.  Fraction of sand (fs) shows the percentage of 

sand in each location.   GSD for sand facies was calculated using estimated values of 0.0625, 

0.36, 1.87, and 95 for D16, D50, D84, and fs.  A weighted average was calculated for each bar by 

using each facies as the weight.   

 

 

 
         Figure 5. 1   Aerial view of OB 
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      Figure 5. 2   Facies map of LI 
 

 

Results 

 When looking at the total reach, grain size decreased for all three D-values and the 

percentage of sand increased.  D16 decreased by 3.45 mm, D50 by 2.48 mm, and D84 by 7.69 

mm.  Sand content increased by 4.49% (see table 5. 1 for grain sizes and sand percentages).  

Although these results indicate a fining of the sediment in the OB reach, the values are very 

small and might not be significant enough.  For this reason, a closer look should be taken at 

GSD of individual locations.  Most sites, except NB and TI, did show an increase in D-values 

and fs increased in some cases by a large percentage (e.g. BR and SH).  Other locations such 

as LI, SB, and WB showed a decrease in fs.  The D-values for individual bars and islands 
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increased for the most part with the exceptions of LI and SB for all three D-values, TI for D16, 

WB for D50, and both LI and WB for D84 (see fig. 5. 3 through 5. 6 for graphical illustration).   

 

 

 2007 2008 2007 2008 2007 2008 2007 2008 
Bar/Island D16 D16 D50 D50 D84 D84 fs fs 
BB 14.02 0.60 38.48 27.73 80.16 73.45 24.84 36.52 
BR 14.27 6.88 42.94 20.04 101.32 56.65 23.63 46.47 
DB 9.18 6.15 44.96 36.37 105.23 80.18 27.07 44.69 
LI 1.11 2.41 24.69 57.26 104.69 125.17 43.87 24.99 
NB 9.32 5.47 46.26 29.67 95.03 88.41 37.80 43.15 
SB 0.06 0.07 0.35 0.52 1.87 34.66 95 84.71 
SH 13.37 6.06 27.66 14.23 61.08 23.28 44.80 54.07 
SI 22.72 9.04 59.68 28.87 118.06 59.27 21.25 43.59 
TI 1.14 1.97 40.64 37.38 75.54 82.79 28.75 31.23 
WB 3.22 2.77 31.29 51.66 77.42 114.65 38.61 20.44 
TOTAL 7.54 4.09 36.42 33.94 91.44 83.75 34.72 39.22 

Table 5. 1   Grain size (mm) and fraction of sand (%) 
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       Figure 5. 3   Grain size of 16th percentile (mm) 
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       Figure 5. 4   Median grain size (mm) 
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       Figure 5. 5   Grain size of 84th percentile (mm) 
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       Figure 5. 6   Fraction of sand (%) 
 

 

Discussion 

 Although the decrease in sediment size in OB is not large enough to undoubtedly conclude 

that it has become sandier, a different conclusion could be made regarding channel bars and 

islands individually.  Most locations showed significant changes in grain sizes making my 

hypothesis promising.  Closely examining facies maps from 2007 and 2008, however, raised 

concerns.  Reasons for these concerns ranged from more pebbles counted this year, to more or 

less area covered, to the exclusions of some facies in the over-all count.  On BB and most 

other locations, the sand fraction showed an increase pointing to the possible deposition of 

sand in the past year.  The partly large increases in fs might have been a result of bias by the 

individual doing the count.  An increase in fs is plausible but could have been slightly 

exaggerated.  Many grains that were recorded as sand might actually have been 2 mm or 

larger.  BB was the first bar to be counted and differentiating between sand and 2-mm gravel 

was still to be improved.  On the downstream end of BR, additional area was covered in 2008 

which included a facies that contained a significant amount of sand.  This year, more facies 
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were recorded and more thorough pebble count could have caused the significant decrease in 

D50 and D84.  The opposite of what was expected occurred on LI and WB.  Both areas showed 

a decrease in sand.  When we compare facies maps of 2007 with those of 2008, we see that 

this year many facies, which contained sand, from last year were included in the sand facies in 

the interior of the island or bar.  These facies were not included in the over-all count and could 

be result of the decrease of fs. Besides the decrease of fs, the locations showed a significant 

increase of large-sized grains such as boulders and cobble.  In 2007, the side channel on the 

right side of LI was counted which contained gravel and was not included this year.  This and 

the occurrence of more boulders on the left side of LI could be the actual reason why a higher 

number of cobble and boulders than gravel seems evident.  The opposite was done on DB with 

more area covered. The map shows an additional relatively large sand facies that was not 

included in last year’s count.  This could largely be the result of the increase of fs.  SH had a 

larger area covered in 2007 which included a sgc facies.  In 2008, this facies was not mapped.  

The results point to a decrease in all three D-values and the omitting of the facies containing 

gravel and cobble may have played a role.  SB showed a large increase in gravel and decrease 

in fs.  It is very plausible that these results arise from the fact that in 2007 the location had 

been mapped as one sand facies and this year a scbg facies had been added.  

 

Summary 

 A higher percentage of sand and smaller grain sizes of D16, D50, and D84, did confirm the 

hypothesis that the average grain size in OB would decrease and the reach become sandier by a 

certain extend.  The small values and possible inaccuracies, however, make it difficult to 

conclude a definite decrease in grain size.  Comparing data collected by two different teams 

showed that results can vary.  When examining facies maps from both successive years the 
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question arose whether results could be skewed.  For one, Team Marmot counted 12,026 more 

pebbles than in 2007.  This could be due to more detailed facies mapping on most bars and 

islands that resulted in a higher number of facies and with it more pebbles to be counted.  

Often facies that had been mapped as one larger area were now divided into two or more 

separate facies.  The opposite was the case in some locations where several facies from 2007 

were lumped together.  Bias in the pebble counts could have played a small role as well.  

Many rocks could not be measured with a gravelometer due to their large size or heavy weight.  

Often rocks were embedded into the substrate so deeply that any effort was not enough to 

remove them.  In this case estimates had to be done which could easily have been too large or 

too small.  This is likely true for anybody conducting a pebble count and because the same 

errors might have occurred in 2007 and could continue to occur in the following years, a link 

between estimation errors and false results is difficult to prove.  

 To collect more accurate data, I suggest consulting maps from the previous year when 

facies have to be established.  By using this method, similar facies can be mapped unless a 

significant change is obvious.  Here, in turn, lies the possibility of a bias by simply using the 

previous facies without objectively mapping what is seen.  The same number of pebbles 

should be counted on same facies.  This could give a better data background.  Another 

improvement could lie in the method of establishing points of reference while mapping out a 

certain location.  Even though all maps had a grid laid over the reach that outlined 20x20-m 

areas, underestimates or overestimates of distance were often made and points of reference 

such as very large boulders or certain vegetation areas did not provide much accuracy.  

 It is difficult to conclude that average grain size in OB has decreased because of many 

variables such as differences in facies mapping and possible inaccuracies in pebble counting.  
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It is plausible that the results are accurate to a certain extent, but to undoubtedly confirm a 

fining of sediment, further study has to be done in OB in the years to come. 
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6.0 Effects of the Marmot Dam Removal on Grain Size Distribution and Downstream 
Fining in the Sandy River in Oregon 
 
By Timothy A. Shin, University of Texas at Austin 
 
Introduction 

The Marmot Dam on the Sandy River in Oregon was removed during the fall of 

2007 by Portland General Electric (PGE). When the dam was removed, sediment was 

rapidly released from the coffer dam breach in October, more quickly than numerical 

modeling had suggested. This study expected the significant amount of reservoir-entrapped 

sediment to have noticeable effects on the Grain Size Distribution (GSD) and downstream 

fining of sediment. In collaboration with Chuck Podolak, Kimberly DeVillier, and Dajana 

Jurk, this study researched how GSD varies downstream from the mouth throughout the 

lower reaches. This study compares the pre- and post-dam removal GSD’s compiled by the 

NCED REU, consulting company Stillwater Sciences, and OSU graduate student Greg 

Stewart to approximate trends in distribution to determine whether the Sandy exhibits 

fining and what effects were observed after the removal.  

 Four study reaches that have been identified (figure 6.1) by NCED to investigate 

this issue: Reach OB [Oxbow Park, at River Kilometer (RK) 18.5], Reach B2 (RK 35), 

Reach B1 (RK 39), and Reach A (RK 48.5) in order of location upstream from the mouth 

of the Sandy.  In the post-dam-removal year, this study expects that most of that coarser 

trapped sediment from the Marmot Dam will not have transported downstream as far as the 

lower three study reaches, OB, B2, and B1. Due to a dramatic increase in sediment, Reach 

A is not used in this study due to safety limitations making accurate pebble counts almost 

impossible. However, it is likely that finer sediment, particularly sand, had moved 

downstream during the past post-removal year and may have affected GSD throughout the 



Sandy River. This movement of finer sediment, sorting, and associated downstream 

changes in particle size distribution are referred to as downstream fining (Knighton, 1998).  

 
Figure 6.1 Map of the Sandy River 

This study addresses the impact of the dam removal on the downstream changes in 

the GSD. It was hypothesized that: 1.) there exists or soon will be fining of sediment in the 

downstream direction; 2.) that due to input from the Marmot Dam sediment, this trend in 

downstream fining may diminish or even reverse temporarily, exhibiting an increase in 

median grain size. Though fining was expected to be gradual, the researcher expected that 

the distribution of grains had not yet fully sorted or fined due to the sudden injection of the 

Marmot Dam sediment after the removal. This study expects that a possible temporary 
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reversal of downstream fining may be due to a consolidated mass of sediment due to the 

pulse in sediment from the dam removal. 

Background and Literature 

The Sandy River 

Stillwater Sciences in 2000 and later Greg Stewart of Oregon State University 

(OSU) and Gordon Grant of US Forest Service (USFS) in 2005 describe their predictions 

for what would happen in the dam removal and what will happen in the post-removal 

stage. Both teams reported that the Sandy River downstream of the dam fined from 

boulders/cobbles with gravels to patchy boulder/cobble with gravels to a gravel-dominated 

channel with many boulders/cobbles to many gravel/cobble bars in a mixture of sand 

(highly), gravel, and cobble to a sand bedded channel with sand/gravel bars. This implies 

that the Sandy is essentially a gravel-bed river and that it had been displaying downstream 

fining typical of a gravel-bed river. GSD had shown that 50 per cent of the sediment was 

finer than cobble size at 64 mm and that sub-surface sediment was mostly silty-sand. 

However, the reservoir of trapped sediment behind the dam was shown to be intermediate 

gravel/cobble overlying fine sand/silt, inferred from 6 pairs of cores, eight hand samplings, 

and a mechanically excavated pit (Stillwater Sciences, 2000).  Stillwater Sciences used the 

Wolman Pebble count method (see methods section.) 

Stillwater Sciences (2000) described the Sandy as naturally carrying a high 

sediment load due to its geological history. Mt. Hood is the source of the Sandy and 

experienced volcanic eruptions 200 years ago and 1,500 years ago that choked out the 

river, covering the pre-eruption valley floor with 20 m of sediment during those times 

(Stillwater Sciences, 2000, Stewart and Grant, 2005). Also, glaciations from the 

Pleistocene have also added sediment, and glaciers present today still do. The channel 
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waters have cut, or incised, into the deposits from glaciations and volcanic activity and 

formed high terraces with eroding banks. This explains the sediment exhibited in the 

Sandy and, in the opinion of the author, could have caused significant fining to occur, 

possibly quickly, due to selective transport of large amounts of sediment.  

Downstream Fining in Gravel-Bed Rivers 

The fluvial processes believed to be the cause of most downstream fining are 

selective transport, abrasion, and weathering. Knighton (1998) explains that chemical and 

physical weathering is less attributable compared to selective transport and abrasion; if 

material is exposed and kept for long enough periods of time, it can be responsible for 

some of the downstream fining by particle disintegration. Abrasion is now considered 

minor in comparison to selective transport (Knighton 1998, Powell 1998, Paola et al 

1992). Sorting due to selective transport or size-selective entrainment seems to be the most 

responsible for downstream fining over the whole course of a river. Flume experiments 

performed by Paola et al showed that downstream fining was possible in a flume in short 

distance and results mirrored greatly alluvial downstream fining observed in nature. Fining 

in these experiments was attributed mainly to hydraulic selective sorting.   

Selective sorting is a process comprised of many mechanisms. Sorting is related to 

the size and shape of the grains, hiding factors, resistance in drag, and local bank 

irregularities. The size, shape, and thus density of grains affects how they are entrained; 

heavier, denser, larger clasts are usually part of a rolling bed-load as opposed to smaller, 

finer, lighter grains being included in the saltating or suspended loads. Mechanisms of 

shear stress and critical stress due to velocity of the discharge of the water and the velocity 

of the grains vs. drag differences of small and large sediments play a large part in 

determining that selection of grains. Bed-load grains experience lower velocities being 
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deeper in the water column than suspended-load sediment transported quickly with higher 

velocities. This implies that early in the beginning of sediment transport that fining starts 

via this selection process because it transports smaller finer sediments such as sands and 

silts more quickly than gravels, cobbles, or boulders. Irregularities in banks and bed can 

cause riffle bars, eddies, and pockets that trap sediment. These play a large part in the 

selective transport of sediment by creating varying velocities and stresses that the clasts 

experience in the journey downstream. A parallel factor to this is the hiding of smaller 

grains by bigger grains. Hiding can cause the transport of smaller grains to be inhibited by 

larger grains by slowing down channel velocity and trapping grains in bars or banks, which 

may happen frequently in a gravel-bed river such as the Sandy. These irregularities can 

create lumps in the fining that may eventually be graded down with the bulk of the fining 

over time but conversely influence the bulk of sediment to travel more rapidly in the main 

channel entrainment. The mathematics involved are beyond the useful scope of this review 

and for those interested, equations and modeling can be seen in Knighton, 1998 and the 

references within.  

Seven types of abrasion identified by Kuenen (1956) and reviewed by Frings 

(2008) are splitting, chipping, crushing, cracking, grinding, dissolution, and sandblasting. 

Splitting: grains break and split into two or three parts of relatively equal size, chipping: 

sharp edges losing small flakes, crushing: grains being smashed or pulverized, cracking: 

grains developing small superficial fissures that break apart into smaller particles, 

grinding: grains rubbing against each other losing fine material in the process, dissolution: 

grains chemically coming apart, and sandblasting: the abrasion action of fine grains against 

large grains. These forms are highly dependent on the lithology of the grains in question 

because of strengths and cleavage types (Powell, 1998).  Though considered a weak part of 
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downstream fining, it may have considerable influence in the upstream parts of a river 

where grains are larger and retain higher energy because of steeper slopes (Knighton, 

1998). While weathering plays a weak role in all rivers, the roles of selective sediment 

transport and abrasion play a great role in a gravel-bed river like the Sandy. Abrasion may 

also play a larger role in a river like the Sandy than it would in a normal river due the 

Sandy’s naturally high sediment load and gravel-bed.  

Methodology 

Facies Mapping 

Facies, measurement areas subjectively defined by distinct textural patches, were 

mapped in order to perform pebble counts. The naming and mapping of these facies were 

accomplished visually and named according to the grain sizes that dominated the facies: 

sand (<2 mm), gravel (2 mm-64 mm), cobble (64 mm-256 mm), and boulder (>256 mm). 

For example, “bsg” would indicate the facies consisted of boulders, sand, and gravel (in 

order of their frequency of occurrence) with no significant presence of cobbles; anything 

else that may be included is deemed insignificant to the facies and/or an anomaly and is 

not included in the name. The areas of these facies were measured using ArcGIS. DeVillier 

and Jurk used the facies areas and pebble counts to determine weighted averages of GSD 

of the principal study reaches OB, B2, and B1. This process provides the Distributions D16, 

D50, and D84 used in this research. 

The Wolman Pebble Count 

In previous years NCED and Stillwater Sciences have used the Wolman Pebble 

Count (Wolman, 1954) to derive quantitative data about the facies that exist in the Sandy. 

The Wolman Pebble Count is an areal sampling method that takes into account large and 

fine sediments present in a coarse bedded river and provides accurate distribution data that 
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can be examined in a cumulative frequency distribution (CFD).  Wolman’s technique 

gathered 100 grains at measured intervals in a grid area determined by facies type and 

measured the intermediate axis of the samples using a gravelometer (grain size 

measurement device, figure 6.9 b) and measuring tapes.  

The Wolman Pebble Count method has the advantage of being able to account for a 

large and diverse range of grain sizes as opposed to another method, bulk-sampling. Bulk-

sampling methods include dredging amounts of sediment and sieving them by weight in 

order to get grain size distribution in a river. The Bulk-sampling method can lead to non-

representative data from poorly selected spots that must be scooped out according to rules 

for the amount of sediment present based on grain size and can be preferentially based 

introducing a bias. Furthermore, bulk-sampling does not account for extremely large grains 

in the range of cobbles and boulders.  The Wolman Pebble Count allows for a large range 

of sizes typically present in a river like the Sandy and shows the frequency distribution of 

sizes over the whole area more accurately. Results are easily duplicated with the same 

accuracy and can be documented easily in the field. Conversely, the Wolman Pebble Count 

introduces some difficulty and drawbacks: sampling/counting must be done by hand and 

therefore must be performed during low water level in the river, the method cannot support 

extremely fine material, and introduces possible sample picking bias by the human 

sampler. In addition, another large drawback to the Wolman Pebble Count is that it is a 

surface sampling method and that it cannot provide information or data of the subsurface. 

Team Marmot 2007 modified the Wolman count to an increased 300 samples 

(approximately) to eliminate some of the statistical bias error introduced by this method. 

The advantages to the Wolman Pebble Count outweigh the disadvantages at this field site 

and adequately provide the sediment surface-only information we are seeking. 
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Team Marmot 2008 also acquired data using a modified Wolman random areal 

sampling method.  Three hundred grain samples were taken at measured intervals in a 

gridded, mapped area determined by facies type and measured by their intermediate axis 

using a gravelometer (grain size measurement device, figure 6.9 b.) The samples were 

placed into size categories (figure 6.9 a) and examined in CFD’s using Microsoft Excel. 

NCED and Stillwater Sciences pre-removal GSD’s were compared to NCED post-removal 

GSD’s. The 16 different size categories include:  

Mud  

<2 mm-1.9 mm 

2 mm-7.9 mm 

8 mm-10.9 mm 

11 mm-15.9 mm 

16 mm-21.9 mm 

22 mm-31.9 mm 

32 mm-44.9 mm 

45 mm-63.9 mm 

64 mm-89.9 mm 

90 mm-127.9 mm 

128 mm-179.9 mm 

180 mm-255.9 mm 

256 mm-511.9 mm 

512 mm-.9 m 

 >1m 

Table 6.1 grain size categories 

These size categories reflect the logarithmic � relationship between sediment size and 

fluvial transportation properties. For the scope of NCED research of the Sandy, some 

categories in this scale were rounded or roughened due to lack of significant differences in 

transportation properties and simplification. These categories were deemed as appropriate 

for the Sandy to quantify GSD.   

Data 
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Distribution (Dxx) on the graph expresses the percentage of the sample finer than a 

given size. For example, D84 indicates 84 per cent of the sample is smaller than that given 

size. In particular, this study compares D84, D50, and D16. The median grain size, D50, is 

used to determine fining.  D84 and D16 are used to complete the spread, both being two 

standard deviations away from D50, covering roughly 90 per cent of data. Data between the 

16th and 84th percentile encompass within the distribution almost all of the population of 

data, providing a statistically acceptable representation.  

 To determine if the Sandy had downstream fining prior to the dam removal in 

2008, GSD were calculated by DeVillier, Jurk, and Podolak from reaches measured by 

NCED Team Marmot 2007 (OB, B1, and B2), Stillwater Sciences (SS), and Greg Stewart 

(GS). A total of eleven reaches were determined from said data along the length of the 

river. Their locations are measured in River Kilometers (RK), distance from the mouth to 

where the dam was (RK 50, figure 6.1). 

SS 

RK 4 

GS  

RK 6.5 

SS  

RK 9.1 

SS  

RK 

10.7 

GS  

RK 

15.4 

SS  

RK 

17.8 

OB 

RK 

18.5 

GS  

RK 

24.4 

SS  

RK 25 

B2 

 RK 35 

B1 

RK 39.  

Table 6.1 Reach locations by RK and research entity 

 
Stillwater Sciences’ and Greg Stewarts’s GSD’s were also based Wolman Pebble. Graphs 

were created from the Dxx sets interpolated from these points and were used to interpret 

trends exhibited therein. Post removal data acquired by Team Marmot 2008 and processed 

by DeVillier and Jurk is compared to graphical trends prior to dam removal to determine if 

those data points fall within those trends. 

Results & Discussion 
Graphs 
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Graphical analysis of trends suggests the existence of downstream fining prior to 

dam removal. Indicated by the Grain Size Distribution (Combined) graph in figure 6.2, the 

overall distribution displays a fining in grain size over the course of the Sandy downstream 

from the dam. The figures are devised using scatter plots and are used to look for general 

decreasing trends rather than to try and fit a certain functional relationship to those trends 

on the Sandy River. Rather, only a decreasing function is needed to prove or suggest 

downstream fining. Figure 6.2 features two sets of three series of D84, D50, and D16 prior 

to 2008 and 2008, respectively. Figures 6.3, 6.4, and 6.5 present the D16, D50, and D84 

series’ on individual graphs to allow closer inspection of trends. Figures 6.6, 6.7, and 6.8 

delineate which data points were derived from which study, Stillwater Sciences (SS), Greg 

Stewart (GS), and NCED respectively, to gain insight on the strength of the trend from the 

corresponding entity.  All graphs feature the x-axis as distance in River Kilometers (RK) 

from the mouth of the Sandy (where it joins the Columbia River) upstream in the direction 

of Mt. Hood. The x-axis on the graph counts down from the farthest reach upstream of the 

mouth down to the closest reach to the mouth from left to right. The y-axis in all graphs 

shows grain size in millimeters. 

GSD Prior to 2008 and the Sandy Exhibiting Fining 

Contradictory to the expectation of this study, analysis of D16 from figures 6.2 and 

6.3 does not show a significant or clear trend of fining in the downstream direction. Rather, 

the unclear trend seems to show an overall coarsening in the downstream direction, which 

is in essence the opposite of downstream fining. However, separating the D16 trend into SS, 

GS, and NCED graphs (figures 6.6, 6.7, and 6.8) allows an interesting perspective of a 

slightly clearer trend of downstream fining in the SS graph as opposed to the coarsening 
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shown in GS and NCED graphs. The GS graph indicates a stronger trend in downstream 

coarsening of the D16 while the NCED graph has an almost imperceptible rise in slope 

almost indicating neither downstream fining or coarsening.  

Trends indicated by Figures 6.2 and 6.4 suggest downstream fining in the median 

grain size, D50, as expected. While some points are inconsistent with this suggested trend, 

the majority point towards downstream fining existing in the Sandy. A seemingly unusual 

outlying point on figures 6.2-6.4 and 6.6 in SS’ GSD exists in D16 and D50 at RK 17.8 may 

possibly be the result of an overabundance in D16 and D50 in that particular reach due to 

irregularities in bed or bank. This point clearly contradicts any downward trends in D16 and 

D50. Incidentally, the D84 does not show this point as outlying in the trend and falls within 

the trend suggested by graphical analysis. The trend is mostly consistent throughout figures 

6.6, 6.7, and 6.8 attesting to fining in the Sandy River 

The trend in D84 shows an almost consistent downward trend giving strong support 

to fining of the 84th percentile of grain sizes. Analysis of figures 6.2 and 6.5-6.8 reinforce 

the trend of downstream fining in the Sandy. SS and GS graphs (figures 6.6 and 6.7) show 

a similar downward trend while the NCED graph (figure 6.8) indicates a steeper downward 

trend than the others. 

 While D16 contradicts the pre-existence of normal downstream fining, the D50 and 

D84 series in the graphs make a strong case for the pre-existence of downstream fining in 

the Sandy in support of the hypothesis. The distance of spread initially farthest from the 

mouth between D84 and D16 and D84 and D50 suggests more poorly sorted sediment 

upstream as this study expected. A smaller spread between the D50 and D16 trends also 

suggests poor-sorting. Nearer to the mouth, the spread between these trends decreases and 
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becomes nearly the same, suggesting well-sorted sediment near the mouth as this study 

expected.  



 
Figure 6.2 

 
Figure 6.3 

- 71 - 
  



 
Figure 6.4 

 
Figure 6.5 
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Figure 6.6 

 
Figure 6.7 

 
Figure 6.8 
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GSD in 2008 and Effects of Removal on the Pre-Existing Trend of Downstream 

Fining 

  Graphs in figures 6.2-6.8 feature NCED GSD’s of D16, D50, and D84 from 2008. 

These three Dxx points taken from OB, B2, and B1 alone cannot suggest downstream 

fining. However, in comparison to the trends exhibited prior to dam removal, post-dam 

removal data suggest continued downstream fining of the Sandy. In isolation, a 2008 

versus 2007 D16 suggests a much clearer trend supporting downstream fining as opposed to 

pre-dam removal. This could be due to a decrease in the D16 further downstream, 

suggesting smaller sediment from the dam removal being injected and transported more 

quickly as expected.  Spreads between series indicate continued poor sorting near the dam 

removal area to well sorting downstream nearer to the mouth of the river. Continuing in 

D16 and D50, reach B2 at RK 35 shows a slight upswing from the first NCED data point in 

OB before fully sloping downward toward B1. Conversely, D84 does change to include a 

lower point at RK 35 than the B2 point prior to 2008 causing a stronger downward trend. 

Though difficult to single out, Stillwater Sciences followed by NCED distributions provide 

the strongest trends. 

Potential Mechanisms 

 Given visual evaluation of the typically volcanic grains present in the Sandy, one 

can infer the causes of the downstream fining seen in the Sandy. Consisting of andesite, 

rhyolite, scoria, and some basalt, these igneous rocks are formed in high temperature, high 

pressure conditions and are unstable at the earth’s surface pressure and temperature, 

favoring chemical breakdown such as hydrolysis, oxidation, dissolution, etc. Chemical 

weathering may have a role in downstream fining. Visual inspection of clasts observed 

considerably large, rough, and angular grains in the A, B1, and B2 reaches (where the 
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slope of the river was steep) down to more well rounded smaller clasts downstream in the 

OB reach with higher levels of sand, suggesting physical weathering as well. Many rocks 

seemed to have cracked in half or had chunks broken off, suggestive of abrasion due to 

splitting, chipping, or cracking. Although the ability of these rocks to abrade was not 

tested, the appearance of abrasion implies that while selective transport plays a large role 

in fining, abrasion and weathering may play a larger role than typically perceived in a 

gravel-bed river. If abrasion, weathering, and transport processes are all causes of the 

trends discussed that exhibit typical downstream fining, the Sandy is a morphologically 

complex river. 

Conclusion 

 Through graphical analysis of GSD calculated from data provided by Wolman 

Pebble Counts of reaches OB, B2, and B1 of the Sandy River, this study was able to find 

corroborating trends in Dxx that suggest: 1.) downstream fining existed pre-dam removal 

and continues post-dam removal as per hypothesized; 2.) contrary to the hypothesis, 

downstream fining was not reversed or diminished, but that the newly released sediment 

has not yet fully fined to a normal gravel-bed river state. Though, overall pre-removal D16 

trending contradicted the hypothesis, 2008 D16 supports what was expected by this study. 

D50 exhibits a trend suggesting downstream fining whereas D84 strongly suggests 

downstream fining both pre- and post-removal. All Dxx collected in this 2008 study fall 

within downstream fining trends. Trending exhibited in GSD graphs suggests poorly sorted 

sediment upstream nearer to the dam removal and well sorted sediment closer to the mouth 

of the Sandy. Relatively little change in the median grain size in NCED data suggests 

gradual downstream fining. While no consolidated mass of sediment due to the pulse in 

sediment from removal was seen in graphical analysis of GSD in OB, B2, and B1 reaches 



used in this study, a visual inspection and photographical comparison of Reach A by 

Podolak may imply this consolidation exists in A. If the mass exists in A, fining is likely 

not complete, as hypothesized. Visual inspection of igneous rocks likely experiencing 

abrasion in the Sandy suggest weathering coupled with selective transport of sediment to 

be major causes of downstream fining in the Sandy River. It may be beneficial to expand 

this research in the future to prove whether or not there exists chemical weathering and 

physical weathering such as abrasion and breakdown of larger clasts in the river.  

 
Figure 6.9 a. Pebble Count Notebook 

 
Figure 6.9 b. Gravelometer, photograph courtesy of Forestry Suppliers 

 http://www.forestry-suppliers.com/product_pages/bigPic.asp?ID=2208 
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