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River Bed Monitoring for Change Detection below Marmot Dam in the Sandy River, Oregon 

Introduction  

 According to the records, there are more than 75,000 dams in the United States. Although 

dams can provide many social, economical, and recreational benefits (Fig. 1), they can also cause 

serious alterations in the normal functioning of rivers (FEMA, 2006). For instance, dams have 

the potential to alter the  natural patterns of water, energy, sediment, and nutrients flow (Beyer, 

2002), degrade water quality and disrupt  the structure and natural functioning of river 

ecosystems (Hart, 2002). These issues have gained the attention of many environmentally 

friendly groups; and currently many scientists, ecologists, engineers, and politicians are 

emphasizing dam removal as an important strategy to restore the ecological integrity of rivers. 

However, dam removal is a very complex topic, and there are many challenges associated with it. 

There is little relevant information on this river restoration technique, and few researches to 

forecast the effects of dam removal have been conducted.  

 On fall 2007, an event of great importance for researchers who are seeking to understand 

the effects of dam removal in river forms and processes will take place. The Marmot Dam 

located in the Sandy River, Oregon will be removed. “This dam is the biggest dam to be 

removed in Oregon and the tallest removed in the Northwest in 40 years (The Columbia Basin 

Energy Report, 2007).” Additionally, it contains approximately one million m3 of sand and 

gravel which is the largest amount of sediment ever accumulated in a dam of its size.  
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Disadvantages Advantages 

Disrupt the natural structure and function of the 

aquatic and riparian ecosystems of rivers. 

Modify flow regimes 

Disrupt sediment transport 

Alter water quality 

Provide water for irrigation 

Create reservoirs of water supply for industrial 

uses 

Generate hydroelectric power 

Improve navigation 

Diverts water for flood control 

 

Table  1 Advantages and disadvantages of dams 

 

Area of Study 

 The present study was conducted in The Sandy River (Fig. 2) which is located in the 

Northwestern corner of Oregon. The Sandy River is a glacial river that originates in Mount Hood, 

the tallest mount in Oregon at 50 miles of Portland. The headwaters of the Sandy River are 

behind the Reid and Sandy glaciers, its main tributaries are the Zigzag River, Salmon River, and 

Bull Run River. It drains in The Columbia River near to Troutdale (Great Rivers). “The substrate 

in the Sandy River is loose alluvial Rock a Sand of volcanic origin (Cramer, 2001).”  

 The Marmot Dam is located in the Sandy River Mile 30. It was constructed in 1913 as a 

wood crib, rock-filled structure (Stillwater Science, 2000) to provide hydroelectric power to 

Portland. In 1989, the dam was replaced by “a 47 foot high concrete gravity dam with a spillway 

crest length of 345 feet and spill way crest elevation ranging from 732.1 feet mean sea level to 
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735.5 feet msl (FERC, 2001).” “The dam also possesses a fish ladder for upstream passage and a 

juvenile bypass facility for downstream passage (Stillwater Science, 2000)” 

 

 

 

Fig 1. Map of the Sandy River. Source: 

http://or.water.usgs.gov/projs_dir/marmot/sandy_map.jpg 

 

Marmot Dam Removal 

 After an extensive study to determine the maintenance an upgrade cost of the Bull Run 

Project, Portland General Electricity Company (PGE), the licensee to operate the project, 

concluded that the economic expenditure to  provide an appropriate level of protection to the fish 

habitat up to modern standards will offset the profits obtained by the generation of power (FERC, 

2001). Therefore, in 1999, PGE decided not to renew its permit. Later on, in 2002, PGE CEO, 
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the governor of Oregon and representatives of 21 other organizations including environmental 

groups, state and federal natural resource agencies, local governments and businesses, signed  an 

agreement detailing plans for removing of the Rum Bull Project and its elements (The Columbia 

Basin, 2007). The decommission Project will start in summer 2007 with the removal the Marmot 

Dam in the Sandy River in late August. The dismantling of the dam will take 17 successive 

weeks to finalize and it removal will provide multiple benefits to the environment, wildlife and 

the public in general (FERC, 2001). 

Importance of Riverbed Monitoring and Impact of Dam Removal on Stream Conditions 

 Dam removal is a topic of research that is just starting to get the attention of scientists 

worldwide. Regretfully, during the last years, few dams have been removed in the United States 

and the amount of data collected is very limited. For instance, Jim Pizzuto, a researcher from the 

department of geology at the University of Delaware stated “although many well- established 

concepts of fluvial geomorphology are relevant for evaluation the effects of dam removal, 

geomorphologist remain unable to forecast stream channel changes caused by the removal of 

specify dams (Pizzuto, 2002).” For that reason, the riverbed monitoring of the marmot Dam 

provides a great opportunity for scientists to conduct long-term researches that will answer 

questions such as, where will the sediment accumulated in dams end up after its removal? What 

effect will this sediment have on flooding and the stream ecosystem? In addition, what are the 

more effective methods to identify depositional areas and decode stratigraphy in area affected by 

sediment transport?  

Background  

Sandy River Watershed 

5 



6 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig 2. Sandy River Basin. 

 

 The upper Sandy River and several tributaries, including the upper Zigzag and Salmon 

Rivers, carve through miles of unstable volcanic ash and rock deposits before reaching less steep 

ground. Several of these reaches, including the upper Sandy above the Clear Fork, the upper 

The Sandy River watershed covers an area of about 508 square miles. The major 

tributaries to the Sandy River include the Zigzag River, Still Creek, and Salmon River in the 

upper basin, and the Bull Run River, Gordon Creek and Beaver Creek in the lower basin (Figure 

2). The Sandy River reaching an elevation of 1,600 feet in the first 13 miles. The river’s gradient 

exceeds 1,000 feet per mile in several places. 



Zigzag River and Clear Creek, have reaches that are too steep for fish production. Within the Mt. 

Hood Wilderness Area, the Sandy River slows as it crosses a broad flat plain above its 

confluence with the Zigzag River. This part of the glacially carved upper river valley, known as 

Old Maid Flats, has been partially filled by past volcanic flows. The area displays soil conditions 

and vegetation, such as lodge pole pine and edible mushrooms, which are rare elsewhere within 

the Mt. Hood National Forest 

History of the Marmot Dam and the Bull Run Complex  

 Historically, the Sandy River has been a place of much attraction to many people because 

of its natural beauty, and its supply of several fish species: fall Chinook, spring Chinook, trout, 

steelhead and others (Taylor 1). The Sandy River has many natural resources that make it a key 

location for manipulation by external factors; it has timber, fish, water supply, etc. In the early 

1900’s Portland was becoming more industrial and the population was increasing, these and 

other factors warranted the development of means to harness the water supply at the Sandy River. 

As this outward influence came, many sought to take advantage of the natural setting, and 

Portland Gas and Electric were one of several beneficiaries from the Sandy River.  

 In the early 1900’s, the development of hydropower and use of water supply facilitated 

the construction of hydropower projects (Sandy River Partners). Between 1906 and 1913, 

Portland Gas and Electric (PGE) built the 47 ft. high Marmot Dam along the Sandy Rive, the 

Little Sandy Dam on the Little Sandy River, and several other dams along the Bull Run River as 

a means of water storage for Portland (Sandy River Partners). All of these various dams were 

part of PGE’s Bull Run Complex in the Sandy Basin. 

  The Marmot Dam has altered the natural flow route of the Sandy River, it has 

substantially changed the routes of the native fish species that travel downstream to spawn their 
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young, a lot of sediment accumulation has occurred behind the dam, and other environmental 

implication have come about. The Marmot Dam was built as a hydroelectric diversion dam, and 

there is a concrete canal that takes water from the Marmot to three different tunnels that lead to 

the Little Sandy River, the Little Sandy Dam, a 15,000 ft. long wooden flume, Roslyn Lake, and 

a 22-megawatt powerhouse (Portland Gas Electric). Below the Marmot Dam lies, a 5-mile gorge 

with steep canyon walls and above the dam the water is taken away for domestic use (Taylor 5).  

 Approximately 600 cfs are diverted from the Sandy River, and at the Marmot Dam, the 

water is released in to the Bull Run River, which then travels to the powerhouse, and finally the 

water comes back to the Sandy where the Sandy and the Bull Run meet (Taylor 9). The 

disruption of flow lead for an environmental need to establish minimum stream flows along the 

Sandy River because originally, all the water was being diverted for power production on the 

Marmot Dam, and this prevented the spring Chinook and other species from migrating upstream 

(Taylor 9).  

 To curtail the impacts of hindering the migration of the salmon and other fish species 

along the Sandy River, PGE constructed a fish ladder next to the Marmot Dam to help the fish 

move. Initially, flooding damaged the ladder and the company had to continually repair the 

ladder; the ladder was also used to catch adult salmon and steel head for hatchery production 

(Taylor 22). The Marmot Dam has had many beneficial impacts to the area of Portland, but PGE 

has chosen to decommission the Bull Run Project as a means to give back the land to the public, 

and restore the natural habitats of the native species.  

Plans for Dam Removal 

 Portland General Electric (PGE) will remove the Marmot Dam on the Sandy River in 

summer 2007, enabling the river to flow freely. This plan was developed through a diverse 
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collaboration of 23 environmental organizations, state and federal natural resource agencies, 

local governments, and businesses with an estimate cost of $17 millions. To conduct this project 

PGE contractor’s will builds a shallow rock coffer dam upstream from Martmot Dam in order to 

change the direction of the flow of river, while the construction is carried out. Eventually the 

natural water flow going to remove this cofferdam. The removal of the solid concrete Dam going 

to be piece by piece. During this process, the PGE will maintain fish passage on the Sandy River, 

assisting the fish if necessary.   

 When the dam has been removed, PGE will donate its water rights to the public and is 

going to donate 1,500 acres of its land in the Sandy River Basin, part of a planned 9,000-acre 

natural resource and recreation area. In addition, it will expand outdoor recreation opportunities 

for the region with dollars flowing into the local economy. The area, including land around 36 

miles of the Sandy River, will be ultimately owned by the U.S. Bureau of Land Management. 

The core area of 5,000 acres is being assembled by the Western Rivers Conservancy from PGE 

land and other private properties in the basin. 

 The energy produced by the Bull Run Hydrology Project in the Sandy River going to be 

replaced with environmentally wind power and other sources. In winter 2007 PGE going to 

beginning with the restoration of site, the removal of the canal and the closing of tunnels. Then 

PGE going to the implement monitoring and contingences plans in Sandy River until 2017.  

Monitoring Program for the Bull Run Decommissioning 

 As part of the decommissioning of the Bull Run Hydroelectric Project, 23 parties, 

including environmental groups, state and federal natural resource agencies, and local 

governments and businesses; are working together and all signed a Settlement Agreement. This 

Settlement Agreement explicitly puts forth the legal context, regulatory authorities, and the 
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related obligations of each of the above parties. It also describes the timeline and methodology of 

the decommissioning. 

 According to the Agreement, PGE was obligated to file with the Federal Energy 

Regulatory Commission (FERC) to apply for an amendment to extend their license for the 

Project through 2017. This allows PGE to operate the Project until 2008. PGE will also be 

required to apply to FERC to then surrender their license and other documents. In following the 

Agreement, PGE is obligated to decommission according to the proposed plan. 

 In particular, the Settlement Agreement states that PGE must do three things. It requires 

PGE to perform pre-removal geomorphological and water quality monitoring. PGE is 

responsible for implementing protective measures for the endangered and threatened species. 

The Agreement also states that PGE must request a surrender order for decommissioning, Project 

removal, and also to work on limiting the effects of the project removal until the endpoint. 

 As part of the pre-removal process, PGE is supposed to conduct two geomorphological 

studies and a water quality study. The first geomorphological study is to provide information to 

help in predicting the "endpoint" and the second study is meant to consider the various 

ecological implications of the Marmot Dam removal. PGE will also be required to fund the Other 

Basin Monitoring and Research Program as well as fund the operation and maintenance of the 

fish ladder and fish trap on the Marmot Dam until it is fully removed. 

 To determine the endpoint, PGE must monitor channel complexity and the fish passage. 

Measuring the channel complexity will aid as an indicator of possible fish barriers following the 

removal and also help to determine when post-dam conditions will then return to baseline-type 

conditions. Four sites will be monitored and surveyed in detail. This will happen annually three 
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years prior to the removal and also each year after the removal until it is determined that the risks 

of passage barrier formation are sufficiently low. 

Methods 

Influence of Interpolation Methods on the Accuracy of Detecting Topographic Change 

Overview 

 Influence of Interpolation Methods on the Accuracy of Detecting Topographic Change 

When removing a dam that has years of sediment buildup behind it, one of the major questions 

asked is, "Where will the sediment go? It is clear that once the dam is removed, the flow of water 

will erode the delta buildup and carry it downstream. What is unknown is where it will be 

deposited. Hopefully, in the future there will be an easy, digital method for predicting the 

displacement of this sediment, but for the time being the best way to do this is by manually 

surveying thousands of points on the river and then using ArcGIS Spatial Analyst to create a 3-D 

surface image of the river bottom. By doing this before the removal and then for several years 

after, the topographic change of the river can be detected. 

 ArcGIS Spatial Analyst uses surface interpolation methods to create 3-D images from 

large sets of data.  Surface interpolation can be described as any formal technique using sampled 

points to predict values at unsampled points.  In general, it is based on either the theory of spatial 

autocorrelation or spatial dependence.  These both measure the degree of relationship or 

dependence between the many points, both near and distant (Childs 1-4).   

 There are two categories of interpolation techniques: deterministic and geostatistical.  

Deterministic interpolation techniques derive surfaces from either measure points or 

mathematical formulas.  Geostatistical interpolation techniques are based on statistics and are 

more commonly used when a more advanced prediction is desired.  This is because they 
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incorporate a level of certainty or accuracy of the prediction.  The method used is predominantly 

dependent on the density of the sampled points and the phenomenon being represented (Childs 1-

4). 

 ArcGIS Spatial Analyst has an assorted number and variety of interpolation methods, but 

the key five are:  Inverse Distance Weighting (IDW), Natural Neighbor, Kriging, Spline, and 

Trend.  IDW is more commonly used with a dense set of data points.  It determines the value at 

an unsampled point by denoting weights to the surrounding points and then approximating their 

average over a set search area.  The weight given to each point in relation to the unsampled point 

is a decreasing function of distance between the points.  The most common method for 

calculating this is by taking the inverse of the distance squared.  The search area is either circular 

or can be elliptical in order to take advantage of the anisotropic nature of a river, where the 

topographic variability is larger transverse to flow than parallel to the flow direction. 

  Natural Neighbor is very similar to IDW but the assigned weights are based on the areas 

surrounding unsampled points instead of the distances.  Kriging is a bit different.  It assigns 

weights like IDW and Natural Neighbor, but they are based on the spatial correlation between 

the points and also the distance between the sampled and unsampled points.  Because of this, 

Kriging is used for diverse applications such as health sciences, geochemistry, and pollution 

modeling.  It is most appropriate when there is a known bias in the data; it is often used for soil 

science and geology. Spline has the ability to predict ridges and valleys in data.  It operates on 

the basis that the interpolating function should pass through each data point and be as smooth as 

possible; it is best used for smoothly varying surfaces such as temperature.  Trend is a statistical 

interpolation method that uses a least squares regression fit.  It fits one polynomial equation to 
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the entire surface and minimizes the surface variance.  Trend rarely passes through the input 

points (Merwade, Maidment, and Goff 733-736; Childs 1-4). 

 The method of interpolation chosen and used by ArcGIS could be a factor in determining 

and tracking topographic change.  In order to determine the most accurate and therefore best 

method of interpolation, they will each be compared to one another.  The differences between 

them can be calculated and hopefully a representation of the error in interpolation from each 

method can also be found.  In analyzing the results, the most accurate method of interpolation 

can be found. 

Conclusions 

Taking these points and using ArcGIS to create the 3-D surfaces made several 

conclusions.  Primarily, the density of the surveyed points is crucial.  The higher the density of 

the point

surfaces created by each

ethod. 
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Figure 1 is the surface created using the Inverse Distance Weighting interpolation method.  

The Natural Neighbor method resulted in Figure 2.  In both of these, the red represents areas of 

higher elevation and the green is areas of lower elevation.  It can be seen from ages 

that the surfaces are very similar, but there are di e left and 

right edges. 

In analyzing this two surfaces, the differences  

between them must first be found.  The surfaces are 

subtracted from each other and then that result is 

squared to remove any negative values, producing 

Figure 3.  In this image the light blue represents  

areas where there is zero difference and the dark 

blue is areas of greater difference between the  

generated surfaces.  It can be observed that these 

two surfaces are similar, with the majority of the 

differences occurring along the edges and where  

there are fewer data points.  This represents the 

differences between how each method interpolates                      Figure 5 

and “guesses” the unknown points.   

 Overall it was found that the differences were not all that significant, but the research is 

not yet complete.  To fully determine if there is a better interpolation method, then further 

surveying and analyzing on a larger scale is required.  This would also include taking the 

generated surface and physically comparing it to the real world surface.  For surfaces above 

 these two im

stinct differences particularly along th



water, comparing the generated surfaces to a detailed LIDAR-generated surface could be a 

method for further research, but this does not work for the riverbed surface itself, as LIDAR does 

not penetrate through water. 

Determining The Critical Discharge For Sediment Transport In Beds Of Different Grain 
Sizes 
 
Overview 

 The Marmot Dam in Sandy, Oregon, located on the Sandy River, is a dam that is being 

removed, and was the setting for a quantitative and qualitative analysis of the preconditions of a 

river system prior to dam removal. The area of focus was determining the critical shear stress 

required to cause sediment along a riverbed and the surface of a river bar with materials of 

different grain sizes to move. The methods for evaluation of the different grain sizes were with 

the use of the pebble count technique as described by Wolman. Then with the software 

WinXSPRO and several sediment transport equations, the critical discharge was determined. The 

results obtained were different critical flows rates at different cross-sections that will cause the 

sediment to move. Identifying these values will help to better determine how an increased flow 

after the dam removal will affect the sediment transfer rates and deposition. 

 
 Sediment moves along a stream in several ways, and the need for evaluating numerically 

the rate that will cause sediment to move is very necessary in characterizing how flow ultimately 

affects the stream. The shear stress relates the tangential force that an object has when it moves 

along some surface, or the force to overcome the tension between a parallel surface and a face of 

an object. The shear stress is a force that moves parallel to a certain material, and in this case 

there is a certain critical shear stress that relates to some minimum water flow that works parallel 

to the sediment and will cause sediment transport. The idea is to describe the conditions that will 
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cause the sediment to move, so when the flow is strong enough during the year, one can 

determine the conditions prior to the removal of the sediment from behind the dam. Determining 

the critical discharge will deal with relating the Shields number with the force to overcome the 

stress. Shields numbers can be used as the values that relate the motion of the particles along the 

bed to some critical value that will initiate some movement.  

Objectives 
 
 The experiment will revolve around determining this critical flow rate for all the facies 

that are identified along certain cross-sections at the reaches of study. Then relating these values 

to the monitoring process throughout the year to get a better sense of the full impacts of the dam 

removal on the shear stress of the bed material. The goal is to create a “Pre-Condition,” prior to 

the release of the Marmot Dam, to get a sense of the topography, physical aspects, sediment beds, 

velocity of stream, vegetation, etc. to better determine what the impacts of the dam removal are 

going to be on the characteristics of the river.  

Methodology 

Reaches 
 
 The areas of focus for the research along the Sandy River were areas that were 

determined by Chuck Podolak, and Peter Wilcock to have potential for a significant amount of 

change after the dam removal. In Geography, these specific areas are defined as reaches, or areas 

that have experienced some widening after damming. The areas were defined as Reach A, Reach 

B1, Reach B2, Reach OB (Ox-Box Park). The relative positions of these reaches were spread out 

downstream from the Marmot Dam. These areas were chosen based on the potential for change, 

and the likelihood for sediment accumulation so as to be able to come back next year and collect 

new data that would indicate substantial change in relation to the previous year. The reaches that 
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will be used this year will be used the following years, and all the same type of research will be 

conducted to provide data for comparisons, and data analysis of the full impacts of the dam 

removal. The same reaches will be used in an effort to create a better mathematical model of 

predicting the changes to fluvial systems after a dam removal.  

Facies Mapping  

 The first part of determining the critical discharge that will cause sediment to move will 

be to go down the river and identify the certain areas of study; these regions, in Geology, are 

referred to as facies. The different facies identified will be subjective depending on the different 

bed compositions of the areas that are chosen. The areas will be chosen on the surface and 

subsurface of the river. Along the river, there are grains (pebbles) of different sizes that 

characterize a certain region, and the characterization of these grains is used as a means to 

describe the physical topography and bed composition of a certain reach. The description of 

these grains is based on the size of the intermediate axis of an individual grain as measured by a 

gravelometer. The description given to a certain facies is based on the predominant grains that 

are in the bed, and will be subjective to the individual who is mapping the region. The different 

types of grains that will be used in the description are sand, cobble, gravel, and boulder. There 

are grain sizes that correspond to each one of these names they are sand <2mm, gravel 2mm-

64mm, cobble 64mm-256mm, and boulders were >256mm. 

  An upper case B will be used to denote that a Bar was being described, and a subscript 

will be used on the bottom right of the B to describe the facies depending on the majority grains 

sizes used. The letters that will be used in the subscript will be written in ascending order, and 

will depended on which grain size is more prominent throughout the facies. Along the river, 

there are grains (pebbles) of different sizes that characterize a certain region, and the 
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characterization of these grains is used as a means to describe the physical topography and bed 

composition of a certain reach. The description of these grains is based on the size of the 

intermediate axis of an individual grain as measured by a gravelometer. The actual mapping will 

be done on ArcGIS maps that are based on lidar data, data that is obtained by flying a plane over 

areas and shooting a signal down to get the topography of the surface, which was taken a year 

ago. ArcGIS is a software that is used for Geography purposes, and uses maps and other forms of 

data to represent various geographical aspects. After the regions are identified, the pebble count 

method will be used to determine the grain size at each facies.  

Pebble Count  

 The pebble count is a method of measurement that is used to determine the sizes of the 

grain sizes for a certain area. The pebble count method yields physical values that are used to get 

a general sense of the surface composition. The pebble count method will involve picking up 100 

random stones from a certain area with some parameters along one of the facies. Several people 

will go to these defined areas and randomly pick up 100 stones, and then with the use of a 

gravelometer measure the intermediate axis of the stone. The gravelometer is a device that is 

used speed up the process of measuring each stone; simply put, it is a device with squares cut in 

to it, and one places a stone through one of the squares to get a measurement of how wide the 

stone is. To create some consistency a measuring tape will be used as a means to determine 

specific stones to pick up. The 100-meter measuring tape will be stretched across a certain facies 

to obtain a representative sample of grains that will characterize that area the different sediments 

depending on the different sizes of the material. There will be a field notebook that will have a 

data table with the various sizes of the grains that will be used, and tallies will be placed next to 

the corresponding size depending on the reoccurrence of the pebble sizes. The tallies will be 
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counted up at the end of each pebble count, and then later placed into a spreadsheet on excel for 

further calculations 

Grain Size Distribution 

 The data that is collected will be plotted on Excel to get the distribution of the data. The 

data will be plotted by class size, and frequency to determine some distribution. The data will be 

evaluated, and  the f50, median grain size, and the fs, sand content, will be used to approximate 

the critical discharge.  

Cross Section Analysis and Surveying 

              For the calculations, the depth of the water, the cross-section data, and the slope of the 

bed will be measured with surveying techniques; surveying will also done on the surface of the 

bars to get the current topography of certain areas, and within the channel to get the topography 

along the bed of the river. The methods that will be used to get the survey data will be with a 

total station, RTK GPS Surveying System, and the depth sounder. The surveying will be done 

with Graham Matthews and Associates, which is a firm that specializes in techniques to measure 

characteristics of fluvial systems, and specifically surveying deep channels that are relatively 

difficult without the proper technology. The total station is a surveying device that works with 

the use of a computer-based system that records all the data, and an adjustable eyepiece that is 

positioned to send a signal to a prism that reflects back to the total station. The prism is placed on 

the rod, and the total station can determine the horizontal distance in between the rod, and it can 

determine a vertical and horizontal angle relative to the position of the prism rod. There is one 

person at the total station, and there are a couple of individuals who carry these rods that reflect a 

signal. The total station will be placed on a control point that had a pre-determined coordinate 

that is very accurate, and the rest of the points that will be taken are based from this point. The 
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total station will be used at the B2 Reach, and at the OB Reach to get survey data of the 

topography on the bars, and within the channel. The total station will be used to measure the tops 

(upper most part) and toes (lower part) of bars, as wells as shots within the stream, wet shots, and 

shots of the surface of a bar, dry shots.  The RTK GPS Surveying System is a device that is used 

by the Graham Matthews and Associates surveyors. The system has several components that 

allowed the survey data to be extremely accurate, within mm, and its accuracy is better than that 

of “traditional” surveying techniques. A GPS base station is set up at a certain point, the point is 

initially arbitrary, but this stations has a satellite on top of a tripod that sends signals back and 

forth between satellites that gravitate around the Earth. The satellites send back data to this base 

station and then the data is interpreted through a receiver. The base station also has a battery, a 

radio, and a 15-16 ft antenna for transferring signals back and forth between the satellites. The 

GPS base station works with two rovers, which are compact systems that have all the same 

components as the base station, and are contained within a hard shelled weatherproof casing that 

does everything the base station does, except the rovers are mobile and are the main device for 

getting the survey points. In order for the rovers to work they need to establish connection to the 

base station, and make signal with a minimum of five satellites to get the data. The signal 

triangulates between the GPS base station, the satellite, and the rovers to get points that are 

substantially more accurate than a basic GPS system. The points are stored on a handheld 

computer device, and the data can be taken off this device at any time. The GPS system is 

extremely accurate, and its advantages come from its mobility, decreased amount of time to get a 

point, and its easy use. The rovers will be used by several individuals to take the same kind of 

measurements taken with the total station: dry shots, wet shots, tops, and toes of the bars and 

within the channel. The GPS System will be used at the B2 Reach, and the OB Reach. The 
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Graham Matthews and Associates’ surveyors will use the depth sounder, which uses the GPS 

base station, and one of the rovers hooked up to a device that sends a signal to the bed and is 

received by the device; the surveying was done with a raft that will be taken downstream. The 

depth sounder will be the main means of obtaining the points that are deeper within a channel, 

and for points that are not practical to send an individual within the channel to retrieve. The 

depth sounder will only be used at the OB Reach. This method is the fastest method of obtaining 

bulk amount of accurate data. To determine the slope, surveying techniques will be used to get 

values of the beds at the cross sections. A point will be taken in front of and behind the cross-

section, and then a value for the slope will be calculated by determining the difference between 

the vertical coordinates and then dividing by the horizontal distance in between these points. The 

cross-sections will be shot with one person at the total station and one person with the prism rod 

going in a straight path across the channel. A tape will be placed across the channel along the 

desired path of the cross-section; the tape will also be used as a means to keep the points straight. 

The person getting the points will feel around with the rod to determine the areas with some 

significant change as a means to get better topography of the channel. The purpose of the cross-

sections is to have areas that have more points in order to have a better representation of that 

section, and the reason for only taking a few cross-sections is because of the impracticality of 

going through and getting a large amount of points throughout the entire channel. Chuck Podolak 

chose the areas for the cross-sections at the B2 and OB Reaches, and Dave Evans determined the 

cross-sections at Reach B1 and A.  

The programs that will be used for evaluating the surveying data will be AutoCAD, and ArcGIS. 

The values will be placed on a spreadsheet, and then various calculations will be done. The cross 

sectional area will be determined by a program called WinXSPro, which is program that was 
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developed to determine several characteristics of river systems like flow rates, shear stress, 

critical discharge, etc.  

Variables 

 The variables that will be calculated are the Grain Size Distribution, the slope, and the 

cross sectional area; gravity is a known variable, and the roughness of the bed will be 

approximated with the use of the Barne’s manual. The roughness of the bed is a characteristic of 

the bed that characterizes the overall composition of the bed, and it is dependent on how the bed 

looks and feels. The standard for evaluating the roughness will be Barne’s manual, which has 

pictures of different beds, and pictures of streams that have a corresponding value that 

approximates the roughness. At the various facies, the roughness will be approximated on the 

appearance of the bed, and it will be evaluated depending on the picture that it corresponds to in 

the manual.  

Roughness Approximation  
 
  The flow through a certain grain alters the current directly, and depending on the size, 

density, accumulation, and order of these grains, the flow is ultimately impacted by these grains. 

Roughness denotes the variation in these grains along the channel bed, or on the surface of some 

bar; the roughness is associated with the grain sizes of the different pebbles. The effects on the 

surface of the different gravel types can be seen in the form of eddies, turbulence, etc. The 

roughness coefficient in Manning’s flow resistance equation, V=(1/n)*R2/3*S½, was empirically 

derived, and with the use of Barne’s Roughness Characteristics of Natural Channels, which is a 

catalog of 50 different streams that were evaluated and given a certain roughness number based 

on Mathematical equations and river conditions, a roughness variable was assigned to the various 

facies along the reaches that were being observed. The roughness values will be subjective and 
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based on comparison between a certain reach, and a picture for a given stream with a determined 

roughness value from Barne’s Roughness Characteristics of Natural Channels. For the 

calculations, cross-sections will be taken along a certain area of the river. These cross-sections 

will be the basis for measuring the critical discharge that will cause sediment transport. The 

roughness will be approximated for all the facies that lie along the cross sections that are taken. 

 The roughness will only be approximated for three cross-sections at B1, and two cross-

sections at B2. The cross-sections for the B1 reach will be based on control points, and survey 

data Dave Evans had done prior to the study; Dave Evans collected survey data along certain 

reaches of the Sandy River downstream from the Marmot Dam. The cross sections that will be 

used will be spread out across the B1 Reach. Figure 1 shows an ArcGIS picture of the cross-

sections that will be used for the calculations of a critical discharge, and roughness 

approximation. 

 

Fig. 6 Cross-sections taken at Reach B1 by Dave Evans 

Chuck Podolak on the total station, and an individual on the prism rod will take the cross-

sections that will be used at Reach B2.  Figure 2 shows an ArcGIS map with the cross sections 

that will be used. 
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Fig. 7  Surveying Data and Cross-Sections for Reach B2 

Mathematical Calculations 

 The data analysis will involve the use of the determined variables, known variables, and 

approximated variables to compute the critical discharge that will cause the sediment to move 

along the bed. From the Grain Size Distribution, the bed sand content, and the median grain size 

will be determined; both of these variables will be based on their frequency in terms of the total 

amount of sample taken. The bed sand content (>2mm) will be divided over the total sample 

taken at a given facies, and the D50g is the median sample, or the average grain size.   Then with 

the use of the depth-slope product, the continuity equation, Manning’s flow resistance equation, 

the two fraction incipient motion criteria, and Shield’s parameter equation the critical discharge 

will be determined. The equations are listed in Figure 8 

 

 

 

XS 1

XS 2
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Fig.8 the expressions that will determine some critical discharge. 
 

  
The bed sand content will be related to the shear stress with the two fraction incipient 

motion criteria; the bed sand content will be a variable in the equation that will yield a critical 

shear stress. The depth slope product will be combined with Sheilds parameter equation by 

substituting in the density, gravity, hydraulic radius (depth), and slope. The density and gravity 

will cancel out. Then the hydraulic radius (depth) will be determined by setting the equation 

equal to R, depth. The equation that will be left is the critical shear stress multiplied by the 

density of the gravel to the water, s, which is a constant 2.65, multiplied by the median grain size, 

D, and all this will be divided by the slope of the bed, S. Once the critical height, R, for 

movement is determined, Manning's flow resistance equation will be used to determine the 

critical velocity for sediment transport. The program WinXSPRO will be used to determine the 

cross sectional area, A, which will then be used for the continuity equation that explains that the 

cross-section is multiplied by the critical velocity which will yield a volumetric flow rate, Q, or 

 
 
 



the critical discharge for sediment transport along the river. Once a critical discharge is 

determined it will be related back to some flow rate, and this information will help evaluate what 

flows in the stream are going to cause movement after the dam is released.  

Results and Discussions 

 The cross-sections encompass several facies within them so in order to get a critical flow 

that will cause movement the roughness has to be evaluated at each one of these facies 

independently. At each individual facies, I determined the roughness according to how the bed 

looked, and felt in relation to the images and descriptions in Barne’s Roughness Characteristics 

of Natural Channels. These are subjective, and a different individual could observe these areas 

and come up with a different roughness value. For Reach B1, from left water edge to the right 

water edge, Cross-Section 1 had a boulder, cobble, and gravel facies (Grain size descriptions are 

listed in ascending order, according to accumulation), a cobble and sand facies, and another 

boulder, cobble, and gravel facies. For Reach B1, from left water edge to the right water edge, 

Cross-Section 2 had a boulder and sand facies, and a cobble and gravel facies. For Reach B1, 

from left water edge to the right water edge, Cross-Section 3 had a cobble and boulder facies, 

and a cobble and sand facies. For Reach B2, there were 2 cross sections that were focused on, 

and were chosen based on their position relative to the different characteristics within the 

channel, and along the bar. For Reach B2, from left water edge to the right water edge, Cross-

Section 1 had one cobble and boulder facies. For Reach B2, from left water edge to the right 

water edge, Cross-Section 2 had a boulder and cobble facies, a boulder facies, and a cobble and 

boulder facies.  Table 1 lists the roughness associated with each facies 
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Reac
h Cross Section Number Facies* Roughness (n)

Reference 
Page 
Numbers 
from 
Barne's 
Roughness 
Characterist
ics of 
Natural 
Channels 

B1 1 BHcs: cobble and sand  0.032 54-57 
  Bbcg: boulder, cobble, and gravel 0.032 46-49 
B1 2 Bbs: boulder and sand  0.033 62-65 
  Bcg: cobble and gravel  0.032 46-49 
B1 3 Bcs: cobble and sand 0.038 86-89 
B2 1 B0cb: cobble and boulder  0.043 118-121 
B2 2 SCbc: boulder and cobble 0.045 134-137 

                          
Table 2. Roughness Approximations for the Facies 

 
 

*Note: Grain size descriptions are listed in ascending order based on accumulation 
 
 The pebble counting data was put into a spreadsheet and from this the D50g, and the bed 

sand content (fs) was calculated. These were the initial inputs for the hydraulics of the equations. 

The bed sand content was used to get the Critical Shield’s number. The s variable is a constant 

between the density of gravel divided by the density of water. Roughness was approximated. 

 
 

Facies 
s 
(Ds/Dw) 

(S) Slope of 
Bed  D50g n (Roughness) 

τ (Critical 
Shields)  fs (Sand Content) 

BHcs 2.65 0.005808758 164.2906687 0.032 0.011759839 0.246621622
Bbcg 2.65 0.005808758 144.8941634 0.032 0.015391598 0.121311475
Bbs 2.65 0.036638655 187.7422821 0.032 0.012127534 0.218430034
Bcg 2.65 0.036638655 102.5118243 0.033 0.014422009 0.139130435
Bcs 2.65 0.001612903 116.0029575 0.038 0.015500285 0.119565217
B0 2.65 0.003755869 43.68552011 0.043 0.013063587 0.175257732
SCbc 2.65 0.007534984 147.5375926 0.045 0.012378383 0.204081633

    
Table 3. Initial Variables from Field Work 
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 With all the initial variables calculated, the critical discharge could be determined. The 

critical depth for transport to occur was evaluated over several different units for use in 

WinXSPRO, to get a cross-sectional area. The velocity and the area were multiplied to get Q, the 

critical discharge. 

 
Rc (Depth) 
mm Rc (Depth) m Rc (depth) ft 

Uc 
(Velocity) Area (sq ft) Q (Volumetric Flow Rate) cfs 

1493.356683 1.493356683 4.89946419 8.467384802 1380829.75 11692016.84
1317.047821 1.317047821 4.32102304 5.949661878 598361.81 3560050.45
270.555575 0.270555575 0.887649526 6.60239604 720.63 4757.884659

152.3464429 0.152346443 0.499824288 3.785868751 90237.64 341627.8614
4509.498969 4.509498969 14.79494415 7.072126043 11514.54 81432.27821
825.2385873 0.825238587 2.707475684 4.127424248 1692.14 6984.179668
1453.840707 1.453840707 4.769818599 8.999570875 3653.61 32880.92215

 
Table 4: Critical Discharge Calculations and Variables 

 
 

Conclusion 

 The results that were yielded represent a critical flow rate that will cause the sediment to 

move along the bed, or the surface of the various facies. The critical flow rates for Reach B1, 

cross section 1 had critical discharge values that were very unrealistic. The flows for Reach B1, 

cross-section 2 and 3, Reach B2, cross-sections 1 and 2 could occur with the given conditions of 

the river system. The values determined could be used as reference for monitoring the flow 

through the year, and evaluate if the movement is being caused by the flow or the actual dam 

removal.  The critical discharge is directly related to the bed sand content, and through simple 

evaluation of fundamental hydraulic equations a critical discharge can be related to the sand 

content. These values can be used as a means of better monitoring the effects of the flow in the 

channel on the sediment, and if movement does occur, it can be better attributed to the main 

factors of influence, natural flow conditions versus the dam removal. The research that was 
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conducted will provide some basis for establishing some standard methods of measuring the 

quantitative impacts of dam removal on the shear stress. 

 The research done was the basis for an ongoing effort for creating a better model to 

predict how dam removals will ultimately influence the characteristics of a river. The precedent 

has been set to develop better methods of predicting the long-term and short-term changes from 

dam removals. Research and monitoring at the Sandy River will continue for several years, and 

the data determined will be used as a basis for comparison as changes occur 

Evaluation of Photosieving As a Rapid Alternative to Pebble Counts 

Overview 

 The grain-size measurements are very important when doing studies of the properties of 

sediments.  This property of the sediments is using by a lot of professionals to do studies in their 

different areas, for example, geologists and sedimentologists use information on sediment grain 

size to study trends in surface processes related to the dynamic conditions of transportation and 

deposition; engineers use grain size to study sample permeability and stability under load; 

geochemists use grain size to study kinetic reactions and the affinities of fine-grained particles 

and contaminants; and hydrologists use it when studying the movement of subsurface fluids 

(Blatt and others, 1972; McCave and Syvitski, 1991).   

The objectives of a grain-size analysis are to accurately measure individual particle sizes, 

to determine their frequency distribution, and to calculate a statistical description that adequately 

characterizes the sample (USGS, 2007). Grain size measurement is complicated because the 

three-dimensional size of the grains is not constant and the sectioning plane will cut through the 

grains at random. Grain shape also varies, particularly as a function of grain size (Stewart, 2007).  
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For these reasons the techniques and equipment used for particle-size analysis must be 

fast, accurate, and yield highly reproducible results. The accuracy of these measurements is 

limited by sampling techniques, storage conditions, analytical methods, equipment, and, 

especially, the capability of the operator. As with most types of sediment logical analyses there is 

no ultimate technique or procedure that will produce the most desirable grain size data for all 

cases. Several types of analyses have been developed over the years to accommodate the 

different types and sizes of samples and the reasons for conducting the analysis (USGS, 2007). 

In this project we are going to use the grain-size measurements to identify the surface 

composition of the Sandy River. The grain-sizes measurements can illustrate the effects of 

flooding, sedimentation, and other physical impacts to the Sandy River stream. These grain-size 

measurements will be used after Marmot Dam removal to identify the changes in surface 

composition of the Sandy River caused by the displacement downstream of the sediment that is 

behind of the Marmot Dam. To carry out these grain-size measurements in the fieldwork we go 

to use the methods of pebble count and photo sieving. This research consists of making 

comparisons between these two methods, that measures the surface composition of the river bed. 
 
Objectives 

 

To investigate if this new method for grain size measurements, photo sieving, developed 

to use digital photographs and Digital Gravelometer software to characterize individual particle 

size without measuring each individual particle, has the same or greater precision than pebble 

count method. 
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Methodology 

Pebble Count Method 

The method of pebble count was development by M. Gordon Wolman in 1954. The 

Wolman pebble count is commonly used to sample the surface particle size distribution of 

Gravel-bed Rivers. In this process 100 random particles are selected from the streambed and the 

intermediate axis of each particle is measured. 

The process to select the 100 random particles from the streambed consists on select a 

reach for sediment particle size distribution quantification.  Then, begun at a randomly selected 

point (throw a pebble) along the edge of stream. It's taken one step into the water perpendicular 

to flow and, while averting your eyes, is pick up the first pebble touching your index finger next 

to your big toe (Stanley, 2006).   

The standard practice is to measure the maximum dimensions of three mutually 

perpendicular axes, with the largest dimension being the a-axis, the intermediate the b-axis, and 

the smallest the c-axis (Figure 1). Since most streambed particles approximate ellipsoids, the b-

dimension is an acceptable predictor of nominal diameter. The nominal diameter is defined as 

the diameter of a sphere with the same volume and thus corresponds to sieve size. This in turn 

makes it possible to determine particle size frequency distribution from the b-axis alone (USDA 

FOREST SERVICE). For this reason in the field we will only measure the b-axis using a 

gravelometer.  
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Figure 9 

Source: http://limnology.wisc.edu/courses/zoo548/Wolman%20Pebble%20Count.pd 

Digital Gravelometer 

 The following information is the description and the process indicated by the Sedimetrics 

Company to the use the Digital Gravelometer Software: 

Digital Gravelometer is software for Windows® develop by Sedimetrics Company that 

enables you to measure unconsolidated gravel sediments from digital photographs. With Digital 

Gravelometer you can dramatically increase the productivity with which you sample exposed 

gravels. 

Advantages of the Digital Gravelometer: 

o It’s more productive since it entails a saving in time and people necessary to 

         make the work. 

o       It does not cause damage to the studied surface, since it is not necessary to remove 

samples. 

o It provides information detailed on small areas, which that can combine to make 

studies of greater areas. 
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The Digital Gravelometer is based on proven technology that has been published in the 

highly respected academic journals Water Resources Research and Mathematical Geology. 

In addition to basic size-distribution parameters, Digital Gravelometer produces 

customizable reports containing a host of statistical parameters along with graphical grain-size 

distribution curves and histograms. Once you have customized the report to suit your particular 

requirements, the settings can be saved as a template, making the analysis of subsequent samples 

even quicker. 

Customizable grain-size analysis report including:  

o User defined or default percentile estimates (in mm, phi and psi)  

o Standard grain-size distribution statistics (mean, sorting, skewness, kurtosis) based on 

moment or graphical methods using logarithmic, geometric and arithmetic methods  

o Proportion of grains in Wentworth size classes, standard sieve size classes or user-

defined classes  

o Fully customizable graphical representation of the grain-size distribution as a 

histogram and cumulative curve  

o Information about the project (client, operator etc.) and each individual image 

(filename, sample ID, collection date etc.) 

Stages in the grain identification and measurement procedure:  

The identification and measurement of grains by Digital Gravelometer is an eight-stage process.  

Stage 1: Convert to grayscale 
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The color image is first converted into a grayscale (intensity) image.  

Stage 2: Apply correction for radial lens distortion 

If the user has specified that radial lens distortion should be corrected, the grayscale image is 

modified to incorporate this correction.  

Stage 3: Apply a projective transform 

A projective transform is applied to the image to correct for the axis of the camera not being help 

perfectly vertically above the centre of the sample patch. This transform resamples the image and 

requires the specification of a sampling resolution (the number of pixels per mm). An 

appropriate value is calculated automatically by the software to keep the image resolution 

approximately constant.  

Stage 4: Identify the grains in the image 

This stage converts the grayscale image into a binary (black and white) image in which the 

grains are represented by white and the interstices by black.  

Stage 5: Separate touching grains  

It is common for those regions that represent grains in the resulting binary image to be 

connected. The binary image is further segmented by the application of a watershed transform. 

This may result in significant over segmentation of the image. An intermediate step in the 

watershed transform is smoothed by the application of an h-minima transform. The intensity of 

this smoothing is controlled by the minima suppression parameter, the default value of which is 
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1. Reducing this value will result in increased over segmentation of grains, whilst increasing it 

may result in the failure to separate touching grains. The output from the watershed segmentation 

is a final binary representation of the grains in the original image.  

Stage 6: Select the grains to measure  

Those grains that lie within the sampling area defined by the control points are now selected for 

measurement. Because either including or excluding all of the grains intersecting the boundary of 

the sampling area will result in a size bias, it is best to include grains intersecting half of the 

perimeter and exclude the rest. By default, those grains lying along the top and left edges of the 

sampling area are included. The user may change this. The output of this step is a binary image 

containing only those images to be measured.  

Fig 10 Intermediate steps towards identifying the individual grain. 

Stage 7: Measure the grains 

 



The selected grains are now measured. Information is recorded about grain size, orientation, 

shape and area. At this stage, the grain sizes are specified in pixels. 

Stage 8: Convert grain sizes to millimeters 

The final stage is to convert the measured grain sizes into millimeters using the known scale of 

the imagery 

Square hole sieve correction: 

 Because the b-axis measurement made by the Digital Gravelometer is more analogous to 

that made with a ruler than with a square-hole sieve, it is necessary to adjust the measurements 

made by the software if they are to be directly compared to sieve-derived data. Such an 

adjustment has been presented by Church 
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et al. (1987): 

 

where the ratio of square-hole s Ds / b) is related to flatness (c / b). This 

relation requires knowledge of the flatness of each grain in order to calculate a correction factor 

for each. Whilst it is not possible to directly determine the flatness of grains from an image, it is 

relatively quick to characterize the typical grain flatness for a particular sediment body by 

measuring a sample of, perhaps, 100 grains in the field. This may then be used to calculate a 

correction factor that may be used to adjust the sizes of all of the grains measured by the 

software. In practice, it has been determined that the grain-size distribution is insensitive to the 

precise value of the correction applied and a correction factor of 0.79 (corresponding to a mean 

ieve size and true b-axis (



flatness of 0.51) has been shown to give good results even for sediments with an obvious 

difference in grain shape.  

Image collection 

Camera selection 

 Any digital camera may be used to collect the images. However, the higher the pixel 

resolution of the camera, the larger the sampling area can be for a given minimum resolvable 

grain size. The camera should have a flash and ideally be able to drive an external, camera-

mounted, flash. A flip-up display may help when composing the photographs. Image quality 

varies significantly between camera models and purchasers should take advice to ensure they 

acquire the highest quality camera for their budget.  

Description of camera that will be used in fieldwork: 
 
Type: Canon PowerShot SD900  

Camera Effective Pixels: Approximately 10.0 million 

Image Sensor: 1/1.8-inch CCD 

Lens: 7.7(W) – 23.1 (T) mm 

Number of Recording Pixels: Large: 3648 x 2736 pixels  

External Flash: Phoenix D92-BZS 

Light Reflector  

Waterproof Case 

Sampling area: 

Size and shape: 
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The principal control on the size of the sampling area is the requirement that the smallest grain 

of interest should be larger than 23 pixels in the image. Any grains smaller than 23 pixels will be  

 

Fig 11 

subject to significant measurement errors. The graph below provides a handy reference to the 

largest sampling area recommended for a range of camera resolutions and minimum resolvable 

grain sizes. 

These relations may be summarized by the following equation: 

 

where A is the area photographed (m2), g is the b-axis of the smallest grain of interest (mm), and 

P is the number of pixels in the image. The graph and equation are only a guide and the quality 

of the camera will also have a bearing on the results achieved. Ideally, the shape of the sampling 

area shou e aspect ratio of the resulting image. 

Calculations to determine our area photographed: 
 

ld be rectangular to reflect th
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Data:  

g = 7 mm   
 P= 10,000,000  
 
Calculated Area:  

A= 0.926276 m2

 

Marking the sampling area 

 The four corners of the sam rked to define a rectangular area of 

known dimensions in the image. This may be achieved by laying a rectangular frame on the 

ground, marking the corner positions with adhesive targets or a marker pen, then removing the 

frame. Alternatively, an oversize frame could be used with pieces of wire protruding into the 

image to mark the corner positions. It is important that the frame itself is not in the image. The 

four markers will provide the scale and enable rectification of the image (to overcome 

perspective problems associated with the image not being collected with the camera sensor 

parallel with the surface). In the following sketch, the shaded area represents the area included 

within the image and the dashed line represents the sampling area.  

Taking the photograph: 

Fig 12 

 

pling area must be ma



Dimensions of Our Sampling Area: 

Length = 1.114 m 

With = 0.835 m 

Correlation Between Riparian Vegetation And Sediment Transport After Dam Removal In 

The Sandy River, Oregon 

Overview 

 Riparian vegetation, plants on land that are next, directly influences or are influenced by, 

a body of water (NWS EPA), is a fundamental part of rivers. It is does not only provide a good 

depiction of the activity and ecological diversity  along streams, but it can also help understand 

its  functioning and several of its geomorphologic processes related to the hydrologic cycle, 

water budgets, soil moisture and sediment erosion, transport and deposition.(Thornes, 1990). The 

study of riparian vegetation requires the collaboration of different sciences such as hydrology, 

hydraulics, sediment transport, ecology, botany, and geotechnical engineering (Simon, 2004). It 

can be looked as an independent or dependent variable, and can be studied from different 

perspectives and for various purposes. 

 

Fig. 12 The Sandy River, Oregon 
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 In this research, the riparian vegetation along the Sandy River in Oregon will be used to 

measure and compare the conditions of the river before and after the removal of the Marmot 

Dam in summer 2007. This will help to identify and monitor the reaches of the river that are 

most sensitive to change due to sediment redistribution. In order to collect the appropriate data 

for this study, three weeks of pre-dam removal fieldwork in the Sandy River were necessary. 

During this period, different surveying and mapping techniques were used to measure the texture 

of the river  and  to collect data from several of its downstream sections. 

Objectives 

 The current project is part of a larger and long term research that will use field data and 

modeling data to understand how rivers digest sediment following dam removal (NCED, 2007)  

Therefore, the main objectives of this study have been established to accomplish the overall 

goals of the main topic of research. They are: 

• Evaluate the impact and correlation of the sediment released after dam removal on 

downstream vegetation. 

• Use riparian vegetation as a baseline to recognize changes in the stratigraphy and shape 

of the river overtime. 

• Generate accurate pieces of information that will help to detect areas that have been 

altered by sediment transport.  

Methodology and Fieldwork 

 Four weeks of preparation and research in Saint Antony Falls Laboratory in Minnesota, 

as well as, three additional  weeks of fieldwork in the Sandy River were required to conduct this 

study. During the first weeks of preparation, several research papers on sediment transport, 
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stream restoration, dam removal, riparian vegetation and fluvial morphology  were studied to 

obtain a  strong background knowledge  on the topic of investigation.  

The fieldwork was carried out during July 2007 with a group of five research interns, two expert 

surveyors, and two lead scientists from the Johns Hopkins University. During this period of time, 

surveying, pebble counting, facies mapping and  vegetation mapping were used to obtain a large 

range of information about the pre-dam removal conditions of the river downstream the Marmot 

Dam. 

 

a                           b 

 

                                                             c                             d  

Figure 13. Main types of vegetation identified  in the Sandy River a) sprouts b) grass c) bushes 

d) trees. 

 To facilitate the study of the Sandy River, it was divided in eight reaches: Reach A, B, C 

D, E, F, G, and OB. However, the fieldwork was only carried out in a few subsections of reaches 

B and OB. These reaches were selected since they have been already affected by sediment 



deposition. Therefore, they were considered as potential areas to be modified by sediment 

redistribution after the removal of the Marmot Dam.  

 Specifically, mapping, qualitative and quantitative analysis of vegetation were carried out 

in sections 2, 5, 6, 7, 8, 9  of reach OB, sections 2 and 3 of Reach B1 and sections 6, 7, 8, 9 and 

10 of Reach B2. After identifying the areas of study, vegetation was classified in broad 

categories regarding type, density, and size through direct observations of the riverbanks and 

islands. A very general and clear code was developed in order to facilitate interpretation of the 

data (Fig 4). An entire vegetation classification effort and age distribution analyses are not 

necessary for the purposes of this research. The dimensions of the areas covered by vegetation do 

not need to be precise and were estimated. The height of vegetation was calculated by using a 2-

meter surveying measuring tape. The vegetation maps were produced on printed copies of aerial 

ArcGIS maps of the Sandy River that are based on LIDAR data obtained in fall 2006. Any 

additional information or comments were recorded on an 8 x 8-field notebook. Digital 

photographs of the vegetation were also taken to facilitate the interpretation of the data. In due 

course, all the information collected will be used to create detailed ArcGIS maps of vegetation 

that will be easily manipulated and modified for purposes of this research.  

 

 

 

 

 

 

Table 6. Code used to create vegetation maps 

Type Code Size Code Density Code 

Sprouts S <.5 a Non-dense 0 

Grass G .5-1 m b Moderate 1 

Bushes B 1-2 m c Dense 2 

Trees T > 2 d Very-dense 3 
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                 Fig 14 Fieldwork in the Sandy River          Fig  15. Sample of vegetation map 

Further Discussion  

 The vegetation maps generated and the observation recorded for this research can become 

a very important tool to conduct a deep study on the effects of the sediment released after the 

removal of the Marmot Dam. However, the data collected can only become a rich source of 

information after the post dam removal data is obtained and the vegetation maps are generated in 

summer 2008. Currently, several hypotheses on the impact of sediment transport on vegetation 

have been developed, and many more will be formulated during fall 2007, but they will only be 

verified after summer 2008. Therefore, annual observations to identify changes in riparian 

vegetation along the Sandy River must be conducted. These observations should be carried out 

periodically and must follow the procedure that was used to collect pre-dam removal data in 

2007. 

 Expectantly, the use and comparison of pre and post-dam removal vegetation maps and 

data can help researchers to clearly identify areas that have and have not been significantly 

affected by sediment deposition. This will allows researcher to focus and study areas of the river 



that are relevant, will save time and effort, will reduce the amount of work  and people involved 

in this research and will avoid the collection of  unnecessary information.  

Optimal Grain-size Diameters for Salmon Spawning Habitat Prior to Marmot Dam 
Removal in the Sandy River, Oregon 
  

Overview: Salmon Spawning Habitat Mapping   

             The purpose of the Marmot Dam removal at the Sandy River is to improve habitat 

connectivity for salmonid population and to restore natural streamflow downstream of the dam. 

The nature of salmon spawning efforts depends significantly on sediment composition. The 

anticipated sediment transport initiated by dam removal is expected to affect salmon habitat 

across different reaches of the river, with the degree of severity depending on location relative to 

the dam and sediment composition. How will the massive amount of sediment transport affect 

salmon spawning? Which grain sizes are optimal for spawning? How are these particular grain-

sizes distributed along the river? How will the ideal sediment transport following dam removal?  

Data collection consists of using Wolman’s pebble-count method to determine the average grain-

size diameters across several river reaches. Comparisons of grain-size diameters to salmon 

habitat will determine the optimal grain-size for salmon spawning efforts. Results show that the 

average grain-size of areas with greater salmon spawning activity is a gravel and cobble 

composition with diameters ranging between 23mm and 47mm. These results will further be 

used to detect change in riverbed composition over the course of the next 5-10 years and to 

determine how dam removal affects salmon habitat. 

 The construction of the Marmot Dam forces several disadvantages to the salmonid 

population of the Sandy River. Dams alter the natural migration passages in the upstream and 

downstream directions. Dams impact fish habitat by modifying and obstructing the upstream and 
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downstream aquatic environments, including: thermal stratification of the reservoir; downstream 

flow alteration and termination of inundation of downstream floodplains; sediment and nutrient 

trapping in reservoirs (Bernacsek).  Although dam construction provides several  

 Dam removal will aid the salmon populations by significantly restoring the stream to its 

natural conditions. Theoretically, with the construction of dams and its’ long-term adverse 

effects on the structure and function on the river ecosystem, the river may never return to its 

natural, pristine conditions (Beyer). However, dam removal offers the best attempt at salvaging 

ecological communities. Immediately following dam removal, the conditions of the bed channel 

is expected to be disastrous for fish populations due to the relatively massive sediment transport 

downstream. The dissolved load, consisting of material that is transported in solution, is 

predicted to be highly unsuitable to salmon biological functions and ultimately causing mortality 

(Stillwater Sciences). In addition, the bed channel is expected to be highly unstable for several 

years following dam removal directly impacting salmon habitat. Eventually, the bed channel will 

flatten out and attempt to restore to pre-dam construction conditions supporting aquatic 

ecosystems (Stillwater Sciences). 

 

 Pacific salmonids are critical to maintaining nutrients in the river ecosystem (Blumm 31). 

They are anadromous; they spend the beginning of their lives in freshwater and migrate to the 

sea where they spend a majority of their adult lives. Eventually, they return to the exact streams 

where they were hatched in freshwater to reproduce and die (Blumm 32). Thus, migration 

passages are highly significant to salmon development and reproduction. During their period in 

saltwater, they eat ravenously to store fat because they no longer feed in the river (Blumm 32). 

When the female spawns, she buries redds, or nests in the gravel. She typically deposits up to a 
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thousand eggs in each redd (Blumm 33). Upon fertilization, the female then covers each redd 

with gravel and deteriorates while guarding the nest. Salmon corpses provide plentiful nutrients 

to the river. 

 The three salmon species that will be evaluated in this experiment are the coho 

(Oncorhynchus kisutch), the Chinook (Oncorhynchus tshawytscha), and the Steelhead salmon 

(Oncorhynchus mykiss). The spring Chinook, summer Steelhead, and Coho salmon spawn 

upstream relative to the dam across several reaches of the river (Stillwater Sciences ES 7). The 

Fall Chinook spawn downstream relative to the dam. Winter Steelhead spawn both upstream and 

downstream of the river relative to the dam. All salmonids spawn far upstream and downstream 

from the Marmot dam. However, the Chinook salmon have secondary spawning areas just above 

the Marmot dam, thus these species may be the most affected as a result of the sediment 

transport in the reservoir (Stillwater Sciences 70). 

Objective: Salmon Spawning Habitat Mapping 

 One of the primary purposes of dam removal is to restore the stream to the natural 

condition with emphasis on restoring natural biological habitat (Beyer). With a thorough 

understanding of sediment transport and mobility, one can predict the suitability of the spawning 

phase of salmon and ultimately determine the success of the dam removal project. Although 

there are several factors that contribute to determining optimal spawning habitat suitability, 

grain-size distribution of the riverbed is the most significant for analysis of river conditions 

before and after dam removal. The distribution of the sediment following a massive amount of 

sediment transport will ultimately determine the sustenance of salmon populations across the 

various downstream reaches of the river.  
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Methods: Salmon Spawning Habitat Mapping 

Facies Mapping: 

 To evaluate pre-dam removal distribution of sediment, facies maps were generated across 

several downstream reaches of the river. Facies maps are maps of numerous patches of sediment 

with homogenous characteristics.  

Pebble counts were performed on the bars and shallow side channels to determine the grain-size 

distribution of the riverbed across several reaches upstream and downstream. Take existing fish 

literature in fisheries journals to find salmon spawning areas. The locations mapped out in 

fisheries journals will provide a foundation for which to narrow search for redds for each 

particular species of salmonids. Observe the grain-size of the gravel where redds are found and 

produce facies maps in these areas. It is imperative to carefully observe the spawning habitat 

without disturbing the conditions. Thus, determining the grain-size will depend on the facies 

maps, so that one can use the pebble count method in areas with very similar characteristics as 

the areas with the actual delicate spawning habitat.  

Results: Salmon Spawning Habitat Mapping 

Oxbow Creek 

 Following the 3 weeks of field work and data collection, it is determined that there is 

significant spawning habitat in the reach furthest downstream of the Marmot Dam in Oxbow 

Creek.  
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Reach   A B1 B2 OB Total 

Facies 
Finer 
than: Phi      

>1m 2048 11.0 0 1 74 0 75 
.5-1m 1024 10.0 1 59 133 2 195 
256-.5m 512 9.0 11 326 535 41 913 
180-256 256 8.0 20 232 393 206 851 
128-180 180 7.5 18 201 326 593 1138 
90-128 128 7.0 30 171 407 920 1528 
64-90 90 6.5 31 142 394 1182 1749 
44-64 64 6.0 29 117 378 1032 1556 
32-44 45 5.5 14 83 331 762 1190 
22-32 32 5.0 7 54 249 437 747 
16-22 22.5 4.5 1 42 188 256 487 
11-16 16 4.0 3 27 172 143 345 
8-11 11.25 3.5 0 14 94 75 183 
2-8 8 3.0 0 49 193 148 390 
Sand 2 1.0 0 275 890 1448 2613 
Mud 0.0625 -4.0 0 28 13 2 43 

 

D16   45.8 1.7 1.2 1.0 1.2 
D50   87.6 106.0 57.1 50.8 56.5 
D84   198.7 313.1 251.2 113.3 169.2 
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Map   2 2 2 2 2 4

Facies 
Finer 
than: Phi Bcg Bsgc Bcsg Bgbc Bgs Bcg 

>1m 2048 11.0 0 0 0 0 0 0
.5-1m 1024 10.0 0 0 0 0 0 0
256-.5m 512 9.0 0 2 0 6 4 2
180-256 256 8.0 1 18 1 10 12 3
128-180 180 7.5 6 36 5 47 43 15
90-128 128 7.0 22 37 13 58 46 10
64-90 90 6.5 63 64 42 67 64 18
44-64 64 6.0 65 67 36 55 43 15
32-44 45 5.5 64 57 39 29 29 18
22-32 32 5.0 32 36 39 14 24 2
16-22 22.5 4.5 18 27 20 5 11 6
11-16 16 4.0 8 9 13 1 2 4
8-11 11.25 3.5 12 5 6 1 0 1
2-8 8 3.0 1 5 24 3 0 4
Sand 2 1.0 4 38 59 11 23 0
Mud 0.0625 -4.0 0 0 0 0 0 2
         
         
Total   296 401 297 307 301 100
         
D16   23.6 17.5 0.8 37.8 26.9 21.3
D50   47.2 50.9 28.6 76.3 70.6 61.1
D84   81.5 118.4 71.4 141.6 139.5 140.2

 

Map   5 5 6 6 6 6

Facies 
Finer 
than: Phi Bcg Bcg Bcb Bcs Bsc SCc 

>1m 2048 11.0 0 0 0 0 0 0
.5-1m 1024 10.0 0 0 0 0 0 0
256-.5m 512 9.0 1 0 10 1 0 1
180-256 256 8.0 3 7 28 7 3 26
128-180 180 7.5 27 17 46 15 11 27
90-128 128 7.0 45 27 65 34 15 28
64-90 90 6.5 30 33 50 31 29 37
44-64 64 6.0 45 28 44 30 21 33
32-44 45 5.5 41 10 25 7 13 18
22-32 32 5.0 26 18 15 5 6 4
16-22 22.5 4.5 26 8 7 3 2 4
11-16 16 4.0 18 7 2 0 3 0
8-11 11.25 3.5 10 5 5 0 3 2
2-8 8 3.0 8 10 7 1 9 1
Sand 2 1.0 20 28 79 179 181 18
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Mud 0.0625 -4.0 0 0 0 0 0 0
         
         
Total   300 198 383 313 296 199
         
D16   13.7 3.3 0.7 0.1 0.1 33.8
D50   45.4 53.0 67.4 1.1 0.8 76.6
D84   112.1 115.8 151.5 96.7 72.5 169.3

 

Map   6 6 7 7 7 7&8 

Facies 
Finer 
than: Phi Bgc Bc Bgc Bgc SCsc Bsgc 

>1m 2048 11.0 0 0 0 0 0 0
.5-1m 1024 10.0 0 0 0 0 0 0
256-.5m 512 9.0 0 0 0 1 0 2
180-256 256 8.0 1 6 17 2 1 8
128-180 180 7.5 2 28 51 8 9 43
90-128 128 7.0 29 59 49 22 17 37
64-90 90 6.5 58 62 44 25 27 59
44-64 64 6.0 39 36 25 19 12 50
32-44 45 5.5 34 38 10 10 12 32
22-32 32 5.0 5 12 3 3 3 11
16-22 22.5 4.5 4 7 1 3 2 2
11-16 16 4.0 4 3 1 4 2 5
8-11 11.25 3.5 0 1 0 7 0 1
2-8 8 3.0 0 7 0 15 3 2
Sand 2 1.0 24 43 2 80 12 40
Mud 0.0625 -4.0 0 0 0 0 0 0
         
         
Total   200 302 203 199 100 292
         
D16   22.5 5.7 56.0 0.1 11.3 14.6
D50   58.5 65.4 100.6 10.0 67.3 65.1
D84   90.0 117.5 162.3 91.7 113.0 134.5

Map   8 8 9 9 9 9

Facies 
Finer 
than: Phi Bgsc Bsg Bgc Bsgc Bgsc Bcs 

>1m 2048 11.0 0 0 0 0 0 0
.5-1m 1024 10.0 0 0 0 0 0 0
256-.5m 512 9.0 0 0 6 1 1 0
 

180-256 256 8.0 2 2 16 7 6 1
128-180 180 7.5 12 1 44 25 9 11

53 



90-128 128 7.0 34 10 64 30 41 12
64-90 90 6.5 65 20 49 38 51 6
44-64 64 6.0 59 25 34 61 46 9
32-44 45 5.5 44 25 18 50 41 4
22-32 32 5.0 22 30 11 35 12 2
16-22 22.5 4.5 17 15 10 14 6 0
11-16 16 4.0 3 15 2 8 7 1
8-11 11.25 3.5 4 2 1 1 0 0
2-8 8 3.0 7 8 1 6 7 1
Sand 2 1.0 57 30 40 8 74 155
Mud 0.0625 -4.0 0 0 0 0 0 0
         
         
Total   326 183 296 284 301 202
         
D16   1.3 1.8 17.9 24.5 0.4 0.0
D50   47.5 29.0 79.4 50.5 46.2 0.4
D84   88.1 68.2 147.9 110.6 97.1 58.4

 

Map   9 10

Facies 
Finer 
than: Phi Bgc SCcs 

>1m 2048 11.0 0 0
.5-1m 1024 10.0 0 0
256-.5m 512 9.0 0 0
180-256 256 8.0 5 0
128-180 180 7.5 20 8
90-128 128 7.0 52 15
64-90 90 6.5 63 32
44-64 64 6.0 57 37
32-44 45 5.5 36 30
22-32 32 5.0 30 24
16-22 22.5 4.5 14 16
11-16 16 4.0 7 5
8-11 11.25 3.5 3 0
2-8 8 3.0 1 4
Sand 2 1.0 11 130
Mud 0.0625 -4.0 0 0
     
     
Total   299 301
     
D16   25.9 0.1
D50   60.4 20.4
D84   109.7 68.8
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Grain Size Distribution
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Fig 17 

Conclusion: Salmon Spawning Habitat  

 The salmon population in the Sandy River, Oregon prefers to spawn in areas of the river 

with a cobbly gravel composition. There are several areas in the various maps at Oxbow creek 

that have this ideal habitat. These areas are particularly under investigation. The D50 in Oxbow 

Creek where salmon spawning is prevalent is 50.8mm. In this reach of the river the grain size 

diameters of known facies range between 23mm and 47mm. According to the maps, salmon 

prefer to spawn in side channels where the discharge is low.  

 The Marmot Dam removal project consists of several years of research. The primary 

purpose of generating facies maps and analyzing the sediment composition in areas of significant 

spawning is to determine pre-dam removal conditions. With this data, change detection in the 

riverbed will be most evident and scientifically based as opposed to speculation on the subject of 
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dam removal. The survey data will be used to detect the overall changes in the river 

geomorphology and the facies mapping and pebble counts can be used to detect the exact 

composition of the sediment trapped in the reservoir behind the dam. More importantly, 

sediment transport will become more evident and understood; one will be able to determine how 

particular sediment sizes transport downstream and where they deposit.  

 In the 2 years following the removal of the Marmot dam, it is anticipated that the massive 

amount of sediment that will transport will negatively impact the salmon species. The DR50R of 

reach A which is just below the dam is 88mm. This sediment is composed mostly of a bouldery 

cobble and very little sand and gravel. Thus, the reservoir just behind the dam must be filled with 

gravelly sand and it will move after dam removal. The sand will be transported in the suspended 

load which is actually harmful to salmon spawning efforts. However, over the course of the next 

5-10 years following dam removal, this suspended load will eventually wash out and the riverbed 

will aggradate and make a strong attempt to restore to pre-dam construction conditions.  

This study will enlighten the topic of dam removal as a means to aid aquatic species. 

Although the salmon will be negatively impacted in the time immediately following dam 

removal, over the course of the 10 years, the stream will be restored and the natural passageways 

will be restored as well. This will allow for the wild salmon and raised salmon to procreate and 

flourish in the river using the natural methods that were originally successful prior to dam 

construction. 
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