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Abstract 

Copeland Creek is a tributary of the Laguna de Santa Rosa; a Ramsar recognized wetland 

near Rohnert Park in the north San Francisco bay area.  Sediment transportation in Copeland 

Creek has become an increasing problem for communities close to the stream and the Laguna de 

Santa Rosa.  The Sonoma County Water Agency (SCWA) is interested in the sediment 

transportation of Copeland Creek because of the affects it will have on: restoration projects in the 

area, filling of the Laguna de Santa Rosa, issues with channel constrictions, flooding, and 

resultant damage to Sonoma State University and the surrounding community. This project aims 

to characterize the sediment transport and deposition of Copeland Creek as it passes through the 

streams alluvial fan.   The study aims to address two questions: how much sediment is being 

transported through Copeland Creek at any given time, and whether Copeland Creek’s bed is a 

source or sink of sediment as it carries through the alluvial fan.  To facilitate future research of 

deposition and erosion in the fan, the study establishes three cross sectional surveys. The first 

concern is addressed through the installation of a bed and suspended load sediment trap in the 

appropriate areas in order to measure the amount of sediment that is being transported through 

the creek during a given time. The second concern is addressed two ways, first by comparing 

remotely sensed images from 2004 and 2012 which a comparison of the channel widths and 

sediment deposition of the streams through the alluvial fan. Our study will be based off the 

Helley-Smith sediment and Pit Trap designs. The study also developed a manual for operation of 
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the traps. This longitudinal study will allow ongoing research of sediment transportation 

throughout Copeland Creek.  

Introduction 

The city’s designers and builders of Rohnert Park built the city without any regard for 

natural stream function. This disregard is particularly obvious when Rohnert Park officials have 

to deal with Copeland Creek’s normal stream behavior seasonal flooding and sediment 

deposition. Sediment transport is a normal physical process that is responsible for stream form 

development, such as meandering and river braiding (Ballio and Tait 2012). Streams erode 

sediment from higher elevations and transport them to the base level which in many cases is the 

ocean. If this natural process is interrupted by stream control, channelization, stabilization, and 

dams, then the natural process cannot occur; and water ways will begin to fill with sediment 

causing flooding and damages to surrounding structures and roads. When streams are 

channelized many times their normal sediment transportation behaviors are also altered. Alluvial 

fans are depositional zones for streams that come from steep terrain and transition into a flat 

valley-- Copeland Creek is one such stream that starts at Sonoma Mt and works to deposit 

sediment into the alluvial fan that Rohnert Park is located on. However, human interference is 

keeping Copeland Creek from doing what it normally does. 

 Sediment transport is one of the main functions of streams and water ways and in order 

to determine how much sediment is running through the creek there are a few things that we 

need to be aware of. The first is water flow, most classical models in morphodynamics describe 

the flow field with a depth-or section averaged approach, the main variables being water depth, 

bulk water velocity, and time averaged shear stress on the channel boundary (Ballio Tait 2012).  
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Next is the bed geometry, which is how the stream bed looks and is formed.  Macro geometry of 

the boundary is expressed by distributions of bed elevations; subscale geometry is modeled by 

means of bulk properties such as a resistance parameter expressing the average effect of the 

sediment boundary on the fluid and porosity term describing the average packing of the deposit. 

Normally the resistance to erosion is characterized by some deterministic threshold of motion. 

The Final element of sediment transportation is moving sediments. Sediment motion is described 

by means of mass fluxes across reference surfaces or, alternatively, by the average concentration 

and velocity of the moving sediments (Ballio Tait 2012). 

To counteract these normal stream behaviors and make the rich land useable, the Soil 

Conservation Service and Army Core of Engineers stabilized and channelized Copeland Creek in 

order to keep the stream from meandering and turn the land into an agricultural area. Much of the 

sediment is being deposited in the Laguna de Santa Rosa, which is filling at an increased rate. 

Our problem is that much is deposited in the bed which is decreasing the ability to move storm 

water there for causing flooding in residential communities. Once these agencies determined that 

the steps they had taken to stabilize the creek were causing complications in the areas 

surrounding Copeland Creek, they turned over the troublesome sections of land to the SCWA 

who was given the task to maintain and improve these areas. The SCWA then wrote the 

Copeland Creek master plan that focuses on research to reverse the effects of channelization on 

Copeland Creek. Goal 5 of the Copeland Creek Master Plan looks to maintain hydraulic function 

of Copeland Creek for flood control protection of the Sonoma State University in a manner that 

combines flood control requirements with ecological restoration and water quality improvement 

(CCAC 2001).  Specifically I am following implementation measure 5A.d. which looks to 

construct sediment filters and traps where feasible for future development projects. This aims to 
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reduce non-point source pollution to Copeland Creek, future development projects shall install 

filters on storm drain catch basins, where practicable (CCAC 2001). 

The Copeland Creek channel causes many issues with the deposition of Copeland Creek, 

in the areas west of the Laguna de Santa Rosa.   The magnitude and volume of sediment 

deposition can be determined by measuring how thick the alluvial fan sediment is above the base 

level at Stoney Point Road; this is where the main channel of the Laguna de Santa begins and 

deposition is at its greatest. Urban development often produces with little regard for streams and 

fluvial processes until they become problematic for nearby communities. Many times this calls 

for people to take control over natural land forms in order to control and expand our usable land. 

This process although beneficial to the population many times impedes on many natural 

processes.  

This study examines two main aspects of Copeland Creek: first, how much sediment is 

being transported through Copeland Creek at any given time, and second if Copeland Creek is a 

source of the sediment. I will install sediment traps to determine the amount of transported 

sediment.  To determine if Copeland Creek is a source or sink of sediment erosion I will use 

satellite imagery to measure the Copeland Creek stream bed and compare them to past and 

present images. I will also construct a cross section of a certain area of the creek, which will 

allow future studies to determine how the creek has changed, and how much erosion has taken 

place in this location. By answering these questions, the SCWA should be able to better 

understand the dynamics of Copeland Creek in order to improve management of sediment loads, 

avoid flooding, and provide a linear path of research 
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Literature Review 

The city of Rohnert Park, located in Sonoma County, has tried to control many streams 

that run through the town and are encountering various problems with flooding and eroding of 

areas close to the Copeland Creek stream bed. Copeland Creek, a tributary of the Laguna de 

Santa Rosa, has 3.98 square mile water shed, and originates on Sonoma Mountain, which has an 

elevation of 2,295 feet (CCAC 2001). Copeland Creek runs through the north side of Sonoma 

State University and is prone to flooding and can cause erosion throughout the University 

campus, if channel volume is not properly maintained. With Copeland creek running so close to 

the Sonoma State campus, the Sonoma County Water Agency has made it a high priority to 

properly maintain Copeland Creek’s drainage capacity in order to  protect the Sonoma State 

University campus. 

Copeland Creek begins slightly above the Fairfield Osborne preserve which is located on 

the upper section of Sonoma Mountain. The stream flows westward through the forest, grazing 

lands, and vineyards of the Western Sonoma Mountain. Throughout this high gradient section 

there has been little human disturbance and the stream has kept its natural channel. With no 

disturbance Copeland creek has been able to form a natural alluvial fan, which is a low, cone 

shaped deposit formed by a stream issuing from mountains into lowland. There, it has the 

characteristics of a meandering stream which is a bend in the course of a stream developed 

through lateral shifting of its course toward the convex side of the bed (Easterbrook 1993).  .  

Once the creek crosses Petaluma Hill Road and reaches Sonoma State and residential areas, it 

has been channelized and straightened in order to reduce the effects that the creek had on the 

surrounding communities. By disturbing the natural process and stabilizing Copeland Creek, the 

creek is not allowed to meander through the landscape.  The study reach of Copeland Creek 
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channel traverses the Sonoma State campus east to west for 1,120 meters. This intermittent 

section of Copeland Creek, which only bares water for certain parts of the year, and associated 

riparian habitat offers a natural space amenity to the campus as well as terrestrial and aquatic 

habit (CCAC 2001). Once the creek moves through the town of Rohnert Park and Cotati its 

drains into the Laguna de Santa Rosa, the Laguna is a 14-mile long wetland that drains a 254-

square mile watershed that covers most of the Santa Rosa Plain in Sonoma County.  

  In order to determine the characteristics of the creek we need to classify the sediment 

supply using Reckings methods. Low sediment supply corresponds to a limited supply of the 

finer fractions (sand and gravels) that are stored below cobble and boulders and is available for 

transport only from local patches. Moderate sediment supply consists of channels seasonally fed 

by colluviums. In-channel sediments are loose, coarse and readily available for transport. High 

sediment supply corresponds to channels continuously fed with landslides or strong bank erosion 

events. It could also correspond to the period following a large flood when the bed structure had 

been totally destroyed and the finer sediment fraction is totally available for transport (Recking 

2012). These classifications it will help us determine what type of sediment load is flowing 

through the creek.  

In my observations, Copeland Creek has all three of these sediment classifications 

throughout the extent of the creek. The High sediment supply is located at the upper regions of 

the creek where the stream gradient is the highest. In this area I have observed many different 

mass movements, such as rock slides, mud flows and landslides that have introduced large 

amounts of sediment into Copeland Creek. As the creek flows off of Sonoma Mountain into the 

low lying alluvial fan and levels off we will find much more of the moderate and low sediment 

supply. This is because the gradient is low which slows down the movement and flow of the 



7 
 

 

water in Copeland Creek. By being able to measure the amount of sediment that is running 

through Copeland Creek during a certain time, we should be able to roughly estimate how fast 

Sonoma Mountain is eroding into the surrounding low lying areas down to the base level, which 

is, the level below which a land surface cannot be reduced by running water (Esterbrook 1993).  

Methods/Findings  

Three methods are employed to characterize sediment transportation in the reach of 

Copeland Creek. The type of remote sensing that I will be using is satellite imagery, which 

consists of orthographic view of a specific area by a high definition satellite camera. I will use 

images from 2004 and 2012 and compare them. 

The second aspect of this study is comparing past and present satellite images in order to 

determine if Copeland Creek is a source or sink of sediment. What we are looking for is that if 

the stream has gotten wider, then we know that this area is a source of sediment erosion and must 

be tended to in order to decrease the amount of sediment that is being transported through 

Copeland Creek. I used images from 2004 (Image 7) and 2012(Image 8) in order to determine 

the width of the stream. I was able to use the historical imagery function in the Google Earth 

program to locate past and present images of Copeland Creek. Then I used polygon tool to 

construct outlines of Copeland Creek between Petaluma Hill Road and Pressley Road so that we 

could determine if creek bed has changed over time and if so where the greatest change has 

occurred (Image 9). 

When examining the Copeland Creek stream bed profiles from 2004 and 2012, I 

determined that the perimeter in 2004 was 13,241 feet and in 2012 it was 12,527. This shows that 

in the eight years between the two pictures the perimeter of the stream bed has decreased by 714 
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feet.  I also determined that the area of the stream bed in 2004 was 267,752 square feet and in 

2012 it was 180,240. By comparing the areas of the Copeland Creek stream beds; we can see that 

over the eight years the area has decreased by 87,512 square feet. This allows us to determine 

that the Copeland Creek stream bed is a sink and has been depositing sediment in the Laguna de 

Santa Rosa at an accelerated rate.   

 

 
Image 7 
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Results 

Image 8 

Image 9 



10 
 

 

 In order to obtain a more accurate idea on how the Copeland Creek stream bed has 

changed over the years I established three cross sectional surveys of different sections of the 

creek bed. The cross sections will also allow future researchers to determine the channel width 

and calculate the volume of water that can be transferred through the creek. 

The first cross section is constructed at 38 20' 28.926" N, 122 39' 52.662" W and 38 20' 

28.926" N, 122 39' 52.662" W (Image 1) (Graph 1). This site was selected because it is located 

closest to Petaluma Hill Road and the Sonoma State Campus. It is located downstream from a 

meander and still in the Copeland Creek alluvial fan. Putting the cross section in this location 

allows us to see how Copeland Creek reacts when there is some type of channelization occurring 

downstream and also determine how much change take place when the creek continues to 

meander throughout this area. This section of the creek was completely dry during the spring 

when cross sections locations were chosen, but there was evidence that shows that the creek 

meanders through this area of the alluvial fan when water flows through it (Image 2).  

 The second cross section is constructed at 38 20' 28.926" N, 122 39' 52.662" W and 38 

20' 23.583" N, 122 39' 42.790" W (Image 3) (Image 4) (Graph 2). This location was selected 

because it was located along a straight section of Copeland Creek and is also downstream from a 

manmade obstruction which runs through the creek bed and was used to transfer livestock from 

one property to another (Image 5).  Even though this man-made obstruction does not reach the 

thalwag of the creek, it still is low enough in the creek bed that it can restrict large rocks and 

boulders from being transported down the creek. However the deep thalwag and large sized 

sediment located in the creek bed was evidence that this section of the creek has a high rate of 

flow when water is present. Placing  a cross section here will allow future researchers to measure 



11 
 

 

Image 3 

how much erosion takes place in a straight section of the creek and  if the man-made obstruction 

has any effect on erosional and depositional properties of the creek.  

The final cross section is constructed at 38 20' 24.061" N, 122 39' 35.347" W and 38 20' 

23.417" N, 122 39' 35.395" W (Image 6) (Graph 3). This location was selected because on the 

south side of the creek bed there are dense invasive Himalayan blackberry bushes (Image 7). 

This will allow researchers to determine if sections of creek that have dense vegetation along the 

edges will resist the erosional and depositional properties of Copeland Creek. 
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Image 4 
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  The most important aspect of this study is to quantify sediment transportation through 

the reach of Sonoma State. To quantify the sediment transportation I will determine the ideal 

location to install the Helly-Smith, which measures the suspended load, and a pit trap that 

measures the bed load.   There are several constraints to the sediment trap site: it must be easy to 

access, have a close proximity to Sonoma State campus, and keep the sediment traps in the same 

place without being disturbed. This is important because if the traps are not installed in the 

proper location then we will not get an accurate sample of sediment being moved through the 

trap and our calculations on how much sediment is being transferred through the Creek will not 

be accurate. According to the reading the best sites to install the sediment traps are located 

-35 

-30 

-25 

-20 

-15 

-10 

-5 

0 

0 5 10 15 20 25 

Transect 3:Meters 

Rebar 
Rebar 

Thalwag

ag 

 Rebar 

 Rebar 

Black Berry Bushes 

Graph 3 



15 
 

 

Figure 1 

between meanders because the channel bed is the most stable in 

these areas. Next, the sediment traps should be located along a 

riffle, which is a short, relatively shallow and coarse bedded 

length of a stream over which the stream flows at a higher 

velocity and higher turbulence than in pools or glides 

(Easterbrook 1993). Finding an area with higher velocity and turbulence is important because it 

allows internal circulation of water inside the trap which will allow us to have the maximum 

amount of sediment to be deposited inside the trap. The effect of circulation within the trap 

depends on whether there is one circulation cell and a dead zone, or more than one circulation 

cell (Shannon Church 2002) (Figure 1). Traps were placed in the thalwag, the deepest part of the 

stream, which would allow the greatest amount of water containing sediment to flow over and 

into the traps. In order to receive the maximum accuracy in determining how much sediment is 

being transferred through the stream many studies recommend installing three sediment traps in 

a linear pattern in order to capture the most accurate sample of sediment. Results from all three 

of the sediment traps are then combined in order to produce a representative sample. 

 The one limitation of installing the sediment traps is that Copeland Creek is a migratory 

channel through the campus area for steelhead trout, a federally endangered species. Any 

construction or work to Copeland Creek below the top bank shall be limited to the period from 

June 15
th

 through October 15
th

 each year, unless otherwise authorized by National Marine 

Fisheries Services, Fish and Game, and Regional Water Quality Control (CCAC 2001). Because 

of these limitations I will not be able to start construction and begin collecting results on the 

sediment traps prior to May 2013.  
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Figure 2 

 Once the location of the sediment traps are determined the next step is to obtain the 

materials needed in order to make the pit trap. The materials that will be needed for the pit trap 

are: a 20-litre plastic bucket, a steel recovery cable, concrete culvert 

pipes, two hinges for the lid and fashioning screws to install the lid of 

the trap (Figure 2).   The pit trap will be designed to 

capture mostly the bed load of the stream. In order 

to capture the dissolved and finer sediment a hand 

trap will be needed. There are many different 

designs of hand sediment traps that can be used but the Helley-

Smith Hand-Held Sampler is proven to work for what we are trying to find (Figure 3). The 

Helley-Smith Hand sampler is specially designed for collecting suspended or saltating. It is ideal 

for collecting bed load materials which have partial sizes or density that does not allow great 

movement above or away from the stream bed. The sampler has a 3”x 3”entrance opening and a 

3.22 expansion chamber that has a micron mesh bag made of nylon in order to trap the sediment. 

This trap and many like it can be purchased online from a number of different distributers.   

Once the sediment traps are installed we will be able to begin taking samples from the pit 

trap and hand sediment sampler. The results for the traps will help the Sonoma County Water 

Agency determine how much sediment is being eroded from Sonoma Mountain and what 

counter measures will need to take place in order to reduce the probability of flooding events and 

damage to local communities downstream. It will help them with future projects when it comes 

to determining if controlling and channelizing streams is the proper way to protect surrounding 

communities from the natural processes of stream functions.  In order to make these 

determinations the SCWA will need to have ample amount of data collected to make an educated 

Figure 3 
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plan to control Copeland Creek. Because this is the start of a longitudinal study and the sediment 

traps will be in place for many years to come, I will only be able to collect a small amount of the 

data needed to make these decisions. The rest of the data collection will fall into the hands of 

future researchers who will rely on the accuracy of my research about the installation of the 

sediment traps and the ideal location to have the most accurate reading from the sediment traps. 

 Future researchers will also have to re measure the three cross sections that I have placed 

along Copeland Creek. Re-measuring these cross sections will allow researchers to gather more 

information on how the creek is reacting to the channelization that is taking place downstream. It 

will also allow them to determine if erosion or deposition is occurring in this area and what steps 

they need to take in order to keep the downstream areas from flooding and damaging private 

propriety.      

Discussion/Summary 

 In conclusion we have established longitudinal study that  have follows the Copeland 

Creek Master Plan goal 5,which looks to maintain hydraulic function of Copeland Creek for 

flood control protection in a manner that combines flood control requirements with ecological 

restoration and water quality improvement. More specifically I followed goal 5A.d which states, 

construct sediment filters and traps where feasible for future development projects. To complete 

these requirements I used past and present satellite images to compare Copeland Creek’s stream 

bed in order to determine whether it was a source or sink of sediment. I also established tree 

cross sectional profiles in the Copeland Creek alluvial fan which will allow us to track the 

movement to the stream in the upcoming years. Finally I determined a proper location to install 

two types of sediment traps that will allow us to measure the suspended and bed load that is 
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being transported through the stream. The SCWA is interested in the results of this study because 

it will allow them to determine the proper actions needed to restore sections of Copeland Creek 

to pre-cattle grazing conditions by eliminating disturbance factors within the riparian zone and 

allowing the creek to reestablish its historical patterns. The findings of this research will also 

help the SCWA reduce the large amounts of sediment that are being deposited in the Laguna de 

Santa Rosa, which causing it to reduce the amount of flood water space in the Laguna and 

causing localized flooding in the Laguna de Santa Rosa Watershed.     

 

Appendix: 

Helley-Smith sediment trap: Measurement and Techniques  
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Pit Trap measurement and Techniques 
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