
Published May, 2018 
 

Case Study, Triple Creek Project: 

Using Beaver Dam Analogues to Restore an Incised Meadow System 

By Julie Vanderwal (Okanogan Highlands Alliance) and Robes Parrish (US Fish and Wildlife Service) 
 
 

Table of Contents 
 
 

1. About the Technique  1 
 

2. Triple Creek Project Overview  1 
 

3. Construction Elements  4 
3.1 Logistics  4 
3.2 Initial construction  5 
3.3 Adaptive management  5 

 
4. BDA Design Criteria  6 

4.1 Siting BDAs  6 
4.2 Post length  7 
4.3 Structure spacing  8 

 
5. Construction Considerations  9 

5.1 Using weave to direct flow  9 
5.2 Porosity  11 
5.3 Fostering a live BDA interface  12 
5.4 Scour control and BDA longevity  13 
5.5 Diverse functions of structure types  13 

 
6. Adapting to Beaver  14 

 
7. Additional Project Elements  15 

 
8. More about the Project  16 

 
9. References 

 
10. Acknowledgments 

 18 
 
18 

  



Published May, 2018 
 

1 

1. About the Technique 
 
Beavers are well known for their role in creating and maintaining stable, complex stream and 
wetland ecosystems, as well as supporting an abundance of species diversity. In locations 
where beavers are no longer present to maintain dams, particularly in low-gradient systems, 
channel incision and degradation often occur. Mimicking beaver dams with human-made 
structures can both jumpstart ecological recovery and create hydraulic and biological changes 
that create conditions for wildlife recolonization. Beaver Dam Analogues (BDAs) can reduce 
stream velocities, induce lateral channel migration, and cause rapid aggradation of the 
streambed. This allows for riparian vegetation to become established and expand within the 
incision trench, while also creating pools and stable anchor points for beavers to utilize. 
 
BDAs offer a low-cost, simple, and easily scalable technique for mitigating the effects of climate 
change. By slowing flows and forcing more water to be stored in the hyporheic zone, cooler 
water is released into the stream in the summer months, which may ameliorate the warming and 
drying of streams anticipated in the future. These benefits accrue to fish and people alike, and 
can be a powerful tool for restoring many beaver-dependent but unoccupied stream 
ecosystems. 
 
 
2. Triple Creek Project Overview 

 
The “Triple Creek” project occurs at the base of Buckhorn Mountain (Okanogan County, WA) 
where three creeks converge to form a 100-acre wetland. The project aims to restore floodplain 
functions by installing BDAs in Myers Creek which, through streambed aggradation and 
increased subsurface water storage, will help support riparian and wetland vegetation into the 
future. The long-term vision is that beaver will once again maintain dams to provide local grade 
control, floodplain connection, and wetland habitats to support a diverse flora and fauna. 
 
 

 
Figure 1, The Triple Creek Project site, where Myers Creek has downcut through what was once a 
thriving wetland. (Spring 2017, USFWS photo) 
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Figure 2, Channel-spanning BDA during construction, in-flood, and post-flood, left to right over time: 
Left: Katie Weber and Catherine Means (Methow Beaver Project) weave on August 29, 2016. The red 
arrow marks the height of the metal post above their heads, as they stand at the pre-construction 
streambed level. Middle: Structure is partially overtopped during high water on May 7, 2017. Right: Robes 
Parrish (USFWS) stands on top of 4 feet of aggraded sediment on June 22, 2017. The new streambed 
elevation is almost to the top of the BDA posts and the metal post is now below waist height. 
 
The Triple Creek Project is a collaboration between Okanogan Highlands Alliance (OHA), the 
United States Fish and Wildlife Service (USFWS), Trout Unlimited (TU), and the Triple Creek 
landowners. Other project partners include the National Oceanic and Atmospheric 
Administration (NOAA) Fisheries Science Center and various local community groups and non-
profit organizations. The Triple Creek project was funded in part by the WA Department of 
Ecology and the US Fish and Wildlife Service Partners for Fish and Wildlife Program.  
 
The project was constructed in the summers of 2016 and 2017 to improve geomorphic and 
ecological function by aggrading the streambed through a severely incised meadow system. The 
stream lost its connection to the floodplain in the late 1990’s with much of the incision occurring after 
a single rain-on-snow event which left vertical cutbanks of up to 10 feet. Where beaver ponds had 
once provided grade control and covered large areas of the floodplain, the now-drier soils began to 
favor invasive plant species, and the thriving great blue heron rookery was extirpated from the 
project area. By 2010, the riparian vegetation was greatly simplified and dominated by gray alder 
(Alnus incana) with very limited willow (Salix spp.) and red osier dogwood (Cornus sericea). The 
understory became a nearly homogenous reed canarygrass (Phalaris arundinacea) thicket, with its 
dense rhizomes further suppressing growth of more desirable native sedge and forb species.  
 

 
Figure 3, Pre- and post-incision, left to right, over time: 1997, before the channel incised (photo by Rick 
and Jere Gillespie); 2017, after incision occurred (dark area is ~10-foot vertical cutbank). 
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Figure 4, Channel evolution, left to right, over time. Top, left: Pre-project incision approximately 10 feet in 
2015. Top, right: High flows widen the incision trench in spring 2017, seven months after BDA installation. 
Bottom: Subsequent BDA installation in 2017, streambed elevation is dramatically higher. 
 
While beaver had historically maintained grade control on site, the only sign of beaver during 
the project planning period (2014-2016) was a single sighting and the occasional chewed stick, 
indicating that transient beaver had moved through. Immediately following construction in 
September 2016, the reach was reoccupied by beavers, who took advantage of the hydrologic 
refuge that the new structures afforded. (See Section 5, Adapting to Beaver.)  
 

 
Figure 5, Myers Creek, disconnected from the floodplain (pre-construction, 2015) 

1 

3 
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More specifically, the project goal is to improve ecological function and complexity within this 
reach of Myers Creek. To achieve that goal, six objectives were developed: 
 

1. Increase channel length 
2. Raise the streambed elevation   
3. Raise sub-surface water elevations 
4. Re-establish native riparian vegetation within the channel corridor    
5. Re-establish favorable geomorphic and vegetative conditions for beaver 
6. Engage the community in restoration activities 

 
To meet these goals and objectives, the project includes four components: 
  

1. Instream construction 
2. Riparian buffer establishment 
3. Water quality monitoring 
4. Education and outreach  

 
The timing of the 2016 BDA construction proved fortuitous. When the spring of 2017 brought 
exceptionally high flows to the watershed, this reach now had enough roughness to force 
dramatic and restorative geomorphic changes. Instead of further incising the channel, flows 
overtopped, flanked, and were deflected by the 26 BDAs, which helped to widen the incision 
trench, increase sinuosity, and aggrade the streambed with freshly recruited bank sediments. 
Sediment from the upper watershed was also deposited up to nearly 5 feet in some areas, 
raising the channel closer to the historic floodplain. After these flow events, the topographic 
survey conducted in 2017 showed a thalweg increase of over 200 feet (+ 11%) in the first 
season following BDA construction. This increase in length will reduce overall stream gradient 
and help reduce velocities at bankfull flows. 
 
 
3. Construction Elements 

 
3.1. Logistics: Beaver dam analogs were constructed by driving 3 - 6 inch diameter posts 

into the substrate. Channel-spanning structures were given a curvilinear shape (apex 
downstream) for strength and manipulation of flow energy. Deflector dam post-lines 
were straight and at variable angles to the streambanks to produce scour at a desired 
intensity. To reduce costs, the materials were sourced on site from an adjacent upland 
thinning effort by the Triple Creek landowners, and from volunteers. With easy vehicle 
access to the meadow, an air compressor was towed to power a medium-duty 
pneumatic post driver (Rhino PD-55). The small grain size in the substrate generally 
made possible a >50% embedment depth to protect against anticipated scour and 
flexion. In 2017, the average post depth was five feet below grade and the above-ground 
length was sufficient to allow future aggradation back to within bankfull stage of the 
historic surface. A hand-woven matrix of Douglas-fir (Pseudotsuga menziesii), red osier 
dogwood, maple, and other tree species was interlaced between posts to provide the 
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resistance to quickly impound water and induce deposition at higher flows. Cobble 
and/or upstream brush mattresses were sometimes added to prevent or reduce the 
amount of water flowing beneath the weave and to maintain adequate water surface 
elevations at each structure.   

 
3.2. Initial construction: During the 2016 construction period, 26 BDAs were installed. Of 

these, 16 were channel-spanning structures intended primarily to slow flows and 
aggrade sediment. The remaining 10 were deflector dams that spanned roughly 75% of 
the active channel, leaving a narrow aperture that targeted flows against the opposite 
streambank to induce channel enlargement, lengthening, and recruitment of sediment 
for capture at downstream channel-spanning structures.  

 
3.3. Adaptive management: Unlike natural beaver dams, BDAs must be maintained 

frequently and consistently if they are to continue functioning year after year. Channel-
spanning structures have a high likelihood of flanking during high flows, weave materials 
can be lost, eaten, or may require manipulation to alter fish passage routes, and 
individual posts may be lost during floods. A suite of adaptive management techniques 
were needed to maintain BDA performance after the spring 2017 flood event. In August, 
10 new post lines were installed, mostly to replace structures that had aggraded to the 
top of the original post lines. One additional structure was added downstream to provide 
a shorter drop and limit the head differential between structures. In addition, 10 existing 
channel-spanning BDAs were repaired and strengthened, six deflector dams were 
extended, and four deflector dams were converted to channel-spanning structures. In 
total, 25 of the original 26 structures were repaired or altered during the 2017 
construction season.   

 

 

 
Figure 6, Old and new:  
 
The 2016 post line 
(left/foreground) is 
submerged and aggraded 
at baseflow. The 2017 
postline (right/ 
background) was 
installed just downstream 
to continue incrementally 
raising the streambed. In 
other cases, a new 
postline was installed just 
upstream of the existing 
BDA. 
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4. BDA Design Criteria 
 
This project has yielded insight into common questions about BDA design criteria, site 
feasibility, constructability, and performance. Recognizing that each site and situation is unique, 
we have compiled a list of observations and information about our experiences that may be 
useful to other practitioners. 
 
4.1. Siting BDAs: As has been reported by others, in locations where the incision trench is 

wider and sediment can deposit onto low terraces, BDAs are generally more stable and 
less susceptible to high shear forces. In locations where lateral flanking would be 
advantageous (e.g., where additional beltwidth/increased sinuosity and reductions in 
gradient are desired), it is advisable to site a deflector dam in the incision trench to 
accelerate meandering (Figure 7, below). Conversely, where stability and longevity are 
important, structures should be sited where accessible floodplain exists on both sides of 
the active channel (e.g., the downstream-most structure, which serves to catch mobile 
debris and provides grade control; Figure 8 below). Robust existing vegetation, coarse 
bank materials, and adjacent depositional surfaces can all improve structural integrity.  

 
 

     

   
Figure 7, Deflector dam, Fall 2016- Spring 2017: To increase sinuosity and to recruit sediment for 
bed aggradation downstream, deflector dams were installed within the incision trench to push flows 
against the opposite bank.  

1 2 

4 3 
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Figure 8, Stable BDA: Low floodplain is accessible on both sides of the downstream-most BDA, 
making it stable and less susceptible to flanking. 
 

4.2. Post length: Because so many of the 2016 post lines were overtopped by high flows 
(see Figure 9, as well as Figures 2 and 18), a portion of the incoming sediment was 
washed over those structures instead of being captured by them.  

 

   
 

   
 

Figure 9, Channel-spanning BDA, left to right: 2016 initial construction; 2017 water overtopping 
during high flows; 2017 adaptive management (converting deflector dam to a channel-spanning 
structure); weave material installed. Red arrow points to same post throughout. 

3 4 

1 2 
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In addition, because ten of the post lines were either nearly or completely buried in sediment 
in the first year, new post lines had to be installed the following year in order for aggradation 
to continue (see Figure 10, below). To maximize the longevity of structures within an incised 
channel, posts should be driven to depth and left as tall as possible to function throughout 
higher flows and reduce the need for subsequent post installation. Where the structure may 
not be able to withstand the pressure of the entire water column, BDAs with tall posts can be 
woven partway up the posts one year, and the weave can be extended higher in 
subsequent years. If sufficient drive depth cannot be achieved, repeated installation of 
shorter posts would more likely be successful to gradually aggrade the channel. 

 

 
Figure 10, Aggradation: 2016 post line in foreground, previously about four feet tall, now buried in 
sediment; 2017 postline in background, installed to continue “stepping up” the streambed 
elevation. 

 
4.3. Structure spacing: In reaches where the channel planform is either anthropogenically 

or naturally straightened (i.e., avulsions), structure spacing is an important consideration. 
This results in a greater channel slope and closely-spaced, redundant structures may be 
needed to withstand high shear velocities. However, greater failure rates should be 
expected and flanking will almost certainly occur wherever sinuosity is less than 
expected for a given valley slope. In all locations, BDA spacing must take into account 
the backwater extent provided by the downstream structure. Woven too tall, 
backwatering may swamp the effectiveness of an upstream structure if spacing is too 
close. In some situations (e.g., where a meander and radius of curvature are already 
stable and functioning), it may be preferable to leave existing riffles unbackwatered to 
allow bed elevation change to occur somewhere other than in the immediate vicinity of a 
BDA. Leaving a portion of riffles and meanders unaltered can allow lateral channel 
migration, dispersing head loss/elevation change over a greater area instead of being 
concentrated at individual BDAs. Another potential solution is to increase the number of 
BDAs to allow head loss to occur incrementally among the structures. 
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5. Construction Considerations 
 

5.1. Using weave to direct flow: Wicker weave material can be strategically placed both during 
the initial installation and as an adaptive management measure to increase the probability of 
achieving desired results. When a channel-spanning structure is first woven, the weave can 
be angled down toward the center to form a weir shape that both directs stream power away 
from the banks and fosters fish passage during low flows (see Figure 11 below).  

 

 
Figure 11, Woven weir and brush mattress. 

 
To reduce the development of scour, a “brush mattress” technique can be employed, with 
weave material mimicking features found in natural beaver dams (shown in Figures 11 
and 12). Brush mattresses can be installed roughly parallel to flow and integrated with the 
perpendicular materials to protect and direct flows away from the base of the posts on 
both the up- and downstream side to prevent toe and plunge scour, respectively. 

 

 
Figure 12, Mimicking natural beaver dams. Left: weave materials oriented parallel to flow help to 
reduce toe- and plunge-scour on channel-spanning BDAs. Right: Natural beaver-built brush 
mattress found in upper watershed (Lost Lake wetland). 
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After installation, several types of weave adjustment may help to promote desired results in 
the stream. If the thalweg encroaches on a bank where flanking is not desired, a robust 
amount of weave material can be placed along the target streambank to redirect water back 
toward the center where lower, more porous weave can accelerate streamflow. In Figure 13, 
the stream was beginning to compromise the left bank where erosion was not desired. 
Adding weave material to the left bank side of the BDA moved the thalweg toward the center 
of the BDA, which then survived the whole spring freshet without flanking.  

 

 
Figure 13, Weave repair, April 2017: Aaron Rosenblum (Foster Creek Conservation District) visits 
the site for hands-on practice in repairing a BDA that was encroaching into an area where erosion 
was not desired. As of April 2018, this repair is still holding. 
 
Alternatively, if the weave becomes inundated or buried in sediment, additional material 
can be added over time until the whole post height is woven or the target water surface 
elevation is achieved. 
 
While these techniques and interventions may allow practitioners to direct flow as 
desired, it is crucial to appreciate the dynamic nature of BDAs. These relatively simple 
structures promote extremely complex hydraulic conditions that may sometimes produce 
unplanned results. Early in the planning process it is important to identify the current 
geomorphic successional state of the reach prior to selecting the appropriate locations, 
type, and intensity of BDA treatment (see Figure 14). The likelihood of variable 
outcomes at individual structures demands an attitude that is open to different pathways 
to achieve success. Unlike engineered log jams, BDAs can be quickly and easily altered 
to react to geomorphic changes if sufficient adaptive management resources are 
budgeted. Weave can readily be raised, lowered, or reshaped, and additional posts can 
be installed. Try new ideas, tinker with individual structures, and be open to different 
trajectories for achieving success at the reach scale.  
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Figure 14, Channel evolution in stream channels where beaver dams 
provide important grade control (from Pollock et al. 2014). 

 
5.2. Porosity: Even when woven as tightly as possible, BDAs still retain a significant amount 

of porosity, which may facilitate fish passage. In Figure 15 below, red osier dogwood and 
willow have been tightly woven and compressed, but the structure is much less dense 
than a natural beaver dam. 

 

 
Figure 15, Porosity of BDA weave. 
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5.3. Fostering a live BDA interface: In a prior 
BDA project conducted by OHA, rooted red 
osier dogwood was planted horizontally into 
the bank and then woven into the BDAs in 
an effort to create a living interface and limit 
erosion. However, most of those plants 
ended up underwater and would therefore 
have been better installed higher in 
anticipation of a rising water surface 
elevation and future aggradation. In the 
Triple Creek Project, we similarly inserted 
the ends of some red osier weave material 
into the bank, and a portion of these have 
sprouted (see Figure 16, below), but the best 
success occurred when the weave was 
placed at 45 degrees along the edge of the 
bank. When the bank washed away, the 
weave material was left partially suspended 
in the air (see Figure 17, below). 
Subsequently we are experimenting with 
placing some of the weave material at 30-45 
degree angles to increase the likelihood that 
part of the plant will remain above water and 
grow in the future. 

 

 

 
Figure 16, Live weave: In some situations, 
red osier dogwood has sprouted leaves 
after being woven into the BDAs 

 
Figure 17, Angled live weave 
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Figure 18, BDA performance. Left: Deflector dam, post-construction 2016, prior to being woven. 
(Note the red line along the post tops) Middle: Post line is overtopped during high flows, May 
2017. Right: Robes Parrish stands on top of 4.5 feet of aggraded sediment, in front of buried 
BDA. Red line is now at the new streambed elevation. 

 
5.4. Scour control and BDA longevity: In some instances, BDA posts in the thalweg were 

pushed over downstream or lost altogether in high flows. While these structures still 
aggraded a tremendous amount of sediment, some of them eventually failed as scour 
progressed and the downstream face of the dam was undermined. Even though these 
structures still functioned as intended, it is preferable for the posts to remain viable for 
many years. To combat downstream scour and increase BDA longevity, we recommend 
>50% embedment depth in the thalweg or in other locations where the highest shear is 
expected (e.g., at the tip of deflector dams or in straightened stream reaches). We also 
recommend the addition of brush mattresses parallel with flow on the downstream side 
of the structures (see Figure 12 in section 4.2 Construction Considerations) to assist with 
energy dissipation when water overtops the BDA. Cobble and/or brush mattresses can 
also help prevent toe scour when placed on the upstream side of the BDA. 
 

5.5. Diverse functions of structure types: It is notable that many of the partial-spanning 
deflector dams, although intended to increase sinuosity and recruit bank sediment, 
actually aggraded significantly themselves. Deposition occurred on the downstream side 
of the structure in the hydraulic lee (see Figure 19 below, 3+ feet of material aggraded in 
one year), and occasionally on the upstream face of the structure. Likewise, even 
channel-spanning structures that were flanked or compromised still functioned to 
attenuate peak flows and aggrade sediment for most of the annual hydrograph. 

 

 
Figure 19, Diverse functions: A deflector dam, primarily intended to widen the channel and recruit 
sediment from the banks, can also aggrade a significant amount of sediment in its hydraulic lee. 
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6. Adapting to Beaver 
  

After largely abandoning the site 
almost twenty years ago, beavers 
reoccupied the reach just days after 
BDA construction began in 2016. 
Their presence, while crucial for long-
term maintenance, was challenging in 
that they eagerly ate the desirable 
willow and dogwood within the woven 
structures (see Figure 20, below). This 
necessitated supplemental weaving to 
maintain the hydraulic benefits of each 
BDA, while also providing additional 
willows for the beaver to eat to relieve 
pressure on the repairs.  
 
 

 

   
Figure 20, Beaver-chewed weave material. 
 

Conversely, in the summer of 2017, beavers built a dam on a yet-unwoven BDA, instilling 
confidence that the long term goal of beaver-based sustainability is achievable (see Figure 21, 
below). While beavers are well-known to choose or build deep ponds for food storage and seek 
protection from predation and flood damage, we cannot yet determine a pattern or preference of 
occupancy between our structures. 
 

 
Figure 21, Beavers at work: Beavers began dam-building on this BDA shortly after the posts were 
installed. 
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Beavers also added to the weave material on another BDA where they sealed the dam at the 
base and provided desirable toe protection. In the second round of construction, a large 
proportion of Douglas-fir boughs (roughly 75%), mixed with red osier dogwood and other 
species (roughly 25%), was used for weaving. While these may reduce browse pressure on the 
BDAs, conifers are not as pliable and do not weave as tightly as willow. Overall, conifers boughs 
are thicker and create a more irregular matrix than willow, which would seem to more closely 
mimic natural beaver dams. However, because conifer cannot be woven as densely and is thus 
more porous, it may be desirable wherever fish passage is a dominant concern. Early results 
suggest that the beavers have only eaten some of the red osier dogwood and Douglas maple 
(Acer glabrum) mixed among the conifers and the degree of damage has been dramatically 
reduced. In our experience, persistence of the weave material is the most important factor in 
species selection.    
 
 
7. Additional Project Elements 
 
An aggressive riparian planting effort was initiated in 2016, consisting of 10 large planting plots, 
four smaller plots, and numerous caged plants throughout the reach. The plantings are 
intensively managed with sheet mulching to suppress weeds and regular irrigation throughout 
the growing season. In addition to providing shade, diversity, and stability, it is hoped these 
plants will provide a more desirable, extensive food and construction source for beaver than the 
current gray alder and reed canarygrass vegetation. 
 
A rigorous monitoring program aims to provide information about the response of the stream and 
surrounding groundwater levels to the installation of BDAs. Data collection began prior to 
construction and included two dissolved oxygen and temperature loggers, four surface water 
elevation and temperature loggers, and 11 groundwater elevation loggers. Annual topographic 
surveys will quantify the physical changes related to deposition, scour, lateral channel migration, 
and water surface extents. Finally, photopoints and timelapse cameras provide georeferenced 
and continuous visual documentation of changes throughout the reach.  
 
OHA enlisted community members and landowners to help with all phases of project 
development and implementation (see Figure 22, below). Where the establishment of a riparian 
buffer zone would have been prohibitively expensive, volunteers from age 5 through senior 
citizens invested time and energy to build fencing and cages, install plants, and apply a weed 
barrier of cardboard and bark around the plantings. Likewise, volunteers have assisted with 
weaving the BDAs in both years of construction, reducing the cost of implementing this 
restoration technique. Volunteer involvement has leveraged grant funds to accomplish far more 
work than would otherwise be possible with the limited amount of funding available. In 2016, 56 
volunteers provided 507 hours of service at Triple Creek; at the time of this writing in 2017, 
volunteers have contributed over 600 hours of service.  
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Figure 22, Volunteer involvement, left to right: Dick Finch and Greg Bennett (Okanogan Fly Fishing Club) 
volunteer to weave 2017 BDAs (note the 2016 BDA to the far left, submerged and almost fully aggraded in 
sediment); Harris Dunkelberger (Triple Creek landowner/volunteer) assists local students in planting live 
stakes; primary grade students work together to move bark for mulching around new plantings, with help 
from Sandy Vaughn (Triple Creek landowner/volunteer) and other volunteer leaders.  
 
 
8. More About the Project 
 
A project video can be viewed at okanoganhighlands.org/restoration/triple-creek, which shows 
the setting, installation techniques, and some early results in Myers Creek. We intend to 
continue sharing our experiences and engage other practitioners in discussions about why to 
pursue BDAs, where they might be most effective, and how specific design criteria, construction 
techniques, and materials can help meet goals and objectives. Also available on OHA’s website 
are project photos, historic aerials, wildlife camera photos, and additional project background 
information. Phase 2 of the project (2018-2021) will include additional riparian planting and 
adaptive management of instream structures. 
 

 
Figure 23, Beavers arrived on the site less than a week after BDA construction began in 2016. More 
images of wildlife utilizing the BDA pools can be found at okanoganhighlands.org/restoration/triple-
creek/wildlife and on Facebook, Twitter, and Instagram. 
 

http://www.okanoganhighlands.org/restoration/triple-creek
http://www.okanoganhighlands.org/restoration/triple-creek/wildlife
http://www.okanoganhighlands.org/restoration/triple-creek/wildlife
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Figure 24, Aggradation and channel enlargement, bird’s eye view: A channel-spanning BDA nearly buried 
by the first spring freshet after installation. (June 22, 2017, USFWS photo) 
 

 
Figure 25, BDAs installed in incision trench. (April 19, 2017, USFWS photo) 
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