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EXECUTIVE SUMMARY 

 
This report describes the design and implementation of a stream restoration project along Threemile 
Creek, near Mendon, Utah. Threemile Creek is on US Forest Service land and has been designated as a 
restoration location. It is also the location for the Watershed Sciences Department of USU’s capstone class 
to learn about adaptive management and take part in and oversee a restoration project. The restoration 
project will include the construction of Beaver Dam Analogs (BDAs), and woody structures designed to 
increase in channel complexity and promote incision recovery and channel-floodplain connectivity.  
This Forest Service land has historically been used for sheep and cattle grazing which has contributed to 
the low habitat complexity, little riparian vegetation and incision. A restoration design plan was developed 
by ARC to treat about 100 meters of the stream.  
 

 

 

BACKGROUND 

 
Figure 1 Threemile Creek watershed restoration site (streamstats) 

Threemile Creek is a first order stream, by the Strahler Stream Order classification scheme, originating in 

the Wellsville Mountain Range on the West Side of Cache Valley Utah. Threemile Creek drains to the 

Little Bear River before joining the Bear River and eventually Cutler Reservoir. The upper portion of 

Threemile Creek is designated as intermittent on USGS topographic maps and by the National 

Hydrography Dataset (NHD).  However, those familiar with the area report that the creek flows year-

round. Table 2 shows the two, five and ten-year recurrence peak flows at the restoration site, as 

estimated by Stream Stats using regional regression curves. 
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 Table 1 

 

 

 

 

 

 

 

 

 
  The Wellsville Mountain Range has historically been used for livestock grazing, continuing 

intermittently until the Range was designated a wilderness area in 1984 under the Utah Wilderness Act. 

As a result of heavy grazing pressure much of Threemile Creek lies at the bottom of a steep trench, up to 

10 meters deep in places. In addition to the incised active channel, there is a short stretch of a paleo 

channel adjacent to the active channel in the middle of our restoration reach.  We hypothesis this paleo 

channel is an example of what Threemile Creek looked like before European settlers began to affect the 

area through land use. We hope to use construct structures and utilize beaver to affect the active 

channel by aiding it in going through the incised channel evolution model (figure 1 Pollock et al. 2014   

The incised channel evolution 
model described by Pollock et al 2014 fits 
what has taken place on Threemile 
Creek.  Over the approximately 650 
meters of our restoration reach we can 
see stretches of incising, widening and 
aggradation.  We see areas of deep 
incision with bare, non-vegetated 
surfaces, areas that have begun widening 
with little vegetation and areas that have 
begun aggrading sediment and have 
heavily vegetated, inset 
floodplains.   Additionally, there is 
evidence of beaver activity within the last 
50 years.  Beaver activity can quicken the 
evolution model and help streams begin to 
recover as shown in figure 2 (Pollock et al. 
2014).  It is our goal that with the 
construction of Beaver dam analogs and 

the reintroduction of beaver, incision on Threemile Creek will halt and the creek can begin to progress 
through the channel evolution model and return to dynamic equilibrium.    

Statistic Value Units 

2 yr  8.27 cfs 

5 yr 20.4 cfs 

10 yr 30.6 cfs 

Figure 2 Headcut on Threemile Creek 
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Figure 3 Threemile Creek incision-aggradation conditions 

 

 
Figure 4 The Channel evolution model with the presence of beaver and beaver dams. Copied from Figure 4 Pollock 

et al. 201 
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BEAVER DAM ANALOGS 

The following section is taken from a Creative Commons Attribution 4.0 from Shahverdian, SM. and 

Wheaton, JM. Birch Creek Restoration Design Report. Prepared for the Utah Division of Wildlife 

Resources by Anabranch Solutions, LLC. Newton, UT. 26 Pages. 

 

Beaver dam analogs (Pollock et al., 2014; Pollock et al., 2012) have been used across a range of 

physiographic settings to address a variety of different degraded stream conditions. Beaver dam analogs 

mimic the form and function of natural beaver dams and can be used to capture some of the physical 

and ecological benefits associated with natural beaver dams as well as promote successful beaver 

translocation by creating immediate habitat conditions required by beaver, most notably deep water 

habitat. The influence of beavers as ecosystem engineers has been well documented, though significant 

gaps remain (Kemp et al., 2012). Naturally occurring and/or mimicking beaver activity is of interest to 

the restoration community because of the influence beaver dams have on physical and ecological 

stream characteristics. Specifically, beaver dams have been demonstrated to influence local water table 

elevations (Westbrook et al., 2006), accelerate channel incision recovery (Pollock et al., 2007; Pollock et 

al., 2014), decrease peak runoff and increase baseflows (Nyssen et al., 2011), promote sediment 

retention (Butler and Malanson, 1995; Butler and Malanson, 2005), increase species richness of the 

riparian zone (Westbrook et al., 2011) and at the landscape scale (Wright et al., 2002), and influence 

instream temperatures and surface water-ground water interactions (Weber et al., 2017). These impacts 

are often directly related to stream restoration goals which focus on restoring instream habitat for fish. 

Previous studies have cited beaver dams as an impediment to fish movement (Kemp et al., 2012). 

However, in an extensive review Kemp et al. (2012) found that 78% of all claims that beaver dams act as 

impediments to movement were speculative rather than data driven. Recent work has shown that fish 

are capable of passing natural beaver dams (Bouwes et al., 2016; Lokteff et al., 2013) and BDAs (Bouwes 

et al., 2016) in both the upstream and downstream directions. Furthermore, Bouwes et al. (2016) 

documented how increased beaver activity and increases in both natural and man-made beaver dams 

increased the density, survival, and production of juvenile steelhead at the ecosystem scale.  

 

Beaver dam analogs can be built using a variety of materials including riparian species such as 

willow, as well as upland woody species such as sagebrush and juniper. In degraded riparian areas 

woody riparian vegetation may not be present or limited and relying on locally available woody material 

such as sagebrush, pinyon and juniper reduces the time and resources required to gather and import 

materials. Reducing the resources spend collecting materials enables more effort to be spend building 

structures resulting in a larger restoration footprint. When working in streams with high stream power 

untreated wooden posts may be used to provide additional stability and prevent dams from breaching 

or blowing out during high flows. Untreated, sharpened, wooden posts approximately 10 cm in diameter 

are driven into the streambed and banks using a hydraulic post pounder). Posts can be driven before or 

after BDA construction. Installing posts for BDA construction requires a stream alteration permit from 

the Utah Division of water rights. (Stream alteration permits were acquired by BLM personnel prior to 

restoration implementation.) Wooden posts are used in stream reaches where there is significant 

concern that BDAs will not persist through annual peak flows. BDAs are not designed to be permanent 
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structures. They are intended to have lifespans similar to natural beaver dams (i.e, typically 3-10 years). 

The lifespan of a single BDA depends on the sediment and flow regime, as well as maintenance (by hand 

crews or better yet, by beaver). Dams may breach during high flow events or fill with sediment over the 

course of many years. Unlike engineered log jams (ELJs) that are sometimes designed intended to have 

long life-spans, restoration that relies on BDAs recognizes that streams are dynamic systems that change 

through time and that restoring the conditions and processes capable of creating and maintaining 

physical complexity is what defines successful restoration. Furthermore, BDAs that have been breached 

or blown out may still create quality instream habitat for fish. In addition to woody material, local 

cobble and gravel are placed at the upstream base of the structure in order to limit scour and improve 

stability. BDAs construction mimics natural beaver dam construction and uses sediment to promote 

upstream pond formation by reducing dam porosity. In areas where upstream pond formation is not a 

structure objective, BDAs may use only woody material and forego the use of sediment. Beaver dam 

analogs can be described by their dam crest elevation (below, equal to, or greater than bankfull); and 

whether or not they are intended to create extensive upstream ponding. Our restoration design utilized 

four main types of BDAs 1) primary dams, 2) secondary dams, 3) channel-spanning non-ponding dams, 

and 4) constriction dams. The characteristics of each of these structures are outlined in table 2. 
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Figure 5-Different types of beaver dam analogs and post-assisted log structures used as part of Birch Creek restoration project. Clockwise 

from top left: primary dam using posts; primary dam without posts; channel-spanning (non-ponding); constriction dam; debris jam; 

secondary dam without posts. Different structures are used to achieve different restoration objectives and also reflect both local geomorphic 

conditions and logistic constraints. Photo credit: Scott Shahverdian, October 20, 2017 
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Table 2 (Used under a Creative Commons Attribution 4.0 from Shahverdian, SM. and Wheaton, JM. Birch Creek Restoration Design Report. 

Prepared for the Utah Division of Wildlife Resources by Anabranch Solutions, LLC. Newton, UT. 26 Pages. Table 1.  

 

 

BEAVER DAM ANALOG COMPLEXES 

 

The following section is taken from a Creative Commons Attribution 4.0 from Shahverdian, SM. and 

Wheaton, JM. Birch Creek Restoration Design Report. Prepared for the Utah Division of Wildlife 

Resources by Anabranch Solutions, LLC. Newton, UT. 26 Pages. 

 

Beaver dam analogs are clustered into complexes that generally consist of 2-8 individual 

structures. While individual structures may exert significant local influence, broader restoration goals 

are better achieved when individual structures are designed to work in concert with other structures. 

BDA complexes mimic natural beaver dam activity and increase the footprint of restoration activities. 

BDA complexes can be designed to achieve specific restoration goals such as channel incision recovery, 

increasing channel-floodplain (i.e., lateral) connectivity, or increasing deep water habitat for beaver. As 

such, specific restoration objectives and design hypotheses are articulated at both the complex and 

individual structure level. Building BDAs in complexes leverages the impact of a single structure to 

increase the scale of influence to meet restoration goals. Clustering structures reduces the importance 

of any single structure and furthermore can improve the stability of all structures by influencing reach 

scale hydrology. For example, a secondary BDA built below a primary BDA can be used to form a pond 

that extends upstream to the base of the primary structure in order to reduce the hydraulic gradient 

above and below the primary dam to improve its stability and reduce the likelihood of scour. In some 

instances, the dam pond formed by a secondary dam may help fish passage by providing both a resting 

area as well as deep water necessary for jumping the primary dam. Furthermore, it increases the extent 

of ponded area, which increases the safe access to forage and dam building materials for beaver. For 

more examples of specific complex goals in restoration see (Portugal et al., 2015). 
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RESTORATION DESIGN  

Our restoration design seeks to maximize efficiency by using BDA’s and log structures including bank 

blasters. BDA’s 

are structures, 

typically made 

from local wood 

and posts, that 

are designed to 

partially or fully 

block the flow of 

water from a 

stream, in 

essence, a man-

made beaver 

dam. BDA’s are 

meant to slow 

down water 

velocity, which in 

turn will 

encourage 

sedimentation 

and stream 

widening. Bank 

blasters are 

wooden structures designed to restrict flow to a specific bank, this will cause erosion of banks in the 

incised channel which we hypothesize will increase channel width. The design is intended to direct all 

the water into a specific bank in strategic locations to exploit current geomorphic features and riparian 

vegetation. We plan to install one primary and one secondary BDA along the main channel, 

approximately 10 meters apart (Figure 6). The BDA’s will span the width of the channel and cause the 

water to pond behind the dam. This will help to raise the water surface elevation and promote erosion 

of the steep banks along the trench. We plan to take advantage of established in-channel riparian 

vegetation by building the dams around willows and sourcing vegetation near the stream that may be 

undesirable to beaver (i.e. juniper). Other material will be sourced nearby but not within the immediate 

foraging habitat of beaver.  

A bank blasting structure will be installed upstream of the BDA complex on the main channel (Figures 6 

& 7). This structure will serve to direct flow to river right, directly into the bank. This will encourage 

erosion of the bank and widening of the channel. Erosion of the bank in this area will also contribute 

sediment downstream. This structure is directed at a bank where a juniper tree is growing. This will 

hopefully undermine the integrity of the bank and recruit the juniper over time.  

A secondary BDA complex (Complex C) will be constructed on the right side-channel (Figures 6 & 8). This 

area shows evidence of historic beaver dams, indicated by a steeped geomorphic structure. A primary 

Figure 6 Threemile Creek restoration site with structure locations 
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and secondary BDA will be constructed in this area. Design sheets detailing these structures can be 

found in the appendix.  

Our objectives for the primary dam are to create deep water cover for beaver, cause sediment 

deposition, and bank erosion and catch debris, as well as slow down water and raise the water table. 

Our objectives for the primary dam in the paleo channel are maintain water table connectivity year-

round. Objectives for bank blasters are to cause erosion to widen banks and speed up the process of the 

channel evolution model by incorporating more sediment in the system and causing more aggradation.  

 

 
Figure 7- Locations of primary and BDA (BDA-1) as well as a bank blaster (BB-7) on the main channel.  

 

 

 

 
 

Figure 8: Location of Primary dam in the paleo channel (BDA-2) 
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LOGISTIC CONSIDERATIONS 

 
Our restoration design was intended to maximize our restoration footprint (i.e., the number of 

structures built) for a day of construction. As such, we sourced all our materials within 100 m of each 

structure. This negated the need to import materials from off-site, saving time and money. We 

deliberately left some trees to provide shading and cover; others were felled to provide material for 

restoration structures. We left willow and dogwood for potential food for beaver. We believe that due 

to the size of Threemile Creek posts are not required for structures to persist through annual spring 

runoff. However, we wanted to both 1) build some structures that could persist and become 

geomorphically effective high flow events and 2) illustrate the variety of building approaches that can be 

used as part of a ‘cheap and cheerful’ restoration strategy. Due to fences UTV access was limited, so 

transporting the hydraulic post pounder would have required significant time and effort, which would 

have limited our ability to build structures.  All structures were built without posts.   

 

 

 

 

AS BUILT CONDITIONS 

 

On the day of construction, we constructed 2 channel spanning dams and one bank blasting structure in 
addition to helping other groups construct bank blasters. The primary dam (figures 6 & 8) spanned the 
entire inset floodplain, approximately 10 meters.  The primary dam was built 75 cm tall and ponded 
water about 12 meters upstream of the dam.  We constructed a bank blasting structure approximately 
100 meters upstream of the primary dam to erode the bank and supply sediment for the primary dam.  
We hypothesize that this dam can be adequate cover for a released beaver and will begin to accumulate 
sediment, raising the elevation of the inset floodplain. We also hypothesis this dam will aid in raising the 
water table eventually connecting with the adjacent paleo channel. We built our second channel 
spanning dam in the middle section of our restoration reach on the paleo channel adjacent to the active 
channel (Figures 6 & 8).  The secondary dam is approximately 5 meters wide, 40 cm tall, and ponded 
water 6 meters upstream.  We hypothesis this dam will maintain water supply in the paleo channel for a 
longer period of the year.  
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Table 3 

Table of All Built Structures (Uppermost to Lowermost) 

Structure 

ID 

Structure Type Design 

Team 

Width 

(m)  

Crest 

Elevation 

(cm)  

Upstream 

Impact 

Distance (m) 

BB-1 Bank Blaster HTT - - - 

DJ-1 Debris Jam HTT - - - 

BB-2 Bank Blaster HTT - - - 

BB-3 Bank Blaster HTT - - - 

DJ-2 Debris Jam HTT - - - 

DJ-3 Debris Jam HTT - - - 

BB-4 Bank Blaster HTT - - - 

BB-5 Bank Blaster HTT - - - 

DJ-4 Debris Jam HTT - - - 

BB-6 Bank Blaster HTT - - - 

DJ-5 Debris Jam HTT - - - 

BB-7 Bank Blaster ARC - - - 

BDA-1 Primary Dam ARC 10 80 16 

BDA-2 Primary Dam ARC 4 40 6 

BDA-3 Primary Dam HTT 7 55 10 

BDA-4 Secondary Dam HTT 6 40 3 

BDA-5 Primary Dam ASPEN 7 125 20 

BDA-6 Secondary Dam ASPEN 3 65 20 

BB-8 Bank Blaster ASPEN - - - 

BB-9 Bank Blaster ASPEN - - - 

DJ-6 Debris Jam ASPEN - - - 

BB-10 Bank Blaster ASPEN - - - 

BB-11 Bank Blaster ASPEN - - - 

BB-12 Bank Blaster ASPEN - - - 

DJ-7 Debris Jam ASPEN - - - 

DJ-8 Debris Jam ASPEN - - - 

 

Table 4 

Table of Structures (Uppermost to Lowermost) --ARC Group 

Structure 

ID 

Structure 

Type 

Design 

Team 

Width (m)  Crest 

Elevation (cm)  

Upstream Impact 

Distance (m) 

BB-7 Bank Blaster ARC - - - 

BDA-1 Primary Dam ARC 10 80 16 

BDA-2 Primary Dam ARC 4 40 6 
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Figure 9  Downstream view of as built condition of primary dam (BDA-1). Photo credit- Richard Buys 

 

 
Figure 11 Secondary dam on paleo channel (BDA-2) Photo Credit-Richard Buys 
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FUTURE WORK AND RECOMMENDATIONS 

 

Successful, long term restoration of Threemile Creek will likely require future work. The restoration 

design and implementation performed in Spring 2018 was designed to create immediate improvements 

to slow incision and promote aggradation and influence geomorphic and hydrologic processes that 

create and maintain physical complexity in stream and riparian systems. It is essential to recognize that 

some structures, specifically BDAs are unlikely to maintain their present form and function without 

some degree of ongoing maintenance. Much like natural beaver dams are continually worked on to 

maintain pond heights by limiting dam porosity, BDAs will likely begin to ‘leak’ without maintenance, 

until they resemble abandoned beaver dams. Such dams can still provide significant benefits to 

Threemile Creek, however if the desired conditions is an intact dam, maintenance will be necessary. The 

most effective way to promote the continued benefits is to effectively task beaver with the 

maintenance. Beaver translocation is the cheapest and most effective way to ensure that the physical 

and ecological benefits of restoration are realized. A monitoring program that addresses instream 

habitat, riparian zone, and structure integrity and persistence is highly recommended in order to learn 

from and build on the restoration performed in April 2018. Such a plan, followed within an adaptive 

management framework will allow US Forest Service personnel to learn from the current restoration 

effort and use lessons learned to further improve instream and riparian habitat in Cache Valley.  

 

ADAPTIVE MANAGEMENT  
 

Adaptive management is critical to increase the chances of successful restoration and provide valuable 
insight to further the body of restoration knowledge. Adaptive management is an iterative process that 

involves at least four steps, 1) plan, 2) do, 3) evaluate and learn, and 4) adjust (Figure 12). 
The ability to adjust to unexpected results provides a more nuanced and tailored restoration design and 

promotes critical thinking.  
Our adaptive management plan calls for post project 

monitoring. This can be performed via site visits and includes 

an assessment of the integrity of structures and evaluation of 

their function. With restoration using beaver dam analogs, 

the hope is that beaver will stay and take over the 

maintenance and further channel modification. However, we 

recognize that beaver may not stay after the first 

introduction. A second family of beaver may be introduced if 

the first family does not stay. This may happen because of 

predation or if the beaver head to another stream. 

Subsequent beaver introduction is part of our adaptive 

management plan. We propose a maximum of 3 

introductions, after which we propose that maintenance and 

further modification of the channel can be performed by 

Figure 12 Iterative process of adaptive 
management 
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humans.  Beaver dam analogs and large woody debris can be implemented in a day in most cases. This 

relatively quick maintenance can be performed and tailored to the response of the channel.  

A more detailed breakdown of our adaptive management plan follows, and a conceptual model is 
provided in figure 13.  

 
Figure 13 Conceptual model of BDA adaptive management. Adapted from Portugal et al 2015. 

Evaluation and re-evaluation will be undertaken on at least an annual basis. We recommend that 

monitoring, in the form of site visits, be undertaken more frequently during the first 3 months after 

implementation. This monitoring should happen every month for three months, then based on the 
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condition of the BDA’s and the presence of absence of reintroduced beaver, corrective 

action/maintenance will be undertaken (see figure 13).  

BDA’s will be assessed to determine if they are intact and achieving the objectives. If the objectives for 

the BDA in question are being met but there is a potential for failure in the future, maintenance may be 

performed. If, however, the BDA is not meeting the stated objectives, functionality will be assessed, and 

a determination made as to whether to preform maintenance, re-purpose the BDA, or decommission 

the structure if it acts counter to the objectives.  

Each structure may serve multiple objectives. For example, the primary dam (BDA-1) has an 

objective of providing cover for the initial reintroduction of beaver. Additionally, the primary dam also 

serves to trap sediment, raise the water surface elevation, and potentially erode the banks. We 

hypothesize that the primary dam will fulfil the objectives. If Beaver take over maintenance of the 

primary dam, then we take no further action. If beaver have not taken over maintenance of the dam and 

have instead built a separate dam we will leave the BDA in place as long as it is serving to pond water, 

cause sediment deposition, or erode the banks. The BDA will only be removed if it is acting counter to 

the project objectives. That is, if it is a) it is decreasing cover, b) lowering water surface elevation or c) 

stabilizing the banks. These outcomes are highly unlikely given the current conditions of the channel and 

the mechanisms by which large woody structures act in channel. However, we reserve the right to 

assess each structure and decommission if necessary.  In the event beaver introduction has failed, an 

assessment will be made of the BDA’s structural integrity. If the BDA is structurally intact and 

functioning to achieve the objectives of ponding water, trapping sediment, and eroding the banks, no 

action will be taken. If the BDA is not intact but retains the potential to achieve the objectives, 

maintenance will be preformed on the BDA. This maintenance may include reinforcing the structure 

with additional materials sourced on site to patch leaks and/or raising the crest elevation of the BDA.  

The BDA on the paleo channel (BDA-2) will serve to pond water and provide connection to the 

water table. Through field observations we have observed that the water table in the paleo channel is 

high relative to the main channel as evidenced by the presence of cattails and the degree of saturation. 

We will evaluate the ability of the BDA on the paleo channel to meet this objective during each site visit. 

If the BDA is serving to maintain connection to the water table, no action will be taken. If the BDA is not 

serving this objective and is not structurally intact, maintenance will be preformed to a) raise the crest 

elevation, and/or b) patch leaks or breaches.  

The bank blaster (BB-7) will serve to a) widen the channel, b) increase the recruitment of 

sediment and c) increase hydraulic diversity. This structure will be evaluated during each site visit to 

determine if it is meeting any or all objectives. If BB-7 is meeting any of the objectives no action will be 

taken. If the structure is failing to meet any of the objectives, maintenance including reinforcement of 

the structure by the addition of material sourced on site. BB-7 will only be removed if it is acting counter 

to the objectives. Again, we consider this highly unlikely and hypothesize that any addition of woody 

debris to the system will act in a net positive manner by increasing in-stream complexity.  

These specific structures are outlined in detail in this report but are part of a larger restoration 

effort on Threemile Creek, undertaken in conjunction with Aspen Environmental and HTT Consulting. 

These structures will be evaluated on an individual basis during site visits to determine structural 

integrity, but it is important to note that the overall condition of the reach will be considered. For 

instance, if a structure seems to be non-functional, an assessment will be made as to whether the 
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structure is aiding the functionality of downstream structures or could perhaps benefit from upstream 

structures with modification. This approach will allow for decisions to be made that consider the 

outcomes of restoration efforts holistically.  

While we have taken measures to predict outcomes and plan responses accordingly in our 

adaptive management plan, it is important to remember that part of adaptive management is meeting 

challenges that were not foreseen. We intend to draw on the extensive literature on using beaver and 

woody structures for restoration to adaptively manage any unforeseen challenges.  
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APPENDIX  
 

 

Complex C (Paleo channel) - Primary BDA (BDA-2) 
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Complex A- Main Channel Bank Blaster (BB-7) 
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Complex A- Main channel primary BDA (BDA-1) 
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