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Executive Summary: 

iQ Restoration’s team of restoration ecologists surveyed, planned, and implemented a 
low-tech, process-based restoration (LTPBR) project along a reach of Station Creek in 
southeastern Idaho. The project reach is owned by a single landowner and exhibited strong 
evidence of historic beaver activity. iQ utilized some of these relic dam structures and evidenced 
historic floodplain in our design. The project focuses on a small portion of the upper station 
creek reach and features one complete complex which includes one primary and four secondary 
dams. Throughout the design process, iQ followed a adaptive management framework and this 
report featured notes on what the structures as-built are hypothesized to accomplish as well as 
what future actions may be necessary with special respect to whether beaver are or are not 
translocated to the reach.  
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Introduction: 
 

This document details a restoration project planned, designed, orchestrated, and 
assessed by Intermountain Quality Ecosystem Restoration (iQ). The restoration herein follows 
suit with an increasingly studied and popular restoration practice referred to as low-tech 
restoration. In a broad sense, low-tech restoration focuses on leveraging existing elements of a 
restoration site aimed at restoring processes which govern the underlying structure and 
condition of a particular ecosystem. Low-tech designs focus on process-based restoration 
techniques. This flavor of technique is both low in cost and does not rely on heavily engineered, 
artificial redesigning of riverscapes. Low-tech restoration elements are designed to primarily 
restore wood accumulation and beaver dam activity. Design elements are in turn assembled to 
increase lateral connectivity of river systems with their floodplain and promote flow separation, 
reduce erosive stream energy, and create backwater or ponding. These processes leverage the 
streams potential to anastomotize and develop heterogeneous instream and riparian habitat. As 
low-tech focuses on restoring processes of a system, that are themselves a product of an 
ecosystem’s structure, low-tech practice does not qualify for larger riverscapes of which 
discharge and flow regime are the predominant controls of a systems’ processes over structure. 
Low-tech restoration and successive treatments of its practice aim to assist a system at 
becoming self-reliant and resilient. More information on low-tech restoration can be found at: 
http://lowtechpbr.restoration.usu.edu 

The restoration project herein is part of a larger watershed of low-tech restoration 
projects. iQ partner firms have completed low-tech restoration in nearby watersheds in 2018. 
The site of the described restoration, Station Creek, underwent low-tech design implementation 
in September 2018 during a low-tech restoration class. A neighbor system to Station Creek, 
Birch Creek, has been a well studied, flagship example of low-tech restoration and has 
experienced several treatments in recent years. These projects as a whole aim to improve 
hydraulic function of the site locations to improve riparian vegetation condition, fish habitat, 
water quality, and restore lost cultural and aesthetic values to private, state, and federal lands. 
These projects aim to have broad impact for future restoration applications and management 
objectives.  

This report is in part a description of the motivation behind low-tech restoration and the 
value it can impose in modern restoration projects. Low-tech restoration can not only restore the 
processes of a riverscape, yet also the cultural values of degraded systems. The enclosed 
report and restoration was prepared and conducted for Terry Westerberg. Perhaps most 
importantly, the restoration was designed with Mr. Westerbergs’ goals in mind. The adaptive 
management section enclosed offers Mr. Westerberg direction for the continued improvement 
and restoration of property. 

Station creek is a small tributary of the Bear River in southeastern Idaho. The stream 
begins high in the Bear River Range on US Forest Service land before dropping into private 
ranchland and farmland, Idaho state trust (SITLA) land, and exurban development. At the 
downstream end of the project site, Station Creek drains about 3.5 square miles, has a 
snowmelt-dominated hydrograph, and tends to be dry or at extremely low flow (<0.5 cfs) during 

http://lowtechpbr.restoration.usu.edu/manual/
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the late summer and early fall (USGS Streamstats). The creek  sits at roughly 5,500 ft and our 
study site is roughly 1 mile in length. The valley bottom range from 5 meters to nearly 40 meters 
in width.  

The project site (Figure 1.) can be divided into two reaches both owned by a single 
rancher and separated by SITLA lands. While Station Creek has no current beaver activity, field 
observations of the project site indicated that beaver activity had been the main driver of 
channel and floodplain structure until beaver were extirpated from the site some 15 to 25 years 
ago. The private land owner, Terry Westerberg, contacted Dr. J. Wheaton at Utah State 
University with an interest in using low-tech, low-cost restoration methods to rehabilitate the 
stream reaches on his property. Mr. Westburg’s goals have been folded into the goals of the 
project and are discussed in further detail in the Articulation of Management Goals section.  
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Figure 1. Project area boundary for the low-tech Station Creek, ID rehabilitation. Adopted from a 
presentation on low-tech restoration by Dr. J. Wheaton, Utah State University.  
 
Articulation of management goals: 
 

The goals as stated in the permit approved by the state of Idaho for the Station Creek 
project are:  

 
1. Promote the creation of deep water habitat. 
2. Increase floodplain-channel connectivity. 
3. Increase pool habitat and physical complexity for native fish. 

 
These goals have been created in collaboration with the private landowner Terry 

Westerberg who remembers the creek with beaver still present when he was younger. His 
memory has, in part, served as a useful reference while developing goals for this reach of 
Station Creek.  
 
 
Confirmation that Riverscape is Structurally Starved:  
 

The valley bottom of Station Creek is surrounded by low to moderate land use intensity. 
The surrounding land use intensity implies Station Creek is starved of large woody debris 
(LWD), but field observations indicate there is an adequate, abundant in some locations, wood 
supply within the historic valley bottom. However, because beavers are no longer creating 
structures in the reach, the channel has incised and blown through relic dams in such a way that 
the historic floodplain is now no longer consistently accessible under the current flow regime. 
LWD helps to encourage geomorphic processes which increases habitat availability and 
complexity, but without the sustained activity of beaver in the area the reach has become 
starved of dams and has incised by up to two meters in areas. The presence of agriculture and 
development has further limited Station Creek’s ability to move laterally. (Figure 2.) 

Proposed areas of potential low-tech restoration include areas of the greatest 
improvement potential with the least amount of effort and cost. Our Process-Based Restoration 
(PBR) design will be focused on the lower half of the upper reach of the watershed. Additionally, 
the criteria for restoration will focus on structurally starved and channelized reaches. Methods 
involving beaver introduction and artificial dam implementation will be key in creating complex 
habitat, increased river sinuosity, and a self-sustaining, resilient ecosystem 
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Mapping of Valley Bottom in project area: 

 
 Figure 2. Valley bottom delineation shows Station Creek laterally confined due to high intensity 
land use. These areas are dominated by agriculture and developments (moderate 50-90%). The 
proposed project site is in an area relatively absent of infrastructure and lateral confinement 
offering a site with strong potential for recovery should structural elements be restored. 
Structure would accumulate available wood in the valley bottom and restore floodplain 
processes characteristic of structurally forced beaver activity. 
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Assessment of Risks: 
 
The following are preliminary risk assessments that have since been updated based on field 
observations of the project reach for low-tech restoration of Station Creek. The risk 
assessments are color-coded green (low risk), yellow (moderate risk), or red (high risk) 
according to the classifications created by Bennett et al. (2019). 
 
Table 1: risk factor ratings for the Station Creek worksite based on classifications by Bennett et 
al. 2019. 
____________________________________________________________________________ 
|    Risk Factor | Rating                                              | 

Areas adjacent to 
Riverscape land use 

Areas adjacent are in a crop, pasture, or hay land use setting 

Valley bottom land use Valley bottom and adjacent area does not contain infrastructure 
of concern 

Stream order and wade 
ability 

1st through 3rd order wadeable stream 

Channel change and 
floodplain reconnection 

Landowner willing/able to give the stream space to adjust 
within the valley bottom and understands this may include 
lateral erosion, deposition, change of channel position, and 
inundation 

Willingness to allow 
processes of wood 

accumulation and/or 
beaver dam activity 

Landowner willing/able to allow for dynamic processes and no 
concerns with nearby landowners 

Adaptive management Landowner understands multiple treatments through time may 
be needed but resources to do follow-up may limit the ability to 
adjust or correct problems 

 
Overall, the risk for this low-tech restoration of Station Creek is low. In the reach project 

area for iQ, our greatest concern is preventing the washing out or flooding of a key road 
crossing that goes through the valley bottom and stream in our reach. The landowner uses this 
road crossing to access the upper regions of his property. Our restoration design minimizes risk 
to roads and any other unexpected infrastructure. 
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Assessment of Conditions: 
 

A. Geomorphic Condition (as stage): 
 
The geomorphic condition of Station Creek was identified with stage 3 and stage 4 

incising, this indicates a reach that is generally incising into what was the floodplain (Cluer and 
Thorne 2014). This estimation is based both on field observations and on land use activities that 
have occurred in the watershed upstream of the worksite. The extirpation of beaver has 
generally decreased channel structure and increased the flashiness of the system which has 
encouraged a single, entrenched stream thread. Relic dams have blown out and there is visible 
incision of up to two meters into what was previously floodplain or streambed.  
 

B. Riparian Condition to support wood accumulation: 
 
In a restoration context, it is essential to quantify and determine the current site 

condition. Here, we characterize the current riparian vegetation extent of Station Creek as 
compared to modeled historic extent. Our analysis of current riparian condition is critical in the 
evaluation of recovery potential for this reach and the candidacy of the reach for beaver 
reintroduction as a tool for restoration. In our analysis we consider the current and potential 
condition to support wood accumulation. Wood accumulation is a key process that facilitates 
heterogeneous hydraulic and geomorphic unit generation and promotes a healthy and self 
supporting stream.  

To measure historic and current riparian vegetation extent we used the Riparian 
Condition Assessment Tool (RCAT) (http://rcat.riverscapes.xyz/). This tool utilizes digital 
elevation model and LANDFIRE Biophysical Settings layers to model the estimated historic 
riparian extent following methods from Macfarlane et al. (2018). This tool further developed 
existing riparian vegetation extent and delineated the valley bottom for Station Creek to allow us 
to determine the floodplain connectivity along the reach. We further identified land use types 
within the reach to be gauged in context of recovery potential and the restoration designs 
capacity to support wood accumulation given existing anthropogenic margins. Our analyses are 
as follows: 
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Figure 3. Riparian Condition Assessment. Field and modeled analyses conclude the riparian 
condition of Station Creek is mostly in good condition. This is a strong indication for successful 
restoration potential. 
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The overall, current riparian condition of Station Creek is positive. Figure 2 depicts the 
RCAT output for riparian condition and much of the upper two thirds of the restoration site is 
characterized by intact or good current condition. In the lower third of the reach, development 
and agriculture reduce the current riparian condition to poor or moderate yet this is not 
extensive and still warrants consideration for restoration. The results described in Figure 2 
suggest Station Creek can support wood accumulation given its current riparian condition and 
would benefit from designed structural advancements to promote riparian vegetation expansion. 
Field assessments of the reach as a whole and our project site confirm the stream has a large 
capacity to accumulate wood due to extensive amounts of riparian vegetation within the valley 
bottom. Given the relatively low land use intensity, our team believes this element favors Station 
Creek for restoration and suggests there is no underlying disconnect or large anthropogenic 
margin that would prevent the creek from expanding current riparian vegetation extent and 
fostering continued wood accumulation. Figure 3 describes the existing land use intensities 
within the Station Creek restoration site. The large amount of low intensity land use in the upper 
two-thirds of Station Creek further suggest the creek may or can become well connected to its 
valley bottom and reintegrate with landscape elements to support riparian vegetation expansion 
and wood accumulation. Field assessments further suggests the departure of current riparian 
vegetation extent is likely due to the loss of beaver within the study site as beaver provided the 
structure and mechanism to input wood into the stream system. 

In our analysis, the historic riparian extent closely mirrors the valley bottoms extents 
through the Station Creek watershed. The current extent of riparian vegetation resembles that of 
the historic extent. However, historically, the presence of beaver would have altered the flow of 
Station Creek; thereby utilizing the entire floodplain and creating a dynamic system where 
sediments can deposit and erode. Our assessments concluded the valley bottom maintains an 
adequate supply of woody debris and is well connected to the floodplain (Figure. 4) , but lacks 
the structural manipulation of flow provided by the presence of beaver. Beaver and geomorphic 
changes they impose will promote the flooding of water, which will allow deposition of 
sediments. Flooding will integrate the creek within the valley bottom and help promote creek 
progression towards Stage 0 under principles described by Cluer and Thorne (2014). The 
actions required to promote this system towards dynamic equilibrium further constitute process 
based restoration. Given the high capacity to support wood accumulation and the large density 
of riparian woody plant species in the valley bottom, we believe that an increase in beaver like 
structures in the form of Beaver Dam Analogues and channel spanning woody debris jams, the 
structural elements will add to support lateral channel and floodplain connectivity to the valley 
bottom and promote riparian vegetation expansion. 

Given the current creek condition and its lack of confinement to anthropogenic margins, 
our team believes the system currently can support wood accumulation but can greatly benefit 
from structural advancements and the introduction of beaver to improve landscape connectivity 
and promote stream stage progression and expansion of riparian vegetation. 
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Figure 3. Land Use Intensity. The Station Creek Watershed has low to moderate landuse 
intensity. The landowner uses some of the upper reach for grazing but has little visible impact.  
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Figure 4. Valley Bottom and Floodplain Connectivity. Much of the Station Creek watershed has 
well connected floodplains within the valley bottom. This suggests with increased riparian 
vegetation and added structure, either through beaver introduction or mimicking beaver activity 
through design elements, Station Creek has a strong recovery potential and existing capacity to 
support beaver dam activity. 
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C. Capacity to support beaver dam activity: 
 
Another key process our team seeks to restore on the Station Creek restoration site is 

beaver dam activity. We used the Beaver Restoration Assessment Tool (BRAT) to assess the 
historic beaver dam capacity in Station Creek (http://brat.riverscapes.xyz/). BRAT estimates 
dam capacity by utilizing historic vegetation composition, current streamflow metrics, and 
topographic data along with other lines of evidence. It produces stream segments characterized 
by reach capacities. The historic estimates can be defined as the potential dam capacity for the 
stream (Figure 5.). Our estimates of the potential beaver dam capacity for the stream are strong. 
Much of Station Creek can be characterized by pervasive or frequent beaver dam activity. This 
notion suggests that the historic riparian vegetation extent can greatly support beaver activity. In 
context of potential capacity, our estimates of existing beaver dam capacity are positive. 
Existing beaver dam capacity (Figure 6.) considers conflict potential given land use changes 
and accounts for alterations in riparian vegetation community and floodplain connectivity. 
However, given the general strong current riparian condition extent and the overall lack of 
stream confinement and strong floodplain connectivity, our team estimates much of the Station 
Creek restoration site can support occasional beaver dam activity and can support both frequent 
and pervasive activity in certain areas. We believe through advancements in the restoration site 
through structural additions following process-based restoration techniques, we can improve the 
current condition over time and track towards our modeled potential capacity.  

Following field observation, we identified several beaver dam relics and confirmed the 
existence of a vegetation community that could support beaver dam building. We believe the 
vegetation community in close proximity to the stream system (roughly 30 meters) is in strong 
condition to support prevalent beaver activity. The riparian community 100 meters from the 
stream is in moderate condition and could support frequent beaver activity. The 100 meter 
vegetation community is populated heavily with sagebrush and juniper. Beaver have been 
known to use juniper and walk long distances up steep slopes to collect wood since gravity 
supports their ability to move the wood back to the stream. We believe with the creation of in 
stream cover through ponding by structural designs such as  BDAs, we will be able to provide 
habitat for the introduction of beaver and support beaver inabituation at Station Creek.  
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Figure 5. Beaver Dam Potential Capacity. There is high potential or historic dam activity 
throughout the Station Creek watershed.  



16 

 
Figure 6. Beaver Dam Existing Capacity. Strong floodplain connectivity and well existing riparian 
vegetation extent allow  much of Station Creek to support frequent to pervasive dam activity. 
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Assessment of same potential conditions in context of recovery potential: 
 

Station Creek is characterized by mild channelization from historic logging and grazing 
practices and the loss of structural elements due to the extirpation of beaver. The current 
riparian vegetation condition is good but can be improved upon with its expansion into the 
floodplain and expansion across margins out of the valley bottom following water table rise. The 
stream can support beaver and did so pervasively in the past. Station Creek exhibits strong to 
reasonable recovery potential and is an appropriate candidate for low-tech restoration. We 
believe this stream in its current condition does support wood accumulation but requires 
restoration of structure and can support beaver dam activity. Through the development of a 
tailor-made restoration plan by our team of designers and planners, we believe this system can 
see a tremendous uplift in structure elements and shape that will promote its progression 
towards dynamic equilibrium and development of heterogeneous geomorphic and structural unit 
types favoring the expansion of riparian vegetation into the valley bottom and floodplain and 
create habitat for native fishes. Additionally, the landowner of Station Creek has displayed 
tremendous enthusiasm for restoration. We conclude the site is of low risk while paying careful 
consideration to the road crossing in our Adaptive Management planning. This additional 
information presents Station Creek as a viable candidate for extensive restoration design 
without limitation from anthropogenically constructed margins. A greater understanding of our 
team’s ability to uplift the system and its current condition will be completed following field 
investigations. 

In our analyses we further consider the establishment of beaver management zones 
given existing riparian vegetation departure and beaver conflict and appropriate capacity areas. 
Aside from the areas of intense land use, Station Creek displays small vegetation departure 
under our modeling methods (Figure 7.). This context favors Station Creek as a candidate for 
our restoration design given its current conditions. Based on our assessment of beaver conflict 
potential (Figure 9.), we believe there is little potential conflict of beaver activity on the property, 
with the exception of a culvert found in Station Creek. After considering our above analyses, we 
have further hypothesized stream segment management zones as described in Figure 8. These 
management zones will be used to prioritize restoration efforts. However, due to the inherent 
movement of beavers within habitat areas and the ability for beaver dams and streams trending 
towards Stage 0 to impact the downstream watershed, we believe the stream uplift with impact 
larger areas within the network and manifest outwards. Figure 10. Outlines the conceptual 
progression of a stream through restoration phases to Stage 0 and was used to guide our 
design process to promote Station Creek’s progression towards Stage 0. 
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Figure 7. Riparian Vegetation Departure. Station Creek has relatively low vegetation departure 
as verified by in situ measurements. Due to a lack of large disconnection from the floodplain and 
only minor conifer and juniper encroachment, this site has a strong capacity to accumulate 
wood. Through the restoration of structural elements to connect the vertically stepped 
floodplains of Station creek by mimicking beaver activity with design elements and / or through 
the translocation of beaver. We believe recovery of lost vegetation extent would occur rapidly 
over 5-10 years. 
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Figure 8. Beaver Management Zones. Much of Station Creek is characterized by low impact 
areas should beaver be translocated into the creek. Given existing conditions and the sole need 
to restore structure, much of the reach is defined as low hanging fruit. Three locations are 
marked as Living with Beaver (High Source) zones. These locations have some conflict 
potential associated with them, addressed in Figure 9. And in adaptive management. These 
locations are, however, strong candidates for beaver restoration and impose risks that can be 
mitigated with simple, cost effective strategies and monitoring. For this reason, they are not 
viewed as high risk and living with beaver is highly obtainable.  
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Figure 9. Beaver Conflict Potential. Our analysis identifies two key locations that may pose as 
conflict areas should beaver be translocated into Station Creek. The orange area in the north is 
a river crossing on the land-owner’s property that is used to drive across and move cattle 
through. The yellow area outside of the property area is bisected by a state owned canal with 
culverts on each end. Risk and management solutions of these areas are addressed in the 
adaptive management section of this report. 
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Figure 10. Conceptual model of ideal recovery trajectory of restoration. Recovery sequence for 
incision prone alluvial streams comparing natural beaver activity to beaver dam analogs (BDAs). 
BDAs withstand greater stream power than many natural dams. BDAs can be strategically 
placed to maximize widening or aggradation to enhance the rate of recovery and provide 
benefits to aquatic and riparian habitat during recovery. This model was used to guide our 
design process and outline design goals. The graphic was copied from Portugal et al. (2015), 
reproduced from Pollock et al. (2014).  
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Design 
 

Complex Objectives 
 

We determine there are four reaches along the Station Creek section within the property 
of Terry Westerberg. These reaches (seen in Figure 11.) are Upper Upper, Upper Lower, Lower 
Upper, and Lower Lower all name on relative position within the watershed at our study site. We 
identified objectives along each reach for our proposed complex designs. These objectives were 
generated based upon the geomorphic and riparian vegetation conditions for each reach. Our 
analyses concluded there are two primary objectives across the four reaches: Incision Recovery 
+ Increase Lateral Connectivity and Increase Lateral Connectivity (Figure 11.). The first 
objective shares attributes of the second yet has an underlying demand to restore channel 
floodplain connectivity due to varying levels of incision. Incision depth in the top two reaches 
ranges from less than 0.5 meters to over 2 meters. We hypothesized the cause of the observed 
incision was due to relic dam blow out following the extirpation of beaver. Dam blow out likely 
facilitated the erosion of small substrate in beaver dams and allowed for fast channel incision. 
For this reason, by restoring beaver dam activity or developing beaver dam mimicking 
structures, we believe we can slow or eliminate the observed incision and promote 
anastomosing of the channel throughout the valley bottom. This would effectively reconnect 
areas experiencing incision to the floodplain, and improve riparian habitat and in stream 
conditions within those areas. Collectively, these actions would allow the stream to interact with 
the entire valley bottom. Notably, we constructed our design for the Lower Upper reach to 
remove 3 large head cuts below the site of our upstream primary BDA.  

The two upper reaches are additionally characterized by sinuous single thread channels 
confined by valley bottom alluvial fan and hillslope margins. Evidence of relic dams suggest 
water levels have dropped by 1-2 meters due the loss of structures causing flow velocity 
reductions and loss of ponding by beaver dam activity. The loss of these elements has 
disconnected the stream from the floodplain except during larger than normal flood stages 
characteristic of a strong winter. For this reason, we aim to increase the lateral connectivity of 
each upper reaches to reduce the erosive potential of the stream and to generate flow 
separation. These actions would facilitate anastomosing of the stream and achieve reach and 
project objectives. Furthermore, field evidence suggests a vertically stepped floodplain. A 
vertically stepped floodplain would in turn suggest the stream and its properties are structurally 
forced. With this in mind, our designs for each reach and the objectives there in area geared 
towards returning structure to the system to initiate process caused by the original structural 
elements of the system. 

Under the reaches’ current conditions, the streams are lacking necessary structure. 
Restoring the structure of beaver dams or mimicking this structure would allow this reach to 
obtain stage zero dynamic equilibrium. The lower two reaches (Lower Upper and Lower Lower) 
each are characterized by some anastomosing river sections, stepped vertical floodplains, and 
large valley bottoms. We do not believe there is much change in condition indicative of incision. 
For this reason, our design aims to promote the reductions of flow velocity and increase pooling 
to promote flow separation and increase the time and duration of overland flow. These actions 
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will further promote the streams’ current conditions and promote it to becoming more 
anastomosing and progress or obtain stage zero dynamic equilibrium. Our design focuses on 
restoring these structural elements to each reach to force desired changes in stream condition 
and generate wood accumulation, all of which denote process-based, low-tech restoration.  
 
 

 
Figure 11. Complex overview. Reach objectives are defined as either incision recovery + 
increase lateral connectivity or increase lateral connectivity. Our team determined there are four 
reaches. 
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Our designs primarily include the construction of Beaver Dam Analogues (BDAs). Figure 

12 is a conceptual design for the Lower Upper reach. Our design includes the assembly of 2 
plus or minus 1 primary dams, 7 plus or minus 2 secondary dams, and 3 plus or minus 2, 
channel spanning large woody debris jams similar to Post Assisted Log Structures. These 
structures slow the movement of water and promote aggradation behind the structure. 
Aggradation further slows flow velocities and facilitates the separation of flow into the channel 
width and connected floodplain. Under high flow and flood conditions, we anticipate these 
structures will divert flow and create overland flow. This process will promote stream expansion 
into the floodplain and allow the expansion of riparian vegetation over time. Large woody debris 
jams reduce flow velocity and force water to move overland under high flow conditions. 
Furthermore, these structures immediately promote the generation of deep water habitat 
suitable for beaver translocation. In our designs, we map the hydraulic zone of influence. These 
areas delineate the maximum area to which one treatment will influence the valley bottom and 
surrounding valley bottom. It is important to note that the zone of influence does not impose the 
immediate effected extent of BDAs themselves. However, zone of influence is crucial for the 
evaluation of risk and assessment of future risk to be evaluated in our Adaptive Management 
plan. Due to high flow velocity and lower lateral connectivity under current conditions, we 
anticipate more than one project design and treatment will be needed to connect the stream to 
the entire valley bottom. 

Overall, our designs will promote the aggradation of sediment behind the implemented 
structures and facilitate floodplain connectivity and flow separation. This allows for reduced 
stream velocities, overland flow, and flooding of the valley bottom. We anticipate this will 
structurally restore the reaches’ of interest towards historic conditions and allow the expansion 
of riparian vegetation, increase wood accumulation, and provide beaver mimicking processes as 
well as provide immediate habitat for possible beaver translocation.  
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Figure 12. Conceptual design for the Upper Lower reach of Station Creek. This identifies 
locations for key structures and our anticipated hydraulic zone of influence under current 
conditions. We identify implemented structures and addresses complex objective to promote 
lateral connectivity of site to flood plain as well as reduce erosive power of the stream causing 
active head cuts. 
 



26 

Design Characteristics and Expected Processes 
 
Table 1. Station Creek BDA complex planning and implementation to create ideal beaver 
conditions and their associated geomorphic conditions. (Wheaton, J.M 2019) 
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BDA Schematics and implementation 
 

Step 1. Our BDAs will be placed in ideal locations to maximize longevity of dam integrity and 
hydrologic capacity. BDAs will be implemented in supporting structures of rooted trees and 
elevated spots; additionally, wood will be anchored into the channel banks for added support.  

 
Step 2. Large cobble, mud and sticks will be used to elevate the foundation of construction to 
create a platform. Using loppers, Dogwood and other material will be used to lay material within 
the cobble and mud. This will allow water to pool dissipating energy as we continue to build to 
the desired height. 

 
Final Step. Large woody debris will be harvested from Aspen, Juniper, Alder, Willow, and 
Dogwood; these large woody debris will be used as stable structure which provides a back bone 
to the implemented BDAs. Wood will be interwoven amongst the rooted trees in the area; these 
rooted trees provide additional structure, which acts similar to post-assisted BDAs. As water 
elevation increases, a combination of sticks and more large woody debris will be added in 6-12 
inch intervals until the desired height is met. 

 
Images provided by Joe wheaten: – MIMICKING & PROMOTING WOOD ACCUMULATION & BEAVER DAM ACTIVITY WITH 
POST-ASSISTED LOG STRUCTURES & BEAVER DAM ANALOGUES, 2019 
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Implementation 
 

On March 30, 2019 our team assembled a complete complex in the upper section of our 
designated reach (Lower Upper). The team assembled four secondary dam structures and one 
large primary dam structure. Material was sourced from surrounding existing vegetation. There 
was tremendous immediate success suggesting future uplift of the system from the 
implemented design elements. Figure 12. highlights the locations of as built elements. There 
were two notable structures that had immediate results (Figure 13. a-d). These elements were 
the primary BDA and the lowest secondary BDA. The primary dam structure was built roughly 6 
inches in height and covered 35 feet across the valley bottom, connecting one end to the other. 
(Note: during field observations and planning a week prior, the site of the primary BDA had a 
sole, single-thread channel; upon construction in the field, the stream had developed into three 
separate flow paths as a result of elevated flow). The primary dam structure was built to slow 
flow moving through each channel and promote backwater at a stage level to the secondary 
structure added upstream. We expected the primary BDA to begin immediately providing 
backwater to the stream locations above it. While assembling the structure, the primary BDA 
forced flow over the beaver dam edges and became overland as it began eating away existing 
snowpack that covered the remaining valley bottom. Our impression is that the primary BDA will 
continue to force flow around the structure and may not generate the ponding or aggradation we 
desired. The BDA should be lengthened and built higher to accomplish to objective of the 
complex element. Over all, the structure immediately began restoring processes of aggradation, 
reduced flow velocity, and ponding upon implementation and was a success. 

The second structure that exhibited strong, immediate results was the lower secondary 
BDA. This structure was originally designed to generate some ponding and cover for beaver as 
well as reduce flow velocity and generate backwater to the depth of an active head cut above 
stream. (Note: the secondary BDA just upstream of the secondary BDA described here was 
designed for a similar reason and had strong immediate results but to a lesser extent.) The 
secondary BDA was built 16 inches in height and roughly 20 feet across. During assembly, the 
immediate backwater effect was so large, the created pond topped over a small adjacent bank 
and connected to an adjacent flow path. This required for the structure to be built longer in 
length. The end result saw the fast-moving, upstream water reduce to a slow meander and 
increase from 10 cm in depth to roughly 90 cm. The structure had greater results than 
hypothesized and was successful at backing up water to the height of the upstream head cut, 
effectively removing the erosive energy of the head cut. This structure was seen as a 
tremendous success and upon construction would act as a high quality structure to provide 
cover for translocated beaver.  

We were not able to complete the construction of all intended design elements due to 
limited time and available labor. Factoring this into future restoration practice, we suggest 
building smaller structures and more of them than spending significant portions of time on a few 
larger structures. A key realization behind the implementation of the project, however, was that 
we were successful in developing two structures that surpassed our expected hydraulic zone of 
influence. This suggests not only that the system may be resilient and quick to respond to 
increased structure, yet also that restoration at Station Creek could see larger anastomosing 
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systems with a greater beaver dam capacity than otherwise predicted. Furthermore, several 
design elements created flow separation and the promotion of anastomosing side channels to a 
greater extent that predicted. This suggests the system may already have some underlying 
structure not identified in our original assessment and can further benefit more rapidly from 
added structural elements. We conclude more treatments are necessary for the full return of this 
system to a Stage 0 dynamic equilibrium, yet recognize it is better condition than originally 
thought. Should this site experience beaver translocation, we believe it would experience the 
most immediate, dramatic, and beneficial uplift and would disqualify the need for future BDA or 
PALS treatments. However, without the reintroduction over beaver, this site would need 2-3 
treatments to begin reaching dynamique equilibrium. 
 

 

 
Figure 13. a-d: (13a, top left) lower secondary BDA. Constructed 16 inches height, the structure 
created backwater to the height of an upstream head cut (~90 cm in depth) and over-topped an 
adjacent bank connecting an adjacent flow path and further expanding backwater area. (13b, 
top right) Primary BDA constructed 12 inches high and 35 feet long created 6-8 inches of 
ponding and backwater while forcing threaded channels into the floodplain and creating flow 
separation. (13c, bottom right) iQ team assessing primary BDA, downstream perspective. (13d, 
bottom left) iQ staff determining where to add wood in primary BDA, upstream perspective. 
Pictures courtesy of Dylan Anderson, iQ Senior GIS technician.  
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Past and Future Adaptive Management 
 
As in the case of any restoration project, there are uncertainties that must be planned 

for. Adaptive management is an approach that utilizes informed hypotheses of the expected 
outcomes of design alternatives before any restoration actions are taken. With monitoring, the 
field observations of how the project site responds to management actions is compared with the 
initial hypotheses, and if there are discrepancies then alternative hypotheses and management 
plans can be developed and implemented. The adaptive management approach is visualised in 
Figure 14. 

 
Figure 14. An example of the adaptive management cycle adapted from Allan et al, 2009. 
 

In keeping with the spirit of adaptive management, iQ restoration first modelled predicted 
behavior of the site based on various ArcGIS models, specifically the BRAT model (see Figure 
5. in section Assessment of Conditions). Once obtained, model outputs led to initial, informed 
design alternatives that were each hypothesized to deliver restoration benefits to the project 
reach. The model outputs were compared with field observations that were conducted prior to 
the planned construction date. Field observations indicated that there were multiple relic beaver 
dams in the project reach that could be strategically used as restored dam sites with 
significantly less effort. These observations in mind, iQ reevaluated the planned construction 
sites and modelled the potential hydraulic zone of influence of the structures to be built (see 
Figure 11. in section Design). The final design was then implemented in part during the work 
day of 30 March 2019 (Figure 13. a-d).  
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Figure 15. a-d: (15a, top left) Some of the tools of low tech, process-based restoration. (15b, top 
right) The able-bodied volunteer crew on the morning of the workday. (15c, bottom left) an 
overhead view of some of the project site showing potential conflict between beaver activity and 
the nearby road. (15d, bottom right) An overhead shot of the lower, lower project site featuring 
slightly incised meanders within the greater valley bottom. Pictures used with permission of 
participating volunteers and were taken by Wheaton et al. 30 March 2019.  

 
Although the initial design and implementation stages are over, the adaptive 

management process is continuous throughout monitoring Station Creek. iQ restoration in 
collaboration with Terry Westerberg will continue to monitor the installed structures for success 
as well as perceived failure and potential conflict. Success or failure at the individual structure 
level isn’t as important as a broader look at whether the reach is experiencing any of the 
expected ecological uplift. If needed, a second project day can be planned to install the 
remaining planned but unbuilt structures. These structures will be monitored under the adaptive 
management plan flowchart shown in Figure 16.  

Should beaver be reintroduced to the area or emigrate into the reach from nearby Birch 
Creek, a “living with beaver adaptive management plan” may have to be implemented in 
accordance with landowners both upstream (the US Forest Service) and downstream (private 
individuals and state trust lands). An example of one such living with beaver adaptive 
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management flowchart is shown in Figure 17. While the plan and construction through the 
current Station Creek project reach was designed to maximize ecological uplift and the potential 
for future beaver habitation, a living with beaver plan must more carefully balance stakeholder 
and landowner concerns with ecological uplift benefits. iQ believes Station Creek would benefit 
highly from beaver introduction. We believe beaver introduction would allow the system to 
evolve from the current condition and uplift provided from our design structures. The 
translocation of beaver would allow the system to regain structure from beaver activity and 
rapidly approach Stage 0 conditions. We see no better solution in achieving our management 
goals for this site than through beaver translocation. 

 

 
Figure 17. Adaptive Management Workflow for Evaluation of functional dam complexes. The 
primary long-term hypothesized pathway results in the achievement of desired new dynamic 
stable state and is illustrated with the thick grey arrows. Alternative outcomes can result in 
potential adjustments to the overall complex, which can be combined with individual structure 
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actions. The adaptive management phase that each node represents is highlighted symbolically 
in the AM loop (Figure 14.). Copied from Portugal et al. (2015). 
 

 
Figure 17: An example Living with Beaver flowchart contained in the Park City beaver adaptive 
management plan (Wheaton 2013).  
 

A key element of adaptive management is determining what success of a restoration 
looks like. In the project framework developed by iQ restoration, success isn’t necessarily 
determined by the outcome for any one particular structure as-installed; rather, success in this 
projects’ terms will be ecological uplift that takes the base form of raised channel height, raised 
water table, increased floodplain connectivity, uplifted and expanded riparian zone, and 
decreased channel incision in areas where the stream is disconnected from the historic 
floodplain. These base form changes will, as hypothesized, lead to an increase in fishing 
success, aesthetic value, songbird, mammal, and amphibian populations, and riparian 
vegetation available for grazing on a rotating basis. These secondary outcomes are 
hypothesized to result directly from the success of structure in the stream, so success for a 
particular structure as-installed is a comparatively myopic approach. The other side of this 
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paradigm, of course, is the possibility that structures don’t fail but also don’t provide the 
expected ecological uplift. In this case, the adaptive management framework provides that iQ 
circle back to the planning and design phase with a sharper eye for what is limiting in this 
ecosystem. In turn, the value of an individual structure does not define the success of the 
restoration; rather, it is the empirical attainment of an elevated system and restored processes 
of which merits success. The property owner and Idaho FWS should in turn evaluate uplift of 
Station Creek as a whole, and use locations of exceptional uplift to model future restoration 
practice on site or on other restoration projects.  

 

 
Figure 18. Adaptive Management Workflow for Evaluation of Individual Beaver Dam Analogs 
(BDA) and/or High Density Large Woody Debris (HDLWD) structures. This process is applied 
annually to all structures and active beaver dams in treatment reaches. The primary 
hypothesized pathways result in no adjustment actions to existing structures and are illustrated 
with the thick grey arrows. Alternative outcomes can result in potential adjustments, which are 
not acted on until the overall performance of functional dam complexes is evaluated. The 



35 

generic adaptive management stage (Figure 23.) represented by each node in the evaluation 
process is highlighted symbolically in the AM loops. Figure copied from Portugal et al. (2015). 

 
Figure 19. Copied from Portugal et al. 2015. The beaver deterrent is used as a screen that 
discourages beavers from building dams at the inflow and outflow points of the culvert along 
Station Creek. The culverts allow the creek to pass through a state managed canal. The design 
in effect provides a barrier around the inlet and outlet of the culvert that allows dam activite to 
occur a distance far enough away from the culvert that would prevent the culvert from being 
clogged. Beavers cannot pass through the barrier and so cannot build inside the culvert. 
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Figure 20. Copied from Portugal et al. (2015). For primary dam or other dams that may become 
larger above road cut. This design is useful to maintain the dam at a level preventing large 
flooding that may wash out the road. It utility may also function to prevent the dam from 
reaching a water volume subjecting it to potential breach, which could wash out or flood the 
road crossing as well. Small breach points to dams becoming too large may also be appropriate 
management and maintenance strategies. This device is most useful should beaver be 
translocated.  
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Monitoring and Maintenance of Restoration Elements  
 
Note: this section is edited under a Creative Commons Attribution 4.0 from Portugal, E.W., Wheaton, J. M., Bouwes, N. Technical 
Report: Pine Creek Watershed Scoping Plan for Restoration: Using Beaver Dam Analogs and High-Density LWD to Initiate 
Process-Based Stream Recovery. Prepared for the Confederated Tribes of the Warm Springs. Logan UT, 52 pp. 

 
The framework of our adaptive management will consist of maintenance and monitoring 

of dam complexes after construction. Our team determined a need to perform an annual effort 
(2-3 times a year) to monitor and evaluate functional benefits of complexes (Figure 17.) and the 
potential risks associated to living with beaver in the near future (Figure 16.). In our monitoring 
plan, individual dams within complexes will be evaluated as most consistent with achieving 
objectives (i.e. channel aggradation and floodplain connectivity) (Figure 18.). These dams will 
be assessed for structural integrity and projected longevity; this provides insight for which dams 
take priority in the annual maintenance of BDAs. Dams of low beneficial impact will be 
disregarded, unless dams present some risk to infrastructure. Additionally, the valley bottom will 
be evaluated based on current conditions for new potential dams to maximize valley bottom 
inundation within complexes.  

One of our main objectives of monitoring is to recognize the potential of beaver 
reintegrating into the Station Creek system. The implementation and maintenance of BDA’s 
provides a temporary uplift. To maximize and sustain ecosystem benefits, iQ recognizes the 
need of beavers to maintain and construct dam complexes to increase channel aggradation in 
Station Creek. However, iQ recognizes the potential threat to infrastructure beaver may pose in 
the construction of complexes. The potential of natural reintegration or reintroduction will require 
our monitoring plan to incorporate possible threats to infrastructure. In Station Creek, the 
structural concern identified is a culvert that runs through a constructed dike, which provides 
access over the creek. iQ will use a flow chart to evaluate potential impacts of living with beaver 
(Figure 16.); additionally, our team will advise and implement proper techniques to mitigate 
potential negative effects of beaver activity (i.e. beaver deterrents, Figure 19. & 20.).  
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Recommendations for Future Work 
 

Beavers have been renowned as ecosystem engineers, manipulating their surroundings 
while indirectly affecting the community composition and riverscape functionality. Our use of 
BDAs promote ecosystem uplift and attempt to encourage the future occupation of beavers into 
a system. Process based restoration (PBR) via beaver dams will provide a cost effective 
solution for simple mitigation strategies in restoring floodplain connectivity and riparian 
vegetation. In the near future, our recommendations and implementations aim to focus on 
demonstrating, not only strategies for restoration via BDAs, but strategies for ‘Living With 
Beaver’. In regards to the Station Creek project, iQ strives to engage and work with the 
community, in addition to showing the public how beavers can be a source of minimizing 
potential impacts of ecosystem degradation while protecting vital infrastructure. 
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