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Executive Summary  
 
This project aligns with FWCP Action 2-1 and Action 4-1, habitat based actions for fish and wildlife. 
Thanks to the support from our partners, our project resulted in the: 
 
1. Re-watering of Centre-Right (Channel 5) in the Lower Stave River. This channel became dewatered 

by a channel barrier and caused the stranding of adult chum and the desiccation of redds. 
Restoration resulted in 6,000 m2 of  restored salmon spawning habitat. 

 
2. Stabilization of a section of right bank to benefit salmon and protect sensitive cultural artifacts from 

further degradation, loss and erosion. The dewatering of Channel 5 lead to increased flows in 
Channel 4 that parallels the right bank. Increased velocities caused significant erosion and loss of 
cultural artifacts along a section of right bank at a known archaeological site on Kwantlen First 
Nation IR. A key component in developing the pilot stabilization project was considering previous 
efforts and results. In particular, previous erosion mitigation efforts unintentionally caused 
acceleration of bank erosion (versus stabilization and bank protection). It involved the placement 
of relatively porous wood assemblies that did not shelter the bank from flow, did not retain any 
sediments and likely created increased scour where flow was deflected around the wood. This pilot 
reef install is planned to do the opposite (Jonsson DFO 2019) and provide aquatic complexing 
benefits. As appropriate bioengineering and replanting efforts were completed to help reduce 
erosion, protect artifacts and enhance the riverine system. Stabilization pilot project resulted in 27 
linear meters along the right bank from erosion. 
 

3. Continued collaboration to maintain strong working relationships between project partners and 
increased awareness about the value of the Stave. 

 
Active and on-going enhancement, monitoring and adaptive management is necessary for water 
resource management in controlled systems. In doing so, it can result in benefits, especially for salmon 
(Richter & Thomas, 2007). Given the changes in winter precipitation, duration since last overall 
evaluation and re-grade of lower riverine channels, anticipated climate change models and the need 
to continue producing power, it may be a good time to re-evaluate, establish a working group to set 
medium range objectives for the Lower Stave. The goal is to ensure salmon and ecosystem functions 
are conserved, archaeological, sensitive IR sites are protected and power can still be produced.  As 
such, we recommend: 

 Monitoring the pilot project, upstream and downstream for effectiveness. 

 Collaborating with key stakeholders to determine whether to proceed with additional bank 
works so that cultural and salmon/biodiversity values are mutually achieved especially in light 
of climate change impacts on water resources (Verschelling, Perk, & Middelkoop, 2018). 

 Collaborating with key stakeholders to review all the lower Stave River channels for 
functionality and opportunity for restructuring (returning spawning gravels upstream) in light 
of water management and climate change.   
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Introduction 
 
The lower Stave River, between the Ruskin Dam and the Fraser River, consists of numerous channels 
and gravel bars, with predominantly deciduous vegetation growing on the more established bars and 
riverbanks. 
 
Located within the traditional territory of the Kwantlen First Nation, the area contains numerous 
archaeological sites and artifacts of cultural and historical significance, many of which are threatened 
by the continual erosion of the riverbanks. The erosion of these banks has long been a concern of the 
Kwantlen First Nation, a concern identified during the past Water Use Planning process (2003). 
 
There are limited areas remaining on the lower Stave River floodplain that support significant 
populations of coho salmon adults and juveniles and this includes the lower 3 km section of the Stave 
River. This section provides the only remaining habitat for anadromous salmon within the Stave River 
Watershed. Up to 500,000 chum salmon and hundreds of coho, pink and chinook salmon spawn in 
these graveled channels. In 2007, actions to create more complex spawning habitat appropriate for 
the tail-water release flows of the Ruskin Dam, was completed by FVWRC (now FVWC) in partnership 
with DFO and FVRD. These channels (1 through 5), were anticipated to require management every ten 
to twenty years to ensure gravel and bar movement still retained high spawning salmon habitat 
qualities. 
 
This project represents a collaborative effort involving the Fraser Valley Watersheds Coalition, Fisheries 
and Oceans Canada, the Fraser Valley Regional District, BC Hydro, and Kwantlen First Nation. Project 
Objectives included: 
 

 Re-watering of 500 square meters of salmon spawning habitat within the lower Stave River, 
 Stabilization of 250 linear meters along the right bank from erosion that is 

o threatening to destroy a Kwantlen First Nation archeological site, and 
o is contributing to fine sediment deposition into the spawning grounds; 

 Replanting and bioengineering a minimum of 500 m2, designed in collaboration with Kwantlen 
First Nation and the archaeologists to help reduce erosion and protect artifacts and sites. 

 Developing strong working relationships between project partners; and 
 Increasing awareness amongst the community about the value of the Stave River system. 

  

http://www.fvwc.ca/


 

FVWC | FWCP Final Report Stave River   6 

 

Fraser Valley Watersheds Coalition 
Unit 1 - 45950 Cheam Avenue  

Chilliwack, B.C. V2P 1N6 
www.fvwc.ca   

Goals and Objectives 
 
The vision for the Lower Stave River is a river system full of wild Pacific salmon, with robust forests, 
rivers/streams and wetlands that provides many wildlife values and ensures cultural areas of 
importance are protected and conserved.  
  
The objectives of this project were to restore salmon spawning grounds, reduce fine sediments into 
channel from right bank erosion. 
 

Objective 1. Restoration of Habitat Restore a minimum of 500 square meters of spawning habitat 
from being de-watered. 
  
Objective 2. Restoration of Habitat/ Other Protection of erosion/shoreline: Protection of an 
anticipated 250 linear meters of sensitive shoreline habitat (where known archaeological sites 
exists). 
 
Objective 3. Community Engagement Between 10-15 volunteers to assist in replanting and design 
work. 
 
Objective 4. Improve Opportunities for Sustainable Use In partnership with Kwantlen First Nation - 
impart knowledge about the importance of this site as a salmon and wildlife refuge and provide 
the developing FN environmental committee with the final reports.  

 
 

 
 
  

http://www.fvwc.ca/
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Study Area 
 
This project is located within the lower 2 km of the Stave River south of the Ruskin Hydro dam, with 
the municipal boundaries of the District of Mission,IR lands of Kwantlen First Nation, and Fraser Valley 
Regional District, Map1. Planting and monitoring works focussed on Stave River mainsteam and Right 
bank, IR2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Map 1 Overview Map of project scope shown as dashed red line. 

http://www.fvwc.ca/
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Methods 
 
Objective 1. Restoration of Habitat Restore a minimum of 500 square meters of spawning habitat from 
being de-watered. 
 
Prior to completing the mainstem works, FVWC met onsite with DFO, BC Hydro, Kwantlen First Nation 
and representative archaeologists from Cordillera Archaeology, and contract biologists from 
Greenbank Consulting. The intent was to verify design parameters to satisfy archaeological conditions 
and hydrological/biological factors. 
 
In September 2018, FVWC contracted engineering expert M.Landiak and Mission Contractors to begin 
re-grading the dry channel and move the excavated gravels from Channel 5 to Channel 4, which was 
important in completing first before working on objective 2, Figure 1. The channel was re-graded using 
large 200-series excavators and articulated Volvos to move the gravels, Figure 2, Figure 3. 
 
 
 
.  

  

Figure 1. Extracted from Greenback report 2017, red polygon illustrates gravel blockage to channel 5 and 

significant high-velocity flows down channel 4. 

http://www.fvwc.ca/
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Figure 2. Mainstem rewatering of channel 5. a) excavating berm to create the access path to cross the Stave River. b) 
Moving gravels to create the access route. c) Excavator safely crosses upsteam of Channel 5. d) Re-grading and 
surveying of gravels begin (notice the dry Channel 5 in proximity to Channel 4).e) east-view illustrating the height of gravel 
blockage at the upstream end of Channel 5. f) Almost completed Channel 5 watered, needing to push gravels to Channel 
4. 

a) b) 

c) d) 

e) f) 

http://www.fvwc.ca/
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Figure 3. South-view, downstream of project site showing (left) dry channel 5 and channel 4 with the elevation drop, during 
construction. 

 
 
  

Map 2. Actual area 6,000m2 shown as a blue line 
excavated and re-graded to restore flows into 
Channel 5. (Channels illustrated by circled 
number) 

1 

2 

3 

5 
4 
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Objective 2. Restoration of Habitat/ Other Protection of erosion/shoreline: Protection of an anticipated 
250 linear meters of sensitive shoreline habitat (where known archaeological sites exists). 

 
Prior to completing the right bank works, FVWC met onsite with DFO, BC Hydro, Kwantlen First Nation 
and representative archaeologists from Cordillera Archaeology, and contract biologists from 
Greenbank Consulting. The intent was to verify existing site conditions, Figure 4 and develop design 
parameters to satisfy archaeological conditions and hydrological/biological factors. Agreed upon 
designs included a top-dress capping, no vegetation planting (large shrubs or trees to avoid root 
penetration into sensitive archaeological site) and a pilot “reef” bank consisting of rock ballasts and 
large wood, Figure 5. During this time, all agreed to scale back the project scope and complete a pilot 
to test this methodology and ensure accidental erosion and loss of cultural artifacts was minimized.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 4. Annotated photo of project site. Notice the erosion of the bank and the lack of existing native trees, shrubs in the 
riparian. Also notice the presence of invasive reed canary grass. High water mark may be related to higher tail-water flows 

and freshet levels. 

Figure 5. Original conceptual design for river bank works to benefit cultural site and support complex salmon habitat. 

Copyright DFO AJonsson. 

http://www.fvwc.ca/
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Results and Outcomes 
 
Prior to the restoration and enhancement of the right bank pilot site, Kwantlen First Nation and the 
archaeologists prepared the site through the excavation and preservation of sensitive artifacts, Figure 
6.  Due to the sensitive nature of this site, the works area was isolated with safety fence to keep public 
and recreation users out in the off-hours of the project.  
 
 
Instream work occurred in September 2018 right after the mainsteam work was completed. A 
temporary municipal road closure was in effect to allow the excavator and dump truck loads of large 
wood and rock were delivered to the site.  Supervised by DFO, the protective capping and pilot reef 
bank work was completed, Figure 7, Figure 8 and Figure 9. In March 2018 a contractor surveyed the 
right bank and tied it to downstream area and upstream area – including toe of slope, road and water 
mark to form the baseline to monitor movement and effectiveness.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Site preparation and archaeological artifact retrieval by Kwantlen First Nation and Cordillera Archaeology 

http://www.fvwc.ca/
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Figure 7. Upstream 
transition of right bank. a) 
Before works (May 2018) 
b) Before works 
(September 2018) c) 
after works October 
2018. White dashed 
polygons are location 
reference points. Yellow 
dashed lines indicate 

erosion reference points. 

a) 

b) 

c) 
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Figure 8. Downstream 
transition of right bank. 
a) Before works 
(extracted from 
Cordillera Archaeology 
report) b) Before works 
(September 2018) c) 
after works October 
2018. White dashed 
polygons are location 
reference points.  

a) 

c) 

b) 
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Figure 9. Eastview of the right bank project. a) before reef installed and after excavation of sensitive cultural artifacts. b) After works March 2018 during tail water release. 

White dashed line delineates reef location. 

a) 

b) 
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Objective 3. Community Engagement Between 10-15 volunteers to assist in replanting and design work. 
 
Planting, originally planned for the pilot project, was deemed not appropriate at this time until 
monitoring is complete, the pilot is assessed and conversations on whether to pursue further work 
using this or a modified methodology. FVWC partnered with the University of the Fraser Valley –
Geography department to have students volunteer their time in planting at Stave Site 2. Students were 
walked into the project site, participated in hand-clipping invasive reed canary grass around herbivory 
guards and planting of potted stock. 
 
 
 
Objective 4. Improve Opportunities for Sustainable Use In partnership with Kwantlen First Nation - 
impart knowledge about the importance of this site as a salmon and wildlife refuge and provide the 
developing FN environmental committee with the final reports.  
 
Through the active engagements with Kwantlen First Nation, DFO, BC Hydro and partners on design 
elements, past actions and understanding flows and water resource considerations, improved 
communication and collaboration for sustainable use. 
 
 

Results 
 
Objective 1. Restoration of Habitat Restore a minimum of 500 square meters of spawning habitat from 
being de-watered. 
 
Actual result achieved: 6,000 m2 spawning mainstem gravels re-watered. 
 
Details: The original target of 500 m2 was estimated as needed to remove a gravel barrier at the top 
end of the channel 5. This gravel barrier caused the downstream dewatering effect. During the 
instream works, the actual excavation and regrading of the channel involved removing the 500m2 
gravel barrier at the top end of the channel 5 and the regrading of the entire downstream channel 
length to restore flows at a suitable spawning gradient for salmon.  
  
 
 
Objective 2. Restoration of Habitat/ Other Protection of erosion/shoreline: Protection of an anticipated 
250 linear meters of sensitive shoreline habitat (where known archaeological sites exists).Modified 
Goal. 
 
Actual result achieved: 27 linear meters of shoreline was protected and enhanced with the pilot reef 
project. Additional surveying points at the pilot site and upstream ~50m and ~50m downstream was  
completed to inform future effectiveness assessments of pilot project and ensure any unintentional 
effects are addressed and adjusted early on to produce greatest fish and streambank benefit. 
 
Details: The original goal was to protect 250 linear meters of shoreline, however after stakeholder 
meetings and learning from past erosion control activities, the stakeholders agreed to scale back the 

http://www.fvwc.ca/
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linear meters of bank protection works and complete a small pilot project that resulted in 27 linear 
meters of actual “reef” protection. In addition to the actual reef construction, monitoring at the site 
and approximately 50 m upstream and downstream will be assessed to understand the effectiveness 
of the project and ensure desired outcomes are achieved before expanding the project scope. Figure 
7 and 8 illustrate the upstream and downstream views of the project works.  
 
 
 
Objective 3. Community Engagement Between 10-15 volunteers to assist in replanting and design work. 
Actual results achieved: 10 volunteers engaged with the design and right bank work. A total of 94 
volunteers assisted at replanting of Stave River Site 2. 
 
 
 
 
Objective 4. Improve Opportunities for Sustainable Use In partnership with Kwantlen First Nation - 
impart knowledge about the importance of this site as a salmon and wildlife refuge and inform 
Kwantlen’s environmental committee. 
 
Actual results achieved: Improved collaboration and built trust. 
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Discussion 
 
The intent behind this project was to achieve three main things:  
 

1. Restore a section of the mainstem river that had become dewatered from a gravel blockage 
2. Stop the ongoing erosion of the bank (exposing culturally significant and high value 

archeological deposits)  
3. Create fish habitat improvements in the form of complex and overhanging cover.   

 
Activities on the mainstem resulted in the desired outcome, re-watered channel with supporting flows 
split between channel 4 and channel 5, which also acted to reduce the erosive properties of the river 
against the right bank.  
 
The right bank reef pilot project design had to address fluctuating water levels (tide and flow) within 
fine semi-cohesive bank material with a steep –deep-water drop adjacent to the bank. It appeared that 
most of the erosion was likely occurring when the water levels dropped and the saturated vertical face 
of the bank was suddenly left un-supported (Jonsson DFO 2019).  Blocks of bank would calve off and 
tumble into the deep water of the channel.  Deep water and sediment mobilizing river currents 
prevented eroded sediments from staying in place and buttressing the face against further erosion.  
Although the erosive forces were relatively small, options to address them were limited by site 
constraints. As such, the design could not involve: 
 

 Sloping the bank back, as this could result in potential damage to the artifacts of the site.  
 Reinforcing the bank through bioengineering as this could result in potential damage to the 

artifacts of the site through root penetration.  
 Buttressing it with rock (as had previously been done on the east side), the depth of the channel 

immediately adjacent to this section of bank was very deep and would require significant 
volumes of rock to create a stable buttress. This may be a viable future option. 

 
Since the vertical extent of the eroding face was about 60-90cm in the area of works, logs placed 
horizontally below artifacts depth, would provide support to the face and isolate it from flowing water.  
The logs were anchored in place through a combination of boulder ballast and vertically driven timber 
piles.  Logs were also lapped such that the downstream end of one always overlapped the upstream 
end of the log adjacent.  River cobble was then placed behind the logs and over-top the native silts as 
a final cap. 
 
In addition, consideration of previous efforts and their short-comings was an important aspect of this 
work. In particular, previous efforts caused acceleration of bank erosion (versus stabilization and bank 
protection) involved the placement of relatively porous wood assemblies that did not shelter the bank 
from flow, did not retain any sediments and likely created increased scour where flow was deflected 
around the wood.  This pilot reef install is planned to do the opposite (Jonsson DFO 2019).  
 
Active and on-going enhancement, monitoring and adaptive management is necessary for water 
resource management in controlled systems. In doing so, it can result in benefits, especially for salmon 
(Richter & Thomas, 2007). Given the changes to winter precipitation, duration since last overall 
evaluation and re-grade of channel substrate, anticipated climate change models and the need to 

http://www.fvwc.ca/
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continue producing power, it may be a good time to re-evaluate, establish a working group and set 
medium range objectives for the Lower Stave. With a goal of ensuring salmon and ecosystem functions 
are conserved, archaeological, sensitive IR sites are protected and power can still be produced.  

 
Recommendations 
 

 Monitor the pilot project, upstream and downstream for effectiveness 
 

 Collaborate with key stakeholders to determine whether to proceed with additional bank works 
so that cultural and salmon/biodiversity values are mutually achieved especially in light of 
climate change impacts to water resources (Verschelling, Perk, & Middelkoop, 2018).   
 

 Collaborate with key stakeholders to review all the lower Stave River channels for functionality 
and opportunity for restructuring (returning spawning gravels upstream) in light of water 
management and climate change.  
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