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Abstract 

Powers Creek, located within West Kelowna, British Columbia (BC) experienced high flows and 

in channel deposition in the spring of 2017, resulting in damage to public infrastructure and 

degradation of kokanee salmon (Oncorhynchus nerka) spawning habitat. Kokanee are in decline 

in the Okanagan and the restoration of degraded spawning areas in Powers Creek was identified 

by regulators as a key requirement for the flood recovery design. Natural channel design 

techniques, which emulates natural river systems, and balances the hydrology, geomorphology, 

and ecology, were implemented to increase the conveyance capacity of the channel to decrease 

the flood risk, while providing critical spawning habitat for kokanee. For this research, spawning 

platforms designed and constructed using log sills were assessed to determine whether particle 

size, depth, velocity and Froude numbers were within the range of values known to be suitable 

for spawning kokanee. Results indicate that eight out of nine platforms provided a D50 particle 

size range suitable for spawning kokanee (between 25 mm and 50 mm). The spawning platforms 

generally provided kokanee habitat within the predicted values for depth, velocity, and Froude 

numbers. Spawning counts indicate that eight out of nine platforms had spawning activity. Areas 

that provided suitable substrate, depth, and velocity were not used by spawning kokanee at all 

locations. This is likely due to kokanee populations that are too low to utilize all of the spawning 

habitat. Further monitoring of the platforms is recommended to determine use over time. 

Additional research, including the collection of depth and velocity data to determine Froude 

numbers and detailed enumerations, would provide valuable data on the preferred spawning 

habitat for kokanee in Powers Creek. 

Keywords: flooding, kokanee, Froude, remediation, creek, habitat, spawning, log sill 
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Introduction 

Located in West Kelowna, British Columbia (BC), Powers Creek experienced high flows 

in May of 2017. Flooding resulted in damage to public infrastructure, impacts to public safety, 

and degradation of kokanee salmon (Oncorhynchus nerka) spawning habitat (Stantec, 2018a). A 

significant volume of cobble size sediment was deposited in an area 200 meters upstream of 

Gellatly road Bridge, covering critical spawning habitat (Stantec, 2018a). The City of West 

Kelowna initiated flood recovery works in 2018 to remediate the damage in Powers Creek to 

restore flow conveyance, and kokanee spawning habitat. A key component of the recovery works 

in lower Powers Creek was the design and construction of spawning platforms to restore lost 

kokanee habitat. The platforms were designed and constructed using a combination of log sills 

for grade control, and gravel and cobble to maximize the spawning area for kokanee and 

adfluvial rainbow trout. Adfluvial rainbow trout spawn in higher flows during the spring (May 

and June), and kokanee spawn in the fall (September and October). This research presents an 

assessment of these spawning platforms effectiveness in providing preferred kokanee habitat. 

This research builds on existing research on stream spawning kokanee habitat in the Okanagan 

and does not consider adfluvial rainbow trout in any detail.   

Relevant literature on the restoration of kokanee spawning habitat, climate change, 

natural channel design, and requirements for monitoring the restoration were reviewed. Kokanee 

spawning habitat design requirements for habitat restoration were reviewed with a focus on the 

Okanagan region. Climate change, in relation to flood impacts on channels, was investigated to 

provide context to the 2017 flood event and the potential impact of increasingly frequent floods 

on fish habitat restoration in the future.  An overview of natural channel design was completed to 

understand basic concepts of balancing hydrologic, geomorphic, and ecological processes for the 
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project design. Monitoring for stream restoration projects were reviewed to explore requirements 

and best practices. Finally, a review of the Lower Powers Creek Flood Recovery Project (the 

Project) was completed to understand the issues, challenges, and requirements of the Project. 

This thesis presents the case study of the flood recovery of lower Powers Creek and 

assesses the restoration works. The assessment determines whether the kokanee spawning 

platforms constructed for the Project were stable (no evidence of erosion or deposition) and 

provided the required substrate, depth, velocities, and Froude numbers for spawning kokanee 

based on habitat suitability from literature. Substrate, depths, velocities, and Froude numbers, 

along with kokanee spawning survey data were collected in September and October of 2019. 

Powers Creek Watershed 

Within the City of West Kelowna, lower Powers Creek is located in the downstream-most 

reach of the mainstem channel in the Powers Creek Watershed (Stantec, 2018a). The downstream 

section of lower Powers Creek drains a catchment area of approximately 145 km2 and flows into 

Okanagan Lake (Stantec, 2018a; Okanagan Basin Water Board, 2016). The Powers Creek 

Watershed is a controlled system, with six reservoirs: Tadpole Lake, Dobbin Lake, Horseshoe 

Lake, Paynter Lake, Lambly Lake, and Jackpine Lake (Okanagan Basin Water Board, 2016; 

RSB, 2011). These reservoirs store water from the freshet and release water during summer low 

flows to support regional water use (Okanagan Basin Water Board, 2016; RSB, 2011). 

The Powers Creek Water Treatment Plant is located approximately 7.5 km upstream of 

the study site. In 1989, the Ministry of Environment placed a Water Act Reserve on Powers 

Creek, requiring that a minimum flow rate of 0.13 m3/s be maintained in the creek at all times 

(Okanagan Basin Water Board, 2016). Land use within the watershed includes agriculture and 



11 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

urban development in the lower reaches of the watershed, and forestry in the upper portions 

(Okanagan Basin Water Board, 2016). 

Study Site 

The Project site is located on Powers Creek upstream of the outlet at Okanagan Lake and 

downstream of the fish ladder (Lower Powers Creek) (Figure 1). The original Project site was 

divided into three reaches in the original flood recovery assessment (Stantec, 2018b). Each reach 

was assessed and presented as a separate project based on the requirements of funding requests 

through the Provincial Disaster Funding Assistance (DFA) . Reach 1 extends from the upstream 

end of the site along Gellatly Road until the creek bends onto private property (Stantec, 2018b). 

Reach 1 degraded during the 2017 and 2018 freshet events, with many of the banks undercut by 

up to 1 m or more. Reach 2 crosses through private property and ends approximately 80 m 

upstream of the spawning viewing platform in Rotary Trails Park (Stantec, 2018b). Reaches 1 

and 2 were not completed as part of the flood recovery projects due to regulatory work windows 

(Reach 1), and private land ownership (Reach 2). 
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Figure 1. Map showing the three Project reaches in Lower Powers Creek with inserts showing 

the flood-affected conditions within the reaches (Stantec, 2018b). 

Reach 3 of Lower Powers Creek extends from the mouth of Powers Creek at Okanagan 

Lake to private property 350 m upstream (the study site) (Figure 1). The study site is located 

within Reach 3 and extends 200 meters upstream of Gellatly Road Bridge. The focus of this 

assessment was on the four spawning platforms designed to mitigate flood impacts and loss of 

kokanee habitat within the study site (platforms 5 to 8). Platforms 6 and 7 were divided into sub-

platforms (6-1, 6-2, and 6-3; and 7-1sp, 7-1, 7-2, and 7-3) to better delineate the conditions in the 

field. These nine locations are further defined in Table 3, and Appendix A. 
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Kokanee and Habitat Restoration in the Okanagan 

Powers Creek is one of 17 tributary streams of Okanagan Lake, providing critical 

spawning habitat for kokanee salmon (Okanagan Basin Water Board, 2016). Okanagan Lake 

supports two genetically different populations of kokanee: lake spawning and stream spawning 

(Rae, 2005). Lake-spawning populations spawn along the shoreline, while stream-spawning 

populations return to Okanagan Lake tributaries to spawn (Rae, 2005). This research focuses on 

the stream-spawning kokanee population in Powers Creek. 

The population of stream spawning kokanee has declined significantly since the early-

1970s and there are ongoing Federal and Provincial concerns for the future status of kokanee in 

the Okanagan (Rae, 2005). Initiatives to recover kokanee in Okanagan Lake tributary streams are 

guided by the Okanagan Lake Action Plan, which includes the protection and restoration of 

stream-spawning habitat (Andrusak et al., 2005). Although lake-spawning kokanee have 

benefited from changes in the management of lake levels through the Okanagan Lake Action 

Plan (Andrusak et al., 2005), stream spawners have not improved significantly (Webster, 2017). 

Specifically, spawning enumerations in Powers Creek have not shown significant improvements 

in spawning populations over the past ten years and restoring this critical habitat would benefit 

this stream (Webster, 2017).  

There are several recent examples of spawning habitat restoration projects in the 

Okanagan, including: Mission Creek (Mission Creek Restoration Initiative, 2019), the Okanagan 

River (Okanagan Nation Alliance, 2019), and Penticton Creek (City of Penticton, 2019). These 

types of habitat restoration projects are typically completed over a number of years and involve a 

great deal of planning (First Nations Fisheries Council, 2017). The largest and longest running of 

these projects is the Mission Creek Restoration project. The one-kilometer long Mission Creek 

https://www.obwb.ca/fileadmin/docs/state_of_fish_habitat_obwb.pdf


14 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

spawning channel was first opened in 1988 and can accommodate up to 20,000 kokanee during 

the spawning season (Mission Creek Restoration Initiative, 2019). This ongoing project 

represents over 30 years of planning and collaboration with stakeholders, Indigenous 

communities, regulators, and the City of Kelowna. In comparison, the Powers Creek Flood 

Recovery Project was completed in just over a year due to the immediate threats from floods and 

high risks to public infrastructure and public safety. This Project included both an emergency 

response and recovery works.   

Limited information was available on the design and construction of log sill spawning 

platforms for kokanee salmon. Spawning platforms using log sills were constructed in the 

Okanagan in Naramata Creek, Peachland Creek, and Powers Creek (H. Ward, personal 

communication, July 17, 2018). Based on this high-level literature review, none of these projects 

were well documented, assessed, or monitored before of after construction.  

More than 43 spawning platforms were observed on Peachland Creek during a site 

reconnaissance completed on November 7, 2019.  Of these, three were covered with cobble 

deposition and four were undermined and dislodged from the channel bank. The remaining 

platforms in Peachland Creek appeared to be stable (no erosion or deposition).  

Historically, improvements have been made to kokanee habitat in Powers Creek. For 

example, three log sills were installed in Powers Creek in the 1980s upstream of the study site, in 

Reach 1 (Figure 1); however, they currently provide little spawning habitat (Webster, 2017; and 

H. Ward, personal communication, July 17, 2018). Only one of the log sill structure was 

identified during a field reconnaissance of Powers Creek on July 17, of 2018. This log sill 

(Figure 2) was covered with depositional material (cobbles) and did not appear to be functioning 
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as spawning habitat. In August 2019, the fish ladder located at the upper stream extent of Reach 

1 was reconstructed by the Province to provide fish passage. 

 

 

Figure 2. Photograph taken on June 17, 2019, looking downstream at a log sill in Reach 1 of 

Powers Creek which did not appear to be functioning as spawning habitat (Stantec, 2018a). 

Research Question 

Research and assessments on the spawning platforms constructed for the Lower Powers 

Creek Flood Recovery Project builds on the current knowledge for the design and construction of 

spawning platforms for kokanee in the interior of BC. The following research questions were 

formulated to assess the success of the spawning platforms one year after they were constructed 

in Lower Powers Creek (after one freshet): 

I. Are the spawning platforms stable (no erosion or deposition)? 

II. Do the spawning platforms provide the substrate conditions appropriate for spawning 

kokanee? 



16 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

III. Do the spawning platforms provide depths and velocities within the range of values 

predicted by the Habitat Suitability Index curves provided by Ptolemy (2016)? 

IV. Do the spawning platforms provide the appropriate Froude number for spawning 

kokanee? 

V. Are the spawning beds being used by kokanee during the spawning season (September 

and October)? 

The following hypothesis was developed for the Project: 

H1: Spawning platforms constructed during the Powers Creek Flood Recovery Project are 

stable and provide the preferred substrate, depth, velocities and Froude numbers for 

spawning kokanee. 

The results of this assessment provide valuable design information for future kokanee habitat 

restoration projects in the Okanagan. 

Literature Review 

The literature reviewed for this Project focused on kokanee spawning habitat design 

requirements for restoration, climate change influences on flooding and habitat, natural channel 

design to understand basic concepts of the restoration approach, and monitoring habitat 

restoration following construction. 

Kokanee Spawning Habitat  

The design and construction of functional spawning habitat for kokanee in tributary 

streams such as Powers Creek can be challenging when designing for channel stability during 

floods. A balanced approach to the depth, velocity, and substrate conditions is required in flood 

recovery designs to accommodate for fish habitat (Stantec, 2018a). For substrate spawning fish 

like kokanee, a lack of appropriate spawning habitat, or access to the habitat can lead to 
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population collapse (Taylor et al., 2017). Rae (2005) noted that, in 1971, over 450,000 kokanee 

spawned in tributary streams within the Okanagan.  

Recent enumerations by Webster (2017) reported that the number of stream spawning 

kokanee within the eight main tributaries of the Okanagan lake was approximately 44,000 for 

2016 (reporting for 2017 and 2018 was not issued at the time of this). These main tributaries 

include Mission Creek and the seven primary Okanagan Lake streams (including Lambly, Naramata, 

Penticton, Peachland, Trepanier, Powers, and Mill). Webster (2017) notes that enumerations in 2016 

were significantly lower in comparison to estimates as recent as the early 2000s and that spawning 

habitat is limiting populations. There is a clear need for creek spawning habitat enhancement within 

these tributaries (Webster, 2017).  

Restoration efforts in the main tributaries of Okanagan lake require a more in-depth 

understanding of kokanee habitat requirements during each life stages. Kokanee spawn in the 

Okanagan from early-September to early-October, with eggs hatching in the spring (Okanagan 

Basin Water Board, 2013). Young of the year immediately migrate to lakes and reside in littoral 

and limnetic zones and remain in lakes until they reach sexual maturity (Roberge, Slaney, and 

Minns, 2001). Table 1 provides life stage timing information for the Okanagan (OBWB, 2013). 

Table 1. Kokanee Life Stages 

Species Latin Name Life Stage Time Period 
Kokanee Oncorhynchus nerka Spawning September 1 to October 8 
Kokanee Oncorhynchus nerka Incubation September 1 to March 31 
Kokanee Oncorhynchus nerka Emergence March 16 to April 30 
Kokanee Oncorhynchus nerka Juvenile Rearing March 16 to June 12 

 
 

Slaney (1997) stated that the distribution of substrates in a stream reflects the hydraulic, 

hydrologic, geomorphic, and geologic characteristics. Understanding the importance of the 

particle size distribution of gravels in a stream is important for biological considerations as some 
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organisms require a certain substrate for spawning (Kondolf, 2000). Bed gradation is an 

important measure that describes the coarseness of sediment on a stream bed (Kondolf, 2000).  

Spawning bed gravels must be clean (with little silt and sand), with enough water flowing over 

and through them to provide oxygen for the incubating eggs and remove metabolic wastes (Rae, 

2005). 

Habitat Suitability Index (HSI) curves are used to link the biological value to the physical 

habitat features of a system (De Kerckhove, Smokorowski, and Randall, 2008).  Several sources 

(Slaney, 1997; Roberge et al., 2002; Ptolemy, 2016; Davis, et al., 2018) describe the preferred 

habitat conditions for spawning kokanee. Roberge et al. (2001) reported that kokanee salmon 

require gravels and cobbles in water depths of 0 to 100 cm for spawning. Ptolemy (2016) 

generated HSI curves that described the ideal depth and velocity conditions for several species, 

including kokanee (Figure 3). Although not originally created to be used as design criteria for 

habitat restoration, these suitability indices are often used as for habitat assessment.  
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Figure 3. Kokanee Habitat Suitability Index Reproduced Using data from Ptolemy (2016) 

 

In addition to looking at depth and velocity, the Froude number is also used to describe hydraulic 

spawning habitat (Long, Cunjak, and Newbury, 2006). The Froude number is a hydraulic measure of 

the relationship between the velocity of flow and the velocity of a gravity wave. It is used in 

momentum transfer in general and open channel flow and wave and surface behaviour calculations, 

and, delineates between deep slow flow typical of mildly sloping rivers (Fr<1; subcritical) and shallow 

rapid flows (Fr>1; supercritical) found in rapids and waterfalls (Long, Cunjak, and Newbury, 2006). 

The Froude number is defined by the equation: Fr = v/(gd)1/2. Where: 

Fr = Froude number 

v = velocity (m/s) 
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g = acceleration of gravity (9.81 m/s2) 

d = hydraulic mean depth (m) 

Moir et al. (1998) reported the average Froude number at spawning sites used by Atlantic salmon 

in Scotland to be 0.344. Long, Cunjak, and Newbury (2006) found that sockeye salmon in the 

Okanagan River, build redds where the Froude number is approximately 0.315. More recent data 

reviewed in Davis et al., (2018), shows Froude numbers related to spawning preferences for sockeye 

salmon ranging from 0.2 to 0.4.  Froude numbers for spawning sites for kokanee were not found in the 

review of literature. Table 2 provides a summary of habitat suitability for spawning kokanee. 

Table 2. Kokanee Spawning Habitat Suitability Review 

Depth (m) Velocity  
(m/s) 

Substrate  
Size (mm) 

Froude 
Number 

Reference 

0.2-2.5 0.3-0.9 -  Ford et al (1995) 
0.06* 0.15-0.91 -  Slaney (1997)  
- - - 0.344** Moir et al. (1999) 
>1.0 0.15-0.85 -  Roberge et al (2002) 
- - - 0.315*** Long, Cunjak, and 

Newbury (2006) 
0.09-0.54 0.15-0.78 -  Ptolemy (2016) 
- - 30 0.2-0.4*** Davis et al. (2018) 
- - 25-50  Stantec (2018a) 

* Minimum depth, **Froude number for Atlantic salmon, ***Froude number for Sockeye salmon. 

Climate Change, Floods, and Impacts on Channel Sediment  

The effects of decreasing low flows due to climate change has been acknowledged by the 

scientific community and these effects are being assessed through studies of environmental flow 

(Okanagan Basin Water Board, 2016). The effects of floods due to climate change on fluvial 

habitat has not been identified as a problem. An example of how habitat can be altered due to 

flood flows was demonstrated during 2017 in Lower Powers Creek. The extreme precipitation 

events intensified the freshet and caused aggradation, which covered important kokanee 

https://www.engineeringtoolbox.com/accelaration-gravity-d_340.html
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spawning habitat. As climate change increases the frequency and intensity of these events, the 

negative impacts to kokanee habitat will also increase.  

Research has shown that climate change can indirectly affect flood risks by increasing the 

precipitation intensity (Chang, 2008). Based on the increase of precipitation events over the last 

ten years, catastrophic flood events have substantially increased in some parts of the world 

(Chang, 2008; Kron and Bertz, 2007). In Canada, the projected increases in temperature and 

precipitation events are expected to create more frequent and earlier freshet events and rain-on-

snow events (Bonsal, Peters, Seglenieks, Rivera, and Berg, 2019). Bonsal et al. (2019) stated that 

the flooding in rivers and streams in Canada are typically related to intense rain events, 

snowmelt, rain-on-snow, or a combination of these factors. With these projections, BC will likely 

experience the effects of climate change (in both the short and long-term). 

Climate change is having a negative impact on weather patterns in BC (Tzembelicos, 

Erhardt, de Faye, et al., 2018). Based on a recent report titled “Climate Projections for the 

Okanagan” (RDNO, RDCO, and RDOS, 2020), precipitation will increase during the spring and 

autumn, and the region can expect 17% more rainfall during these seasons by the 2080s. This 

could lead to more frequent flooding and landslides, as well as stress to ecosystems and 

infrastructure (RDNO, RDCO, and RDOS, 2020). 

Increased rain events and high snowpack in the Okanagan, such as those experienced in 

2017 and 2018, have been responsible for flooding and damage to ecosystems (Tzembelicos, et 

al., 2018). The events included extremely cold and dry winters, followed by heavy rains, which 

produced some of the worst flooding ever seen in BC (Tzembelicos, et al., 2018). Although an 

individual flood event cannot be directly attributed to climate change, flood events are generally 

expected to increase in the future.  
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Snowmelt and rainfall from May 4 to 6 caused the 2017 freshet flooding in West 

Kelowna (Stantec, 2018a; Ministry of Environment, 2018). West Kelowna experienced its 

fourth-highest precipitation on record for March, April, and May during this time period 

(Tzembelicos, Erhardt, de Faye, et al., 2018). Powers Creek overtopped its banks during the 

event causing flooding of Gellatly Road, private residences, and municipal infrastructure (storm 

sewers and sanitary lift station) (Stantec, 2018a).  Impacts to spawning habitat were also 

documented. These impacts included sediment and debris flows covering spawning areas with 

cobble size substrate within the study site (Stantec, 2018a). 

According to Chang (2008), climate change and landcover changes will likely have a 

combined influence. Deforestation and urbanization can make areas more vulnerable to the 

anticipated intensification of the hydrological cycle from global and regional climate change 

(Chang, 2008; Zhu et al., 2007). The Upper Powers Creek watershed has been impacted by 

logging activities in the past (Dobson, 2010), while the lower portions of the watershed are 

experiencing significant urban development within the City of West Kelowna. Land use change 

can contribute to decreased lag times and increased flood volumes and may have been a 

contributing factor in record flooding and aggradation in Lower Powers Creek in 2017. 

Aggradation documented in Lower Powers Creek due to the 2017 flood flows caused a 

decrease in the channel capacity, an increase in flood hazard, and a degradation of fluvial habitat 

(Stantec, 2018a). Aggradation, which is the increase in elevation of the channel bed, is associated 

with deposition of sediment transported in flow from upstream reaches (Knighton, 1998). The 

upstream limit of Reach 3 (Figure 1) transitions to a gentler channel gradient, easily erodible 

banks and surrounding floodplain. The 2017 flood event caused erosion of the channel upstream 

and deposition downstream (Stantec, 2018a). Approximately 0.6 to 1 m of sediment was 
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deposited upstream and under the Gellatly Road Bridge during the 2017 flood event (Stantec, 

2018a).  The aggradation of course sediment caused a loss of kokanee spawning habitat in Lower 

Powers Creek (Stantec, 2018a). 

Flood impacts were not localized to Powers Creek. Based on site visits completed in 

2017 and 2018, creeks up and down the Okanagan valley (e.g., Ellis Creek in the City of 

Penticton, Mcdougall Creek in the City of West Kelowna, and Upper Vernon Creek in Kelowna) 

were impacted by aggradation from flooding events. As described by Wheaton, Pasternack, and 

Merz (2004), altered sediment and flow regimes, such as flood flows, can limit available 

spawning habitat for many fishes, especially salmonids.  

To address the issues of climate change, flows used to design the channel were increased 

by 10%. This increase was added to account for potential increased discharges due to changes in 

precipitation and snowmelt resulting from climate change based on recommendations provided 

in the professional practice guidelines—Legislated flood Assessments in a Changing Climate in 

BC (APEGBC, 2012). The design discharge used for the proposed mitigation was the 200-year 

flow, plus freeboard (Stantec, 2018a). Climate change will be an important design requirement 

for all restoration projects (APEGBC, 2012). 

Natural Channel Design Overview 

Although channel design has incorporated hydraulics and bioengineering principals for 

centuries, modern natural channel design was derived primarily from classic 1950s and 1960s 

work in fluvial geomorphology and is the most widely accepted standard of practice for restoring 

streams in the American restoration community (Lave, 2009). Natural channel design emulates 

natural river systems and was initially developed to improve the understanding of how 

engineered river works have impacted natural river systems (Rosgen and Lee, 2007). Rosgen and 
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Lee (2007) stated that the natural channel design approach seeks to restore the dimension, 

pattern, and profile of a disturbed river system to replicate a natural, stable river. Lave (2009) 

noted that Rosgen’s own large database of morphological field data (the classification system, 

40-step design guidelines, and structures) has been the most broadly used part of this design 

approach. 

Wohl et al. (2005) stated that the challenge for practitioners when restoring streams and 

rivers in a degraded watershed is to improve the hydrologic, geomorphic, and ecological 

processes. Lave (2009) noted that in addition to engineering requirements, natural channel design 

also seeks to improve the natural aquatic habitat features in a river. Designing natural channels to 

meet both ecological and engineering criteria requires input from numerous scientific and 

engineering disciplines (Shields, 2003).  

Shields (2003) presents an outline of acceptable standards for hydraulic design for 

channel reconstructions. Specifically, the author explores the tension that exists for practitioners 

and designers between restoring stream systems to natural fluvial processes and ensuring 

stability of the reconstructed stream (Shields, 2003). Shields (2003) shows an intermediate 

approach to stream reconstruction which addresses some of this tension. A clear and practical 

flow chart is presented in this paper to illustrate key steps and considerations for stream 

reconstruction. This process presents a methodical approach to stream restoration. This process 

sets goals and provides checkpoints and feedback loops allowing design engineers and scientists 

to ensure they are proceeding through the necessary steps for a successful restoration project. 

The final step in the process involves monitoring how the restoration project performs from a 

hydrologic, geomorphic, and biological perspective. 
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Ernst Baldigo, Mulvihill, and Vian (2010) completed longer term monitoring of natural 

channel design projects in the Catskill Mountains in New York and found that habitat conditions 

can be improved in degraded streams through natural channel design restoration. Other long-

term studies by Buchanan, Nagle, and Walter (2013) have demonstrated a gradual stabilization of 

a natural channel design restoration project through time. 

The designers for the Powers Creek Flood Recovery Project had to balance the 

requirements of the natural system with the degraded nature of the watershed (Stantec 2018a). 

The Project employed a similar stepped approach to what Shields (2003) presented. The main 

purpose for the design was to protect the Gellatly Road Bridge, an important emergency access 

route for West Kelowna residents. This was accomplished by rehabilitating the existing banks 

and channel and restoring the channel conveyance capacity to pre-flood conditions (Stantec, 

2018a). While the design focussed on protecting infrastructure, habitat design criteria was also 

viewed as an important requirement by both the Westbank First Nations, and Provincial and 

Federal regulators. To address kokanee habitat, designers used natural channel design principles 

by incorporating spawning platforms to maximize habitat.  

Monitoring Habitat Restoration 

Monitoring is the only way to measure the success of a restoration project (First Nations 

Fisheries Council, 2017).  Kondolf (1995) discussed the need for critical review and evaluation 

of the numerous river restoration projects that have been completed in the United States.  The 

evaluation procedures must be tailored to the specific stream and the desired outcomes of the 

restoration project (Kondolf, 1995). Assessments should evaluate the project’s effectiveness in 

achieving the desired outcomes by measuring channel characteristics including geomorphologic, 

hydrologic, and ecologic variables (Kondolf, 1995). Monitoring should continue for at least five 
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years (First Nations, Fisheries Council, 2017), and these activities are typically regulated by 

either the Department of Fisheries and Oceans Canada (DFO) or Ministry of Forests, Lands, 

Natural Resources Operations, and Rural Development (FLNRORD).   

Buchannan et al. (2013) identifies that few studies have been able to track project 

performance over time, and most evaluations are a single snapshot of the project. Most projects 

tend to focus on understanding the geomorphology and water quality and clarity of a stream 

(Kondolf, 1995).  Wohl (2015) states that determining what constitutes improved river conditions 

can be highly subjective, therefore, monitoring the success of a restoration project can be 

difficult. Wohl (2015) also noted that the monitoring and evaluating of restoration projects 

remains generally inadequate. Project performance of a restoration project needs to look at both 

biological and geomorphological requirements of the channel (Davis et al., 2018).  

In BC, and particularly the Okanagan, an increasing need exists for habitat restoration 

projects due to recent flooding and habitat degradation. Restoration, ongoing assessment, and 

monitoring has been completed and is planned for several important kokanee-producing 

tributaries of the Okanagan Lake, including Mission Creek, Penticton Creek, Ellis Creek, and the 

Penticton Channel. The spawning habitat construction completed in the Penticton Channel, for 

example, has been monitored for several years, yielding useful restoration monitoring data 

(Davis et al., 2018). Long-term monitoring has also been completed for the Mission Creek 

Restoration Project (Mission Creek Restoration Initiative, 2019), and the Penticton Creek 

Restoration Project (City of Penticton, 2019). These projects are good examples of well-

documented monitoring initiatives. Unfortunately, due to the nature and timing of flood recovery 

projects, they do not have the same requirements for monitoring biological impacts (H. Ward, 

personal communication, July 17, 2018).  
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Regulated monitoring and maintenance requirements for the Lower Powers Creek Project 

were mandated through the Water Sustainability Act Section 11 Approval. Tasks within these 

monitoring requirements included geomorphic, hydrological and biological monitoring (for 2019 

and 2020). This monitoring was required to confirm that the flood recovery design provided the 

flow conveyance, channel stability, and biological benefits associated with the permitting 

requirements.  

According to the First Nations Fisheries Council (2017), the benefits of longer-term 

monitoring should be considered over a five-year period and performance indicators should be 

identified. These performance indicators include measurements of stream channel response, 

hydrologic response, and fish habitat response (Davis et al, 2018). Habitat quality and fish 

population density monitoring could provide valuable data for the ongoing recovery efforts of 

kokanee in the Okanagan. The provincial government currently completes fish counts in 

tributaries across the Okanagan, including Powers Creek (Webster, 2017); however, detailed 

monitoring of several tributary streams like Powers Creek could provide site specific habitat 

suitability requirements that could be used for future restoration projects around the Okanagan, 

and interior of BC.   

Project Overview 

The 2017 freshet event resulted in the deposition of material and the aggradation of the 

Powers Creek channel bed. Much of the material was supplied from the degradation of the 

channel bed in Reach 1 upstream (Figure 1and Figure 4). 
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Figure 4. Photograph taken on June 12, 2018, looking downstream towards Gellatly Bridge 

showing deposition in the channel within the study area (Stantec, 2018a). 

Deposition within the Lower Powers Creek channel reduced the flow capacity and caused 

localized flooding (Stantec, 2018b). Figure 4 to 7 document the flood conditions that affected the 

channel. Deposited channel substrate consisted of gravels, cobbles, and boulders (Stantec, 

2018a). Based on site observations on June 12, 2018, the deposited material covered spawning 

areas for kokanee. Large woody debris was also deposited within the floodplain of the study area 

during the 2017 flood (Stantec, 2018a). Stantec (2018a) described the deposition in Reach 3 as 

typical of an alluvial fan, where high bed loads from upstream coupled with low graded 

floodplains and slow water velocities result in the downstream deposition. 
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Figure 5. Photograph taken on June 12, 2018, looking at the upstream limit of the study area, and 

showing depositional bars and large woody debris (Stantec, 2018a). 

 

 
Figure 6. Photograph taken on June 12, 2018, looking upstream at viewing platform in the study 

area and showing large woody debris and depositional bar (Stantec, 2018a). 
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Figure 7. Photograph of flooded Gellatly Road in May 2017 (Stantec, 2018a). 

 

Regulatory requirements.   

Flood response and recovery were completed by the City of West Kelowna in compliance 

with Provincial and Federal regulatory requirements. Emergency Management British Columbia 

(EMBC) funding was applied for and received by the City of West Kelowna for flood response 

and recovery (Stantec, 2018b). The immediate focus of the funding was to protect and repair the 

flood damage to improve or restore public safety and municipal infrastructure. Ecosystems were 

also considered as a priority in the recovery works, driven by regulatory requirements and best 

management practices. The importance of Powers Creek as fish habitat for spawning kokanee 

guided the Provincial and Federal requirements for the design of the recovery works (Stantec, 

2018a). 

Flooding in Powers Creek required both emergency response and flood recovery works to 

restore flow conveyance and protect public infrastructure. The regulatory requirements were 

enforced through the DFO under the Fisheries Act, and by FLNRORD under the Water 

Sustainability Act. 
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The Fisheries Act provides management and control of fisheries, conservation and 

protection of fish, protection of fish habitat, and pollution prevention (Department of Fisheries 

and Oceans Canada, 2019). A letter of advice was received from DFO outlining requirements for 

the Project and outlining requirements to avoid serious harm to fish and protect fish habitat 

(Stantec, 2018b). The provincially enforced Water Sustainability Act required a Section 11 

Change Approval for Works In and About a Stream. In the case of the Lower Powers Creek 

Recovery Project, Provincial and Federal staff worked collaboratively to expedite the permitting 

and they provided design requirements for the Project. Both the Westbank First Nation and the 

Okanagan Nation Alliance were key contributors to the restoration efforts. The Westbank First 

Nation and Okanagan Nation Alliance provided input into the design and were retained to 

monitor archaeological resources for the Project (Stantec, 2018a). 

Design and construction.   

A technical assessment informed the geomorphic, hydrological, and habitat requirements 

for the recovery works, while input from regulators and the Okanagan Nation Alliance provided 

technical specifications for the habitat features (Stantec, 2018a). As described by Stantec 

(2018a), the objectives for the recovery work in the Lower Powers Creek were to: 

• Increase the conveyance capacity of the channel to decrease flood risk, 

• Provide spawning habitat for kokanee, and 

• Improve the natural function in the creek. 

A summary of the Project timelines is presented in Table 2. 
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Table 2. Summary of Project Timeline 

Date  
May 5, 2017 Freshet event occurred, and emergency works initiated. 

October 17, 2017 Stantec retained by the City for Lower Powers Creek Recovery 
Design work and technical assessments were initiated. 

May, 2018 Freshet event occurred, and emergency works initiated. 
July 19, 2018 Issue date of tender package. 
July 31, 2018 Final Design Memorandum Issued. 

August 7, 2018 Letter of Advice Received from DFO and Water Sustainability Act, 
Section 11 issued to the City. 

August 8, 2018 The City provide notice of award to Contractor. 
August 8, 2018 Contractor commences creek recovery construction activities. 

September 19, 2018 Certificate of Substantial Performance issued and posted on site. 
Summarized from Stantec (2018b) 

The design for the study site included excavating the flood-deposited material and 

improving the conveyance capacity and spawning potential of the channel in the area (Stantec, 

2018a). Improvements to flow conveyance included maintaining a high stream gradient in the 

study site to Gellatly Bridge to enhance sediment transport through the Gellatly Bridge (Stantec, 

2018a). As presented by Stantec (2018a), the design for the study site included: 

• two fish habitat pools, 

• four spawning platforms, 

• ten wood sills for grade control, and 

• seventeen root-wads for bank stabilization and habitat complexity.  

Construction was completed within the least risk work window from August 7 to 26, 

2018 (Stantec, 2018b). Spawning platforms were designed and constructed to maximize the 

spawning area for kokanee and adfluvial rainbow trout. Log sills were installed for grade control 

and anchored to the streambank and streambed across the channel (Stantec, 2018a). Based on 

discussions with FLNRORD and the Okanagan Nation Alliance, a decision was made to use 
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spawning substrate sizes ranging from 25 mm to 50 mm for kokanee, and 50 mm to 100 mm for 

adfluvial rainbow trout (Stantec, 2018a). The design called for alternating gravel sizes at each 

spawning platform, however, the placement of the spawning gravels was not well documented 

during construction. Discussions with the design team and construction contractor noted that the 

spawning substrate alternated in strips within each platform. The width of these strips was not 

documented. 

Research Methodology 

Qualitative and quantitative methods were used in this assessment. The research was 

comprised of two main components: a field assessment and an analysis. The assessment was 

completed after one freshet and supports FLNRORD, Water Sustainability Act Section 11 

Approval regulatory requirements for post construction monitoring (Year 1 of 3). As presented in 

the as-built drawings (Stantec, 2018b), spawning platforms were identified as platforms 5 

through 8. Platforms 6 and 7 were broken down into sub-platforms. Spawning platforms 

(including sub-platforms) were characterized as the gravel area upstream of each log sill. Twenty 

cross-sections were used to document the hydraulic and bed substrate conditions. Spawning 

platform number, sub-platform number, and associated cross-sections are presented in Table 3.  A 

map of the study site is presented in Appendix A. 
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Table 3. Spawning Platform, Sub-platform, and Cross-Section Descriptions 

Spawning Platform 
Number 

Sub-platform Number Cross-Section Numbers 

5 - 5-a and 5-b 

6 
6-1 6-1a and 6-1b 
6-2 6-2a and 6-2b 
6-3 6-3 

7 

7-1sp 7-1sp1, 7-1sp2, and 7-sp3 
7-1 7-1b and 7-1c 
7-2 7-2a and 7-2b 
7-3 7-3a, 7-3b, and 7-3c 

8 - 8-1, 8-2, and 8-3 
 

Field Assessment 

Field assessments were completed in September and October at spawning platforms 5 

through 8 to determine if they were stable (no erosion or deposition) post-restoration. The 

assessments were completed in two tasks: 1) conducting a channel assessment, and 2) conducting 

a spawning survey. The methods used to complete the tasks is presented in the following 

sections. 

Channel assessment.  The dimensions, substrate characteristics, and hydraulic 

characteristics (e.g., depth and velocity) at the constructed spawning platforms (and sub-

platforms) were recorded. Twenty channel cross-sections were established at spawning platforms 

5 to 8 (shown in Appendix A). At each cross-section, a UTM coordinate was collected using a 

handheld Garmin 64S unit. Photographs were collected upstream, downstream (looking 

downstream at the bank on the right bank), and at the left bank (looking downstream at the bank 

on the left-hand side).  

To document the dimensions of each spawning platform, the length and width were 

measured using an Elson tape. Downstream length was measured as the distance between each 

log sill on both the left and right banks. Width was measured as the horizontal distance 
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perpendicular to the axis of the channel from water edge of river left to the water edge of river 

right across each log sill.  

The habitat was documented by identifying the habitat type (e.g., pool, riffle, or glide) 

using methods described in the Level 1 Fish Habitat Assessment Methodology (Johnston and 

Slaney 1996). This methodology divides each stream reach into strata consisting of distinct 

habitat units. Habitat units across the study site were measured using an Elson tape and mapped 

using a Geographic Information System (GIS). As described by Johnston and Slaney (1996), 

these categories include: 

• Pools: areas of slow, deep water with a concave bottom profile, finer substrate 

materials, and a water surface gradient near or at 0%. Pools were categorized as 

areas formed by scouring around or adjacent to log weirs or root-wads. 

• Glides: areas of fast flowing, non-turbulent water. 

• Riffles: areas of shallow, fast flowing, turbulent water with moderate gradients, 

cobble or gravel substrates, and bed material protruding above the water surface. 

The condition of each spawning structure was documented by identifying areas of bank 

erosion and deposition.  Areas of bank erosion were assessed visually as areas with evidence of 

undercutting or bank instability (recent erosion and raveling).  Deposition on the channel bed 

was identified visually by observing where there was an increase in the elevation of the channel 

bed and lower water depths. These areas were associated with deposition of cobble sized 

sediment transported from upstream reaches.  

Functional large woody debris was tallied and categorized into one of three diameter 

classes (i.e., 10-20 cm, 20-50 cm, and >50 cm). Functional large woody debris is defined as 

being a piece of wood with a diameter >5 cm and being >1 m in length, which reaches into the 
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bankfull channel, and affects channel morphology by being a source of scour or impoundment 

(Slaney, 1996).  

Wolman Pebble counts were used to determine the grain size distribution of surface 

gravels at all spawning platform (and sub-platform) locations (Wolman, 1954). The b-axis of 100 

randomly sampled particles from the surface of the streambed were measured using a metal ruler.  

Particles were ranked from smallest to largest, with the median (50th) stone representing the D50.  

This method provides the grain size distribution of the surface layer (Harrelson et al., 1994). 

Cross section locations were generally spaced out evenly within each platform to provide 

representative data for each spawning platform to determine habitat suitability.  An Elson tape 

was stretched above each cross section and anchored into each bank using a metal pin. 

Measurements were collected from the left bank to the right bank.  

Ten depth and velocity measurements were completed at each cross-section. Depths were 

measured with a staff gauge.  Velocity was measured at 0.6 of the depth below surface of the 

creek at each point, as described by Rantz et al., (1982). Generally, efforts were made to collect 

velocity measurements at equal distances across the channel using an Ott MF Pro flow meter. 

The Ott MF Pro Flow Meter calculates the rate of water flow around the sensor, using electrodes 

in the sensor, and digitally transmits the signal through the sensor cable to the portable meter 

(OTT MF pro, Operating Instructions, 2015). Some measurement locations were moved if there 

was an obstruction or depositional area that prevented data collection in any specific location. 

Grain size estimates were also recorded at each point using methods described by 

Latillupe, Lapointe, and Talbot (2001).  At each cross-section point measurement, the b-axis 

measurement of the substrate immediately under the measurement location was recorded. The 

median stone was estimated and was then measured and recorded. Latillupe, Lapointe, and 
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Talbot (2001) describe how this method allows effective detailed mapping of spatial patterns in 

substrate size distribution along reaches of gravel-bed rivers.  

Spawning surveys.  Ten spawning surveys were completed within the kokanee spawning 

period between September 9 and October 8, 2019. Surveys were conducted by using the foot set 

interval method described by Cousens, et al. (1982). This method required walking upstream 

along the water’s edge during mid-day starting at 13:00 and ending at 14:00, and the number of 

migrating, holding, and spawning kokanee were documented. The observed spawning kokanee 

were recorded within each spawning platform. Water temperature measurements were recorded 

during each count date at the Rotary Park Pedestrian Bridge using an aquarium-style 

thermometer.  

The identification of individual redds was difficult at most platforms due to flat light 

conditions from the dense canopy of trees at the site and the glare from the water. The data 

collected included areas with “evidence” of spawning activity (spawning areas). Redds are 

formed as female fish turn on their sides and swat at the bed with their tails, which excavates 

particles and creates areas of algae-free gravel (Riebe, 2014).  The approximate area (m2) of the 

spawned substrate was documented based on the dimensions of clean, algae free gravel.  Areas 

with evidence of spawning were mapped using GIS. If present, the number of kokanee in each 

location was documented.  

Analysis 

The analysis was completed on the data collected in the field. The data was tabulated in 

spreadsheets and analyzed using Micorsoft Excel and GIS (Arcmap v10.6). 

Habitat unit assessment.  A GIS was used to analyze the spawning platforms based on 

dimensional measurements. Habitat units (pool, glide, or riffle), and channel features (erosion, 
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deposition, and large woody debris) were mapped based on measurements collected in the field 

assessment. The overall area of each platform was calculated using GIS, and percentages of each 

habitat unit and channel feature were calculated for each platform (and sub-platform).  

Substrate suitability assessment.  An analysis of the spawning platform substrate 

characteristics was completed based on data collected during the field assessment. The 

assessment documented the D50, using quantitative methods. Data from the pebble counts was 

analysed to determine particle sizes within each spawning platform to assess spawning 

suitability. Salmonids require a narrow range of particle sizes on the channel bed for spawning 

that depends on the length of the fish (Kondolf, 2000). The particle sizes measured through 

Wolman pebble counts for each spawning platform and each individual measurement are 

compared to values sited in in literature. Based on the literature review, and review of the Project 

design criteria, substrates with a diameter between 25 and 50 mm were categorized as preferred 

spawning substrate for kokanee (Stantec 2018a).  

Spawning survey.  Based on the spatial distribution, clusters of high use spawning areas 

were identified, confirming the use of the spawning platforms by kokanee. The analysis confirms 

whether the spawning platforms provided preferred kokanee spawning habitat. The HSI curves 

(Ptolemy, 2016) for Lower Powers Creek were compared to the results of the spawning survey. 

This tests to see if kokanee are using the areas where the HSI scores are high (e.g., excellent or 

good). 

Habitat suitability index assessment.  Velocity and depth data collected from spawning 

platforms during the field assessment were compared to the HSI curves for kokanee developed 

from the Okanagan area (Ptolemy, 2016). The average depth and velocities were calculated, and 

the HSI scores were developed. HSI analyses are based on a single variable (i.e., depth or 
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velocity) that generates a score ranging from 0.0 to 1.0, where 0.0 is poor and 1.0 is excellent 

(De Kerckhove et al., 2008). To integrate depth and velocity conditions into a single assessment 

of spawning viability, a matrix was developed by plotting depth and velocity. The logic 

integrated into the matrix was based on a qualitative assessment of HSI scores from Ptolemy 

(2016) (Table 4 and Figure 8). 

Table 4. Habitat Suitability Index Score Qualitative Evaluation Criteria 

Depth Range (cm) Velocity Range (cm/s) HSI Score Qualitative Evaluation 
    

14-40 27-64 0.9 - 1.0 Excellent 
12-13 & 41-48 21-26 & 63-70 0.7 - 0.89 Good 
8-11 & 49-57 12-20 & 74-84 0.4 - 0.69 Moderate 
3-7.6 & 58-67 3-11 & 85-107 0.1 - 0.39 Poor 

0-2.9 & 67.1-80 0-2 & 108-151 <0.1 None 
  

  

 

Based on the qualitative evaluation criteria presented in Table 4, the matrix to establish 

the overall spawning habitat value of each spawning platform was developed and is presented in 

Figure 8. The kokanee spawning habitat matrix using depth and velocity as key variables is 

intended to be a tool to qualify spawning habitat value. This assessment excludes other variables 

such as cover, access, location, substrate, and food supply. The analyses show whether the depth 

and velocity at each spawning platform is within the predicted habitat values suitable for 

spawning kokanee.  
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Figure 8. Kokanee spawning habitat suitability matrix. 

Froude number assessment.  Froude numbers were calculated based on the depth and 

velocity measured at each cross section point and compared to river spawning preferences for 

sockeye salmon presented in Davis et al. (2018). The Froude number preferred by spawning 

kokanee salmon are undocumented. The Froude number at each spawning platform was therefore 

compared to values measured for sockeye salmon.  

Results  

An assessment of the study site was completed September 19 to 22, 2019 to collect 

substrate, depth, velocity, and Froude measurements on spawning platforms 5 to 8 (spawning 

platforms identified in Table 3). Kokanee spawning count and spawning area surveys were 

completed between September 9 and October 8, 2019.  The discharge within Lower Powers 

Creek during the assessment was 0.147 m3/s. Discharge within the system from September to 

0.9 - 1.0 0.7 - 0.89 0.4 - 0.69 0.1 - 0.39 <0.1

0.9 - 1.0 Excellent Good Moderate Poor None

0.7 - 0.89 Good Good Moderate Poor None

0.4 - 0.69 Moderate Moderate Moderate Poor None

0.1 - 0.39 Poor Poor Poor Poor None

<0.1 None None None None None

Depth HSI Score

Velocity HSI Score
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October ranges from 0.182 m3/s to 0.115 m3/s (Stantec, 2018a). As such, the stream assessment 

was conducted during “typical” conditions and is representative of an average year.  

Channel Assessment 

The channel assessment found that the spawning platforms were stable (no significant 

erosion or deposition) and provided the required habitat type (riffle and pool) and substrate (25 

mm to 50 mm) for spawning kokanee (Table 5 and Appendix A). Minor areas of deposition were 

observed in platforms 5, and sub-platforms 6-1, 6-3, and 7-2. Deposition was observed on 

portions of two of the ten log sill structures (log sills 1 and 5). All ten log sills appeared to be 

stable, providing grade control and riffle features within each platform. Root-wads located in 

spawning sub-platforms 6-1 and 6-2 appeared to be functioning by providing toe protection and 

forcing pools for fish habitat. Appendix A shows the locations of the log sills, riffles, pools, 

depositional areas, root-wads, and channel cross sections.  

The flood recovery design criteria for suitable kokanee spawning substrate referenced a 

D50 of between 25 and 50 mm (Stantec, 2018a). The particle size distribution measured on the 

channel bed at six of the nine platforms had at least 50% of the particles between 25 and 50 mm. 

The percentage of suitable substrate between 25 and 50 mm was highest at sub-platform 7-1sp 

(89%) and lowest at sub-platform 6-3 (23%).  

Table 5. Summary of Wolmann Pebble Count Distribution for Platforms 5 to 8 

Spawning 
Platform 

D5 D16 D25 D50 D75 D84 D90 D95 % Between 25 
and 50 mm 

5 13 20 30 50 77 100 120 129 50 
6-1 10 25 25 40 62 70 80 115 64 
6-2 10 31 35 51 77 88 105 128 48 
6-3 27 44 55 75 96 105 114 129 23 

7-1sp 12 15 17 26 33 41 51 56 89 
7-1 5 18 20 27 38 50 65 84 84 
7-2 21 25 32 60 80 85 94 96 43 
7-3 5 18 21 30 41 52 64 84 83 
8 10 15 24 37 61 68 81 86 66 



42 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

 

The results of the pebble counts indicate that the D50 for sub-platforms 5, 6-1, 7-1sp, 7-1, 

7-3, and 8 were all between 25 and 50 mm.  Further analyses showed that substrate within the 

spawned areas of 7-1sp (the area with the greatest area of spawning activity) had 89% suitable 

substrate for spawning kokanee. The higher D50 particle sizes measured at 6-3 (75 mm), and 7-2 

(60 mm), were likely due to deposition within each of these platforms. 

Spawning Platform 5.  Spawning platform 5 contains two log sills and is largely riffle 

habitat (Figure 9 and 10; Appendix A, Drawing 2-1). The area of spawning platform 5 was 39.7 

m2. Erosion was not observed on the right or left bank and the rip rap on the left bank was stable, 

protecting the channel bank. The riffle habitat area within the platform was 34.5 m2 (87% of the 

platform area). Deposition was observed upstream and downstream of log sill 2 (shown in 

Appendix A, Drawing 2-1). The total area of deposition measured 5.2 m2 (13% of the platform 

area). A portion of log sill 2 (along the right bank) was partially covered by deposition consisting 

of large cobble upstream and downstream of the log sill. A 0.63 m deep pool was measured 

immediately downstream of the log sill. No deposition was observed at log sill 1, and both log 

sills appeared to be functioning, providing grade control and riffle habitat. Large woody debris 

was observed and located 6 m upstream of log sill 2, measuring 0.12 x 1.1 m. 

Based on the pebble count, platform 5 had a median particle size (D50) of 50 mm, and a 

D84 of 100 mm. The range in particle size from the Wolman pebbles count indicates that 50% of 

the distribution was within the preferred substrate requirements for spawning kokanee (between 

25 and 50 mm) (Table 5).  Based on measurements collected in cross-sections 5-a and 5-b, only 

four cross-section substrate D50 measurements were greater than 50 mm.  
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Figure 9. Photograph showing deposition at log sill 1 in platform 5 (October 6, 2019). 
 

 

Figure 10. Photograph showing large cobble covering a portion of log sill 1 on the right 

bank within spawning platform 5 due to deposition (October 6, 2019). 
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Spawning platform 6.  Spawning platform 6 represents three sub-platforms including: 6-

1, 6-2, and 6-3 (Figure 11 and Appendix A, Drawing 2-2). Log sills 3, 4, and 5 separate these 

sub-platforms and four root-wads are located in the left bank (three in 6-1, and one in 6-2). The 

area of spawning platform 6 totaled 67.5 m2, with 25.5 m2 on sub-platform 6-1, 22.8 m2 on sub-

platform 6-2, and 19.2 m2 on sub-platform 6-3. Log sills 3 and 4 appeared to be stable, with 

pools forming downstream of each sill. A small depositional area (5.5 m2) at the downstream end 

of a bar was observed at the upstream-most section of sub-platform 6-1. No deposition was 

observed at sub-platform 6-2. Four root-wads within sub-platforms 6-1 and 6-2 were providing 

toe protection and fish habitat (cover). No areas of erosion were identified in sub-platforms 6-1 

or 6-2. 

Riffle habitat formed most of the area of sub-platforms 6-1 and 6-2. Riffle habitat within 

sub-platform 6-1 was 18.5 m2 (72% of the sub-platform), and 21.4 m2 (93.8% of the sub-

platform area) in sub-platform 6-2. Wolman pebble counts showed substrate within sub-platform 

6-1 had a D50 of 40 mm, and a D84 of 70 mm. Sub-platform 6-2 had a D50 of 51 mm, and a D84 of 

88 mm (Table 5). Cross-sections 6-1a, 6-1b, 6-2a, and 6-2b had three cross-section substrate 

measurements above 50 mm (in diameter) while cross-section 6-1c had seven measurements 

above 50 mm (Appendix A, Drawing 2-2). The results of the Wolman pebble count indicate that 

64% of the substrate on sub-platform 6-1 was within the requirements for kokanee (between 25 

and 50 mm), while sub-platform 6-2 had 48% of the substrate suitable for spawning kokanee 

(Table 5). 

A 3.9 m2 pool was documented downstream of log sill 4 in sub-platform 6-3. At the time 

of the field survey, sub-platform 6-3 was observed to have significant deposition and portions of 

log sill 5 was covered with cobble size material. A shallow pool 0.38 m deep was observed 
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downstream of log sill 5.  The depositional area on sub-platform 6-3 was 8.5 m2 (44% of the 

platform area).  The results of the Wolman pebble count showed a D50 of 75 mm at sub-platform 

6-3, with a D84 of 105 mm. Seventy-seven percent (77%) of the substrate in sub-platform 6-3 did 

not meet the criteria for preferred kokanee spawning substrate (between 25 and 50 mm). 

 

 
Figure 11. Photograph showing spawning platform 6, showing sub-platforms 6-1, 6-2, and 6-3 

(October 6, 2019). 

 



46 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

Spawning platform 7.  Spawning platform 7 has four separate sub-platforms (from 

upstream to downstream) including: 7-1sp, 7-1c, 7-1b, and 7-1a (Figure 12 and 13, Appendix A, 

Drawing 2-3). Log sill 6, 7, 8, and 9 separate these sub-platforms. The area of spawning platform 

7 totaled 103.5 m2, with 30.5 m2 on sub-platform 7-1sp, 12.8 m2 on sub-platform 7-1, 29.3 m2 on 

sub-platform 7-2, and 30.9 m2 on sub-platform 7-3. Sub-platform 7-1sp provided a large area of 

riffle habitat (100% of the platform area). The dominant feature within the platform was a 0.25 m 

diameter by 4.0 m long piece of large woody debris. The large woody debris was providing cover 

habitat for kokanee. No erosion was observed within this platform. Log sill 6 provided riffle 

habitat upstream, and pool habitat downstream. The Wolman pebble counts in this sub-platform 

showed a D50 of 26 mm, and a D84 of 41 mm. These results are well within the substrate 

requirements between 25 and 50 mm for spawning kokanee. 

Riffle habitat made up all the area within sub-platforms 7-1sp, 7-1, and 7-3, which was 

observed to have riffle habitat covering 100% of the area. Sub-platform 7-2 displayed 17.1 m2 of 

riffle habitat (58% of the sub-platform area). Sub-platform 7-2 had a 6.7 m2 pool with a depth of 

0.58 cm located downstream of log sill 7. A small depositional area measuring 5.5 m2 was 

observed on the left bank.  

Wolman pebble count data within platform 7 was largest in sub-platform 7-2, which had a 

median particle size of 60 mm (D50), and a D84 of 85 mm (Table 5). This is likely the result of an 

eroding cobble bank on river left within platform 7-2. Platforms 7-1 and 7-3 showed median 

particle sizes of 27 mm and 30 mm (D50), and a D84 of 50 mm and 52 mm, respectively; 

distributions that were suitable for kokanee spawning. 

 

 



47 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

 
Figure 12. Spawning platform 7, showing LWD in sub-platform 7-1sp (October 6, 2019). 

 

 
Figure 13. Spawning platform 7, showing sub-platforms 7-1, 7-2, and 7-3 (October 6, 2019). 
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Spawning platform 8.  The area of spawning platform 8 was 57.4 m2 (Figure 14 and 

Appendix A). Riffle habitat made up all the area within platform 8 (100% of the platform area). 

Log sill 10 was stable with no observed erosion. A 0.58 m deep pool was observed downstream 

of this sill. The median particle size in this platform was 37 mm (D50), with a D84 of 68 mm. 

Point substrate measurements at cross-sections 8-1, and 8-2 each had three or fewer locations 

with substrate measuring 50 mm or smaller. Cross-section 8-3 had nine substrate measurements 

between 25 and 50 mm.  

 

 
Figure 14. Photograph showing spawning platform 8 (October 6, 2019). 

Spawning Count and Spawning Area Survey. 

Results are presented in Table 6 and Appendix A (drawings 2-1 to 2-4). Temperatures 

during spawning counts ranged from 7 to 13.5 oC between September 9 and October 8, 2019. 

During peak spawning (September 27 to October 7, 2019), the temperatures ranged from 7 to 8 

oC. These temperatures were within the normal range for spawning kokanee in Powers Creek 

(Webster, 2017).  
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The overall results indicated that all spawning platforms, except sub-platform 6-3, had 

evidence of active spawning.  Analyses showed that 17% (45.7 m2) of the available 268.7 m2 of 

total spawning platform area (for all platforms and sub-platforms) had evidence of spawning 

activity. Surveys counted a total of 108 individual kokanee within these areas (Table 6).  

Enumeration results for 2017 to 2019 were not available for comparisons for this study; however, 

published enumeration results of over 1000 individuals for the entire length of Lower Powers 

Creek (fish ladder to the mouth) were report by Webster (2016). The low count results were not 

unexpected based on recent flood damage (deposition) within Powers Creek (Stantec, 2018a).   

A 6.9 m2 area with evidence of spawning activity was observed directly downstream of 

large woody debris in platform 5. The large woody debris measured 0.12 m in diameter by 1.1 m 

in length and created a riffle area preferred by kokanee.  All individual kokanee counts (13) were 

observed in this area (Appendix A, Drawing 2-1).  Spawning sub-platform 6-1 showed relatively 

high counts (21), although the area with evidence of spawning (13.4 m2), and percentage of 

active spawning (50%) were low.  Spawning sub-platform 6-2 had individual kokanee counts 

totaling 10. Spawning areas measured 5.0 m2 in sub-platform 6-1 and 4.3 m2 in sub-platform 6-2. 

The percentage of active spawners within this platform ranged from 50% to 75%, as some 

individuals were holding in the pool located within platform 6-2, downstream of log sill 4. 

The greatest number of individual kokanee and areas with evidence of spawning activity 

were observed at platform 7-1sp with counts of 33 individuals, and areas of spawning totaling 

13.4 m2 (38.3% of the total platform area). This sub-platform also recorded the highest 

percentage of active spawning (individual kokanee that were observed to be actively spawning) 

at 90%.  Large woody debris (log measuring 0.25 x 4.0 m) within platform 7-1sp, upstream of 

log sill 6, was observed creating a riffle.  Similarly, to platform 5, all individuals were grouped in 
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this area. The percentage of active spawners was estimated to be 90% within this platform. 

Evidence of spawning in platforms 7-1 to 7-3 ranged from 5% to 12% of the platform area. 

Spawning platform 8 showed an 8.7 m2 (15% of the total platform area) area with evidence of 

spawning activity. Fish counts (10) and percentage of active spawners (50%) were also low 

relative to the high percentage of substrate below 50 mm (66%). 

 

Table 6. Summary of Spawning and Areas with Evidence of Spawning (September 9 to October 

8, 2019) 

Locations Number 
of Counts 

Live Fish 
Observed 

Active 
Spawners (%) 

Areas with 
Evidence of 

Spawning (m2)* 

Areas with 
Evidence of 

Spawning (%)* 
5 10 13 75 6.9 17.2 

6 - 1 10 21 50 5.0 19.7 
6 - 2 10 10 50 4.3 18.7 
6 - 3 10 0 0 0 0 
7-1sp 10 33 90 13.4 38.3 
7 - 1 10 3 75 0.8 6.5 
7-2 
7-3 
8 

10 
10 
10 

10 
8 

10 

50 
50 
60 

3.6 
3.0 
8.7 

12 
5 

15.1 
* Areas with “evidence” of spawning activity (algae-free gravels) based on a percentage of the total 

spawning platform area. 

Habitat Suitability Comparisons  

The analysis is organized to examine general results found from the cross sections and 

then examine detailed results found from the point locations.  The analysis therefore first 

investigates the average values calculated for each cross section, followed by a detailed analysis 

of each measured point in each cross section. Table 7 shows a summary of depths and HSI scores 

for each cross section. Table 8 shows a summary of velocities and HSI scores for each cross 

section.  Results of the HSI scores were then compared to areas where kokanee were observed to 

be spawning (Figures 15 to 19 and Appendix A). 



51 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

Depth and velocity measurements were plotted to investigate the distribution of the HSI 

scores from each spawning platform (and sub-platform).  Figure 15 provides a general overview 

of HSI scores for each cross section, and where they ranked on the kokanee spawning habitat 

suitability matrix presented in Figure 8.  Appendix A shows the locations of each platform and 

their related cross sections.  

HSI scores for depth measurements showed that 20 out of 21 cross sections had scores in 

the excellent category (0.9 to 1.0). The only HSI depth score outside of the excellent category 

was measured at cross section 6-1a (spawning platform 6).  Out of 21 cross sections, 17 showed 

HSI scores for velocity as either good (0.7 to 0.89) or excellent (0.9 to 1.0).  Only 3 cross 

sections resulted in an HSI score for velocity within the moderate range of the qualitative 

evaluation criteria (0.4 to 0.69). These include cross sections 5-1a (0.54), 6-1a (0.69), and 7-2b 

(0.60).  These data indicate that the average depths and velocities at all cross sections had HSI 

scores within the ranges for preferred spawning kokanee habitat. 

Locations where spawning was observed on platforms 7 and 8 were in the good (0.7 to 

0.89) or excellent (0.9 to 1.0) HSI score range. A narrower range in overall depth HSI scores 

compared to velocity HSI scores was observed.  The depths generally fell within a range of 15 to 

25 mm, and within Ptolemy (2016) ranges for habitat suitability. There were also more low 

velocity measurements in the poor category (0.1- 0.39) and category < 0.1 (none category) than 

those data showing high velocity results. Spawning platform 5 showed the largest range in 

velocities with HSI scores ranging from 0.51 (cross-section 5b) to 1.00 (cross-section 5b).   
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Table 7. Summary of Depths and HSI Scores for Spawning Platforms 5 to 8 (per cross section). 

Spawning 
Platform 

Cross 
Section 

Minimum 
Depth (cm) 

Maximum 
Depth (cm) 

Average 
Depth (cm) 

Standard 
Deviation HSI Score 

5 5a 12 18 15 2 0.92 
5 5b 11 37 26 9 0.93 
6 6-1a 30 46 41 5 0.87 
6 6-1b 12 40 34 9 0.92 
6 6-1c 16 36 28 7 0.99 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 

6-2a 
6-2b 
6-3 

7-1sp1 
7-1sp2 
7-1sp3 
7-1b 
7-1c 
7-2a 
7-2b 
7-3a 
7-3b 
7-3c 
8-1 
8-2 
8-3 

20 
15 
17 
11 
14 
12 
15 
11 
14 
14 
18 
10 
10 
20 
15 
11 

30 
27 
21 
17 
19 
27 
47 
36 
24 
20 
24 
20 
20 
31 
20 
18 

27 
21 
20 
15 
17 
22 
32 
29 
20 
17 
20 
17 
16 
26 
18 
16 

3 
5 
1 
2 
1 
5 

12 
8 
3 
2 
2 
3 
3 
4 
2 
2 

1.00 
1.00 
1.00 
0.94 
0.99 
0.97 
0.91 
0.94 
0.99 
0.99 
1.00 
0.95 
0.93 
1.00 
1.00 
0.94 

 
Table 8. Summary of Velocities and HSI Scores for Spawning Platforms 5 to 8 (per cross 
section). 

Spawning 
Platform 

Cross 
Section 

Minimum 
Velocity 
(cm/s) 

Maximum 
Velocity 
(cm/s) 

Average 
Velocity 
(cm/s) 

Standard 
Deviation HSI Score 

5 5a 39 60 53 7 1.00 
5 5b 37 109 77 20 0.54 
6 6-1a 1 34 21 9 0.69 
6 6-1b 8 44 27 11 0.81 
6 6-1c 19 71 52 20 0.84 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 

6-2a 
6-2b 
6-3 

7-1sp1 
7-1sp2 
7-1sp3 
7-1b 
7-1c 
7-2a 
7-2b 
7-3a 
7-3b 
7-3c 
8-1 
8-2 
8-3 

6 
26 
11 
14 
15 
16 
2 
23 
5 
1 
17 
12 
15 
7 
18 
41 

49 
49 
49 
59 
75 
69 
36 
55 
90 
77 
50 
50 
58 
49 
53 
60 

28 
39 
33 
45 
51 
39 
23 
38 
45 
42 
33 
36 
43 
27 
40 
50 

13 
8 

11 
12 
8 

13 
9 
9 

31 
26 
10 
13 
13 
13 
11 
6 

0.81 
0.98 
0.91 
0.96 
0.88 
0.94 
0.76 
0.98 
0.60 
0.70 
0.90 
0.88 
0.95 
0.78 
0.94 
1.00 
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Figure 15. Depth and velocity cross section point measurements compared to suitable ranges 

(Ptolemy, 2018). 

To further analyse the data, plots of depth, velocity and locations with documented 

spawning activity, were overlain on HSI value ranges from Ptolemy (2016) (Figures 16 to 19). 

Patterns within the data set were investigated to determine any relationships between depth, 

velocity, HSI scores and observed spawning acitivty at each spawning platform (and sub-

platform).  

Spawning platform 5 (cross sections 5a and 5b) shows that eight out of twenty 

measurements fell within the poor category (0.1- 0.39) and the none category (< 0.1) for HSI 

score range (Figure 16). Only four excellent measurements were recorded, with the remaining 

nine values in the moderate (0.4 to 0.69) and poor (0.1-0.39) HSI score range. Results in this 

Moderate 

Good 

Excellent 

Poor 
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platform fell within the lower range of depths at twelve points, with depths ranging between 10 

and 20 cm. Eight points have velocities higher than 70 cm/s (all within cross section 5b).  

Spawning activity was observed in five (point) measurements; four within cross section 5a and 

one within cross section 5b. All measurements were within this riffle habitat downstream of the 

large woody debris.    

Within spawning platform 6, sub-platforms 6-1 and 6-2 showed evidence of spawning, 

while sub-platform 6-3 did not (Figure 17). All sub-platforms generally showed depths and 

velocities within the moderate (0.4 to 0.69) to excellent (0.9 to 1.0) HSI score range.  Seven 

measurements at cross section 6-1a (3 measurements), 6-1b (3 measurements), 6-2a (2 

measurements) showed values below 20 cm/s. These measurements were collected from the 

margins of the channel (the left bank of each of these cross section) where velocities were slower 

and water depths ranged from 15 to 50 cm.  Spawning activity was observed in eight (point) 

measurements; four within the excellent category; two of these within cross section 6-2a and one 

each within cross sections 6-2b and 6-3).  

Spawning platform 7 (cross sections 7-1sp, 7-1, 7-2, and 7-3) showed a cluster of depth 

and velocity measurements in the good and excellent HSI score range (Figure 18). Sub-platform 

7-1sp represented the most favorable habitat conditions. Seventy-five percent (75%) of the cross 

sectional points fell within the good or excellent HSI range. Three distinct groups of data points 

with spawning activity were identified showing a range of habitat preferences for kokanee. These 

three groups fell within a a depth range between 15  and 30 cm. Velocities ranged from 10 to 60 

cm/s. Two groups were identified in the excellent range of HSI scores, and one fell within the 

poor and moderate range of HSI scores. 
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Spawning platform 8 (cross sections 8-1, 8-2, and 8-3) shows that sixteen out of thirty 

measurements fell within the good and excellent HSI score category (Figure 19). Five 

measurements had HSI scores of moderate (0.4 to 0.69) and five had HSI scores of poor (0.1-

0.39). All data points were within the lower range in depth, with depths between 10 and 30 cm. 

Spawning activity was observed in ten cross section measurements: three within cross section 8-

1, two in cross section 8-2, and five within cross section 8-3. Five points display velocities lower 

than 10 cm/s.  

 

 
 

Figure 16. 
Depth and 
velocity cross 
section point 
measurements 
at Spawning 
Platform 5 
with evidence 
of spawning  

 
 

Figure 17. 
Depth and 
velocity cross 
section point 
measurements 
at Spawning 
Platform 6 
with evidence 
of spawning  
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Figure 18. 
Depth and 
velocity cross 
section point 
measurements 
at Spawning 
Platform 7 
with evidence 
of spawning  

 
 

Figure 19. 
Depth and 
velocity cross 
section point 
measurements 
at Spawning 
Platform 8 
with evidence 
of spawning  

 

Froude Number Comparisons  

Froude Numbers were compared to the D50 grain size at each spawning platform (and 

sub-platform). Areas with spawning activity were overlain with Froude Numbers and D50 to 

identify patterns in the preferred hydraulic habitat and substrate.  The results are presented in 

Table 9, Figures 20 to 24, and Appendix A. Sixty five percent (65%) of the average Froude 

number values for each cross section fell within the preferred range for sockeye  salmon(Long, 

Cunjak, and Newbury, 2006).  

Excellent 
Good 

Moderate 
Poor 
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Table 9. Summary of Froude Numbers for Spawning Platforms 5 to 8 (per cross section) 

Spawning 
Platform 

Cross 
Section 

Minimum 
Froude 
Number 

Maximum 
Froude 
Number 

Average 
Froude 
Number 

Standard 
Deviation 

5 5a 0.360 0.483 0.425 0.42 
5 5b 0.357 0.633 0.486 0.92 
6 6-1a 0.004 0.633 0.150 0.174 
6 6-1b 0.044 0.406 0.161 0.104 
6 6-1c 0.117 0.525 0.313 0.123 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 

6-2a 
6-2b 
6-3 

7-1sp1 
7-1sp2 
7-1sp3 
7-1b 
7-1c 
7-2a 
7-2b 
7-3a 
7-3b 
7-3c 
8-1 
8-2 
8-3 

0.041 
0.194 
0.083 
0.115 
0.126 
0.129 
0.018 
0.128 
0.036 
0.006 
0.129 
0.097 
0.112 
0.049 
0.151 
0.334 

0.399 
0.386 
0.350 
0.501 
0.601 
0.590 
0.242 
0.411 
0.765 
0.617 
0.364 
0.353 
0.556 
0.321 
0.423 
0.476 

0.185 
0.274 
0.239 
0.371 
0.393 
0.277 
0.138 
0.240 
0.326 
0.329 
0.232 
0.276 
0.349 
0.170 
0.299 
0.401 

0.101 
0.056 
0.081 
0.095 
0.140 
0.122 
0.059 
0.078 
0.241 
0.210 
0.074 
0.088 
0.117 
0.085 
0.081 
0.048 

 

Figure 20 represents the hydraulic habitat (represented by the Froude number) and D50 

particle size measured at each point.  Froude numbers calculated at each point measurement were 

plotted against the D50 (mm) at the same site. Froude number values for kokanee salmon 

spawning sites are not available in the literature, however values for sockeye salmon are. The 

horizontal dashed lines on Figures 20 to 24 represent the limits of Froude numbers (0.2 and 0.4) 

used by sockeye salmon for spawning (Long, Cunjak, and Newbury, 2006; Davis et al., 2018). 

Vertical lines on the figure represent the range in D50 (25 and 50 mm) preferred spawning 

substrate for kokanee. 

Figure 20shows that the data generally fell within the preferred values for both the 

Froude number and substrate.  There does not seem to be a relationship between Froude numbers 
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and the D50. The D50 is generally above 25 mm. This is likely because of the size of material used 

in the reconstruction was on the low range of the design material (25 to 50 mm).  Froude 

numbers generally fell below 0.40. Further review of the data was completed to investigate 

relationships where kokanee spawned in each spawning platform (Figures 21to 24). 

 

Figure 20. Froude number and grain size from measurements at points along cross sections 

showing preferred Froude number ranges (0.2 to 0.4), and preferred grain size (25 to 50 mm). 

 

Froude numbers at spawning platform 5 ranged from 0.36 to 0.63, and the D50 particle 

size ranged from 26 to 120 mm (Figure 21). Two larger cobble sized measurements within cross 

section 5-1a showed D50 particle size results of 108 mm and 120 mm. The remaining D50 values 

ranged between 26 mm and 50 mm (within the preferred range of grain size). Spawning activity 



59 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

was documented between Froude numbers of 0.36 to 0.46 and D50 between 26 to 38mm (within 

the preferred range of 25 to 50 mm). Locations with spawning activity had slightly higher Froude 

numbers than the upper limit of the preferred values (0.4). Four out of five values (within cross 

section 5a) showed Froude numbers ranging between 0.41 and o.46.  

Froude numbers at spawning platform 6 ranged from 0.07 to 0.53, and the D50 ranged 

from 20 to 172 mm (Figure 22). Thirty cross section points (50%) showed Froude numbers 

below 0.20. Seventeen out of thirty of these Froude number measurements were identified at 

cross sections 6-1a and 6-1b. Forty-two cross section points (70%) were above the preferred D50 

range of 25 to 50 mm. These data confirm that Froude numbers were generally too low and the 

D50 particle sizes were to large when compared to the preferred ranges of Froude numbers and 

substrate for spawning kokanee.  Spawning areas in sub-platform 6-1 and 6-2 had Froude 

numbers ranging between 0.09 (cross section 6-1b) and 0.53 (cross section 6-1c) and D50 particle 

sizes ranging between 21 and 38mm. These areas with spawning activity fell within the predicted 

values for both Froude numbers and the D50 particle sizes. 

Of the 100 data points on spawning platform 7, 26% were lower than the preferred 

Froude number range of 0.2 to 0.4. Fifty (50) percent of the D50 particle size data points were 

above the preferred particle size range of 25 to 50 mm. Spawning activity was identified within 

Froude number ranges of 0.1 to 0.5. These results were slightly above and below the preferred 

Froude number values (0.2 and 0.4). The D50 particle size range was between 20 and 40 mm, and 

slightly lower than the preferred range of 25 to 50 mm. 

Based on the spawning count data and the areas identified with of spawning activity, 7-

1sp performed the best out of all the spawning platforms and sub-platforms.  Froude numbers 

ranged from 0.27 to 0.44, and D50 particle sizes ranged from 22 to 38 mm. Two points with 
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spawning activity along cross section 7-1sp2 recorded Froude number values of 0.13 at the 

margin of the right bank. With the exception of these two points, 7-1Sp showed a Froude number 

range slightly above the 0.2 to 0.4 ranges presented by Long, Cunjak, and Newbury (2006). D50 

particle sizes generally fell within the ranges of preferred spawning presented by Davis et al. 

(2018) and Stantec (2018a).  

Froude numbers at spawning platform 8 ranged from 0.05 to 0.48, and the D50 particle 

size ranged from 23 to 126 mm (Figure 24). Twelve cross section points (40%) showed Froude 

numbers above or below the preferred range (0.2 to 0.4). Fourteen cross section points (46%) of 

the D50 particle size data points were above the preferred range (25 to 50 mm). Points with 

spawning activity had Froude numbers ranging from 0.15 to 0.48 (slightly lower and higher than 

the preferred range).  The D50 particle size range was between 23 and 36 mm (slightly lower than 

the preferred ranges).  

 

 
 

Figure 21. Evidence of 
spawning at points along 
cross sections at spawning 
platform 5 showing 
preferred Froude number 
ranges (0.2-0.4), and 
preferred grain size (25 to 
50 mm). 
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Figure 22. Evidence of 
spawning at points along 
cross sections at spawning 
platform 6 showing 
preferred Froude number 
ranges (0.2-0.4), and 
preferred grain size (25 to 
50 mm). 

 

 
 

Figure 23. Evidence of 
spawning at points along 
cross sections at spawning 
platform 7 showing 
preferred Froude number 
ranges (0.2-0.4), and 
preferred grain size (25 to 
50 mm). 

 

 

Figure 24. Evidence of 
spawning at points along 
cross sections at spawning 
platform 8 showing 
preferred Froude number 
ranges (0.2-0.4), and 
preferred grain size (25 to 
50 mm). 
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Discussion 

The population of kokanee within the Okanagan Lake are dependant on these tributary 

streams for spawning habitat (Rae, 2005). The declining kokanee populations in the Okanagan 

will continue if there is not a high priority placed on spawning habitat restoration in tributaries of 

the Okanagan Lake. Restoration of key spawning habitat for kokanee is important for the long-

term success of kokanee populations in the Okanagan. One such flood recovery site is on Lower 

Powers Creek. This research assesses the restoration after one freshet. Monitoring the restoration 

after one freshet in Powers Creek showed that the log sills were stable and showed no significant 

erosion or deposition. The long-term success of the project cannot be determined from one year 

of monitoring. Therefore, multiple years of monitoring should be completed. 

Based on climate projections in the Okanagan, flood recovery projects could become 

more common, and increased risks to spawning habitat from flooding will be important 

considerations in any flood recovery design. To ensure these spawning habitats are considered 

during flood recovery projects, opportunities to increase spawning habitat within the context of 

flood recovery should be identified and implemented as a key requirement for each of these 

projects. Defining suitable habitat criteria for spawning kokanee is an important step in the 

design process.   

The suitability of depths and velocities for spawning kokanee is well documented 

(Slaney, 1997; Roberge et al., 2002; Ptolemy, 2016; and, Davis, et al., 2018). Substrate for 

spawning kokanee does not appear to be as well documented (Davis et al., 2018; and Stantec, 

2018a). A range of 25 to 50 mm was identified from both sources.  Recent monitoring data from 

the spawning channel construction, maintenance, and monitoring work within the Okanagan 

River (Penticton Channel) identified spawning substrate preferences for kokanee to be targeted at 
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30 mm (Davis et al., 2018). In Lower Powers Creek, the particle sizes measured on platforms 5, 

6, 7, and 8 (not including sub-platform 6-3) were within these ranges. The only exception was 

sub-platform 6-3 which showed that only 23% of the substrate was suitable for spawning 

kokanee.  Spawning counts (0) and evidence of spawning surveys (0) further showed that this 

platform was not providing suitable spawning habitat. 

Depth and flow measurements collected from all the spawning platforms were generally 

within the range of HSI values from Ptolemy (2016). These results were expected, as the HSI 

curves were used as a basis for the design on the flood recovery works. Only two velocity HSI 

results at platforms 5 and 7 showed moderate (between 4 to 0.69) HSI scores. Cross sections 5b 

had an HSI score of 0.5, and cross section 7-2a had an HSI score of 0.6. Platform 6-3 was the 

only platform where evidence of spawning was not observed. As indicated, this is likely due to 

the deposition observed within the platform. Platform 7-1sp represented the most favourable 

habitat for spawning kokanee, with the most individual kokanee counts and the largest areas with 

evidence of spawning (38%).  

Results of the research showed that the Froude numbers for kokanee have a relationship 

to those of sockeye salmon. Froude numbers at locations where spawning activity was 

documented ranged from 0.09 to 0.48.  Average Froude numbers for the 20 cross sections for 

this study indicated that 65% fell within the preferred range for sockeye (Long, Cunjak, and 

Newbury, 2006). The highest number of kokanee and largest areas of spawning were observed at 

7-1sp and fell within these ranges, providing further evidence that sockeye and kokanee have 

similar preferences for Froude number. Froude numbers for sockeye salmon may be 

representative of Froude numbers for kokanee, however sockeye are generally larger than 

kokanee. More research is needed to determine specific Froude numbers for kokanee. 
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Maximizing spawning area within the Reach by designing and constructing appropriate 

habitat conditions is expected to provide preferred spawning habitat and higher use by spawning 

kokanee within each platform. However, despite the suitable habitat conditions (substrate, depth, 

velocity, and Froude number) within in each platform, most platforms showed relatively low 

individual fish count totals and low total areas with spawning activity (Table 8).  This is also 

shown in Appendix A where point substrate measurements (within the preferred range) show no 

evidence of spawning.  

Although overall results indicate suitable substrate, depth, velocities and Froude numbers 

within the platforms, other habitat variables within the study site were not reviewed in this 

assessment. Variables such as water quality, cover, and specific reproduction variables such as 

dissolved oxygen and temperature can be important habitat variables that impact spawning and 

could provide a better understanding of kokanee spawning habitat preference (De Kerckhove et 

al., 2008). 

To understand reasons for suitable habitat within the spawning platforms not being used 

by kokanee during the spawning period, there are several variables to consider.  Kokanee 

populations have declined significantly from the 1970’s (Rae, 20015). Recent enumerations of 

kokanee in Powers Creek confirm that kokanee populations are not improving (Webster, 2017).  

Ford et al. (1995) found that the effectiveness of restoring spawning habitat through the 

construction of artificial spawning areas is dependant on the nursery lake (Okanagan Lake).  If 

the ability of Okanagan Lake to support the various life stages of kokanee is impaired (Rae, 

2005), this could negatively influence the population. These decreases in populations could be 

related to the lack of spawning activity within the study site. 
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Other factors could include the size of the substrate, compared with the size of the 

individual kokanee using Powers Creek to spawn.  Kokanee in Powers Creek showed average 

sizes of approximately 250 mm in length between 2011 and 2016 (Webster, 2017).  Riebe et. al., 

(2005) looked at optimal reproduction in salmon, and linked spawning substrates to grain size 

and fish length. This paper notes that larger salmon can move larger sediment and thus use more 

riverbed area for spawning. Although not specifically looked at in this assessment, the substrate 

sizes of the spawning platforms at the Lower Powers Creek study site, may be too large when 

looking at the relatively small average size of kokanee using the creek to spawn.  

Instream cover was notably absent from all platforms, with the exception of 7-1sp.  Large 

woody debris within platform 7-1sp provided the most favorable habitat compared to all other 

platforms observed.  The woody debris provided cover and refuge habitat for the kokanee as 

many were observed hiding under areas of the over hanging woody debris during spawning 

counts.  With almost 40% of the platform used by spawning kokanee, this could be attributable to 

the cover provided by the large woody debris. Although not included in the assessment, riparian 

vegetation was limited within the study site. Particularly at platforms 5 and 8. Platform 7 had the 

most riparian coverage, and this corresponds to the larger number of kokanee and spawning areas 

observed during the assessment.  Replanting during flood recovery was completed, however, it 

will take several years for vegetation to establish and provide the benefits of shade and cover 

(overhanging vegetation) along stream banks.   

 

 



66 
ASSESSMENT OF KOKANEE SPAWNING PLATFORMS
  

 
 

Conclusions and Recommendations 

Stream restoration projects within the Okanagan (Mission Creek, Penticton Creek, and 

the Okanagan River), and smaller restoration projects in the Okanagan (Peachland Creek, 

Naramata Creek and Coldstream Creek) are good examples of efforts to improve spawning 

habitat by provincial, municipal and community-based groups. Unfortunately, there are a limited 

number of these types of projects, and funding for such projects can be limited (First Nations 

Fisheries Council, 2017).  With the anticipated increase of floods associated with climate change, 

habitat restoration opportunities may increase as well due to the need to complete flood recovery 

projects. The funding provided by EMBC for these projects is linked to flooding and risk to 

infrastructure. Although this funding is specific to infrastructure risk, fish habitat design criteria 

is a regulatory requirement for each of these projects. This could provide an opportunity for 

municipalities to work closely with regulators and First Nations to include constructed spawning 

features (such as platforms) into the various flood recovery projects in the Okanagan, and the rest 

of BC.  

This research of habitat suitability requirements within the Powers Creek spawning 

platforms provides useful information for the design and performance of spawning habitat 

creation.  It provides evidence that the platforms were stable, and that substrate, depths, 

velocities and Froude numbers generally provided the required habitat for spawning kokanee.  

However, building habitat based on these design criteria did not result in large numbers of 

spawning kokanee within the platforms.   

Without enumeration data from 2018 to quantify the previous use of the spawning 

platforms, it is difficult to determine significance of the low numbers observed in 2019.  To 

better understand the use of the platforms by spawning kokanee, there is a need for additional 
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monitoring data and research to further assess and analyze habitat preferences.  Kokanee 

populations in Okanagan Lake also need to be better understood, as this may be a reason why 

higher spawning counts and areas with evidence of spawning activity were not observed.  Based 

on the results of this assessment, the following is recommended over the next five years:   

• Recommendation One: Monitoring for depth and velocity at each spawning platform 

during the spawning period (Ptolemy, 2016).  

• Recommendation Two: Development of HSI curves for Powers Creek kokanee 

population. 

• Recommendation Three: Development of grain size preferences for Powers Creek 

kokanee. 

• Recommendation Four: Measurement of preferred Froude numbers for spawning kokanee 

in Powers Creek. 

The results of this thesis research provide evidence that restoration of spawning habitat can 

increase the area of spawning for salmonids. Based on this evidence, restoration of spawning 

habitat using spawning platforms is recommended for streams similar in size, flow and location 

to Powers Creek. However, considerations for the construction of spawning platforms is 

somewhat dependant on the channel type (straight, meandering, or braided), location in the 

watershed (determines size and flow), and controls on the system (dams or flood controls).  

There are many questions that need to be answered to further explore the application of this 

study in a broader context. Based on the results there are several more general recommendations 

that can be made including: 

• Additional research on the application of spawning platforms (using log sills) in differing 

stream types, sizes, and regions. 
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• Species specific substrate habitat requirements for salmonids should be assessed and 

understood prior to any restoration project. 

• Froude Numbers for salmonids in general requires more research. 

Master planning for watersheds and large streams and rivers is also recommended. A 

better understanding of the general issues related to flow, sediment deposition, and land use 

within the watershed or stream corridor would allow federal, provincial and municipal 

governments to make more informed decisions on the restoration of rivers and streams in their 

jurisdictions. A good example of this is the City of Penticton. The City of Penticton have formed 

a committee (the Penticton Creek and Ellis Creek Restoration Committee) and moved forward 

with preparing master plans for both Penticton Creek (completed in 2017), and Ellis Creek 

(expected completion 2020). Both plans represent an action for long term revitalization of each 

creek (City of Penticton, 2019).  Master planning for main tributaries within the Okanagan 

system could provide First Nations, federal, provincial, and municipal governments with shorter 

term goals of maintaining flow conveyance, decreasing flood risks, and providing fish habitat. 

Longer term strategies could consider climate change and long-term stability of fish stocks. 

The design and construction of the spawning platforms for the Lower Powers Creek 

Flood Recovery Project required cooperation between practitioners and designers. This 

cooperative environment allowed the design team to balance the hydraulic, geomorphic, and 

ecological requirements of the Project. As noted by Shields (2003), there can be tension that 

exists for practitioners and designers between restoring stream systems to natural processes and 

ensuring stability of the reconstructed stream. The City of West Kelowna adopted a proactive, 

and collaborative approach to flood response and recovery and accomplished their goals of 

protecting public infrastructure and restoring habitat for spawning kokanee in Powers Creek. 
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